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Abstract

Using administrative panel data on Norwegian investors’ portfolios, we document strong
but slow portfolio allocation responses to a persistent wealth-tax-induced shock to the equity
premium. Short-run responses resemble the modest sensitivity documented using surveys. The
longer-run responses are much larger and can be rationalized by moderate risk aversion. We
document that equity premium shocks affect stock market entry but not exits, suggesting that
entry costs dominate participation costs. Our finding of slow responses supports the asset-
pricing literature that uses adjustment frictions to explain important asset-pricing puzzles,
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JEL: G11, G12, G51, H20, H31
Keywords: Equity Premium, Portfolio Choice, Wealth Tazation, Stock Market Participation,

Risk Premium, Portfolio Adjustment Frictions

*We are very grateful to Antonio Coppola, Darrell Duffie, Xavier Gabaix, Matteo Maggiori, Emmanuel Saez,
Michael Weber and Steven Urry for very valuable comments and discussions. We benefited from comments from
seminar participants at the Einaudi Institute for Economics and Finance, CSEF, and the New York Fed. Fagereng:
BI Norwegian Business School, andreas.fagereng@bi.no; Guiso: Einaudi Institute for Economics and Finance and
CEPR, luigi.guiso55@gmail.com; Ring: University of Texas at Austin, mariuskallebergring@gmail.com. This article
has received funding from the European Research Council (ERC) under the European Union’s Horizon 2020 research
and innovation program (grant agreement no. 851891) and the Norwegian Research Council (283315).



1 Introduction

How investors’ portfolio allocation responds to changes in return differentials is of critical
importance to many debates in financial economics and public finance. Frictionless portfolio
models, such as Merton (1969), on which modern portfolio theory and optimal capital taxation
are built," predict an immediate and sizable response when investors have a realistic degree of
relative risk aversion. Yet, such responses are not found empirically. This constitutes a puzzle
with at least two potential explanations: either risk aversion is much higher than what is normally
thought, or frictions introduce costs that limit or delay portfolio adjustments. Distinguishing
between these potential explanations is crucial because they have very different implications for
modeling investors’ behavior. More generally, understanding why investors appear insensitive to
return differentials is important for resolving asset pricing puzzles and matters for optimal capital
taxation when tax rates differ across assets (Saez and Stantcheva, 2018).

A recent literature (see, e.g., Gabaix and Koijen 2021; Bacchetta, Davenport, and van Win-
coop 2021; Bacchetta and Van Wincoop 2010; Duffie 2010) singles out portfolio adjustment fric-
tions as an important reason why investors’ portfolio allocation is insensitive to variation in return
differentials such as the equity risk premium. This literature shows theoretically that adjustment
frictions are critical for explaining a rich set of asset pricing puzzles, such as stock price volatil-
ity, momentum, post-earnings announcement drift, and the forward discount puzzle. However,
providing empirical evidence to support the building blocks of these models is challenging due to
limited sources of identifying variation in the equity premium. Time series variation is particularly
hard to come by, and it takes a very long time series to merely estimate the level of the equity
premium (Merton, 1980).

Our solution is to exploit policy-induced changes in the equity premium in Norway. In 1992,
Norway modified the annual wealth tax such that the marginal wealth tax rate on risky assets
was lower than the marginal tax rate on safe assets. This initial reform created a “wealth-tax
equity premium” of about 30 basis points. In 1998, another reform re-equalized the marginal
tax rates and thereby removed the wealth tax equity premium. We exploit the fact that only
households with wealth above a certain threshold (i.e., wealth-tax payers) were directly affected
in a differences-in-differences framework.

This quasi-experimental setting is unique in that it provides two clear time series shocks
to the equity premium that do not need to be estimated. In addition, we have a well-defined
treatment and control group, allowing us to difference out general equilibrium effects or other
common macroeconomic shocks. Importantly, the Norwegian administrative data contain detailed
information on the components of a household’s wealth, and thus portfolio allocation, over time.
This allows us to study the dynamics of how investors respond to equity premium changes. We
find this to be decisive in reconciling seemingly contradictory survey-based evidence with work-
horse portfolio models. Our setting has other attractive features as well. First, the shocks to the

after-tax equity premium are driven by a change in the marginal tax rate on safe assets. This

'On optimal capital income taxation, see, e.g., Domar and Musgrave (1944), Mossin (1968), Stiglitz (1975), and
Sandmo (1977), as well as the more recent contributions by Boadway and Spiritus (2021), Gerritsen et al. (2020),
Guvenen et al. (2019), and Boar and Knowles (2022) when returns on risky assets are heterogeneous across
investors.



implies that there is no systematic change in the volatility of stock returns. The counter-example
is variation in capital income tax rates, whose effect on volatility offsets the effect on expected
returns (Mossin 1968, Gordon 1985). The second feature is that wealth tax reforms are infrequent,
easy to understand, and subject to widespread media coverage. Households should thus have had
several opportunities to learn about the effect of the reforms on after-tax returns and, because
reforms are infrequent, expect it to be long-lasting. This creates the kind of setting that favors
the frictionless models in which we would expect immediate and strong responses. Finding a slow
response in this setting would constitute strong evidence of adjustment frictions.

In the years following the initial increase in the equity premium, we find that affected wealth-
tax payers increase their share of financial wealth allocated to stocks compared to non-payers.
Crucially, the adjustment is gradual and cumulative. The response peaks in 1997, after which
the second reform equalizes the marginal tax rates and thus abolishes the tax-induced equity
premium. Strikingly, in the years after the second reform, the equity share immediately starts
decreasing, and the process is equally gradual:  within two years, the risky share drops by
a modest 0.5 percentage points. If this were the total response, it would require a very large
coefficient of relative risk aversion of 15 to be consistent with a frictionless Merton (1969) model,
the benchmark in this literature. However, the response continues to grow. After 5—6 years, the
share has dropped by about 2 percentage points, bringing it back to the level prevailing in 1993.
The cumulative size of the response can be rationalized by a contained relative risk aversion
of the investors’ value function of 1.81. In other words, investors react slowly to long-lasting
perturbations in the equity premium, and these responses converge to a reasonable frictionless
benchmark over time.

Given that our main data start in 1993, we primarily focus our analysis on the 1998 reform
that removes the wealth-tax equity premium. The 1998 wealth-tax reform was effectively a
revision of marginal wealth tax rates and did not coincide with other major reforms.> While in
many settings, one would attribute the pre-1998 trends to unobservable factors and adjust for
them by detrending the main estimate (see, e.g., Jakobsen, Jakobsen, Kleven, and Zucman 2020),
this is inappropriate in our setting since the evidence indicates that the observed pre-trends reflect
delayed responses to the 1992-reform’s effect on the equity premium. Hence, pre-reform trends
do not provide a valid counterfactual for the post-1998 period, and adjusting for them would
exaggerate the treatment effects.

To support the notion that wealth tax payers and non-payers were on the same trend prior to
the 1992 reform, we obtain supplementary tax data that allow us to observe whether a household
purchased stocks in any given year. These data go back further in time and show no pre-trends
prior to the 1992 introduction of the wealth-tax equity premium. However, consistent with our
other findings, purchasing behavior increases sharply in 1992 and trends upward until 1998, when
the wealth-tax equity premium was removed. Hence, the observed “pre-trends” appear to be

causally driven by the initial 1992 introduction of the wealth-tax equity premium.

ZWhile the 1992 reform coincided with changes to the income tax code, the 1998 reform that we focus on was more of
a revision to the wealth tax thresholds and statutory rates that effectively changed the wealth tax equity premium.
We summarize the 1998 reform in Figure 1. The next substantial tax reform (focused on income taxation) occurred
in 2006.



Our findings of sluggish responses to changes in the equity premium are consistent with
models with portfolio adjustment frictions such as Géarleanu and Pedersen (2013) who study a
partial equilibrium portfolio model with quadratic adjustment costs. They show that the stock
market share adjusts slowly to changes in the equity premium, gradually reaching the optimal
frictionless share. Our findings are also consistent with models of heterogeneous costly attention
in which less attentive investors respond more slowly to the equity premium shock (Duffie, 2010).3

Guided by theory, we expand the evidence by documenting heterogeneous responses. First,
standard portfolio models imply that investors with higher risk aversion not only have lower risky
shares but also respond less to changes in the equity premium. We test this ubiquitous tenet of
portfolio models by using pre-reform portfolio shares as a proxy for risk tolerance. We find that—
in all years after the reform—more risk-tolerant investors respond more. While they respond more
strongly, as predicted by theory, they do not respond faster.

Second, to better understand what drives the sluggishness of the responses, we rely on work
by Calvet, Campbell, and Sodini (2009) who study how portfolio rebalancing speed depends on
household observables. Using their estimated coefficients, we predict heterogeneous rebalancing
speeds in our sample, and use these predicted values as a proxy index for investor-specific portfolio
adjustment costs. This reveals a remarkable difference: households in the bottom quartile of
adjustment cost respond more than twice as fast as the remaining sample. Interestingly, they do
not have stronger cumulative responses—only faster. Since Gabaix and Koijen (2021) demonstrate
that it is the stock-holding weighted average speed that matters in determining aggregate stock
price dynamics, we examine the relationship between these weights and adjustment speed. Our
exercise shows that those who hold more of the stock market respond much faster to equity
premium shocks and face lower adjustment costs. However, a considerable share of stock market
wealth is held by high-adjustment-cost households. Hence, sluggish portfolio adjustment is likely
important in determining aggregate stock price dynamics.

Finally, we study how stock market participation reacts to persistent changes in the equity
premium. Interestingly, we find a slow but strong increase in participation in response to the
initial 1992 shock. This increase in participation stops following the 1998 reform. Importantly,
there is no symmetry: households who were previously nudged into participation barely exit. The
1998 removal of the wealth-tax equity premium has a modest and delayed effect on stock market
exits. Theoretically, these dynamics are consistent with the presence of both one-time entry costs
and per-period participation costs that cause asymmetric effects of increases and decreases in
the equity premium on participation. The fact that the 1998 removal of the wealth-tax equity
premium has a modest effect on exits implies that per-period costs are low relative to entry costs.
We quantify this by modeling the entry and exit decision in a Merton (1969) framework. This

allows us to provide novel estimates of both one-time entry costs and per-period stock market

3Sluggishness in portfolio adjustments can be due to “sticky actions”, in which agents pay a cost to change their
portfolio allocation, “sticky information”, in which they pay a cost to change their information (e.g., an attention
cost to observe their portfolio holdings as in Alvarez et al. (2012) and Duffie (2010) or to obtain the information on
the after-tax equity premium). The sticky information model has been used by Bacchetta and Van Wincoop (2010)
and Duffie (2010) while Garleanu and Pedersen (2013) rely on the sticky action model. They have observationally
similar implications, and we make no attempt to distinguish between them.



participation costs.* Our empirical findings imply a one-time entry cost of $800 and a recurring
participation cost of $89, which can be easily reconciled with existing estimates of participation
costs and moderate risk aversion.

