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Abstract

This paper studies the spending response to news about a dividend tax reform in order
to estimate the elasticity of intertemporal substitution (EIS). The Norwegian dividend
tax reform was proposed in 2003, announced in 2004, implemented in 2006, and raised
the dividend tax rate by 28 percentage points. We compare the spending responses of
exposed households with a high share of dividends to income before the reform to a
control group. Exposed households responded to the reform by increasing spending
after the news and reducing spending after implementation. We interpret our findings
using a capitalist-worker framework with dividend tax news shocks. The model can
replicate the spending response to the dividend tax news only if the EIS is greater than

one, with a baseline estimate of around 2.
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1 Introduction

The elasticity of intertemporal substitution (EIS) is one of the key behavioral parameters
in dynamic macroeconomics and finance. Since it governs the sensitivity of consumption
growth to rate of return changes, it is central to the main workhorse equation in modern
macroeconomics — the consumption Euler equation. Moreover, since its relation relative to
unity governs the relative strength of substitution and income effects, it is also important
in understanding the effect of rate of return changes or capital income taxation on the
level of consumption and saving and hence on the capital accumulation process (Straub
and Werning, 2020). Consequently, many recent theoretical and empirical contributions in
macroeconomics and finance build on the assumption that the EIS is greater than one.!

Despite its central role, estimating the EIS has proven to be challenging, as we explain
further in the related literature discussion below. Combined with the stark differences in
theoretical and quantitative implications from having an EIS above or below 1, this has
resulted in a lack of broad consensus and, in fact, a large debate in modern macroeconomics
and finance as to the value of the EIS.

In this paper, we make progress towards ascertaining the value of the EIS relative to
unity by leveraging a unique quasi-natural experiment. Specifically, we examine the 2006
Norwegian dividend tax reform and analyze it using the rich Norwegian registry data,
allowing us to reliably impute household spending and saving. Our analysis robustly
points to the EIS being greater than unity among the households who were exposed to the
effects of the reform.

The Norwegian dividend tax reform is unique for several reasons. First, it was a major
reform, with dividend income taxation for personal shareholders going up from 0 to 28%.
Second, and most importantly for our purposes, there was a substantial delay from the
time it was examined by a commission in 2003 and officially announced in 2004, to the time
it was implemented in 2006. This allows us to examine the spending and saving effects of
news about a future capital tax change, and hence, to understand the anticipatory saving
(or dis-saving) effect that this news induced. Third, the reform took place in a data-rich
environment, particularly because wealth taxation was (and still is) present at the time,
which means that we have access to highly reliable third-party reported data on household
(and firm) balance sheets.

Using a dynamic difference-in-differences methodology, we identify the spending ef-
fects of dividend tax news and the subsequent dividend tax implementation.” Specifically,

1See, e.g., Bansal and Yaron, 2004, Barro, 2009, Barro and Urstia, 2012, Gabaix, 2012, Kaplan and Violante,
2014, Iachan et al., 2021, Barro and Liao, 2021, and Achdou et al., 2021.
The idea of signing the value of EIS relative to unity by looking at the relative spending response of more
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we compare the spending trajectories of a treatment group, defined as prime-age house-
holds with a relatively large share of dividend income out of gross income (labor income
plus capital income) before the reform, relative to a control group of wealthy households
with no dividend income. Our identifying assumption is that the spending of the two
groups would have evolved similarly in the absence of the dividend tax reform. Our base-
line specification addresses a number of potential threats to identification stemming from
systematic differences in age, exposure to sectors of the economy and to municipality-level
economic shocks, as well as to other aspects of the tax reform.

We find that exposed households responded to the reform by increasing spending
after the news and reducing spending after implementation. In terms of magnitudes,
relative to the control group, households in the treated group increased their spending by
around 5% more in 2004 and 2005, followed by a gradual but persistent decline of around
8%. Therefore, empirically we find evidence for anticipatory dis-saving by the exposed
households in response to news about future dividend tax reforms.

To map our empirical findings of a strong anticipatory dis-saving response to tax news to
the value of the EIS, we construct a structural model and calibrate it to match the estimated
dynamic spending response. Our model builds on a standard two-agent capitalist-worker
framework with the addition of tax news shocks. Capitalists own firms and are affected
by the dividend tax reform. Workers supply labor and are not affected by the tax reform.
Firms in the model pay after-tax dividends. Importantly, we allow for potentially limited
pass-through of the dividend tax on after-tax dividends via a parameter that governs (in
equilibrium) the elasticity of the rate of return on saving for capitalists to dividend tax rate
changes. Furthermore, we also allow for short-run heterogeneity in tax incidence through
a parameter that in reduced form governs the duration of tax avoidance. Our calibration
procedure therefore allows us to identify the EIS conditional on the degree of tax avoidance
in the short run and the long run.

We calibrate the model to the details of the dividend tax reform, leaving the EIS, the
pass-through, and the short-run tax incidence parameters free. We then jointly calibrate
these parameters by targeting the estimated average relative spending response between
reform news and its implementation (2003-2005), as well as the estimated average relative
spending response post-implementation (2006-2013). Our impulse-response matching
exercise returns a value for the EIS of 2.06. In order to account for parameter uncertainty,
we compute confidence bands via bootstrapping and find that the model-implied EIS is
statistically different from unity at the 95% confidence level. The result of the EIS being

vs. less exposed households to news about future rates of return was first suggested in recent theoretical
work by Schmidt and Toda (2019) and Flynn et al. (2022).

2



greater than unity is confirmed in a number of robustness tests and sensitivity checks, for
example changing the labor market structure or the share of workers in the economy.

We argue that our deterministic model represents a simple yet realistic framework for
interpreting our empirical findings. Specifically, the private business-owning households
in the data, which we equate with the capitalists in the model, face large returns risk
(see, e.g., Fagereng et al., 2020) but limited labor income risk. The presence of returns risk
is irrelevant for the identification of the value of the EIS relative to unity via inspection
of the anticipatory (dis-)saving response to news (Flynn et al., 2022), and we therefore
abstract from it in our model. Labor income risk, on the other hand, could impact the
identification of the sign of the EIS relative to unity because it affects the relative strength
of income/wealth and substitution effects (Farhi et al., 2022). However, we argue that
labor income risk does not substantively affect our results because the households in
our sample are relatively wealthy and we make the standard and realistic assumption
that capitalists” behavior is consistent with decreasing absolute risk aversion (DARA). We
therefore abstract away from modeling labor income risk, retaining a tractable yet realistic
model of the consumption-saving behavior of capital owners.

An important conceptual issue to clarify is the following: whose EIS does our approach
uncover? Generally, the answer depends on both the agents whose intertemporal behavior
is impacted and on the specific policy change. A significant body of work documents
heterogeneity in the EIS across the population (Guvenen, 2006). The consensus seems to be
that non-firm-owners generally have a very low EIS, close to zero. On the other hand, firm
owners have a high EIS.® Since our empirical methodology recovers the average treatment
effect on the treated (ATT) from the reform, the EIS we back out is thus representative of
the average effect of the reform among private business owners. Jakobsen et al. (2020)
recover a large EIS for the wealthiest segments of the population impacted by the 1989
Danish wealth tax reform. In both our and their studies, the treated agents are wealthy,
and policies are related to distortions in capital and wealth accumulation. On the other
hand, Best et al. (2020) estimate a small EIS conditional on the sample of mortgagors and
notched interest schedules in the U.K. mortgage market. In contrast to our paper and to
Jakobsen et al. (2020), Best et al. (2020)’s treated agents (re-financing mortgagors) are most
likely not in the top quintile of the wealth distribution, while the “policy” in question does

not immediately impact capital accumulation decisions. Thus, one may conclude that the

30ne theoretical mechanism - that leverages non-homothetic preferences — for this measured hetero-
geneity was first provided in Browning and Crossley (2000) with a more recent treatment in Andreolli and
Surico (2021). Consider a model with consumer goods that differ in income elasticities. The consumption
share of luxury goods increases with agent wealth, and since luxuries are easier to delay into the future than
necessary goods and services, the EIS can increase with wealth.
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EIS is heterogeneous across the population and increasing in wealth, and the relevant EIS
is policy-dependent, partly because the treatment group varies across different policies. In
sum, the average EIS we uncover is the EIS of private business owners and will be relevant
for understanding the implications of, e.g., capital tax policies.

Related literature. Our paper contributes to three strands of the literature. First, we
contribute to a large literature in macroeconomics that estimates the EIS.* Despite being
a key behavioral parameter in modern macroeconomics and finance, there is no broad
consensus in the literature as to its value, with estimates ranging from 0 to greater than
2. Moreover, estimates vary based on the data and empirical methodology used (i.e.,
use of aggregate time-series vs. disaggregated cross-sectional vs. panel data, reduced-
form vs. structural approaches, the underlying structural assumptions on preferences, the
estimation method, etc.). In addition to population heterogeneity in the EIS, at least part
of this variation in estimates is due to endogeneity issues and biases arising from using
aggregate time-series variation in rates of return or from mis-specification of the structural
equations used.’

Our quasi-experimental approach, therefore, brings our paper closer to the more recent
advances in the literature. For example, similar to Gruber (2013) we also use cross-sectional
variation for identification. However, rather than variation in tax rates, we use exposure
to dividend income combined with an arguably unanticipated news shock about dividend
income taxation. More recently, Jakobsen et al. (2020) combine administrative wealth data
from Denmark together with a sizable tax reform — the 1989 Danish wealth tax reform —
and a difference-in-differences methodology to show that wealth taxes have a large effect
on wealth accumulation, suggesting an important behavioral response to the wealth tax
change. Similar to us, they use a calibrated consumption-saving model to back out the
implied EIS that is consistent with the reduced-form estimates and obtain relatively large
values of around 2 to 4. Our contribution is to analyze a different type of reform, a
dividend tax rather than a wealth tax reform. Moreover, we examine both the effects of

4See, e.g., Hall (1988), Hansen and Singleton (1983), Campbell and Mankiw (1989), Mankiw and Zeldes
(1991), Attanasio and Weber (1993), Blundell et al. (1994), Attanasio and Browning (1995), Beaudry and
Van Wincoop (1996), Vissing-Jorgensen (2002), Vissing-Jorgensen and Attanasio (2003), and more recently
Gruber (2013) Cashin and Unayama (2016), Best et al. (2020), Ring (2020), Calvet et al. (2021), Crump et
al. (2022) among others. Campbell (2003), Hansen et al. (2007), Attanasio and Weber (2010), Havranek et
al. (2015), and Havrének (2015) are examples of excellent survey and meta-studies, as well as a detailed
treatment of how the estimates depend on the chosen method and the impact of publication bias.

5See the discussions in Bansal et al. (2010), Bansal et al. (2011), Gruber (2013), and Schmidt and Toda
(2019) on the issues of downward biases arising in estimating EIS using aggregate time-series variation in
rates of return. Also see Yogo (2004) for a discussion of the use of weak instruments in the estimation of EIS
using time-series variation.



the announcement and implementation, specifically emphasizing the importance of news
of future tax changes for identification.

The large implied values for the EIS that we find are in stark contrast with other recent
empirical studies that similarly to us use rich administrative level data. For example, Best
et al. (2020) use interest rate variation due to bunching around loan-to-value mortgage
thresholds in the UK combined with a dynamic model of mortgage refinancing choice that
they use for interpreting their reduced-form estimates to back out an EIS of around 0.1.
Similarly, Ring (2020) uses Norwegian administrative data but instead focuses on border
discontinuities in the pricing of housing used for assessing the wealth tax in Norway to
also back out a low value of the EIS. As mentioned before, one reason for having such
large differences in the implied values is that much like in Jakobsen et al. (2020), the EIS
we back out is for relatively rich households, such as firm owners, who rely more on
dividend income. Second, the dividend tax reform we use is very salient. Therefore, any
optimization frictions that may lead to a relatively low estimate of the EIS are absent in our
empirical setting.®

We also contribute to a large and growing literature on the effects of capital income
taxation, particularly dividend income taxation.” This literature, however, is primarily
focused on the effects of capital income taxation on investments (e.g., Hall and Jorgenson,
1967). Relative to this literature, we study a complementary effect of dividend income
taxation: the spending response of capital income recipients. Additionally, our theoretical
model and the importance of the value of the EIS for understanding our empirical results
paints a more nuanced picture regarding the investment response to dividend tax reforms.
This is particularly relevant for settings where it is hard to decouple consumption from
investment decisions, as is the case for closely-held private firms, where the consumption
smoothing decisions of firm owners may impact the investment response to the dividend
tax. In that case, depending on the value of the EIS, investments may either fall (as would
be the case if EIS is relatively large) or increase (as would be the case if EIS is relatively small)
in response to the dividend tax (Straub and Werning, 2020). Additionally, and related to the
insights of Korinek and Stiglitz (2009), we emphasize the importance of the anticipatory
aspect of the reform for post-reform spending behavior due to inter-temporal tax arbitrage.
Finally, our calibration procedure allows us to also back out the implied pass-through of

the dividend tax reform, which is usually assumed to be 1 but turns out to be low in our

®See lachan et al. (2021) for a further discussion of this point.

’See, e.g., Harberger (1962), Hall and Jorgenson (1967), Feldstein (1970), Auerbach (1979), Bradford
(1981), Poterba and Summers (1983), Cummins et al. (1994), Chetty and Saez (2005), Auerbach and Hassett
(2007), House and Shapiro (2008), Chetty and Saez (2010), Yagan (2015), Alstadseeter et al. (2017), Zwick and
Mahon (2017), Barro and Furman (2018), Straub and Werning (2020), Boissel and Matray (2022), Furno (2022),
Chodorow-Reich et al. (2024).



calibration.?

Finally, our structural model builds on two distinct literatures. First, our framework
features limited asset market participation (Mankiw and Zeldes, 1991). Similarly to the
canonical two-agent New Keynesian (TANK) literature, we assume that a fraction of house-
holds are stockholders with access to financial markets while remaining households are
restricted from firm ownership (Campbell and Mankiw, 1989; Gali et al., 2007; Bilbiie, 2008).
Second, corporate dividend payments to capitalists are taxed; in particular, we allow for
news shocks about future dividend tax rates. In this regard, we are leaning on the vast
literature on news-driven business and financial fluctuations (Beaudry and Portier, 2004,
2006).°

2 Illustrative model

To illustrate how the spending response to news about future capital taxes depends on
the magnitude of the elasticity of intertemporal substitution (EIS), we present a simple
framework motivated by Flynn et al. (2022). Consider an agent living for three periods,
solving the following problem:

max u(Cy) + M(Cz) + l/l(C3)

Co,C1,C2

where A, is initial financial wealth and R is the (after-tax) gross return on savings. For
simplicity, we assume the agent has no labor income and there is no discounting be-
tween periods. Because the portfolio allocation decision of the agent is separable from the
consumption-saving decision in the absence of labor income, we also abstract away from
any portfolio choice (see, e.g., lachan et al., 2021). Assume further that period utility is
u(C) = S=°=1 (In(C) if ¢ = 1) where i > 0 denotes the EIS.

1-1/9
The solution to this problem has to satisfy the Euler equations: u’(Cy) = Ryu’(C;) and

u'(C1) = Rou'(Cy). Using the definition of the period utility function, the budget constraint,
and the two Euler equations, the derivatives of the consumption policy functions with

8In addition, the stock price response that we document in Section 3 is consistent with the findings of
Poterba and Summers (1984) for capital tax reforms in the UK and with Auerbach and Hassett (2007) and
Chetty et al. (2007) for the case of the 2003 U.S. dividend tax reform.

9See also, among many others, Lorenzoni (2009); Beaudry and Lucke (2010); Barsky and Sims (2011);
Blanchard et al. (2013); Beaudry and Portier (2014).
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Figure 1: Example consumption paths in response to a lower R.
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where «, k1, and «; are functions of Ay, Ry, and R, (Appendix A includes the details).

Hence, Cy and C; are strictly decreasing in R, iff ¢ > 1, while C, is always strictly
increasing in R,. Intuitively, a higher t = 2 return induces the same t = 0 income and
substitution effects as a contemporaneous increase in the interest rate. As long as the
EIS is greater than one, the substitution effect dominates the income effect and the agent
decreases her t = 0 consumption and increases her t = 0 savings. Conversely, a lower R,,
for example, due to an increase in the future capital tax rate, leads to an increase in ¢t = 0
consumption if the EIS is greater than one.

Figure 1 illustrates consumption responses to a lower R, (the dividend tax reform we
study) for different values of the EIS relative to unity. The main idea of this paper is that
the sign of the consumption reaction between the news shock and implementation of the
reform can allow us to identify whether the EIS is greater or less than one. Note that while
the model we present here is very stylized, these comparative statics also hold in richer

models with multiple assets, returns risk, and labor income (Flynn et al., 2022).



3 Institutional Background

This section describes the institutional settings of the dividend tax reform. We first describe

the reform in detail before illustrating its impact on the stock market and aggregate savings.

The dividend tax reform. Before 2006, labor and capital income in Norway was taxed
at very different rates. Wage earners faced a progressive income tax, with marginal tax
rates from around 35% to 64.7%.'° Capital owners, on the other hand, faced a flat profit
tax of 28%."" The large difference in marginal tax rates between wage and capital income
for high-income individuals was a concern for policymakers because it incentivized inef-
ticient income shifting between wage and capital income. For example, the government
introduced a temporary dividend tax of 11% in 2001 (Innstilling til Odelstinget nr. 23,
2000-2001) partly motivated by this marginal tax rate difference, which was subsequently
reversed and thus in place only for the fiscal year 2001. On January 11, 2002, the newly-
elected government appointed an expert commission to suggest permanent changes in
the tax system, specifically motivated by the large difference in marginal tax rates (NOU
2003:9, 2003, p. 11).

On February 6, 2003, the government-appointed commission published their findings
(NOU 2003:9, 2003). Among the key recommendations was the implementation of a 28%
dividend tax, raising the effective tax rate on firm owners from 28% to 48.2%. At the same
time, the commission recommended reducing the top marginal tax rates on wage income
from 64.7% to 54.3%. On March 26, 2004, the government officially announced a tax reform
that mostly followed the commission’s recommendations, introducing a dividend tax and
reducing the marginal tax rate on wage income (Stortingsmelding nr. 29, 2003-2004).
However, for administrative reasons, the introduction of the dividend tax was postponed
to January 1, 2006.

Henceforth, we will be referring to the interval around the publication of the report —
February 2003 — and the official announcement of the tax reform — March 2004 — as the
“news shock” period. Additionally, we will be referring to January 2006 as the reform
“implementation” date. Finally, the interval between 2004 and 2006 is labeled and referred
to as the “transition” period.

The reform — once it was officially implemented in 2006 — introduced a 28% personal

tax on dividends and capital gains in excess of a threshold amount based on the riskless

19This marginal tax rate included the employer’s national insurance contributions (“arbeidsgiveravgift”).
1 Additionally, there was a wealth tax with a marginal tax rate of 1.1% of net (taxable) wealth above
NOKS580,000 during this period.
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Figure 2: Cumulative stock returns for high vs. low dividend stock portfolios.

returns in any given year.'” Under the previous tax regime, dividends were tax-exempt
for any shareholder, while capital gains were almost always applied to a zero base and
hence were tax-exempt as well. Firms paid no taxes on dividends and capital gains both

before and after the reform."

The reform also decreased the top marginal tax on labor
income from 64.7% to 54.3%, while the sum of taxes paid by the firm and the investor on
dividends and capital gains increased from 28% to 48.2%, following the recommendations

of the commission.'*

Stock market impact of the reform announcement. The timeline above reveals that the
extent to which the tax reform was anticipated is not immediately obvious. In this section,
we argue that the 2003-2004 news shock period was unanticipated by market participants.
To illustrate this point, we examine the behavior of the stock market from 2001 to 2008.
Specifically, we compute and track cumulative returns of high and low-dividend-paying
stock portfolios using stock-level data from the Oslo Stock Exchange.