Since treated households are wealthier than untreated households, we perform an extensive set
of tests to scrutinize the internal validity of our results. Our baseline specification controls for age
due to the tight link between age and both portfolio allocation and wealth. Our main robustness
checks include controlling for ex-ante risky shares, detailed education characteristics, industry
of employment, geographic location, and income levels. We also impose increasingly stricter
sample restrictions to obtain more similar treatment and control groups, as well as implement
propensity-score matching techniques. These alternative specifications leave both the dynamics
and cumulative effects virtually unchanged. We further find no evidence of our findings being
driven by mean reversal nor a tendency of portfolio allocations to be affected by aggregate market
movements. Importantly, if the responses we observe were driven by comovement with aggregate
market returns, we would expect to see a reversal during 2004-2007. We find no evidence of this.
Once investors have fully responded to the 1997 equity premium reduction by 2003, portfolio
shares remain virtually unchanged during the 2004-2007 stock market rally. We further discuss
how our findings are unlikely to be meaningfully affected by wealth or equilibrium effects.

Related literature. A growing survey-based literature relies on elicited beliefs to study
how sensitive portfolio allocation is to the equity risk premium (Vissing-Jorgensen 2003; Ameriks,
Kézdi, Lee, and Shapiro 2020; Amromin and Sharpe 2014; Kézdi and Willis 2009; Dominitz and
Manski 2007; Giglio, Maggiori, Stroebel, and Utkus 2021; Beutel and Weber 2022).> Common to
these papers is that they find small sensitivities of the risky share of financial wealth to beliefs
about the equity risk premium. In a recent study, Giglio et al. (2021) use U.S. data on Vanguard
retail investors to regress the risky portfolio share on the current belief about the equity premium.
They estimate a sensitivity of around 0.7, which is very close to the immediate response that we
find but is an order of magnitude below our long-run estimate.

In general, besides frictions, a low estimated risky-share sensitivity may be due to the presence
of measurement error in elicited beliefs. If for any reason, the reported expected risk premium
differs from the expectation according to which the agent is optimizing, attenuation bias will
drive the estimated sensitivity toward zero. Because the exact source of this measurement error
problem is hard to pin down, finding the appropriate econometric technique to address it is
difficult.® Beutel and Weber (2022) also highlight the issue that the risky share is typically
constrained to lie between 0 and 1, which attenuates portfolio share sensitivities relative to the
frictionless benchmark. We view this emphasis on constrained responses as complementary to our

emphasis on sluggish responses.

4See concurrent work by Choukhmane and de Silva (2021) for very similar findings by exploiting default options in
retirement-saving plans to distinguish between frictions and risk aversion.

5See also the literature that studies portfolio choices more broadly, e.g., Arrondel, Calvo Pardo, and Tas (2014);
Hanspal, Weber, and Wohlfart (2020); Choi and Robertson (2020); Merkle and Weber (2014).

5The presence of non-classical measurement error is less acknowledged. For example, respondents may confound
expected returns and risk by reporting more pessimistic expectations when they perceive the variance to be higher.
This effectively produces an omitted variables problem that leads to a downward bias in estimated sensitivities.
This issue may be amplified by controlling for the expected variance (Pischke, 2007), and also biases the estimated
variance sensitivity (Griliches, 1986). The results in Beutel and Weber (2022) suggest this is a possibility.



We make four empirical contributions. First, our setting has the unique ingredient of a
clearly defined shock to the equity premium that affects some but not all households. This means
that we do not need to rely on belief elicitation to obtain variation in the equity premium, and
thus our results are unaffected by survey-based econometric issues. Second, we also improve
upon identification. In our setting, we can take out household fixed effects and thereby control
for time-invariant confounders. Hence, whether reported beliefs covary with constant traits that
independently affect portfolio allocation (e.g., risk aversion) does not matter. Third, our empirical
setting allows us to identify wealthy individuals’ responses to equity premium shocks that are not
complicated by equilibrium dynamics. While wealthy individual investors are subject to the
wealth tax, the largest shareholders (institutional, foreign, government) are not. Any equilibrium
effects are likely very modest, and should in any case be differenced out by our DID framework.

The final key strength of our setting is the ability to observe dynamic responses to risk
premium changes. We show that this is critical for understanding the long-run sensitivity of
portfolios to the risk premium. Géarleanu and Pedersen (2013) and Bacchetta, Davenport, and
van Wincoop (2021) show that long-run responses correspond to the frictionless Merton (1969)
model predictions. Hence, by contrasting immediate and long-run responses, we document the
extent of the adjustment frictions that Garleanu and Pedersen (2013) and Bacchetta et al. (2021)
emphasize.

Our paper is directly related to the recent wave of papers that rely on portfolio adjustment
frictions to explain aggregate fluctuations in asset prices—what Gabaix and Koijen (2021) label
the “inelastic market hypothesis” (see also Duffie 2010, Bacchetta and Van Wincoop 2010 and
Bacchetta et al. 2021). In a frictionless world, a small deviation of the equity premium from its
average would trigger a swift reallocation of investor portfolios that would quickly reabsorb the
initial price differentials. With adjustment frictions, however, portfolio reallocations are slow,
fueling large changes in equilibrium asset prices (as in Duffie 2010). We provide direct evidence
of sluggish adjustment, lending empirical support to the key building block of this literature.

We also contribute to the literature on taxation and household portfolio choice initially
reviewed by Poterba (2002). More recent contributions include Poterba and Samwick (2003);
Alan, Atalay, Crossley, and Jeon (2010); and Desai and Dharmapala (2011), who study the
effects of capital income taxation on investment in tax-preferred assets. The central contribution
of our paper is to obtain marginal tax rate variation that is directly related to—but does not
affect— the riskiness of the asset.

This paper also contributes to a growing empirical literature on household responses to capital
taxation,” and wealth taxation in particular (Seim 2017, Londofio-Vélez and Avila-Mahecha 2018,
Zoutman 2018, Jakobsen et al. 2020, Duran-Cabré Maria et al. 2019, Briilhart et al. 2019, Ring
2020, Ring and Thoresen 2021, Berg and Hebous 2021, Le Guern Herry 2024). While some studies
consider effects on portfolio allocation (Durdn-Cabré Maria et al. 2019, Ring 2020, Le Guern Herry

2024), they do not exploit variation in the equity premium as we do.

"On the empirical front, see, e.g., recent contributions by Boissel and Matray (2021); Nekoei and Seim (2018);
Arefeva et al. (2021); Glogowsky (2021); Lavecchia and Tazhitdinova (2021); Martinez-Toledano (2020); Agrawal
et al. (2020); Tsoutsoura (2015); Dray et al. (2022); on the theoretical front, see, e.g., Boadway and Spiritus (2021);
Gerritsen et al. (2020); Gaillard and Wangner (2021); Guvenen et al. (2019); and Boar and Knowles (2022) when
returns on risky assets are heterogenous across investors.



Our evidence of sluggish responses to changes in the equity premium is relevant to the recent
theoretical literature on optimal capital taxation (e.g., Boadway and Spiritus, 2021; Gerritsen
et al., 2020; Saez and Stantcheva 2018). These models assume no portfolio adjustment frictions
and no participation costs. This is potentially problematic, as one can infer from optimal labor
income taxation, where participation is important (Lehmann et al. 2011; Jacquet et al. 2013).

The paper proceeds as follows. Section 2 presents a simple conceptual framework, with no
frictions other than participation costs, which we use to clarify the link between the wealth tax
reform and the equity premium, and to get an idea of what the risky share sensitivity would be
in the absence of portfolio adjustment frictions. Section 3 describes the data and the tax reform.
Section 4 presents our empirical strategy. Section 5 shows the results for the portfolio share and
stock market participation. Section 6 discusses potential identification issues and presents several
robustness and placebo checks. Section 7 relates our findings to portfolio models with frictions.

Section 8 puts the results in perspective and concludes.

2 Conceptual Framework

In this section, we illustrate how differential wealth taxation affects investors’ portfolio share
in stocks (the risky share) and their incentives to participate in the stock market. Following
Giglio et al. (2021), Beutel and Weber (2022), and Gabaix and Koijen (2021), we rely on the
two-asset Merton (1969) model that we extend to include participation costs but no portfolio

share adjustment cost, as in, e.g., Garleanu and Pedersen (2013).

2.1 Effect of Taxation on the Portfolio Stock Market Share

In the case of two assets—a risky asset (stocks) and a safe asset (riskless bonds)—wealth
taxation can affect portfolio allocation to the extent that it affects relative returns. To illustrate,
assume that the capital income from both stocks and bonds is taxed at the same rate 7. In
addition, the stock of wealth in the two assets is taxed at the rate 7,,. In this environment, the

net of tax expected return on stocks and bonds, r and r?, can be written as
ry =rs(1—7) = 7w(l—d) and rf=rp(1-7)— Ty,

where 7, and 7y are the (pre-tax) expected returns on stocks and risk-free assets, and d € [0, 1]
is a valuation discount that reflects the structure of wealth taxation in Norway. When d = 0,
there is no discount, and both risky and safe assets are fully subjected to the wealth tax. When
d > 0 stocks enjoy a valuation discount that differentially increases the net of tax return on stocks
compared to bonds. We define this wealth-tax equity premium as A = 7,d. The corresponding
net-of-tax equity premium is

= (rs —rp)(1—7) + A, (1)

which may also be written as " =r.(1 —7) + A.
A wealth-tax-induced equity premium A emerges when d < 1; it disappears when d = 1 and

thus all assets are equally valued for the purpose of wealth taxation. In Norway, over our sample



period, capital income from both risky and safe assets are taxed at the same constant rate (28%).
Thus, without loss of generality, assume 7 =0, 7, > 0 and 0 < d < 1.

For an investor that participates in the stock market, the relationship between the wealth-
tax-induced shift in the net of tax equity premium and the risky share of financial wealth can be
illustrated in the Merton (1969) model as:

_lﬁ_lrfl—A

2 2
Yo0s 77 O

a : (2)
where « is the risky share, « is the coefficient of relative risk aversion (assumed constant), and o2
is the variance of stock returns.® We see that wealth taxation only affects the equity premium,
and thus the risky share, through the wealth-tax equity premium, A. In our empirical setting, 0 <
d < 1 in the years before the 1998 reform, which increases the equity premium by A = 7,(1 — d).
The 1998 reform sets d = 1, imparting a shock to the equity premium of —7(1 — dpre1998) < 0.
Hence, as stocks become less rewarding compared to safe assets, the Merton (1969) model predicts
that investors should decrease the share of their wealth allocated to risky assets.

To get a sense of the magnitude of the sensitivity of the portfolio share to the equity premium
absent frictions, consider a marginal change in A caused by a decrease in the risky-asset valuation

discount, d. The effect on the optimal portfolio share is:

o Oadre 1 (3)
OA — Orr OA o2’

Because %f = 1, it is directly informative of the sensitivity of the portfolio share to the equity pre-

mium. Notice that differently from a capital income tax, the wealth tax affects returns additively.
Hence, a change in the valuation discount affects the equity premium while leaving the variance
of stock returns virtually unchanged.” Assuming a variance of stock returns of 0.04, which is in
the ballpark of the variance of historical stock market returns in Norway (see Fagereng, Gottlieb,
and Guiso 2017), the portfolio share allocated to stocks would decrease by between 6.25 and 12.5
times the fall in A for realistic values of relative risk aversion between 2 and 4. Thus, according to
a reasonably calibrated frictionless Merton model, a decrease in A of around 30 basis points—the
change brought by the 1998 tax reform that we study—would lower the risky portfolio share by
about 1.9 to 4 percentage points. These calculations based on the Merton model provide a useful

frictionless benchmark against which we can compare our estimates.

8This formula is simplified by the immaterial assumption that wealth taxes are assessed before returns are realized.
In practice, wealth taxes are assessed on end-of-year wealth holdings, which would include any non-consumed
gains. This implies that rf = re + A — 77e. This only differs by the expression for r{ in equation 2 by the
second-order term 7,7e. Further, the variance of after-tax stock returns is (1 — Tw)zaf, which, since 7, is about 1
percentage point, is very close to 2.

9This is subject to a slight caveat in the Norwegian setting. If we account for the fact that wealth taxes are assessed
on the stock of wealth plus its one-year return, the volatility of after-wealth tax returns is (1 — Tw)zaﬁ. Thus if
02 = 0.04, then a 30 basis points change in the wealth tax on stocks would only change the variance by about
0.00016. Thus any changes to the (after-tax) volatility will be negligible.



2.2 Effect on Stock Market Participation

If participation in the stock market entails some fixed cost, a shock to the after-tax equity
premium affects whether households participate in the stock market. However, the exact effect
will crucially depend on the nature of participation costs. In the simple two-asset portfolio model,
assume that a fixed cost of ¢ is required for a household to participate in the stock market. Assume
¢ is the sum of a one-time fixed entry cost ¢¥ that an individual pays once in his life at first
entry into the market and a per-period cost ¢ that is incurred every period the investor is in
the market. Then an investor with initial wealth of w, that did not participate in the past, enters

the market in the current period if

I

Eu([o’ry + 1y = mwlw]) —u ((rf — mw)w)d > u((ry — 7w)w). (4)
An investor who is already in the market decides to stay in the current period if
Bu([a*ry + 1y = molw]) —u ((rf = mw)w)d” > u((ry — m)w). ()

The left hand sides of equations (4) and (5) measure the investor’s expected utility if she par-

ticipates in the stock market, allocates the optimal share o* = ;52 to stocks, and pays the

participation cost ¢ evaluated at the marginal utility of risk-free wealth if she enters for the first
time (equation 4); or pays ¢ < ¢ if she already entered in the past (equation 5). The right-hand
side is the utility the investor achieves if she allocates her entire wealth to the risk-free asset.

Taking a first-order approximation of the expected utility on the left hand side around a* = 0,
¢

*pn
arrg

the participation condition requires that a*rlw > ¢, or equivalently, w > for a first-time

entrant, and w > Oﬁ% for an investor that is re-entering or staying in the market. Substituting

in for the optimal share using equation (2) defines the wealth threshold, w = % for entering
the market for the first time; and w? = q}il;’; defines the threshold for staying or re-entering.

Both thresholds are decreasing in the net of tax equity premium and increasing in the cost of
participation, the risk aversion of the investor, and the variance of stock returns.

The above discussion shows that an increase in the net of tax equity premium encourages
entry into the market, the more so the higher is the portfolio share invested in stocks upon entry.
Once entry has occurred, however, the wealth threshold for staying in the stock market is lower

because ¢ < ¢ implies w?

< w. Hence, all else equal, a drop in the equity premium, such
as the one produced by the wealth tax reversal that occurred in 1998, will discourage first-time
entry but have a contained effect on the propensity to exit the stock market. Indeed, if ¥ = 0,
then nobody among those that already participated in the market would exit after the 1998 tax
reversal.

Assume that wealth in the relevant population is distributed with cumulative density function

G(w). Then, all else equal, the stock market participation rate is

w(@) =1—Gli) =1—G ("57“2) . (6)
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Differentiating with respect to A, we find that a marginal increase in the tax-induced equity pre-

mium from a more generous valuation discount on stocks has the following effect on participation:
or(w)  Om(w)ory dw

_ /(w) ety 2
0A orr 0A dr?

(re)®

= 2G'(w) (7)

Since %ﬁb = 1, the participation response to the valuation discount on equity identifies the response

of participation to an increase in the equity premium. Similarly, a marginal decrease in the tax-
induced equity premium, stemming from a less generous valuation discount on stocks, causes a
decrease in participation of % = 85?) =2G' (w)qﬁ(l:g;f

Finally, the average stock market share across investors who participate in the stock market

and those who do not—the unconditional share—is a,, = m(w) X . The effect on the unconditional

share of a change in the equity premium is

Oay, _, Oa orn(w)

or? - ﬂ(w)aTg e orn

(8)

We will estimate unconditional shares and stock market participation and obtain estimates

of the effects of the equity premium on «,, and 7(w). In section 5.5, we use the estimates of gff::
and agif) to obtain estimates of the implied risk aversion and the participation costs.

3 The Data and the Tax Reform

3.1 Data Sources

Our data consist of several administrative registers from Norway. They cover the entire
population and provide detailed information on households’ wealth and portfolio allocation since
1993. Because Norway levies an annual net wealth tax, the tax authorities collect data on an
exhaustive range of wealth components. For most households, the main components of taxable
wealth are housing wealth, financial wealth, and (the negative of) any debts. Importantly, while
the progressive nature of the wealth tax exempts a majority of households, the tax authorities
collect data on the asset holdings of all households. While we do not observe wealth in defined-
contribution (DC) plans, this is not a concern in our setting due to the late adoption of DC plans
in Norway, after the end of our sample period.'”

For our case, it is particularly useful that financial wealth components are reported directly
by financial institutions, at their prevailing market values, to the tax authorities. This is typically
done at the asset or asset-class level, allowing us to distinguish between investments in “safe” assets

(such as bank deposits or government bonds) and “risky” assets (such as public equity held directly

10Tn Norway, employment-related defined contribution plans only allow for employer (not employee) contributions.
These plans were only available as of 2001. The standard pension saving scheme consisted of a government-
provided defined-benefit pension. In 2002, only 3% of workers had a DC and by 2003, only 8% (FAFO, 2014).
Hence, even by the end of our sample period, at most 8% of taxpayers (and likely much fewer since many were
already retired) had at most two years of accumulated contributions in their DC plans. Hence, the importance of
DC plans is small relative to that documented by, e.g., Bach et al. (2020). This means that there is no grounds
for concerns that the responses we observe in investors’ stock portfolio is offset by changes within their DC stock
portfolios.



or through mutual funds). This provides us with an accurate measure of households’ financial
portfolio allocation, where there is little scope for error caused by tax evasion or recall bias.'!
Particularly for households near the wealth-tax thresholds, from whom we obtain identifying
variation, there is little evidence to suggest substantial evasion (Ring, 2020).

Finally, because the data sources cover the entire population, sample selection issues are
unlikely to play a meaningful role. Sample attrition is minimal and limited to rare events such as
migration or death. We also obtain data on individual characteristics, such as incomes (reported
by employers and listed on tax returns), education (through the national education database),
and age (from the central population register) that we use in our analyses. The general features

of the data sources are discussed in Fagereng et al. (2020) and Ring (2020).

3.2 Variable Definitions

We group financial wealth into risky and safe assets. Risky assets consist of a household’s
stock market wealth (SMW). This is the sum of directly-held listed stocks and stocks that are held
indirectly through mutual funds. Because, as argued, defined contribution plans are irrelevant
in Norway over the sample period, our data capture all households’ stockholdings to which the
wealth tax reform applies. Safe assets consist of bank deposits (e.g., checking accounts, savings
accounts, and other low-risk interest-bearing products offered by banks) as well as direct and
indirect bond holdings.

Taxable net wealth (TNW) is computed by the tax authorities, and is the sum of financial
wealth, housing wealth, other real assets, such as vehicles and art, and any outstanding claims
(e.g., owed wages), minus debt. TNW serves as the tax base for the wealth tax. Importantly,
some assets enter at a discounted value. This includes housing wealth, which enters at about 30%
of estimated market value during our time period,'? as well as stock market wealth. The presence
of this stock market wealth discount and its removal in 1998 is discussed in more detail in the

next section.

3.3 Wealth Taxation and the 1998 Reform

Norway imposes an annual, progressive wealth tax on its residents. During our sample period
of 1993-2003, any taxable net wealth that exceeds a certain threshold is subject to a tax rate
that starts at about 1%. While these thresholds have grown over time, they were effectively fixed
during the period that we study.

HPinancial assets not held domestically must be self-reported as it is not typical for foreign financial institutions
to report asset holdings directly to the Norwegian tax authorities. However, foreign assets typically account
for a small share of household portfolios. Based on reported values, foreign assets account for only 3% of the
financial wealth of households in the 50th to 90th percentile of the wealth distribution (Fagereng et al., 2020).
For households in the top 0.01% of the wealth distribution, this figure only grows to about 8%. However, since
our identification comes from exposure to the wealth tax, which is levied at a relatively low threshold in Norway,
the statistics for households in the 50th to 90th percentile are more relevant. Additional research by Alstadsaeter
et al. (2019) shows evidence consistent with very limited tax evasion for households below the very top.

12 As discussed in Ring (2020), this approximation was not very good, and lead to a new model that was introduced
in 2010, after the end of our sample period. While housing assets are discounted, debts are not.
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Wealth tax formula. During 1993-1997, wealth taxes are accrued by household ¢ in year ¢

according to the following formula:

wtazs; = 7wl YT NW; > TH(TNW;, — T}) (9)
+ (ng —Twl)l[TNWit > TE](TNW# —TE)
+  (Tws — Tw2){TNWy > TR(TNW;; — T7),

where 7,7 = 1,2,3, are the nominal wealth tax rates applied to any wealth in excess of the
corresponding wealth-tax thresholds th, j = 1,2,3 and 1[.] denotes the indicator function.'® These
nominal rates were 1.1%, 1.3% and 1.5%, and the thresholds were set at NOK 120, 000, 235, 000,
and 530,000 (about $17,000; $35,500 and $75,000).'* This means that households with TNW
below NOK 120,000 paid no wealth taxes. Households with TNW above NOK 530,000 would face
a marginal wealth tax of 1.5%, but the first 120,000 would go untaxed, the next 115,000 would
be taxed at a rate of 1.1%, and the following 295,000 would be taxed at a rate of 1.3%.

Since some assets enter at a discount, the effective marginal wealth tax rates are sometimes
below the nominal rates, 7,;. In particular, while safe assets, such as deposits or bonds enter
without a discount, risky assets (stocks and mutual funds)'®, were subject to a one quarter value
reduction (d &~ 25%) before contributing to TNW during 1992-1997. This deflated the marginal
tax rates on these assets to 0.825%, 0.975%, and 1.125%, respectively.

Over this period, the presence of these valuation discounts on risky but not on safe assets
created an (additional) marginal equity premium (A) of 27.5, 32.5, and 37.5 basis points for

taxpayers above the corresponding three wealth tax thresholds.

The 1998 reform. The reform scrapped the second threshold and thus effectively set the
marginal tax rates at 0.9%, 0.9% and 1.1%. Importantly, it removed the valuation discount on
risky assets. This equalized the marginal tax rates. This implies that the households in the
bottom, intermediate, and top wealth tax bins (as of 1997) saw a reduction in the wealth-tax-
induced equity premium (A, using the notation of section 2) of 27.5, 32.5, and 37.5 basis points,
respectively.