Figure 2 plots cumulative returns of two equal-weighted portfolios, one with above-

2The annual risk-free rate of return allowance for shareholders/partners (RRA) is computed as the
exemption rate multiplied by the sum of the cost price of the share/holding and any unused allowance
from previous years. The unused allowance is then carried over to the next year with interest and can be
deducted from future dividends and capital gains associated with the same share/holding. The exemption
rate for shareholders and partners is the average interest rate on three-month Norwegian Treasury bills in
the year for which the allowance is to be calculated. Therefore, the dividend payouts of firms with dividend
yields lower than the average yield on 3-month Norwegian Treasury bills fall within the RRA exemption.

3During the transition in 2005, personally held shares could be transferred to a holding company without
triggering a capital gains tax.

14See Appendix B for further details on the tax reform.
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Figure 3: Saving and dividend income as a share of disposable income.

median (high) and the other with below-median (low) dividend yield stocks, with a base
month of January 2003."° Dividend yields are computed prior to the base month. As
the figure shows, both high- and low-dividend portfolios behaved similarly prior to the
news shock period. It was only in 2003 that the returns of the two portfolios began
to diverge.!® Divergence accelerated noticeably during the transition period and after
the implementation date. This finding suggests that the dividend tax reform was not
anticipated by the market during the news shock period.

Aggregate impact. Toillustrate aggregate implications of the dividend tax reform, Figure
3a displays total dividend income and savings as shares of households’ disposable income.
There are two notable observations. First, the dividend income of households responded
to the tax rate change suggesting that the reform was salient. For example, the temporary
dividend tax hike of 2001 reduced dividend income by almost 50% compared to 2000.
Moreover, around the implementation of the permanent tax reform, dividend income as
a share of disposable income dropped from more than 10% in 2005 to around 1% in 2006.
Second, household saving to a large extent follow dividend income prior to 2006. Dividend
income was elevated from 2002 to 2005, and most of this income was saved. Hence, while

the dividend tax reform affected aggregate dividend income, it is not immediately clear

15See Appendix C for details on portfolio construction.
16 Appendix C presents several robustness tests for the stock market exercise. Those show that the
divergence happened already in 2003, i.e. earlier than what Figure 2 suggests.
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from the aggregate data whether spending also increased.

A substantial fraction of household saving in the years before the tax reform was due to
various methods of intertemporal shifting of dividends to avoid taxes. Figure 3b shows that
in the few years prior to 2006, saving in unlisted shares and loans to firms increased. Both
saving in unlisted shares and corporate loans are examples of ways to shift the dividend
tax burden across time.!” The first method to shift is to pay out dividends before the reform
and transfer these back to the firm in the form of paid-in capital. The second method is to
pay out dividends before the reform and lend these back to the firm. Because withdrawals
of paid-in capital or repayment of debt are exempt from dividend taxation, firm owners
paid no taxes when taking out dividends prior to the reform and were also able to extract
resources from the firm without paying taxes after the reform. We will return to the issue
of intertemporal shifting of tax burdens when we impute the spending of firm owners and

when we interpret our main results.

4 Data and Imputed Spending

This section presents the data and describes how we impute spending, specifically focusing
on imputed spending among private business owners.

Data sources. We use data from several Norwegian administrative registries from 2000
t0 2013,'® combined using unique personal identification numbers. Because Norway levies
both a wealth tax and an income tax, the tax authorities collect information on household
balance sheets and income statements. Most variables in the income and wealth data
are third-party reported by employers, financial intermediaries, or the tax authorities
(e.g., assessed housing wealth and private business wealth), the main exception being
ownership of foreign wealth. In addition, we use the housing transaction data when
we impute spending, the stock ownership data to define private business owners, income
statements and balance sheets of firms to measure dividends and changes in paid-in capital,

information on family status to construct households, birth year, and home addresses, and

17 Alstadseeter and Fjeerli (2009) document a similar pattern by looking at firm balance sheet data.

80ur sample starts in 2000 because the accounting framework used by firms in Norway changed with
the Accounting Act (LOV-1998-07-17-56) from January 1st, 1999. Because we need to observe the changes in
paid-in-capital to impute consumption of firm owners in our treated group, the first observation of imputed
spending for firm owners was in 2000. Moreover, our sample stops in 2013 because the government abolished
the inheritance tax from 2014, resulting in a large increase in inter-vivo transfers among wealthier households
and dynasties. Because these transfers no longer need to be reported for tax reasons, and these transfers
were common among the wealthiest households, imputed spending for wealthy firm owners is imprecise
after 2014.
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information on sector of employment from the employer-employee register. We deflate all
values to real 2011 U.S. dollars.

Imputed spending. The main variable of interest in our study is imputed spending. The
main idea of imputed spending is to define spending from the budget constraint as income
not saved. Because the wealth tax is levied at the household level, and imputed spending
requires measuring saving, imputed spending is only defined at the household level.
Moreover, we note that imputed spending is all spending by households on items that do
not enter their balance sheet, including durable components such as housing refurbishment
and household appliances, but also non-durable spending. Appendix D describes how we

impute spending for households that do not own private businesses.

Imputed spending of private business owners. The main focus of this paper is the
spending response of private business owners (owners of incorporated firms not listed on
the public stock exchange) to the dividend tax reform. We focus on private business owners
holding controlling positions in the private business (above 50%) because these majority
owners directly control the flow of resources from the firm to the owner. In principle,
all wealth within the private business should be counted as part of household wealth in
accordance with the household’s ownership share. Similarly, any saving and income in
the private business are part of household saving and income. Importantly, in this way
of accounting, resource flows from a firm to its owner, such as dividends, are not part of
household income but instead represent a movement of resources between different bank
accounts — the private account and the firm account.

Concretely, we define imputed spending of private business owners as

saving within the firm

: . npb : . .
spending,, = spending;}"° + profits,, — (A book value;; - capital gains, ) (1)
———
income within the firm

where spending™™® is imputed spending for non-private business owners, defined in
Appendix D. In equation (1), profits and the change in book value are observed from the
tirm’s income and balance sheet statements. The remaining task is therefore to impute
capital gains within the firm. Imputing capital gains within firms, though, is challenging
for two reasons. First, firms’ balance sheets include more asset classes than households,
for example “plant and machinery” and “ships, rigs, aircraft.” Second, the asset categories
in the accounting rules for firms are less informative about what the firm owns. For

example, “land, buildings and other real property” is a balance sheet category, still, we do
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not observe whether the wealth in that category consists of land, housing, or commercial
real estate. Finding relevant prices for each asset class is challenging and using equation
(1) to impute spending is therefore almost infeasible.

Instead, we follow an alternative approach by noting that

retained earnings; ,+Apaid-in capital,

profits;, — (A book value;; — capital gains, ) = dividends;; — Apaid-in capital,,.  (2)
N—
dividends; s +retained earnings,

The insight from equation (2) is that we only need to account for the net flows between
tirm and owner to impute spending of private business owners. Our measure of imputed

spending for private business owners is therefore
spending; , = spending;?™ + dividends from the firm;; — Apaid-in capital in firm,,. (3)

where “dividend from the firm” and “A paid-in capital in firm” are the dividends flow from
the firm to owner i and the change in the owner’s paid-in capital in the firm, respectively.

Our imputation procedure makes one additional underlying assumption: we assume
that the ownership share is stable from one year to the next. This is necessary for two
reasons. First, it allows us to use the definition of spending above without any adjustments
for changes in ownership shares. Second, it allows us to compute the owner’s share of
the change in paid-in capital because we observe the change in paid-in capital from the
tirm’s balance sheet and allocate it to each owner according to their (stable) ownership
shares. This assumption is relatively innocuous in our sample of majority owners that
mostly retain a stable ownership share from one year to the next.

To illustrate how our imputed spending approach works, consider the two common
ways for owners to react to the announced dividend tax reform: (i) taking out $100 in tax-
free dividends prior to the reform and transferring $100 back to the firm as paid-in capital,
and (ii) taking out $100 in dividends and lending $100 back to the firm. In both cases,
household spending should be unaffected. In case (i), we would see $100 in dividends
and a $100 change in paid-in capital, which sums to $0. In case (ii), we would see $100
in dividends and a $100 increase in private loans to the firm (part of loans/deposits), also
summing to $0. Hence, our approach to impute spending by firm owners accounts for
the two common ways of avoiding the future dividend tax, which firm owners used in
reaction to the dividend tax reform announcement.

Figure 4 further illustrates our approach by displaying average spending, dividends,

change in paid-in capital, and change in private loans among private business owners in
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due to the owner, and the change in private loans for the owner in our treated sample. Figure (b) shows the average imputed spending
in the treatment group.

Figure 4: Imputed spending, dividends, paid-in-capital and private loans

our sample (the treatment group, which we define in the subsequent section). First, note
that while dividends fluctuate, these fluctuations do not directly translate into spending
fluctuations. For example, while dividends dropped by around $25,000 from 2005 to 2006,

spending fell by much less because most of the dividends in 2005 were saved.

Further complications. There are two additional issues when imputing spending for
private business owners. First, in many cases, a businessperson owns several private busi-
nesses. In the ownership registry, we observe all owners of private businesses, both firms
and households. The ownership registry thus allows us to compute indirect ownership
shares of all firms. We compute indirect ownership shares for households up to layer 10
when we compute ownership shares."

Second, our sample period starts in 2000, but the ownership registry starts in 2004. We
therefore impute ownership shares in the four years between 2000 and 2003. We restrict
attention to majority owners in 2004 (more than 50% ownership share). We then impute
ownership shares in the prior years by assuming that the ownership share of household
iin firm j is constant going back in time under the conditions that the firm existed in the

tirm registry and the owner has non-zero holdings of non-listed stocks in the tax accounts.

YBecause we focus on owners who exclusively hold majority ownership stakes, almost all private busi-
nesses in our sample are directly held.
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Tax evasion. Two additional issues related to tax evasion remain. First, owners of private
businesses may use these firms for private consumption. Consuming within the firm is
illegal, limiting its scope to how much one can get away with it without raising suspicion
among the tax authorities. Nevertheless, it is likely to be prevalent, and the tax data does
not allow us to infer the extent of this problem (Leite, 2023). We note that systematic tax
evasion leads to level differences in imputed spending (if the bias is constant in logs within
groups), which is not a problem for us. However, the tax reform potentially incentivizes
owners to evade taxes to a larger extent, as suggested and documented in Alstadseeter et al.
(2014). This tax evasion would primarily bias our result after the reform is implemented,
not in the period between announcement and implementation, which as we illustrate in
Section 2 is the period when the consumption response to the tax reform varies with the
sign of the EIS relative to unity.