We illustrate the effect of the 1998 reform on the wealth tax rates in Figure 1. The top,
red and solid line corresponds to the effective marginal tax rate on safe assets for households in

the top wealth tax bin. The corresponding dashed, red line provides the lower, marginal rate on

13There are a few minor complications. Some households qualified for slightly higher thresholds due to, e.g., the
number of dependent children. Generally, these thresholds were about NOK 25,000 to NOK 30,000 lower. We
account for this in our empirical setting by applying these lower thresholds to qualifying households (“tax class
2”7, or, in Norwegian, “skatteklasse 2”). In addition, some low-income wealth-tax payers faced lower marginal
rates due to a tax ceiling. However, this only affected about 0.03% of our sample. Finally, during 1992 and 1993,
there was no third bracket, which implied that the top rate was 1.3% and the max wealth-tax-induced equity risk
premium was 32.5 basis points.

MThis uses 1997 prices and the exchange rate of 7 NOK per USD. If we inflate the thresholds to 2021 prices, they
are about $28,000, $59,000, and $267,000 at 2021 prices. Further note that the third tax bracket was not in effect
during 1993; hence Tig93 = 00 .

15For mutual funds that consist of both stocks and bonds, the tax authorities only apply the valuation discount
to the stock component. We only include this stock component in our measure of stock market wealth, and the
bond component in our measure of safe assets.
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risky assets. The difference between these two lines in 1997 provides the induced equity premium
of 0.375%. In 1998, this difference was eliminated, and thus the two lines join. Similarly, the
sets of green and blue lines describe the change in the marginal tax rates for households in the
intermediate and lower wealth tax bins.

This reform offers an attractive natural experiment to study the effect of changing the equity
risk premium. Firstly, the reform offers variation in the after-tax equity premium without also
lowering the after-tax volatility of stock returns. In our setting, this is due to the fact that the
1998 shock to the after-tax equity premium is driven by a decrease in the marginal tax rate of
risk-free assets. Hence, there is no systematic change in the marginal tax rate and thus after-tax
volatility of stocks. As Figure 1 shows, there is no systematic change in the marginal tax rate on
stocks. Second, during the 1992-1997 period, the tax rules that gave rise to a wealth-tax equity
premium stayed constant for most taxpayers, and so did the wealth tax thresholds and marginal

rates.'0 Similarly, after the 1998 change, the new rules stayed fixed until 2004.
FIGURE 1: THE EMPIRICAL SETTING

This figure describes the quasi-experimental variation in the marginal tax rates on safe and risky assets. Prior to 1998, there
were three wealth tax thresholds, above which households faced marginal wealth tax rates of 1.1%, 1.3%, and 1.5%. Assets
held in stocks or mutual funds were subject to a 25% valuation discount, which lowered the marginal tax rates on these assets
to 0.825%, 0.975%, and 1.125%, respectively. As of 1998, the marginal tax rates were 0.9%, 0.9%, and 1.1%. The nominal
threshold cut offs were effectively unchanged other than that the second threshold ceased to matter. As of 1998, there was
no valuation discount on stocks or mutual funds, which equalized marginal tax rates on safe and risky assets. Households
remaining in the top, intermediate, and bottom tax bins, would see a reduction in the wealth-tax equity premium of 0.375
pp-, 0.325 pp., and 0.275 pp., respectively. The wealth tax thresholds were NOK 120,000, 235,000, and 530,000. As of 1998,
the second threshold is (effectively) removed.

A
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The reform is well-suited for testing frictionless models of portfolio allocation. Because the
wealth tax rules were effectively constant for many years before and after the reform, this should
give investors ample time to both understand and respond to change in the equity premium.
Furthermore, the equity premium change should be salient, as the adverse effect on after-tax
stock returns saw widespread media coverage.!” Hence, inattention and information gathering
costs, such as those modeled by Abel et al. (2007) and Alvarez et al. (2012), are unlikely to

18The only change was the introduction of the third threshold (as indicated by the last term in equation 9) in 1994.
7see Appendix A.2
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be amplified in our setting. Understanding the effects of the reform should in fact be quite
straightforward: the Norwegian tax authorities provide detailed pre-filled tax returns each year
with the relevant information. Prior to the 1998 reform, these documents would show that stocks
enter at a discount into the wealth-tax base, but that starting in 1998 stocks enter at their market
value and are thus fully subjected to the wealth tax. In summary, the reform induces persistent
and salient variation in the equity premium and thus provides a reasonable setting for testing
frictionless models of portfolio allocation.

Importantly, the 1998 reform was effectively a reversal of the 1992 reform that introduced the
wealth tax equity premium. A lack of asset-class level data for the years prior to 1993 prohibits us
from fully exploiting this initial reform using our difference-in-difference strategy. However, our
empirical results are consistent with a positive effect of the introduction of the tax-induced equity
premium in 1992 on the stock portfolio share in the subsequent years. In particular, the fact
that the wealth-tax premium was introduced in 1992, and that our pre-trends are likely driven
by delayed responses to this introduction is a key reason for why our baseline estimates do not
adjust for pre-trends. In section 6.1, we show robust evidence supporting this strategy. While
there have been other years with a wealth-tax-induced equity premium, the 1998 reform offers
the cleanest experiment. For example, while the equity discount was reintroduced in 2005, this
change was reversed by 2008 and occurred simultaneously with increased wealth tax thresholds.
The short-livedness of the changes makes it difficult to pin down the effects of changes in the
equity premium because, as we document, investors adjust their portfolio slowly.

Finally, we note that while the presence of a wealth tax threshold facilitates identification by
comparing households initially above and below the threshold, it may also cause the “average”
and “marginal” after-tax equity premia to differ. However, this wedge does not qualitatively affect

our findings, as we discuss in Appendix A.3.

3.4 Sample Characteristics

We focus on data for the years 1993 to 2003. This time interval includes five years before and
five years after the 1998 wealth tax reform.'® For our analysis, we exclude households who owned
private equity (non-listed stocks) in the four years leading up to the 1998 reform. We do so to
stay consistent with the approach in the literature that studies the portfolio effects of the equity
premium based on surveys or brokerage accounts data, where private equity wealth is typically
excluded. It also allows us to avoid any potential confounding due to a shifting of assets out of

limited liability companies (LLCs) and onto personal balance sheets.

18We omit 2004 since, during this year, the government announced that the wealth-tax equity premium would be
reintroduced in 2005. We are unable to go further back than 1993 since 1993 is the first year with detailed enough
data to distinguish between safe and risky asset holdings.
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TABLE 1: SUMMARY STATISTICS

This table provides summary statistics for the main variables used in the analyses as of 1997. Taxable net wealth (TNW),
Financial wealth (FW), and labor income are provided in NOK. USD/NOK exchange rate averaged about 7 during 1997.
SMP denotes stock market participation and conditional SMS is the SMS for stock market participants. College is a dummy
variable, and Biz/Law/Econ is a dummy variable for whether the highest-level of education is in any of these fields. Labor
income includes labor-income related transfers such as pension income.

Full sample Wealth-tax payers Non-payers
Mean SD Mean SD Mean SD

TNW 160,948 234,755 365,153 151,239 -32,690 92,822
FW 91,562 111,612 147,542 130,170 38,437 48,934
Stock Market Participation 0.288 0.371 0.210
Conditional Stock Market Share 0.242 0.239 0.213 0.222 0.290 0.257
Age 51.40 10 57.43 10.56 45.69 9.93
College 0.221 0.194 0.247
Biz/Law/Econ 0.025 0.0183 0.030

Labor Income 289,484 156,084 279,457 158,249 299,190 153,302
Observations 171,262 83,358 87,904

We further only keep households with a positive and stably assessed housing value for at least
three years leading up to the reform.These filters exclude zero-asset and zero-liability households
with zero taxable net wealth who would be poor controls for wealth-tax payers.'” We also restrict
our sample to households who either consistently paid or did not pay a wealth tax for four years
leading up to the reform and to ensure that households had stable marginal tax rates before the
reform. This selection criteria is rooted in Jakobsen et al. (2020) who exploit a similar empirical
setting. We further focus on individuals aged 30 years or above to avoid the imminent expectation
of large changes to a household’s financial situation caused by labor-market entry. Finally, we
restrict our sample to households with at least minus NOK 250, 000 of taxable net wealth in 1997.
This produces a sample that is close to evenly split between households who did and did not pay
a wealth tax. Appendix A.5provides additional detail and step-by-step sample counts associated
with implementing the above restrictions.

Table 1 shows summary statistics of the wealth and portfolio variables for our sample. Com-
pared to non-payers, wealth-tax payers are older, more likely to participate in the stock market
(37% compared to 21%), but conditional on participating, they invest a smaller share of financial
wealth in stocks (21% compared to 29%), but have comparable labor income and education levels.
Non-payers have negative taxable net wealth (TNW) on average, reflecting the fact that housing
wealth is discounted but mortgage debts enter in their entirety (see Ring and Thoresen 2021 and
Bjorneby et al. 2020 for more details). In Appendix Table A.3, we further split wealth-tax payers

into their corresponding wealth-tax bins (i.e., above the first and lowest, second, or third threshold

YDuring this time period, the first wealth tax threshold was fairly low at only NOK 120,000. Hence, to obtain
a reasonably large control group, we also include households with negative taxable net wealth. This does not
imply that they had negative market-value net wealth, however, due to the fact that the tax value of housing
typically only corresponded to about 30% of the market value. Hence, for households with around zero taxable
net wealth, there are two groups of households: (i) those with no house and zero market-value net wealth and
(ii) those with a house but positive market-value net wealth. This first group is arguably a poor control group
for wealth tax payers who necessarily have positive market-value net wealth. Hence to obtain more homogeneity
across treatment and control groups, we drop households who do not own a house.

14



in 1997), and provide the same summary statistics. This shows that wealth-tax payers are older,
but age is not increasing above the first threshold whereas stock market participation (SMP),
the stock market share (SMS), and labor income are steadily increasing with the wealth-tax bin.
Sections 4.1 and B discuss the results from an extensive set of robustness checks that address the
different characteristics of treated and untreated households. In particular, Appendix B.6 shows
that a propensity-score matching routine balances the sample and provides the same estimated

treatment effects and dynamics.

4 Empirical Approach and Identification

Our approach to identify the effect of a change in the equity premium relies on a difference-in-
difference (DiD) strategy. The DiD strategy is the standard approach in the wealth tax literature
for exploiting changes in marginal tax rates. A regression discontinuity design does not work since
we do not observe marginal portfolio allocation (only the total allocation), hence we would not
expect a discontinuous treatment effect.?”

Our DiD strategy is described by the following reduced-form regression equation:

Yit = fi + Ney + Z 1[s = t] x s x T'reat; 1997 + Vi, (10)
51997

where the outcome variable y;; is either the year ¢ household ¢ portfolio share in stocks or an
indicator for stock market participation; f; is an individual-level fixed effect; and 7.; are year
fixed effects estimated separately for different birth-cohorts, where ¢ denotes the cohort.?! These
cohort-specific time effects capture jointly life-cycle portfolio effects as well as calendar time effects
specific to the cohort. Treat; 1997 takes the value 1 if i was above the first tax threshold in 1997.
To ensure minimal changes in wealth-tax equity premium in the pre-reform period, we restrict
the sample to the households for which T'reat;; is constant for four years prior to the 1998 reform
(i.e t = 1994, ...,1997).

Because the specification allows us to estimate year-specific responses to the reform (f;),
we can examine whether there is gradual portfolio adjustment to the 1998 change in the equity
premium. In a frictionless world, we would have that Si99s8 =f1999 = ... = Bop03. In a world
with adjustment frictions in the portfolio share (e.g., Garleanu and Pedersen 2013 or Bacchetta
and Van Wincoop 2010), we would expect to find that f; is (in absolute value) increasing in ¢
for ¢ > 1998. This would be consistent with gradual portfolio adjustment, where the adjustment
trajectory is steeper when adjustment costs are higher.

To directly estimate the cumulative response to a unitary change in the equity premium,
I'y, we multiply T'reat; 1997 with the reform-induced reduction in the after-tax equity premium.

This is simply the negative of the pre-reform wealth-tax equity premium, —WTEP; 1997, which

20There are additional issues related to potential unobserved evasion being more prominent near the threshold, a
regression discontinuity design would overweight these households. In addition, households very close to thresh-
olds, whether above or below, may have shared similar beliefs about whether they would pay a wealth tax in the
long run: since the fixed cost of stock market entry is relatively important, this may cause the treatment effect
to be somewhat smooth near the boundary and thus hard to identify in a RDD framework.

21'We group households into 10-year cohort bins based on the average age of household adults in 1997.
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varies at the wealth-tax bin level, b € {“below first wealth-tax threshold”, “above first threshold”,
“above second threshold”, “above third threshold”}.

Yir =fi+nae + O, 1ls=1t]x Ty x (-WTEP;1997) x Treat; 1997 + vi- (11)
541997

This specification makes it clear that the empirical variation in the (expected) equity premium
is about 37 basis points (the highest wealth-tax equity premium in 1997). Since almost no
households have a 100% ex-ante stock market share, we thus do not face the attenuation issues
documented by Beutel and Weber (2022).22 In the specifications that investigate heterogeneous
effects according to some discrete, time-invariant household characteristic, h, we estimate the
cohort fixed effects (1.;) and the sensitivities (e;) separately for each h. To ease the readability
of regression tables and reduce noise, the underlying regression equations are adjusted to only
let post-reform responses vary at the biennial level, i.e., 1998-1999, 2000-2001, and 2002—2003.
The year-by-year coefficients are reported in the figures. In the specifications that adjust for
pre-trends, we include the term ¢ - Treat; 1997 - t, where the additional parameter, ¢, is estimated
by omitting also the years 1994-1996 from the set of years for which we estimate year-specific
responses as opposed to just 1997 in our baseline specification. The specifications that adjust
for pre-trends estimate { separately for each b when using equation 11 and separately for each h
when estimating heterogeneous responses.

We also note that a recent literature shows that standard two-way fixed effects approaches
may in some cases identify non-convex averages of the underlying treatment effects in the presence
of heterogeneity (Goodman-Bacon 2021; Baker et al. 2022; Sun and Shapiro 2022). An important
source of this problem is heterogeneity over time in treatment effects (e.g., sluggish responses).
Time heterogeneity is not an issue in our setting since we explicitly estimate dynamic effects.
However, as we show in section 5.3, there is heterogeneity in cumulative effects across groups.
Fortunately, we find that the pooled estimates are indeed convex averages of group-specific ef-
fects. Nevertheless, Appendix Figure A.14 shows that our main estimates are virtually unchanged
when re-estimated with the heterogeneity-robust estimation package by De Chaisemartin and
d’Haultfoeuille (2020).

4.1 Discussion of Identification Strategy

Our identification strategy relies on comparing households who were subject to the wealth
tax prior to the 1998 reform to those who were not. In addition, when we directly estimate the
implied effect of changing the induced equity premium using equation 11, we also exploit the fact
that households in higher tax brackets were treated more. The mechanical implication of our
approach is that treatment and control groups differ in terms of their 1997 TNW, and thus also

in terms of its components such as financial wealth. Our differences-in-differences strategy follows

*2Beutel and Weber (2022) show that belief outliers combined with portfolio constraints attenuate estimates of
I". For example, the inability of households with very high equity premium beliefs to hold a stock market share
of more than 100% attenuates OLS estimates toward zero. This implies that a simple calibration exercise may
greatly overstate the implied risk aversion. While the 0% lower bound may in principle be an issue, our finding of
a fairly contained coefficient of relative risk aversion suggests that, if present, it is inconsequential in our setting.
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Jakobsen et al. (2020) and thus relies on the assumption that households whose 1997 TNW was
above the wealth tax thresholds did not differentially change their portfolio allocation for reasons
unrelated to the wealth tax reform.??

Section 6 provides an exhaustive discussion of different identification concerns and presents a
battery of placebo tests as well as robustness checks with respect to control variables and sample
restrictions. We argue and provide evidence that the upward-sloping trend in portfolio allocation
prior to 1997 is unlikely to be an identification issue, as it is driven by the 1992 introduction
of the wealth-tax equity premium. Instead, this differential pre-period response is useful for
distinguishing between one-time entry and participation costs (see section 5.5). We also perform
several checks to rule out that our results are driven by differential exposure to aggregate stock

market movements.

5 Results

Before discussing our main results based on our differences-in-differences specification, we

show some descriptive visual evidence.

5.1 Descriptive Evidence

Figure 2 plots how household stock market shares vary with taxable net wealth before and
after the 1998 reform.?* To capture the overall effect of changes in the equity premium, we
plot the values of the unconditional stock portfolio share. The figure reveals that beyond a level
difference (essentially a year fixed effect), households below the first wealth tax threshold had
similar portfolio allocations before and after the reform.?®> However, once we consider households
who paid a wealth tax, we see that their stock market shares were much higher prior to the reform
when the wealth tax subsidized the equity risk premium. We also see that the difference between
1993 and 1998 portfolio shares diverges as taxable net wealth increases. This is consistent with

the fact that the wealth-tax equity premium was increasing in taxable wealth.

23 Jakobsen et al. (2020) study the effect of abolishing the Danish wealth tax on reported wealth holdings. Their
treatment group consists of ex-ante wealth-tax payers who experience a drop in marginal tax rates. The control
group consists of households initially below the wealth-tax threshold who do not experience such a change. While
the Jakobsen et al. (2020) setting offers a uniform reduction in marginal tax rates across asset classes, rather than a
differential change as in our case, the otherwise-similar setting motivates us to follow their difference-in-differences
identification strategy closely.

24This graphical analysis is inspired by a similar, more formal approach in Jakobsen and Sggaard (2020)

25The negative relationship between portfolio shares and TNW for negative values of TNW is due to higher portfolio
shares among households with high gross wealth and high debt levels.
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FIGURE 2: WEALTH-TAX PAYERS HAD HIGHER STOCK MARKET SHARES WHEN THE
WEALTH-TAX EQUITY PREMIUM WAS IN PLACE

This figure plots the average stock market share (SMS; ;) of financial wealth within NOK 10,000 bins of taxable net wealth
(TNW; ;). Grey (circular) scatter points provide the within-bin mean SMS during 2000, which is 3 years after the wealth-tax
equity premium was removed. Orange (square) scatter points provide SMS for 1997, when the wealth-tax equity premium
was in place. Within each year, SMS is normalized to an average of zero for households with TNW € [—300 000, —250 000].
This normalization removes the gap of 3.9 pp. higher SMS during 2000 (i.e., takes out a year fixed effect). The blue, green,
and red vertical lines indicate the wealth tax thresholds. During 1997, being located to the right of any of these lines is

associated with an increasingly higher wealth-tax equity premium.
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In other words, the figure shows that wealth-tax paying households allocate more wealth to
the stock market when the wealth-tax equity premium was in place (in 1997) relative to when
it was not (in 2000). This is highly suggestive evidence that individual investors adjust their
portfolios in response to changes in the equity risk premium. Our subsequent analyses rely on a
difference-in-differences framework that allows us to take out household fixed effects and study

dynamic responses.

5.2 Effects on Portfolio Allocation

Figure 3 visualizes the effect of the reduction in the wealth-tax-induced equity premium
on households that are initially above the wealth tax threshold (Treated;i997 = 1) on their
unconditional stock market share. The orange line with hollow squares provides the differences in
stock market shares between treated households and controls, estimated with equation 10. This
specification takes out household fixed effects and normalizes the difference between treated and
controls to be zero in 1997. We see that treated households were on an upward-sloping trend
prior to 1997, but that this relationship reversed immediately following the reform. While treated
households increase their stock portfolio share more than non-treated during 1993—-1997, the 1998
reform-induced reduction in the risk premium triggered a noticeable effect on their portfolio
allocation by inverting the previous pattern. Visual inspection of Figure 3 shows that households
need about 5 years to adjust to equity premium perturbations. While there are no directly

comparable findings in the literature, Choukhmane and de Silva (2021) find similar dynamics when
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studying how individuals substitute away from default options in employer-sponsored retirement

schemes.

FIGURE 3: DYNAMIC EFFECT OF A WEALTH-TAX-INDUCED REDUCTION IN THE EQUITY
PREMIUM ON THE STOCK MARKET SHARE OF FINANCIAL WEALTH

This figure shows the reduced-form effect of the reduction in the wealth-tax-induced equity premium on the stock market
share of financial wealth. We employ a differences-in-differences methodology, in which treated households are those initially
above the wealth tax threshold (Treat; 1997 = 1). The orange line with hollow squares provides non-detrended estimates
using equation (10). The gray line with hollow circles provides detrended estimates, where the years 1994, 1995, and 1996
are omitted to estimate the time trend for the treated. Capped horizontal lines provide 95% confidence intervals for the

non-detrended estimates, where the standard errors are clustered at the household level.
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The gray dashed line provides detrended estimates for the post-period. The underlying
specification assumes that the counterfactual during 1998-2003 is that the pre-period trend would
continue. Accordingly, the detrended estimates of the effect of the 1998 reform are much larger
in magnitude. This detrending adjustment is appropriate to the extent that we expect that,
absent the treatment, treated households would have continued to increase their stock market
shares differentially more than the control group. However, it is not obvious that we should make
this adjustment: the fact that the wealth-tax-induced equity premium arose in 1992 suggests
that the observed positive pre-trend may simply be a delayed response to the increased after-tax
equity premium. If delayed responses to the 1992 reform can fully account for the observed pre-
1998 dynamics of the risky share, then we should not adjust for pre-trends. This is because the

delayed response would cease once the wealth-tax equity premium is removed.?® An intermediate

26This assumes that responses to the 1992 reform are sluggish due to adjustment costs rather than informational
frictions. It does not necessarily assume that households have converged to their optimal portfolio share by 1997
but rather that the optimal portfolio share decreases due to the reform and thus further upward portfolio-share
adjustments toward the pre-reform optimal share are no longer needed. If responses are due to informational
frictions (people slowly learn about the change in the tax incentives), some households might still be responding
to the 1992 reform in 1998 and onward. If so, sluggishness in the post-reform (1998 and onward) responses may be
partially driven by households only gradually ceasing to respond to the 1992 reform. However, the broad media

19



possibility is that the pre-1998 pattern reflects both the response to the 1992 increase in the equity
premium as well as some pre-existing trend in which case the true response to the change in the
equity premium in the years following the 1998 reform would lie between the two lines.

It is our interpretation that pre-trends are primarily driven by delayed responses to the 1992
introduction of the wealth tax equity premium. The fact that the pre-trends and post-1998-reform
responses are virtually symmetrical is consistent with this interpretation. As the 1992 reform was
effectively reversed by the 1997 reform, households bring their stock portfolio shares back to the
pre-1992 levels. In section 6.1, we use supplementary data available over a longer horizon that
supports this interpretation.