Second, households may evade taxes by hiding wealth abroad, which is also illegal.
Because our data relies on administrative data collected by the tax authority, hidden wealth
is always an issue, especially among wealthy households (Alstadseeter et al., 2019). A
concern may be that households respond to the dividend tax reform by moving wealth
abroad to hide it. In that case, tax evasion will show up as a large spike in imputed
spending as it involves assets disappearing from the household’s balance sheet. To limit
the potential impact of such cases, we restrict attention to households whose imputed
spending does not increase by more than 800% or decrease by more than 80% from one

year to the next.?

5 Empirical Setup

We now estimate the effects of the dividend tax reform on spending using a difference-in-
differences framework. The main goal is to compare the spending of households exposed
to the reform, the treated households, with those of an appropriate control group. In this
section, we first define the treatment and control groups before exploring the extent to
which there are systematic differences between the two groups in pre-determined char-
acteristics. After that we present the formal estimation framework and discuss threats to

identification.

20A concern is that the pattern we observe of heightened spending followed by a permanent decrease may
be due to hiding wealth (resulting in a spending spike) and spending from this hidden wealth afterwards
(resulting in a permanent reduction in spending). However, if these movements reflect somewhat realistic
pricing of the hidden wealth, meaning that it should approximately equal the net present value of future
spending, the increase in spending before the implementation is at least an order of magnitude too small to
account for the observed permanent reduction in spending.
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Notes: The figure shows the distribution of dividends from private business as a share of gross income among (majority) private business
owners in 2000.

Figure 5: The distribution of dividend income as a share of gross income.

Treatment and control definitions. A household is considered treated if it satisfies two
criteria. First, the mean share of its gross income in 2000 and 2002 - including labor income,
transfers, and capital income - attributable to dividends from a private business firm must
exceed 20%. We use the average dividend payout from the two years before the news
shock when dividends were not subjected to the temporary dividend tax in 2001. We chose
this method because dividends from private businesses are “lumpy”; their distribution
to individual households can be irregular, with significant variations in both the amount
and the timing of payments. Second, as alluded to previously, we restrict attention to
households holding only controlling ownership shares (more than 50%) in their private
business ownership portfolio because we cannot impute spending of owners who hold
minority ownership shares in private businesses. Figure 5 displays dividend income as a
share of gross income among private business owners in our sample.?!

The next step is to define a control group to serve as a counterfactual for the treatment
group. The private business owners in the treatment group are wealthier than the general
population. To define a relevant control group we therefore select households in the non-
private business owner sample that hold more wealth than the median within their cohort.

Z1We choose the treatment threshold to ensure that dividends should make up a significant fraction of
treated households income. In Section 7, we show that our results are robust to using different thresholds as
well as to using a continuous treatment variable.
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Control Treated
Mean S.D. Mean S.D.

Panel A: Household Characteristics
Age 45.49 11.14  50.71 8.71

Panel B: Spending and Income Statement

Spending 43.68 3845  86.07 145.04
Disposable income 39.38 1822 94.67 1428
Labor income 46.55 28.81 56.51 29.52
Transfers 8.84 11.67 4.49 8.39
Dividend income from private businesses . . 57.33 131.31
Taxes 15.07 1098 26.75  22.68

Panel C: Balance Sheet

Gross wealth 31096 276.85 695.31 658.06
Housing wealth 283.62 269.38 548.34 543.89
Deposits 16.38 3415 63.75 1489
Public Stocks 0.32  20.02 8.22 56.1
Mutual Funds 2.21 922 1192 36.84
Private Business Wealth . . 156.37 401.22

Net Wealth 410.09 294.83 715.72 663.84

Debt 5942  60.75 71.04 117.09

Panel D: Shares

Exposure to the reform (dividend share of gross income in %) . . 36.68 21.69
Number of individuals 1,320,970 . 2,959

Notes: We define treated as having, on average, more than 20% of gross income in the form of dividend income from private businesses
in 2000 and 2002. Values in Panel B and C are in 1,000 dollars in 2011.

Table 1: Descriptive statistics in 2000.

Similar to the private business owners, these households are not likely to be financially
constrained and thus can smooth consumption over time.

Additionally, we impose a few minor restrictions on our sample, which spans annual
observations from 2000 to 2013. First, we concentrate on prime-age households between
25 and 65 years old in 2000. Second, we limit our analysis to households with disposable
income and imputed spending greater than the base amount in the Norwegian social
security system, approximately $10,000. Third, as discussed above, we restrict attention
to households above the median in the within-cohort wealth distribution in 2000 whose
spending does not increase by 800% or decrease by 80% from one year to the next. Fourth,
for the control group, we select households with no dividend income in the year 2000. Our
tinal sample consists of 1,320,970 households in the control groups in 2000 and 2,959 in the
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treatment group.

Table 1 presents descriptive statistics in 2000 by treatment status in our sample. Treated
households spend more, earn more, are older and more educated, and are wealthier than
the control group. Most of their non-housing wealth is held in private businesses, and
dividend income from these businesses is an important part of their income - on average
more than 35% of gross income.

The estimation framework. Our empirical setup estimates the effects of the reform on
spending by comparing the relative spending response of treated households, for whom
the reform is important, with the rest of the population for whom the reform is less relevant.
To capture potential pre-announcement anticipation effects (see the discussion in Section 3),
we set 2000 as the base year and estimate the following dynamic difference-in-differences

model
H H
Ci2000+h — Ci2000 = & + Z B (Dj2000 X @2000+1) + Z I (Xi2000 X @200041) + € (4)
h=h h:h

tor h ={0,1,2,...,13}, where c;00+1 denotes log imputed spending for indvidual i in year
2000 + h, D00 € 10,1} is our treatment variable for household i in year 2000, w; denotes a
dummy variable for year t, and X; 000 contains a set of controls for household 7 in 2000. The
controls in the benchmark specification include four groups of pre-reform non-financial
income described below, pre-reform 2-digit NACE fixed effects for the firm where the
household is employed, and pre-reform age and municipality dummies. Standard errors
are clustered at the individual level to address that the error terms ¢;, may potentially be
correlated within households across time.

Threats to identification. Our main identifying assumption is that absent the reform,
the spending of households in the treated and the control groups would evolve similarly.
Figure 6 provides the first look at the raw data used to identify the spending effect of the
reform. In years before the reform, average log spending evolved relatively similarly in
the treated and the control groups.
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Figure 6: Log spending in the treatment and control group.

Though not necessary for our identifying assumption, one weakness of our setup is
the lack of balancing between the two groups. The treated group, being predominately
private business owners, are older, have higher income, more spending, and are wealthier.
We therefore include a set of additional controls for several potential confounders in our
baseline empirical specification.

The first potential confounder is the concurrent labor income tax reform. At the same
time as the dividend tax reform, the government reduced the top marginal tax rates on
wage income. A potential issue is that households in our treatment group are differentially
exposed to this income tax reform. To address this concern, we include income controls
(four bins), corresponding to four groups of differential changes in marginal income taxes
as in Thoresen et al. (2010, Figure 1).%

Another potential issue in our analysis is that dividend income as a share of total income
may vary with age, which in turn can correlate with differences in spending growth across
households. It is well established that portfolio shares vary by age (see, e.g., Fagereng et
al. (2017) for the case of Norway). Therefore, if more exposed households are older and
older households tend to have different spending trajectories than younger households,

228pecifically, we choose the following three cutoffs in 2000 based on the 2006-NOK marginal tax groups:
394,000, 750,000, 936,800.
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that would tend to bias our results. We therefore include a full set of age controls in our
specification.

Another potential threat to identification is that households in the treatment and control
groups may differ in their exposure to sectors of the economy and to different labor market
shocks. To address this concern we control for the pre-reform 2-digit NACE code of the
primary employment of the household and municipality-fixed effects.

In several robustness exercises, we address other potential issues. Specifically, since
higher dividend income correlates with stock wealth and stock prices were increasing
during the 2004-2006 period, more exposed households may be stock-rich households
who experience a positive stock wealth shock. To address this concern, we additionally

control for the stock share of financial and gross wealth in a robustness exercise.

6 Empirical Results

This section presents our main empirical results. We first present the baseline result before

discussing robustness checks.

Main results. Figure 7 displays the relative spending response to the dividend tax reform
news shock and implementation of the treated households relative to the control group.
Between the announcement and implementation of the reform, spending by treated house-
holds increased by around 5% relative to the control group. After the implementation of
the reform in 2006, relative spending gradually decreased. In 2011-13, relative spending
by treated households was about 8% lower than the control group. The positive spend-
ing response to the reform during the transition phase is consistent with an elasticity of
intertemporal substitution bounded below by one. Moreover, the eventual negative spend-
ing response is consistent with the tax reform negatively affecting the treated households’
permanent income.

A gradual decline in relative spending characterizes the period between 2006 and 2011.
According to the theoretical framework in Section 2, we expect a sharp decline in spending
when the new dividend tax reform is in place. However, as discussed above, there was
a delay between the reform’s announcement and implementation, which allowed owners
to engage in intertemporal shifting of the tax burden by taking out tax-free dividends
and putting the resources back into the firm through private loans and paid-in capital.
Hence, even though the reform was implemented in 2006, owners did not fully face the
new dividend tax before they had depleted these vehicles of intertemporal tax shifting.

The smooth decline from 2006 to 2011 is consistent with the gradual depletion of such
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Figure 7: The spending response to the dividend tax reform.

vehicles of intertemporal tax shifting, where more and more owners are fully affected by
the dividend tax reform as time passes. This discussion motivates our choice of introduc-
ing heterogeneous tax avoidance into the transition dynamics of our structural model in

Section 7.

Robustness. Figure 8 presents a number of robustness exercises. First, one concern with
our empirical setup is that the treatment and control groups differ by pre-determined
characteristics. To address that concern, we control for a number of plausible confounders
in our baseline specification, as explained above. Figure 9a displays the results for two
alternative specifications, the first where we include fewer controls (only dummies for year
and age) and a second where we include additional controls for the risky share of financial
wealth and gross wealth. These additional controls account for the potential differential
exposure of the treated and control groups to contemporaneous movements in financial
markets during the same period. Adding these two additional controls only marginally
affects our results.