Table 2 provides our main estimates of the sensitivity of the stock market share to changes
in the equity premium. These are estimated using equation 11, which enriches equation 10 (used
for the figures) by also exploiting higher treatment intensity for households in higher wealth-tax
brackets. The specification also allows us to directly estimate the sensitivity of the portfolio
share to a unitary change in the equity premium. Anticipating the evidence in section 6.1, we
show regression estimates that do not adjust for pre-trends. To improve precision and increase
the readability of our tables, we report biennial estimates by allowing post-reform responses to
vary at a two-year frequency, i.e., 1998-1999, 2000-2001, and 2002—-2003. The first column shows
the baseline estimate for the whole sample. The other columns show heterogeneity effects for
subgroups of investors, which are discussed in the next subsection.

The coefficients in Table 2 should be read as showing cumulative responses to a unitary
increase in the equity premium. We find that the response to the change in the equity premium
induced by the new tax regime is gradual, consistent with portfolio adjustment frictions. The
response in the first two years is only 24% of the cumulative response as of 2002-2003. We use
this ratio as a measure of response speed and report it at the bottom of the table. As Figure
3 shows, the cumulative response continues to strengthen to about 2001 and then stabilizes,
suggesting that the cumulative sensitivity estimate for the last sample years, 2002-2003, provides
a reasonably good approximation to the complete long-run response. This cumulative estimate
is 6.97, which is a material response. In section 5.5, we use the estimated cumulative response
of the unconditional stock portfolio share to infer the implied coefficient of relative risk aversion.
We establish that it falls in the range 1.8-2.8, which is consistent with the effects implied by a
standard frictionless Merton (1969) portfolio model.

In sum, our estimates suggest that investors do respond strongly to changes in the equity
premium—at least when these changes are relatively persistent, and only when enough time has
been allowed to observe the full portfolio adjustment as in our setting. The immediate response is
instead weak and far below the values implied by Mertonian portfolio models with no adjustment
costs.

The sluggish portfolio response evident from column (1) of Table 2 is consistent with the
partial-equilibrium portfolio model of Garleanu and Pedersen (2013) where investors face quadratic
portfolio adjustment costs, and stock returns show predictable variation. In this model, investors

respond slowly to changes in expected returns. The current portfolio share is a linear combination

coverage of the reform (see Appendix Figure A.2) and the symmetry of the responses suggest that informational
frictions are not a dominating factor.
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TABLE 2: THE SENSITIVITY OF THE STOCK MARKET SHARE TO WEALTH-TAX-INDUCED
VARIATION IN THE EQUITY PREMIUM

Notes: This table shows the estimated cumulative effect of a unit increase in the equity premium on the stock market share
(SMS) of financial wealth. Column (1) provides the results from estimating equation (11) when estimating treatment effects
at the biennial level, and without adjusting for pre-trends. Columns (2) and (3) provide results on heterogeneous responses.
Estimates in a and b columns are for values below and above a percentile cut-off value for the splitting variable, and are
estimated in the same regression. Columns (2a) and (2b) consider the heterogeneity with respect to the SMS in 1993; which
prior to the split at the 75th percentile has been residualized with respect to age, income, and financial wealth. Columns
(3a) and (3b) split households by portfolio adjustment cost (PAC) (see equation 12), interpretable as an index of adjustment
costs. We define “response speed” as the first two years’ response divided by 2002-2003 cumulative response. Standard
errors are clustered at the household level. Stars indicate significance at the 10%, 5%, and 1% levels.

Heterogeneous effects by

S ]\m% Portfolio Adjustment Cost
Full sample < p75 > p75 < p25 > p25
&) (2a) (2b) (3a) (3b)
1998-1999 1.63%** Ko 3. 72%H* 2.95%** 1.34%**
(0.20) (0.22) (0.47) (0.39) (0.23)
2000-2001 3.92%** 4.50%** 7.07FF* 4.46%** 3.79%**
(0.28) (0.30) (0.51) (0.52) (0.32)
2002-2003 6.91%** 6.27%** 16.36%** 5.52%%* 6.97¥**
(0.29) (0.31) (0.68) (0.55) (0.33)
Response speed 0.24 0.30 0.24 0.53 0.19
Mean FW, 1998-2003 171,937 193,930 108,932 263,482 138,512
Mean SMS, 1998-2003 0.088 0.082 0.103 0.124 0.075
N 1,881,975 1,879,216 1,878,318

of the past share and a target share that varies with the expected returns, where the weight on the
past share is increasing in the cost of adjustment. Other models with frictions, for example due to
costly information acquisition or portfolio adjustment, have similar implications (see Gabaix 2019
for a review). In the absence of adjustment frictions, portfolio allocation responds instantaneously
to movements in the equity premium. The presence of frictions dampens the immediate response
while its cumulative magnitude increases as investors adjust, resembling the pattern in Figure 3.

The finding that households are slow to adjust to changes in the equity premium may help
explain the low sensitivity found in the survey-based literature. Giglio et al. (2021) show that
there is substantial time-series variation in the expected equity premium: the average expectation
was 5% in 2017, dipped to around 2% following the onset of the COVID pandemic, and had
risen to above 6% by February 2020. Thus, to the extent that households’ portfolio adjustment is
sluggish, typical cross-sectional regressions of concurrent stock market shares on expected returns
may provide low estimated sensitivities. In addition, if one exploits time variation in elicited
risk premia that is largely transitory and portfolio adjustments are costly, then the investor’s
optimal response may be to stick to the current allocation. Only long lasting changes in the
equity premium would be informative of investors’ frictionless sensitivity. Indeed, Garleanu and
Pedersen (2013) show that portfolio sensitivities are stronger if the change is long lasting.

Our estimates rely on the identifying assumption that households affected by the reform did

not differentially change their portfolio allocation compared to unaffected households (ex-ante

21



non-payers of the wealth tax) for reasons unrelated to the wealth tax reform. One objection to
this assumption is that because households affected by the reform are also wealthier, differential
portfolio behavior of the treated compared to the non-treated may reflect different sensitivities
of wealthier households to stock market movements after the 1998 reform. This would imply
that we capture “passive” movements in the portfolio share rather than slow “active” portfolio
adjustments. We find this to be unlikely. Firstly, we show in Appendix Figure A.7 that our
results are virtually unaffected by including 1993 (the earliest we observe) stock market shares
as a control variable. This initial share is interacted with year dummies. Hence, this control
term addresses the possibility that wealth-tax payers, with higher initial stock market exposure,
may have been on differential (possibly nonlinear) trends for reasons unrelated to changes in the
wealth-tax equity premium. Secondly, we find that our results are robust to using a measure of
the stock market share that is purged of passive market movements following the methodology
discussed in Section B. Appendix Figure A.2 shows that removing passive variation in stock
market shares leaves our results unchanged, implying that the entire difference between treated
and untreated households arises from differential active portfolio adjustments.

As shown by Grossman and Laroque (1990), in the presence of costly to trade housing
wealth, the portfolio share in stocks may be sentitive to transaction costs when trading occurs. In
particular, the investor behaves in a significantly more risk averse manner around the time housing
transactions.?” To make sure that the differential portfolio share dynamics that we observe by
comparing treated and non-treated households is not a reflection of differences in the frequency
of housing transactions, we perform a robustness check where we include controls for whether a
household sold of bought housing in the surround years. As shown in Figure A.3, this has no

impact on our results.

5.3 Heterogeneity in Responses

We perform additional analyses that contrast the response of specific groups for whom theory

predicts different responses to a change in the equity risk premium.

Risk tolerance. The Merton (1969) model implies that more risk-tolerant investors should
respond more strongly to a variation in the equity premium. Columns (2a) and (2b) of Table 2
split investors on the basis of the stock portfolio share in 1993, well before the reform, which we
use as a proxy for the investor’s risk tolerance. To get closer to a proxy for risk tolerance, we use
the residualized portfolio shares, 51\75'1/993, which are created by removing variation that can be
explained by age, financial wealth, and income levels that can affect the portfolio share due to
life-cycle effects. Consistent with the model predictions, we find that households with a (residual)
portfolio share above the 75th percentile exhibit a cumulative response of 16.36, which is more
than 2.5 times the cumulative response exhibited by the remaining sample.

Notice that while the difference between high and low-risk-tolerance investors holds in all

years in the sample, the speed of the response—measured by the ratio of the 1998-1999 response

2"When the desired wealth composition is achieved following a housing transaction, the investor wants to avoid
further trading (and trading costs). To avoid further trading, the investor adopts a more cautious investment
strategy, with a lower share in stocks.
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to the cumulative response in 2002-2003—is similar for the two groups: 30% for the below and
23% for the above-T5th-percentile group. This suggests that our risk tolerance proxy allows us to
split households based on risk aversion while keeping traits that are correlated with adjustment

costs constant.

Portfolio adjustment costs. As a second exercise, we split the sample on the basis of house-
hold portfolio adjustment cost which we infer from predicted portfolio rebalancing speed. Calvet,
Campbell, and Sodini (2009) define rebalancing speed as the fraction of passive changes in the
stock market share due to variation in stock prices that is undone by active trading. This in-
dex is informative of the size of adjustment costs. We construct this index according to Calvet,
Campbell, and Sodini (2009). They estimate portfolio rebalancing equations allowing rebalancing
strength to depend on household observables and report the estimated coefficients. We use these
coefficient estimates to impute the index to the households in our sample. While we do not have
access to the exact same set of variables used by Calvet, Campbell, and Sodini (2009),%® our
predicted measure has similar variation: the 5th to 95th percentile range is 0.25, which is close
to the range of their measure of 0.33.

Let PR.S; denote the household predicted rebalancing speed. We define an index of household

i portfolio adjustment cost as

conveniently belonging to the [0,1] interval. We use this to study heterogeneity in portfolio
sensitivities to changes to the equity premium in columns (3a) and (3b) of Table 2. Our results
reveal that low-adjustment-cost households (bottom quartile of PAC) do in fact respond faster
to changes in the equity premium than households facing higher portfolio adjustment costs. The
portfolio share coefficients of the low-cost group reveal a significantly stronger response in the
initial years following the reform (more than twice as large), but a slightly smaller cumulative
response. The ratio of the initial to final cumulative response is more than 50% for the low-
adjustment-cost group and 20% for the higher-cost group in column (3b). These findings are
consistent with low-adjustment-cost households needing less time to get closer to their long-run

response to the change in the equity premium.

5.4 Effects on Stock Market Participation

We present our main findings on stock market participation in Figure 4. This figure provides
the cumulative effect on participation by comparing ex-ante wealth-tax payers with non-payers.

The difference in participation rates is normalized to be zero in 1997, the year prior to the reform.

28Gee their Table IV. We do not have access to the same portfolio characteristics, so these are ignored. For the
financial characteristics, we use gross labor income assuming a 35% tax rate to get disposable income; we ignore
private pension income; we also ignore changes in log financial wealth; unemployment dummy is set to 1 if anyone
in the household receives unemployment income; retired dummy is set to 1 if the mean household age is above
67; we omit the student dummy (age restrictions mean that we are unlikely to have many of these in our sample);
and we use the number of household adults rather than family size. We use the coefficients from the first column
in their Table IV to predict the adjustment speed measure.
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We show both pre-trend adjusted (gray dashed line) and unadjusted (solid orange line) estimates.
Focusing on our preferred, unadjusted estimates, we see that stock market participation gradually
rose by about 13 percentage points in the years prior to the 1998 reform. This mirrors our findings
on the stock market share, which we interpreted as a gradual adjustment to the 1992 introduction
of the tax equity premium. Interestingly, we find that the response to the reversal of the equity
premium in 1998 is essentially flat for the first three years after the reform and only declines in

the last three sample years.
FIGURE 4: THE EFFECT ON STOCK MARKET PARTICIPATION

This figure shows the effect of the reduction in the wealth-tax-induced equity premium on stock market participation
(1[SM S¢ > 0]), by comparing households initially above the wealth tax threshold (Treat; 1997 = 1) with those below.