Second, in our baseline specification, we define households as treated if their dividend
income as a share of gross income is sufficiently high. An alternative setup is to use

the dividend share of gross income as a continuous measure of treatment exposure. The
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Figure 8: Robustness of the empirical results.

specification we use is

H H
4
Ci2000+h — Ci000 = & + E B (exposurei,zooo X wzooo+h> + E I, (Xi2000 X @a00041) + €ip (5)
I=h I=h

where exposure; 5 is the average dividend income as a share of gross income for house-
hold i in 2000 and 2002. The estimated coefficients are not directly comparable across

the two specifications. To make the two lines comparable (same y-axis), we adjust the
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estimated coefficients such that they denote the effect of an increase in treatment exposure
by 50 percentage points. Figure 9b presents the estimated (adjusted) coefficients from
equation (5) together with the baseline results. The results using this alternative specifica-
tion are very similar. There is a positive response after the announcement and a negative
response after the implementation of the dividend tax reform. Moreover, this specification
also implies that the treatment effect we estimate is approximately the same as an increase
in exposure from a zero dividend share to a 50% dividend share of gross income.

Third, in our baseline specification, we define households as treated if, on average, their
dividend income as a share of gross income is more than 20% in 2000 and 2002. The choice
of this threshold represents a trade-off between having a treatment group that is exposed
and a treatment group that is relatively large. Figure 9c displays results when using some
alternative thresholds (15% and 25%), showing that the results do not change materially.

Fourth, in our sample restrictions we focus on the relatively wealthy households in
order to ensure that the control group is relevant for the counterfactual evolution of the
treatment group. Thus, we restricted our sample to households in the top 50% of wealth
within their cohort (i.e., above the median). Figure 9d therefore presents two alternative
sample restrictions, at 40% and 60% with similar results as the baseline.

Taking stock. We find that news about a future permanent dividend tax reform caused
a positive response in the relative spending of households with high dividend income
intensity. Implementation of the reform, in turn, caused a persistent negative decline
in the relative spending of the same group. The observed front-loading of spending in
reaction to a future decline in post-tax income is generally consistent with an elasticity of
intertemporal substitution (EIS) greater than unity, as also illustrated in Section 2 by our
simple model. To pinpoint the exact value of the implied EIS and theoretically account
for various partial and general equilibrium confounding channels, we now turn to our

structural general equilibrium framework that we eventually bring to the data.

7 A Model of Capitalists and Workers

In this section we combine our empirical estimates with a structural model in order to
compute the implied elasticity of intertemporal substitution. Our approach introduces
dividend tax news shocks into an otherwise standard two-agent, capitalist-worker general

equilibrium framework.
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7.1 Preferences

There is a continuum of households of measure one. A fraction A of households are workers
indexed by w. The remaining fraction 1 — A are capitalists indexed by k. Both household
types have the same preferences and supply an exogenous amount of labor with the wage
rate W; normalized to unity. Capitalists can save and smooth consumption by purchasing
claims on firms, which in turn produce capital. Workers, on the other hand, smooth
consumption by accessing a risk-free bond and are restricted from firm ownership. This
modelling approach is similar to the “stockholder and non-stockholder” setup of Mankiw
and Zeldes (1991) and Guvenen (2009).

Capitalists. Capitalists solve the following constrained optimization problem by maxi-

mizing utility subject to a sequence of constraints:

[o0]

max IEt Z ‘Bju<Ck,t+]'> s.t. Sk,t+1Pt + Ck,t < (1 - Tk,t)Nk + Sk,t(Dt + Pt) + Tk,t- (6)
j=0

1-1/y

The period utility function is of the CRRA form: U (Cy;) = C’{'t_l 7 4)1, if ¢ # 1, and

U(Ckt) = In(Cyy), if ¢ = 1. B € (0,1) is the subjective discount factor, Cy; denotes the
capitalists” consumption in period t, N is labor supply, Sx; are claims on firms, P; is the

market value of those claims, D; are dividends paid by firms to capitalists, 74, is the
proportional labor income tax, and Ty, is a lump-sum tax or subsidy that is paid out to the
capitalist. We require 74, due to institutional features of the Norwegian tax reform.

Utility maximization subject to the sequence of period budget constraints implies the
standard Euler equation for firm shares:

1=FE ﬁ Ck,t+1 I Dt+1 + Pt+1
t Cht Py

: (7)

Of crucial interest to us is the parameter 1, the EIS. Absence of arbitrage implies existence
of a unique stochastic discount factor A;;,; that prices all assets in the economy. Ay
is defined in terms of consumption of the capitalists, because they own all firms and

Ck,t+]
Chi

condition, by forward substitution the pricing equation for shares can be obtained as: P; =

. ) -1/y . )
are the marginal investor: A;;1 = ﬁ( ) 2 Together with the usual transversality

2We can also assume recursive utility (Kreps and Porteus, 1978; Epstein and Zin, 1989, 1991; Weil, 1990).
In the absence of aggregate or idiosyncratic uncertainty in the model, our results on the implied EIS in Section
8 are identical to what we find with CRRA preferences. This equivalence can also be shown analytically.

-1
The stochastic discount factor (SDF) implied by CRRA preferences is (Cé—*t‘) /1p. With recursive preferences
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IE; Z}"’:t +1A¢;D;. One then obtains the intertemporal budget constraint: I, Z}'ZO AppiCrpej <
P, + IE; Z;o:o At,t+j(1 - Tk,t+j)Nk~

Workers. Workers save in risk-free one-period bonds B, ; that pay an exogenous and state
non-contingent gross returns R? each period. The period utility is given by:

Bw,t+1

maxE; ) pU(Curi) st Cost =pp = (1= Tu)No + By + T, (8)
j=0

t

where U (Cy) is the same CRRA period utility function as that of capitalists and T, is
the lump-sum tax or subsidy that is paid out to the workers. The Euler equation for the

Cw t+ I
‘B( Cz,u tl) } ' (9)

Notice how through 7,,; we allow the labor tax levied on workers to be different from 7.

worker is:

1= RPE,

7.2 Technology

There is a continuum of perfectly competitive firms of mass one that produce the final

good. The production technology is Cobb-Douglas:
F(A,Ki, N;) = AK!N;} ™7, (10)

where A is Hicks-neutral aggregate productivity (normalized to unity in the baseline case),
K} is aggregate capital, and N; is aggregate labor supply in the economy (time-invariant in
the baseline case). We further assume K; is pre-determined at time t — 1. Capital evolves
according to Ky,1 = I; + (1 - 0)K;, where [, is firms’ investment and 6 is the depreciation rate.
Firms take the production function and the law of motion of capital as given and start
the period with initial capital K;. They decide the dividend payout D; and investment I;.
Dividends are taxed at the rate 7. The actual cost of a dividend payout D; from the firm's

perspective is
@(Dy) = Di(1 + 74y)", (11)

where x € [0,1] is a parameter that governs (in equilibrium) the elasticity of the rate of

1
Sy (v \E o
the SDF becomes f (%) v (#) with Vi, the continuation value of the household’s problem, y the
tV 1

t. In the absence of uncertainty, the last term of the pricing

. . 1
parameter that controls risk aversion, and & = i

7
kernel reduces to unity and we recover the CRRA case.
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return on saving for capitalists to dividend tax rate shocks.?* The parameter x captures,
in a reduced-form way, various financial frictions, pecuniary costs, portfolio adjustment
incentives, preferences for dividend smoothing, the risk-free exemption allowance of the
reform, or degree of financial openness — all of which can affect the pass-through from
capital income taxation to the rate of return on saving. Furthermore, x can represent the
degree of tax avoidance in the long run (Piketty and Saez, 2013). Many micro-founded
environments can be nested in a parsimonious way by this specification. For example,
x = 1 represents the corner case with full pass-through, such as a closed economy with a
single asset and no tax avoidance. The other corner case, x = 0, represents an economy
with no pass-through from the dividend tax change onto returns, such as an open economy
with no portfolio adjustment frictions. Our estimation procedure will allow us to infer x
from the data.

The optimization problem of firms can be written recursively as:

V(K) = ?Dl% [D+Em'V(K')] s.t. (D) +K' < (1-06)K+F(A,K,N) =N,
where V(K) is the market value of the firm and m’ is the stochastic discount factor, equal
to the stochastic discount factor of the capitalists A’. The first-order condition with respect
to K’ is:

, (PD(D)
Em (QDD(D')

Net Return on Investment R;

) [1-6+FuA K, N) = 1. (12)

7.3 General Equilibrium

Fiscal Policy. In the steady state, revenue collection (from dividends or labor endow-
ments) is set to 0. However, our policy experiments that raise dividend income taxes will
create surpluses for the government. We therefore assume that the dividend tax is rebated
back lump sum to the capitalist and any proportional labor tax gets rebated back to the
respective agent:

Tyt = 14Dy + 71t Nk
Tw,t = Tw,th-

(13)

In the next section, we also allow for alternative ways of closing the fiscal balance, either

by allowing government spending to vary or by international lending at a risk-free rate.

2 A similar reduced-form representation of the dividend payout function is laid out in Jermann and
Quadrini (2012) in the context of equity payout adjustment costs and aggregate fluctuations.
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Aggregation and market clearing. Since only capitalists own firms, the holdings of each
asset holder are pinned down solely by the share of capitalists in the economy: S; = S;,1 =
5. Labor market clearing in our environment is trivial and equates the weighted average
of endowments to the production function input N: N = AN, + (1 — A)Nj. Similarly,
aggregate consumption is determined by: C; = AC,,; + (1 — A)Cy;. The resource constraint
is Y; = C; + I;, equal to the goods market clearing condition.

Tax processes. The government has at its disposal three policy instruments: the tax
on dividends 74, the tax on capitalists’ labor endowment 7, and the tax on workers’
labor endowment 7,,. These instruments are assumed to follow the following exogenous
stochastic processes:

log T4y = 10g Tas-1 + da€apr-j,
log Ty = log Tis—1 + Ok€xi—j (14)

log T =108 Twi-1 + 01€w-j,

where €4;_j, €ki—j, €wy-j are drawn from N(0,1).%

The stochastic processes capture the
expectation phenomenon of tax news shocks: an announcement at time -j, captured by an
innovation to &4, represents a credible signal that the tax rate 7,; will change at t. Given
the context of the Norwegian tax reform, we set the news lag to j=3 because the model is

calibrated at an annual frequency:.

Definition 1. A rational expectations general equilibrium, given tax policy innovation shocks
{€dt, €kt €t} and the tax policy processes, is defined as a set of policies for (i) capitalists: Cy and Sy;
(ii) policies for workers: C, and By,; (iii) policies for firms: K" and D; (iv) firm market value V(K);

(v) and aggregate prices m’ and R®, such that: all policies solve the respective agents’ optimization
uc(c;()
Uc(ck)

problems, m’ = B, and all markets clear at any given time t.

7.4 Transitions Dynamics with Tax Avoidance

To allow for slow macroeconomic adjustment to aggregate dividend tax news shocks,
we study transition dynamics that can depart from homogeneous and synchronized tax
incidence. Households search for tax avoidance opportunities, which are available at the
beginning, i.e. upon arrival of the news, but disappear every period with an exogenous

and i.i.d. probability 1 — 0. This represents the gradual closure of any tax loopholes by the

ZThe shock processes are assumed to be unit root. In practice, we compute impulse responses to very
persistent shocks, with autocorrelation of all shock processes set to 0.9999. Alternatively, one could solve for
transitions from one steady state to another without any material impact on the results.
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relevant authorities. As a result, following a tax news shock, a fraction 0 of households
is able to avoid the full tax burden while the remaining partition is not. Over time, the
economy converges to the steady state under the new tax regime, which is governed by the
long-run pass-through parameter x.?* However, in the short run the incidence of dividend
taxes is distributed heterogeneously.

It is useful to follow Auclert et al. (2021) and define several sequence-space objects

[o0]

s=0
given. Denote with C;; = Cj; ({Tk,s};";o) the spending output function for agent i, which

of interest. First, define {7}, as the dividend tax input sequence that agents take as
stands either for the capitalist or the worker. This function translates the input sequence
into the consumption decision at time f. Now, define J fﬂ as the homogeneous-incidence
Jacobian matrix for the household of type i. Each entry of J'" satisfies: o= z%:. That
is, it summarizes the optimal consumption response of each agent at time ¢ to exogenous
shocks to dividend taxes at horizon s under the special case of 6 = 0.

Next, we construct the heterogeneous-incidence Jacobian J; recursively as a function of
T for each household type. We compute each entry of J; the following way, focusing

on the relevant case of s > 0 becase the tax reform is announced in advance:

(1- 07 F=0,5>0
$,t,s = ™ (15)
0T ir1s0+(1-0)JH t>0,5>0

its

Finally, the differential response in spending between the capitalists and the workers can
be readily computed as the column-difference between ;s and ¢ for all t and a shock
at some 5. Parameter 0, as mentioned previously, captures the extent of tax avoidance
intensity in the short run. We will infer it from the data during our impulse response

matching exercise.

8 Identifying the Elasticity of Intertemporal Substitution

Our modeling approach facilitates an exact comparison with our empirical strategy. First,
capitalists and workers represent the treated and the control groups, respectively. Second,
a dividend tax news shock in the model corresponds to the year 2003, and the actual
rate hike to the 2006 implementation. The differential in spending responses of capitalists
and workers after the announcement therefore maps directly to our empirical difference-

in-differences estimate in the post-announcement/pre-implementation period. We first

26Qur modelling choice borrows from the literature on deviations from full information and rational
expectations (FIRE). Specifically, we build on Mankiw and Reis (2002); Reis (2006a,b); Auclert et al. (2020);
Carroll et al. (2020) by assuming an i.i.d. disappearance of tax avoidance opportunities.
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Parameter Value Description

A 0.9987  Share of workers
B 0.9800 Discount factor

0 0.0750 Depreciation rate
a 0.3300 Capital share
N
A

0.3000 Labor endowment

1.0000 Productivity
04 0.2800 St. dev,, capitalist dividend tax news
0] 0.1040 St. dev.,, capitalist labor tax news

Table 2: Model parameters fixed externally

describe which parameters we calibrate externally. Next, we show how we leverage our

structural model to identify the elasticity of intertemporal substitution.

8.1 External Parametrization

Table 2 lists all the externally calibrated parameters. The frequency of our calibration
is annual. The subjective discount factor and depreciation rates are set to = 0.98 and
6 = 0.075, respectively. The share of workers in the economy is A = 0.9987. This value
corresponds to the share of the control group in our empirical analysis (see Table 1). The
capital share is set to @ = 0.33. Labor endowments N = N = N,, are set to 0.3.

Standard deviations of the dividend and labor tax shocks are set in order to represent
the institutional details of the Norwegian tax reform with o; = 0.28 and 0; = 0.104. In
our quantitative exercises we will be simulating tax synchronization with a one-standard
deviation positive news shock for the dividend tax and a one-standard deviation negative
news shock for the labor income tax on capitalists. In combination, these two shocks map
exactly to the Norwegian 2003-2006 experience of a simultaneous increase in the dividend
tax rate and reduction of the marginal labor income tax rate for the highest income bracket.

8.2 Impulse Response Matching

Our identification procedure is a variant of impulse response matching. First, we take the
empirically documented differential response of the treated (capitalists) vs. the control
(workers) groups as given, e.g., in Figure 7. We calibrate a sub-set of model parameters
externally, as reported in Table 2. Second, we construct a coarse three-dimensional grid
for the pass-through parameter «, the EIS ¢, and heterogeneous tax incidence 0. Finally,
we locate the point on the grid that minimizes the distance between the empirical and the

model-implied spending differentials. The final product of this exercise is i: the value of

29



10 ‘
Model

§ = = Data
o O 7\ EIS=2.06
/ =2.

g / \\

Q / A

o 0

()]

CC c

o) S

S 5 g g

c < OC)

2 7 £

wn g %
10~ 1

Il % g Il Il Il
2000 2002 2004 2006 2008 2010 2012
Year

Notes: This figure shows the differential response of spending in the model (straight line) and the data (dashed line) in response to
the tax reform. Differential spending in the model is defined as consumption by capitalists less consumption by workers. Differential
spending in data is defined accordingly in Section 5.

Figure 9: Model Meets Data

the EIS that corresponds to the global minimal IRF matching error. Further details on the
computational procedure are provided in Appendix E.

8.3 Main Result

Figure 9 shows the best-fitting model-generated consumption response of capitalists less
the consumption response of workers following the news shocks {e;;, €} in t = 2003
and implementation in £ = 2006. The implied 1 is 2.06, a value comfortably greater than
unity. The model-implied spending response is close to the data and follows a similar
shape: the spending differential increases after the announcement and falls gradually after
implementation. This pattern is also consistent with our illustrative model laid out in
Section 2. An EIS greater than 1 is thus essential for understanding the spending reactions
to news about future dividend taxes and net portfolio returns, a key result of this paper.

Incidentally, our estimated EIS of 2.06 is very close to what is typically assumed in the
literature. Barro (2009) and Gabaix (2012) both set the EIS to 2 in the canonical framework
of disaster risk and asset prices. Kaplan and Violante (2014) calibrate the EIS to 1.5 in their
model of consumption responses to fiscal stimulus shocks. Bansal and Yaron (2004) also
set the EIS to 1.5 in their model of slow-moving long-run risks. Thus, our microeconomic
estimates of the EIS provide empirical support for a range of theoretical and quantitative
macroeconomic and financial models that build on the assumption that the EIS is greater
than unity.
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The corresponding values of identified & and 6 are 0.02 and 0.90, respectively. This
suggests that the model is characterized by low long-run reform pass-through and high
short-run tax avoidance. The former is indicative of Norway being a fairly open economy
with low portfolio adjustment frictions and high substitutability across domestic and for-
eign assets. The latter points to high levels of private business intertemporal tax shifting,
as suggested in the aggregate data in Section 3 and in the administrative data in Section
4, and as argued by Alstadseeter et al. (2014). The sluggish response of stock returns, as
shown in Section 3, is also consistent with the above finding.

8.4 Model Robustness and Sensitivity Analysis

Our main result that the EIS of capitalists is greater than unity could be sensitive to the
uncertainty of estimated responses, a concern that we address with bootstrapping. In
principle, it could also suffer from model misspecification or specific parameter choices.
We address these concerns in a series of robustness tests. We modify the baseline model in

each extension and conduct the impulse response matching exercise as before.

Model bootstrap and confidence bands. Our empirical analysis in Section 5 revealed
that the front-loading of relative spending during the 2003-2006 transition period was
statistically significant at the 95% level. However, the confidence bands could be perceived
tobe wide. To account for the coefficient uncertainty for the implied EIS, we find the implied
EIS using 10,000 independent draws from the estimated spending response coefficients.
The average EIS is 2.2, and the 95% confidence band is [1.35,3.08].” We repeat the same
bootstrapping procedure for every extension and sensitivity test below.

Endogenous wages and labor supply. Inan attempt to test sensitivity to the specification
of the labor market, we perform three robustness exercises. First, we allow for an endoge-
nous unit price of labor, the wage rate W,;, which in the baseline was invariant and set to
unity. The competitive wage rate is determined via the marginal product of labor in every
period: W; = A(1 — a)KFN;“.

Second, we endogenize labor supply of both capitalists and workers in two separate
ways. We first assume non-separability between consumption and leisure in the spirit of
Greenwood et al. (1988). The first-order condition with respect to labor supply for agent
type x is: (1 — ©,)W; = ¢N;,. Both types have the same Frisch elasticity % The labor

YThe average estimate turns out to be slightly greater than the baseline of 2.06 due to some (mild)
non-linearities.
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disutility parameter ¢ is set to a value which guarantees that hours equal 0.3 in the steady
state for both types, similarly to our baseline case.

Third, we assume that utility is additively separable in consumption and labor. The first-
order condition with respect tolabor supply for agent type xisnow: (1-7,)W; C;}/ ¥ - PN,
We fix the EIS of workers to unity and allow 1 to be determined by the impulse response
matching exercise as before. Thus, this particular extension allows for the EIS to be
heterogeneous across the two population types. Labor disutility is again re-adjusted such

that hours equal 0.3 in the steady state.