The orange line with hollow squares provides differences between the treatment and control group, estimated using equation
(10). The gray line with hollow circles provides the detrended differences. Table A.1 provides the estimated sensitivities from
equation 11, i.e., the implied responses of a unitary change in the equity risk premium. Capped horizontal lines provide 95%

confidence intervals for the detrended estimates, where the standard errors are clustered at the household level.
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The presence of a wealth-tax equity premium before 1998 induced considerable growth in the
participation rate. When this incentive was removed in 1998, the participation growth immedi-
ately halts and, after some time, turns slightly negative. However, there is no symmetric reversal,
which suggests that those who were nudged into participation do not reverse their decision to
participate. This asymmetry is consistent with the presence of a one-time fixed participation cost
that non-participants incur only upon their first entry into the market (as in Alan 2006). The
fact that participation does drop slightly after a few years following the 1998 reform, suggests
that investors also face some per-period fixed participation cost. As the optimal portfolio share
adjusts slowly downward, some investors find it desirable to exit and save on the per-period cost.

In Appendix Figure A.13, we decompose the participation effect into entries and exits from
the stock market. This shows that our findings on participation are fully driven by increased entry

rates prior to 1998 and decreased entry rates after the wealth-tax equity premium was removed.
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Exit rates are hardly affected by the wealth-tax equity premium. These findings highlight the
importance of asymmetric participation costs: once households have incurred the larger one-time
entry cost, perturbations in the equity premium are unlikely to induce an exit, as there is less to
save, in terms of the per-period cost, by exiting.

Importantly, the fact that participation responds slowly to the equity premium increase is
consistent with inattentive investors who accrue gradually to the market as in Duffie (2010), but
also with the fact that investors’ wealth is a slow-evolving variable, and thus it takes time for it
to cross the threshold that triggers participation.

In Appendix Table A.1 we show estimates of equation (11) and of the cumulative marginal
effects on participation of the 1992 increase in the equity premium, which is 44.2 (SE=0.75, see
first row). We can rephrase this estimate the following way: a 30 basis point increase in the
equity premium increases participation by about 13 percentage points. While seemingly large,
5.5 demonstrates how this semi-elasticity leads to reasonable estimates of one-time entry costs.
If, for example, the point estimate were ten times smaller at 4.42, the implied entry cost would
be very low at only $80.%

Similarly, we estimate at 9.1 (SE=0.76) the cumulative marginal effect on participation of the
decrease in the equity premium following the 1998 reform (last row). The underlying assumption
is that the cumulative increase in participation before 1998 (after 1997) is the causal effect of
the 1992 introduction (1998 reversal) of the wealth-tax equity premium. In section 5.5 below, we
discuss how we can use these estimates to recover the both implied one-time entry and per-period

participation costs.

5.5 Backing out investor risk aversion and participation costs

We use our empirical findings to get a sense of what the underlying participation costs are and
to infer the value of the coefficient of relative risk aversion. We do these calculations using both
the cumulative response to the 1992 and to the 1998 changes in the equity premium. This allows
us to infer both one-time and per-period participation costs as well as the implied coefficient of
relative risk aversion. We discuss the details of this exercise in Appendix A.4, and we show the
resulting estimates of participation costs in Table A.4

Risk aversion. To back out risk aversion, we need an estimate of the implied effect on
the conditional stock market share. We obtain this from our estimates on participation and the

unconditional share via the following identity: o, = m X « , which implies that

day, Oa or

=T—+a—.
n n n
or?” or?” or?

(13)

If we focus on the pre-1997 period, the cumulative difference gives us an estimate of the effect of
the 1992 introduction of the wealth tax equity premium of 7.35 (Appendix Table A.2):

oo T
m199275 5 + Q19925 o = 7.35,
e e

PIntuitively, a large sensitivity of participation to the equity premium follows noticing that absent participation
costs and starting from a zero equity equity, a small increase in the equity premium raises participation to 100%.

25



where 71992 and aigge is the participation rate and the stock market share among the par-

ticipants in 1992, respectively. As discussed in section 5.4, our estimate of g—;‘; from the initial

1992 increase in the equity premium is 44.20 (Appendix Table A.1). Using the estimated I e

n
or?

compute the implied cumulative marginal response of the conditional share as

Oa

% = (735 — (1992 X 44.2)/7T1992. (14)

n
To retrieve the investor risk aversion we invoke Merton formula, assuming o = —¢; and thus
9 70-2

867?; = Tiz In our context, « is the share of stocks in financial wealth. The Merton formula

applies to the share of stocks on a broad notion of wealth, which also includes real assets, most

significantly housing. When housing is costly to trade, as in Grossman and Laroque (1990) and
Alvarez et al. (2012), the Merton formula for the share of stocks in financial wealth still holds,
but the relative risk aversion in the Merton formula must to be interpreted as the relative risk
aversion of the value function (see Alvarez et al., 2012, Online Appendix, p. 13). Additionally, if
housing is risky and its returns are correlated with stock returns, the formula would also contain
a hedging term which should be taken into account when retrieving the implied risk aversion
from our empirical estimates. Empirically, Jorda et al. (2019) show that the correlation between
housing and stock returns in Norway is essentially zero?. Hence we ignore the hedging term and
infer that gﬁ = W ,
function which varies with the financial wealth to total wealth ratio, z (Grossman and Laroque

with the understanding that v(z) captures the risk aversion of the value

(1990) and Alvarez et al. (2012)). The sensitivity of v to z is particularly high around the time
when consumers buy or sell houses. As discussed in section 5.2, we account for this dependence
with appropriate indicators of housing purchases/sales, thus purging our estimates from the most
relevant effect of variation in the financial/housing wealth ratio. We can back out v by imposing

02 = 0.04, which is the variance of the Norwegian stock market index (Fagereng et al. 2017):

_ 1 T1992
0.047.35 — Q1992 X 44.2°

M (15)
For the post-1998 period, the estimated cumulative marginal effect of the unconditional stock

market share is 6.9 and the estimated 8‘5; ’é from a reduction in the equity premium is 8.9 (Appendix

Table A.1, last line). Following a similar procedure as above we obtain a second estimate of the

risk aversion parameter as:

_ 1 T1997
0.046.9 — Q1997 X 8.9

V2 (16)

Table 3 shows the two point estimates of the risk aversion parameter and their bootstrapped
standard errors. The two values are 2.81 (SE = 1.13) when using the estimated reponses to the
1992 reform and 1.81 (SE = 0.09) when using the responses to the 1998 reform. Both estimates
are statistically significant, but the latter is much more precise. Statistically, we cannot reject
the null that the two values are equal (last column). In sum, our estimates of the cumulative

response of the share either to an increase or a decrease of the equity premium are consistent with

30The correlation coefficient is 0.025 over the period 1870-2019 and negative at -0.075 after WWIL. In neither case
they are statistically significant (p-values 0.52 and 0.77 respectively).
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moderate levels of risk aversion.

TABLE 3: IMPLIED COEFFICIENT OF RELATIVE RISK AVERSION

This table provides the coefficient of relative risk aversion implied by our empirical findings in the Merton (1969) portfolio
model. See text for description. Standard errors are obtained from a 200-repetition bootstrap procedure.

(1) (2) (3)
Effect of 1992 Reform Effect of 1998 Reform Difference

Impled coefficient of relative risk aversion, v 2.8123 090 -1.0033
(bootstrapped SEs) (1.1386) (0.0914) (1.1071)
Empirical estimates used 1993-1997, Cumulative  1997-2003, Cumulative

Participation costs. Assuming a coefficient of relative risk aversion of 2.3 (the average of
the two estimates in Table 3 above), we use the estimated sensitivity of participation to the
equity premium of 8.9 to infer the size of participation costs. In Appendix A.4, we illustrate
the details of the exercise and show the sensitivity of the estimates to changing the risk aversion
parameter (Table A.4). Our main estimates entail a per-period cost, ¢*, of NOK 625 or about
$89. This magnitude of the per-period cost is fairly modest and comparable to other estimates
in the literature (see, e.g., Fagereng et al. 2017 who estimate per-period participation costs for
Norway between $65 and $109 using a structural approach, Vissing-Jorgensen 2002 who finds a
participation cost for the US of $350, Paiella 2001 who documents participation costs in the $70
to $140 range).

Similarly, using the estimated 8877; of 44.20 (the cumulative response to a unitary increase
in the equity premium following the 61992 reform, see Appendix Table A.1, first line) we find
¢ = 5,598 NOK ($800). This estimate includes both the one-time and the per-period cost.
Deducting the previous estimate of per-period participation cost, we find an implied one-time
entry cost of NOK 4,974 ($710). This is about 1.7% of the average labor income in our sample,
which is in line with the 2% entry cost estimated by Alan (2006) in a calibrated life-cycle model.

The calculations above rely on the interpretation that pre-trends are causally driven by the
1992 introduction of the wealth-tax equity premium. If this were not the case and we should
adjust for this pre-trend, then the response to the 1998 drop in the risk premium is given by the
gray dotted line in Figure 4. This shows a steep and large decline, with a drop in the stock market
participation rate of 26 percentage points. This implies a sensitivity of participation to the risk
premium of about 90, which is considerable. To rationalize a value for gr—’; as large as this, one
would need a per-period participation cost of about NOK 6,729 or $897. rf[‘his is too large to be
credible (see, e.g., Choukhmane and de Silva 2021 who find little support for material per-period
costs), which strengthens our interpretation of the trend in the share and participation before
1998 being the causal response to the 1992 tax reform. A further issue with using the detrended
estimates is that they implicitly assume that households either did not respond at all to the initial
increase or responded immediately in 1992 (prior to when our panel begins). We argue that this

is inconsistent with the evidence presented in section 6.1.
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6 Identification, robustness, and placebo checks

This section addresses different concerns related to our identification strategy. Section 6.1
discusses the differential portfolio trajectory during the 1993-1997 period and presents evidence

indiating that these pretrends represent delayed responses to the initial 1992 reform.

Mean reversion. Comparing households above and below tax thresholds when marginal tax
rates change is ubiquitous in the public finance literature (see, e.g., Gruber and Saez 2002). One
key concern in this literature is mean reversion. This is because treatment is assigned based on
past values of the outcome variable (Weber, 2014; Jakobsen and Sggaard, 2020), which may have
a transitory (mean-reverting) component. Our strategy does not suffer from this problem directly,
as there could be mean reversion in taxable net wealth even if the stock market share remains
constant. However, to the extent that mean reversion is driven by changes in stock market wealth,
this issue would apply to our setting. The issue is ameliorated by conditioning on households’
being subject to the wealth tax for several years prior to the reform. We test for whether there is
a residual issue by assigning treatment in 1995, rather than 1997, and plot the dynamics of the
stock market share prior to and after the reform in 1997 in Appendix Figure A.1. This allows us
to test whether there is mean reversion after treatment assignment. If there is, we should observe
a reduction in the stock market share during 1996-1997. We find no evidence of this. In fact, the
dynamic pattern of adjustments is nearly identical to our main results, which shows that mean

reversion is unlikely to play a role in our empirical framework.