Alternative fiscal rules. The baseline model assumes that any fiscal surplus is rebated
back to the households along the transition path following dividend tax news shocks. We
now introduce two alternative fiscal rules. First, we alternatively assume the government
uses the surplus to finance productive government spending. The government budget
constraint is now G; = 74;:D; + 75Nyt + TNy And the resource constraint becomes
Y, = C; +1; + G;. Second, we allow the government to lend abroad via one-period bonds at
the risk-free rate RtF . The government budget constraint becomes: thFBHl + 74Dy 4 Tt Ny +
TwtNws = B;. In equilibrium, the risk-free rate is pinned down by the stochastic discount
factor: Rf = g —.

Consumption habit instead of heterogeneous tax incidence. An alternative way of gen-
erating smooth transition dynamics following tax news shocks is through intertemporal
non-separability of spending, also known as habits. We therefore introduce internal habit
formation in the spirit of Christiano et al. (2005) into the consumption problem of the

capitalists and revert the tax incidence parameter 0 to 0. The stochastic discount factor
Crt+1—CCr g )_1/170"

Crt=CCo1

how slow the post-announcement transition is. Now, we do not parameterize C but instead

becomes: A = ﬁ( . The habit parameter C replaces 0 as the determinant of
construct a non-linearly spaced grid over the interval [0.01,0.99] and let the data speak to
its value in a three-directional impulse response matching exercise over the grids of yy, «,

and now C.

Parameter sensitivity. Our main result may be sensitive to the values that we assign to
externally calibrated parameters. First, the share of capitalists 1 — A directly controls the
mass of agents that are going to be affected by the reform experiment. Fortunately, we can
pin down the value of A in the data. However, our baseline A could be argued to be high;
although it is Norway-consistent, the external validity of our findings could be questioned

if A is generally lower in other countries. We therefore lower our A to 0.95 and re-do our
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endowment, low share of workers, low productivity, and high discount factor.

Figure 10: Model Robustness

baseline analysis.

Second, another parameter that could potentially impact our results is the labor en-
dowment N. As part of a sensitivity test, we raise N = Ny = N, to 0.5, a value also
normally used in the macro literature (Kaplan et al., 2018). Third, we test the aggregate
“state-dependency” of our results by setting aggregate productivity A to a higher value
of 1.01 and asking whether the implied EIS of capitalists is lower/higher in booms. This
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is useful to check also considering that Norway went through a booming phase precisely
when the reform was introduced. The final comparative static exercise is with respect to
the discount factor . We now set g to a higher value of 0.996, thus targeting a low implied
risk-free rate of 0.4% (p.a.), which loosely corresponds to the Norwegian low-interest rate
environment of 2016-2022.

Figure 10 reports the results in two stages. First, in Panel (a) we plot relative spending
responses implied by all 10 alternative models and/or parameterizations that we have
described above. Every pattern is quantitatively indistinguishable from the baseline case
and tracks the data well.

Second, in Panel (b) we report the values of ¢ that are implied by each model. Specif-
ically, we report averages along with 95% and 68% bootstrapped confidence bands. The
EIS is consistently above 1 in all of our robustness exercises and is qualitatively unchanged
from our baseline outcome: it is roughly 2 on average with a robust lower bound of unity.
The only exception is the case of habit formation instead of heterogeneous tax incidence,
which produces irregularly noisy bands in general but is still significantly larger than unity

if we use 90% confidence bands.

Additional results. We present and discuss four supplementary results in Appendix F.
First, we show how the model-implied spending response would look if we set the EIS
(1) to a counterfactually low value such as 0.1, which is occasionally mentioned in the
literature. Second, for completeness, we also report the spending response to surprise
shocks to taxes, as opposed to news shocks. Third, we set 6 = 0 and test model behavior
without short-run tax avoidance. Fourth, we present the full density of EIS estimates that
are produced by bootstrapping the baseline model. Across these supplementary exercises,
our main results are upheld, the quantitative value of proper calibration is highlighted,

and the role of tax news shocks is further emphasized.

9 Conclusion

In this paper, we leverage the combination of a unique policy experiment — the large
and salient 2006 Norwegian dividend tax reform — and the rich Norwegian registry data
to make progress on identifying the elasticity of intertemporal substitution. Specifically,
rather than estimating the EIS via the Euler equation as is common, we look directly at the
anticipatory spending response to the reform announcement of exposed vs. less exposed
households. Our results show a strong anticipatory spending response, which indicates

a value of EIS above 1. This is confirmed via calibration of a standard capitalist-worker
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model: the model is consistent with the observed relative spending response only if the
EIS is greater than 1.

In addition to allowing us to back out the EIS for business owners, our empirical
methodology and findings could be useful for the large and growing literature on macroe-
conomics with heterogeneity. An increasingly popular approach in that literature involves
using sequence-space Jacobians for solving and simulating quantitative models (Auclert
et al., 2021, 2023). One important object in this general class of models is the matrix that
contains the effects of current and future interest rate changes on current and future con-
sumption. Our empirical approach and estimated dynamic spending responses to news
about future interest rate changes can be used to construct parts of this Jacobian.

Beyond the implications for macroeconomics and finance, our results also show that
dividend taxation can successfully reduce income and, more importantly, consumption in-
equality. Nevertheless, there may have been some negative implications for aggregate
demand via the negative spending response of the more exposed households. This ag-
gregate demand channel of capital income taxation has been relatively under-explored
in contrast to the neoclassical cost-of-capital channel. In light of major capital taxation
reforms in the U.S. and other countries since the early 2000s and the evidence of a strong
spending response that we show in this paper, investigating the aggregate demand channel
of capital income taxation appears to be a priority for future research on this topic.
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A Derivations for the Illustrative Model

The agent’s problem is
max u(Cy) + u(Cz) + u(Cs)
G G
L. — = Ap.
s.t C0+R1+R1R2 0

The corresponding Euler equations are
u'(Co) = Ruu'(Cy),  u'(Cr) = Rort/(Cy).

Using the definition of the utility function, the budget constraint, and the two Euler

equations, the consumption policy functions are
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The derivative of the consumption policy functions with respect to R, are
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Hence, Cy and C; are strictly decreasing in R, if and only if ¢ > 1, while G, is strictly

increasing in R, always.



B Institutional Background

This appendix presents additional details on the dividend tax reform of 2006 and leans on
Serensen (2005), Alstadseeter and Fjeerli (2009), Thoresen et al. (2012), and Alstadseeter et
al. (2014).

On February 6, 2003, a government-commissioned committee published an official
recommendation for a permanent dividend tax reform. The reform was then announced
on March 26, 2004 and implemented on January 1, 2006. The main purpose of the tax
reform was to reduce the difference in the marginal tax rates on labor income and capital
income. The reform introduced a 28% personal tax on dividends and capital gains in excess
of a threshold amount based on riskless returns set by the Ministry of Finance. Under the
previous tax regime, dividends were tax-exempt for any shareholder, while capital gains
were almost always applied to a zero base and hence were tax-exempt as well. Firms paid
no taxes on dividends and capital gains either before or after the reform." The reform also
decreased the top marginal tax on labor income from 64.7% to 54.3%, while the sum of
taxes paid by the firm and the investor on dividends and capital gains increased from 28%
to 48.2%.

To see this, define capital income tax at the corporate level as 7§, which is 28%. The
dividend tax above the rate of return allowance (RAA) is 28%. The marginal dividend tax

rate 77 is thus

Net of corporate tax
—_———

=] 028 + (1-028) 0.28 ~ 0.482
—— ——
Corporate tax Dividend tax rate over RRA

Note that limited companies and partnerships differ in that the profits of limited com-
panies are taxed in companies (at 28%), whereas the profits of partnerships are distributed
among and taxed in the hands of the partners (at 28%). However, the withdrawal taxation
itself is the same. Personal shareholders and partners pay a 28% tax on the non-exempt
portion of dividend/withdrawal from the companies. Added to the general tax of 28% on
company earnings, this therefore raises the maximum marginal tax on ownership income

from 28% before the reform to 48.2% after the reform.

Tax-free rate of return allowance details. Key to the reform was the exemption from the

tax, other than ordinary profit tax of 28%, of a return equivalent to the risk-free interest.

!During the transition in 2005, personally held shares could be transferred to a holding company without
triggering a capital gains tax.



This allowance was intended to prevent taxation of dividends from raising the costs of
funding for Norwegian equity. The allowance was regarded as particularly important for
start-ups and small companies that cannot fund new investment with retained profits, or
which have limited access to credit markets or international capital markets.

The annual risk-free rate of return allowance for shareholders/partners (RRA) is com-
puted as the exemption rate multiplied by the sum of the cost price of the share/holding
and any unused allowance from previous years. Unused allowance is then carried over to
the next year with interest and can be deducted from future dividends and capital gains
associated with the same share/holding. The exemption rate is the average interest rate
on three-month Treasury bills in the year for which the allowance is to be calculated. The
same RRA forms the basis for calculating the allowance for a sole proprietorship.

Pre-reform splitrule. Before 2006, capital gains from the realization of shares were taxable
at 28%, though the part of capital gains stemming from withheld profits in the firm was
tax free. Dividends were tax exempt before 2006 (Alstadseeter et al., 2014). There was one
noteworthy modification to this tax exemption. Under the pre-2006 tax regime, owners who
worked in their closely-held firms had tax incentives to withdraw income from their firm
in the form of tax free dividends instead of labor income. To avoid such income shifting,
a so-called “split model” applied to owners with 2/3 or more of shares in the firm they
(or their immediate family) worked for. For these owner-workers, a specific and imputed
return to real capital could be distributed as tax-free dividends. Any remaining share of
corporate profits was taxed as wage income, independent of how it was distributed to the
owner. Due to the imputation rule, owner-managers in firms with low capital and/or few
employees had incentives to reduce total ownership in the firm (just) below 2/3, inducing
firms to have more dispersed ownership. After the removal of this split model on January
1st 2006, this incentive disappeared.

Tax exemptions. The 2006 tax model applies only to dividends from companies resident
in Norway or another EEA country. Dividends from companies resident in non-EEA
countries were taxable as before, i.e., fully taxable, but with a deduction in Norwegian tax

for taxation at source.

Other details. The system of tax-free inter-corporate dividends and capital gains was
maintained to ensure that the tax on capital income would not exceed the tax on labor
income. The new 28% tax rate applied to interest, dividends, and capital gains, making

it more akin to a general capital income tax rather than just a dividend tax. The tax



system was neutral regarding dividends and share repurchases both before and after the

tax reform. Both payout forms generated the same tax deduction.



C Stock Market Analysis Details
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Notes: This figure shows the cumulative returns of two-way sorted portfolios where the second dimension of sorting is the market beta

in panels (a) and (b) and market capitalization in panels (c) and (d), respectively, all relative to January 2003. Appendix C presents
further details on how the portfolios are constructed.

Figure A.1: Two-Way Sorted Cumulative Portfolio Returns

Figure 2 in the main text is constructed in the following way. First, we use monthly data
on all publicly traded stocks on the Norwegian stock exchange. The data is comparable
to CRSP data for the USA in that it accounts for stock splits and other similar events. We
also have data on dividend payouts with the monthly date for the payment, see @degaard
(2013) for details. Second, following the standard practice in empirical asset pricing, we
remove penny stocks and very expensive stocks by dropping stocks with prices less than
INOK or greater than 1000NOK. This amounts to roughly the bottom 1% and the top 99%
of the price distribution. We also drop the top decile of firms by market capitalization
in order to focus on a sample that is more comparable to closely-held businesses that

we study in the micro analysis. Third, we compute the dividend yield for each publicly



traded stock (based on the ISIN number) on the Norwegian stock exchange using annual
dividends data up until the reform. The dividend yield is defined as dividends over the
price as of December, 2002. Fourth, we partition all stocks in a high and low dividend yield
portfolio based on dividend yield being above or below the median. Fifth, we compute
portfolio-specific cumulative returns, relative to January 2003.

We also perform two robustness exercises. First, we perform a two-way split based on
market beta and the dividend yield. We construct the market beta for each stock using
monthly returns data until and including December 2002. For each stock, we run an OLS
regression of excess returns on the excess return of the Norwegian stock market index.
When computing betas, we remove regressions with less than 24 observations (two years).
Figures A.la and A.1b show the results, revealing that the pattern in Figure 2 is driven
mostly by firms with low marketbetas. Second, we perform a two-way split on size (market
capitalization) and dividend yield. Figures A.1c and A.1d report the results, showing that
the pattern in Figure 2 is driven by small market-cap firms.

Importantly for our identification strategy, there are no systematic differences in re-
turns before 2003, suggesting once again that the news shock about the future permanent

dividend tax reform was not anticipated.



D Imputed Spending without Private Businesses

This section details how we impute spending for households who do not own private
businesses. The first challenge when imputing spending is to define income and saving
consistent with the budget constraint. We define income as disposable income, the sum of
labor income, transfers, business income, capital income, and other income (e.g., inheri-
tances and lottery prizes), net of taxes. We define saving as the change in net wealth due to
either depositing or withdrawing resources from asset classes. Income, as defined above,
is directly observed in the tax accounts. The main challenge in imputing spending is to
compute the relevant measure of saving.?

The relevant measure of saving is the sum of active depositing or withdrawing of
resources from all asset classes. The main challenge is that the tax authorities only report
total valuations within asset classes at the end of the year, and changes in these values
could be due to either saving or capital gains. Our approach to computing saving within
each asset class differs depending on data availability. For nominal assets, such as debt and
deposits, saving during the year is the change between end-of-year and beginning-of-year
values. For assets with market prices, we either impute a measure of capital gains or
use transaction data directly. For housing, the main asset for almost all households, we
directly observe housing transactions from the transaction registry, allowing us to observe
the relevant measure of saving. For stocks, we compute capital gains on household stocks
using information from the stock ownership register after 2005. In particular, we observe
a household’s ownership of stocks in a specific company at the end of each year and
combine this information with the evolution of that company’s stock price during the
year to compute capital gains. Before 2005, we only observe total wealth in stocks (no
information on household stocks) and impute capital gains for households using capital
gains rates from the financial accounts. This approach ensures that capital gains are correct
on average but will imply that capital gains for any specific household may be off. For
stock funds, we use the capital gains rate from the financial accounts to impute capital
gains for all years in our sample.

Imputed spending when we ignore private businesses, spending™", is thus computed

2An alternative and consistent way of imputing spending is to include capital gains as part of income and
define saving as the change in net wealth. In that case, saving would be directly observed and the challenge
would be to compute income. In either case, one must compute a measure of unrealized capital gains, which
is unobserved in the tax data.



as

observed

stocks/stock funds
it 4

.___npbo . . . i .. _housin .
spending} "~ = disp. income,, — savingominal assets _ saving """ —saving

unobserved

where the main source of measurement errors comes from the unobserved component,

saving in stocks and stock funds.



E Numerical Details for the Structural Model

Our impulse response matching approach consists of several steps. First, we take the
empirically documented differential response of the treated (capitalists) vs. the control
(workers) groups as given, e.g., as in Figure 7. We calibrate a sub-set of model parameters
externally, as reported in Table 2. We then construct a coarse two-dimensional grid for
the pass-through parameter x« and the EIS, ¢. The grid for « is agnostic, ranging from
0.01 to 0.99. The grid for 1 is [0.1,4], with the lower bound corresponding to the value
conjectured by Hall (1988) and the upper bounds being slightly above what is estimated
using cross-household differences in after-tax real interest rates (Gruber, 2013). To improve
accuracy, all grids are non-linearly spaced, allowing for more points in the region of the
parametric space that is most likely to generate low matching errors.

Next, we solve the model for each {«x, {} pair, i.e., for every point on a two-dimensional
grid. The grid comprises 50 nodes in each direction. We thus solve the model 2,500
times under different parameter configurations. In every case, we compute and store
impulse-response functions to a combination of two news shocks: a positive one-standard
deviation shock to ¢; and a one-standard deviation negative shock to ¢;. In particular, we
are interested in the model-implied estimates of the consumption response of capitalists
less the consumption response of workers following the news shocks. This allows us
to construct the homogeneous-incidence Jacobian matrix HI Finally, we construct the
heterogeneous-incidence Jacobian J. To this end, we first build a grid for the short-run
tax avoidance parameter 0, ranging from 0.01 to 0.99 using 50 non-linearly spaced nodes.
For each value of 0 on this grid, we compute and store a new J. This completes the first
step of our approach.
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Notes: Panel (a) shows a heatmap of IRF matching errors produced by the calibration procedure over the three-dimensional grid {, x, 6}
with tax avoidance intensity and reform pass-through on the horizontal and vertical axes, respectively. Colder colors correspond to
lower mean squared errors. Panel (b) shows the heatmap of the implied EIS values. Warmer colors correspond to greater values.

Figure A.2: Impulse Response Matching Results

In the second step of our procedure, we locate the point on the grid that minimizes
the distance between the empirical and the model-implied spending differentials. In other
words, we identify the values of parameters that “match” the empirical impulse responses
as closely as feasible. Our candidate model-based sequences are stored in a 11 x50 x50 x 50
array, corresponding to the three-dimensional grid {«, i, 0} with eleven rows (years). Our
target is the full empirical relative spending sequence over 2003-2013, which we denote

with JPATA, For each candidate model-based sequence indexed by z, we compute a mean

10



squared error &, relative to P44, defined as &, = ]E[ (j' =9 DATA>2 ]

Finally, we identify the index z that corresponds to the truple {%, ¢, 0} which produced
the model-based sequence J: with the lowest &:. The final product of this exercise is thus
1, the value of the identified EIS that corresponds to the global minimal IRF matching
erTor.

Figure A.2 plots the outcome of the IRF matching exercise. In Panel (a), we present a
heatmap with 0 and « on the x-axis and y-axis, respectively. Each colored square on the map
represents a (log) mean-square error & of the corresponding combination of parameters.
We see that & declines as tax avoidance intensity rises and pass-through falls, i.e., the
northeastern region of the graph is where the best-fitting combinations of parameters are.
In fact, there is a clearly visible dark-blue patch that showcases the global minimum area.
Panel (b) shows the respective values of the implied EIS. We notice that the northeastern
region of this graph corresponds to relatively high EIS values, generally greater than 1.
The patch corresponding to the global minimum matching error is consistent with an EIS

in the region of 1.5 to 2.5, with a baseline estimate of 2.06.
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F Additional Model Results
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Notes: Panels (a) and (b) plot relative spending responses implied by alternative parameterizations in which we set i = 0.1and 6 = 0,
respectively. Panel (c) reports relative spending responses after a surprise tax shock, rather than a news shock. Panel (d) plots the
density of EIS estimates from the model bootstrap procedure as described in the text.

Figure A.3: Additional Model Results

In this section, we present four additional model results that complement the main text.
First, we test whether our IRF matching exercise is quantitatively meaningful, i.e. whether
picking a wrong model with high matching errors indeed produces empirically inconsistent
results. Specifically, we counterfactually set the EIS (¢)) to 0.1, a very different value from
what our calibration suggests. Panel (a) of Figure A.3 shows the result. Note that this
parameter choice yields a relative spending response that is way off the data; it corresponds
to a mean squared error that is at least an order of magnitude above the minimum. In
addition, such a low EIS completely fails to match the front-loading of spending during
the implementation period. Second, Panel (b) presents relative spending responses from
a paramterization that sets 0 to 0, a case that corresponds to no tax avoidance in the short
run. This showcases that the tax avoidance friction merely affects the smoothness of the
short-run response to tax news shocks and not the long-run impact.

12



In Panel (c) of Figure A.3, for completeness, we also present the relative spending
response to a surprise shock to taxes, i.e., instantaneous changes in 7,; and 1y, without
a pre-announcement. The plot demonstrates that in order to match the front-loading of
spending over the 2003-2006 period, a news shock is essential. Finally, Panel (d) of Figure
A.3 reports the density of EIS estimates as produced by the model bootstrap procedure
with 10,000 draws. The mean, 5th percentile, and 95th percentile values are 2.2, 1.35, and
3.08, respectively.
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