Pre-trends. We find that households in our treatment group (wealth-tax payers) were increas-
ing their stock market share more than the control group leading up to the 1998 reform. However,
as soon as the reform occurred, this relationship reversed. This is reassuring in the sense that
treated households are unlikely to have been on a pre-existing trend that would explain our find-

1 The presence of an upward-sloping pre-trend is not surprising given the fact that the

ings.?
wealth-tax equity premium was introduced in 1992. Hence, we are at least partially observing
gradual responses to the 1992 equity premium introduction. Importantly, this does not violate
the implicit parallel trends assumption of our identification strategy. In fact, adjusting for the
pre-trend by detrending our estimates would inflate the causal effect of the 1998 reform, essen-
tially by double counting the treatment effect. As we discuss in section 6.1, the evidence indicates
that the increasing stock market share for the treated households compared to the control group
during the pre-1998 reform period reflects only delayed responses to the 1992 introduction of the

wealth-tax equity premium.>?

31More rapid yearly reductions in the risky share as one grows older would otherwise be a concern as wealth-
tax payers, on average, are older. At any rate, our empirical specification allows for cohort-specific age effects
(equation 11)

320ur qualitative findings of strong responses to equity premium changes do not hinge on the pre-trend being
entirely caused by the 1992 introduction of the wealth tax equity premium. If we assume that there is some
long-run underlying trend (that we should adjust for), then, if we detrend the post-period estimates, we are
doing two things: (i) we remove the trend from the raw post-1997 estimates, and (ii) we add the first-period
treatment effect to the second-period effects. Hence, if we multiply the detrended second-period estimates by 0.5,
we obtain the average sensitivity to the wealth tax equity premium, where the average is across an introduction
and a removal. This approach is agnostic to whether or not there exists an underlying long-run trend. By visual
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Passive movements. In our setting, treated households have higher initial stock market shares
than other households. Hence, their portfolio share tends to be more sensitive to aggregate stock
price movements. This is unlikely to explain our main findings. While we find a significant
negative effect on portfolio shares during 1997-2003, the Norwegian stock market all-share index
changed only -1% during the same period.?® In addition, when we extend our sample to include
the stock market boom years 2004-2007, we find no indication that portfolio adjustments follow
the stock market. Figure 5 contrasts our estimates with movements in the stock market index.
This exercise shows rather clearly that the portfolio responses we estimate are not driven by
differential exposure to aggregate stock market movements. The cumulative response between

2003-2007 is essentially zero while the stock market index goes up by almost 250%.

FIGURE 5: CONTRASTING ESTIMATED DYNAMIC EFFECTS WITH MOVEMENTS IN THE STOCK
MARKET INDEX

This figure shows repeats the analyses in Figure 3 on an extended sample. We now also include the years 2004—-2007, during
which the Norwegian stock market was booming. These years are omitted from the main sample due to (i) a temporary re-
introduction of the wealth tax equity premium in 2004 (within one year of the introduction, a new government announced that
it would immediately be scaled back and removed) and (ii) increases in the values of the lower wealth tax threshold. However,
these years may serve as a test for whether the empirical findings are purely driven by overall stock market movements. See
Appendix Figure A.17 for a version that also overlays the central bank policy rate.
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Nevertheless, to verify that this is not driving our results, we show that our findings are
robust to controlling for the initial (1993) stock market share interacted with year dummies to
capture aggregate stock price variation (see Appendix Figure A.7).3* We also employ a more
direct approach, following Calvet et al. (2009), which removes variation in the stock market
share caused by aggregate market movements, i.e., “passive” movements in stock market portfolio
shares, leaving movements that reflect “active” portfolio allocation decisions. More specifically, we

normalize the stock market share to zero in 1997 and, for any year ¢, we deduct the change in the

inspection of Figure 3, which shows the dynamic effects on the stock market share, we see that 0.5 times the
detrended estimates are indeed slightly larger in magnitude than the raw estimates, hence our qualitative findings
would remain unchanged.

33In addition, from December 1999 to December 2000, the Norwegian All-Share index rose by 0.98% while we
document a negative change in the risky share from 1999 to 2000.

34We use the 1993 portfolio shares since these are the earliest that we observe and are thus the least affected by the
treatment (i.e., the wealth tax equity premium). Ideally, we would use 1992 shares or earlier since these would
be unaffected by the presence of a wealth tax equity premium.
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stock market share that would arise if the investor was simply holding the market portfolio (see
also Gomes and Smirnova, 2021). We do this both for the case when dividends are not reinvested
(as in Calvet et al. 2009) and for the case when dividends are invested (as is the case for many
mutual funds). As we discuss further in Section 5.2, both of these approaches produce estimates

of the dynamic responses that are virtually identical to our baseline estimates.

Equilibrium effect on stock prices. Because returns are endogenously determined, aggregate
after-tax excess returns of stocks may be mechanically affected by wealth tax reforms. We have
two answers to this concern. First, one benefit of our setting is that Norwegian individuals who
are subject to the wealth tax hold a modest share of the aggregate Norwegian stock market. In
1997, Norwegian individuals only owned about 8% of the aggregate value of Norwegian stocks
(Bghren and Odegaard, 2001), with the majority being held by international entities and financial
institutions (not subject to the wealth tax). We therefore believe that the potential impact of the
wealth tax reform on equilibrium stock prices and returns is small, as there is a substantial presence
of investors who are not subject to the Norwegian wealth tax. Second, and most importantly,
whether there is some effect on equilibrium stock prices is immaterial in our setting, since this
additional effect would be differenced out by our empirical framework. People are subject to
different changes in the wealth tax premium on stocks, which leads to changes in the after-tax
expected excess stock returns among wealth tax payers relative to non-payers, for any given

aggregate stock market valuation.

Omitted variables bias, matching, and sample restrictions. Appendix B.5 shows that
our main estimates are virtually unchanged by a wide range of additional covariates, including
granular education field—year fixed effects, employment industry—year fixed effects, controlling
for income levels, including granular census tract—year fixed effects (Appendix Figure A.5) or
implementing propensity-score matching (Appendix B.6). The fact that these additional controls
leave both cumulative effects and dynamics unchanged supports the notion that our findings are
not materially confounded by unobservable factors that correlate with wealth. Finally, we also
show that our findings are robust to implementing stricter sample restrictions in terms of ex-ante

taxable wealth, income, and age (Appendix Figures A.6 and A.9).

Other potential issues. Appendix B discusses additional potential issues related to the in-
terpretation of our results. In particular, we discuss concerns that also the control group may
be affected by the wealth tax reforms (Appendix B.1) and whether wealth effects may affect our
findings (Appendix B.2). To address these concerns, we implement several robustness checks,
including omitting households near the wealth tax threshold or households that switch wealth-tax
payer status after the reform. We also discuss, in greater detail, the relationship between the
differential portfolio dynamics that we observe and movements in the Norwegian stock market
index and the central bank policy rate. In all cases, we show that our findings are robust to these

concerns.

30



6.1 Pre-trends and the 1992 introduction of the wealth tax equity premium

Our empirical findings clearly show that households who were affected by the drop in the
wealth-tax equity premium in 1998 were on upward-sloping trajectories in terms of both partici-
pation and their stock market share in the years before. While we have presented both pre-trend
adjusted and unadjusted results, our preferred approach does not adjust for pre-trends. This
approach is justified under the assumption that pre-trends are causally driven by the earlier 1992
introduction of the wealth tax equity premium. Because our main data begin in 1993 we cannot
use our main outcome variables (e.g., stock market share of financial wealth) to test the hypothesis

that the 1993-1997 effects are part of a longer-run pre-trend starting well before 1992.
FIGURE 6: LONG-RUN PRE-TRENDS

The figure uses stock-saving tax deductions (independent of the wealth-tax scheme), which extend back to 1985, as a proxy
for stock market saving to show pre-trends for a longer horizon. We regress an indicator for claiming stock-saving deductions
at the individual level (AMS fradrag) on year and household fixed effects as well as year fixed effects interacted with the
treatment dummy, T'reat; 1997, and report the estimated coefficients on Treat; 1997 in the figure. Capped lines provide 95%
confidence intervals.
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However, some data on investment behavior is available for the years prior to 1993. Specifi-
cally, during 1982-1999, all income-tax paying households were eligible for a so-called stock saving
deduction (“AMS fradrag” in Norwegian). Importantly, this stock-saving incentive was indepen-
dent from the wealth tax scheme. Individual taxpayers could deduct annual purchases of stocks
and mutual fund shares up to at most NOK 5,000, and reduce their income tax bill by 15% of
the amount (Statistics Norway, 1997).3% The potential income tax reduction was modest at NOK
750 (USD 100). However, we observe all these deductions in our data going back before 1993,
and can use them to trace “active” stock market investing due either to entry into the market by

non-participants or to increased exposure by the existing participants.?%

35The deduction is claimed the same year as the stocks are purchased. If the stocks are sold within five years, the
investor must repay the tax reduction through a negative deduction in the year of the subsequent sale.

36In, e.g., 1997, when our variables overlap, we find that 55% of entrants (stock market share goes from zero
to positive) are captured by a dummy for obtaining a stock-saving deduction. This is found by regressing a
stock-saving deduction indicator variable on the stock market participation indicator among the previous years
nonparticipants, where the coefficient on participation is 0.55 (¢-statistic = 465.63)
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We produce Figure 6 by re-estimating our baseline specification (equation 10), using an
indicator for claiming the stock-saving deduction as the left-hand-side variable. We use the
same sample of households and define treatment as before. Hence, we estimate the effect of
paying a wealth tax in 1997 on whether households claimed the stock-saving deduction during the
(extended) 1985 to 1999 period. This allows us to understand whether the pre-trends in portfolio
choices observed in Figures 3 and 4 are driven by long-run trends from before the 1992 tax reform,
or if they are causally driven by the 1992 introduction of the wealth tax equity premium.

The findings, shown in Figure 6, are striking. From 1992 to 1997, wealth-tax payers were
increasingly more likely to actively purchase stocks (i.e., obtain the stock-saving deduction). The
process reverts when the wealth-tax equity premium vanishes in 1998. The 1992-1997 trend
closely resembles that found when considering stock market shares and participation. Crucially,
this long-run analysis reveals that the stark 1992-1997 trend is not part of a longer-run trend.
During the 1985-1992 period, the difference in active stock purchases between wealth-tax payers
and non-payers is fairly constant and the cumulative change is weakly negative.

In summary, our findings suggest that the 1992-1997 pre-trends in Figures 3 and 4 are driven
by the 1992 introduction of the wealth-tax equity premium. This means that these trends should
not be used to infer counterfactual trends during 1993-2003. Accordingly, our main specification

should not adjust for pre-trends.

7 Relating our estimates to models with adjustment frictions

Our empirical design speaks directly to recent models of equilibrium asset prices that high-
light the importance of frictions for understanding stock price and exchange rate movements. For
instance, the inelastic market hypothesis of Gabaix and Koijen (2021) is directly related to the
sensitivity of stock portfolio shares to the equity premium and thus to our estimated responses.
Gabaix and Koijen (2021) posit that the portfolio share in stocks «; of some investor i is deter-
mined by a simple rule a; = 6;€*™ where 6; is a baseline stock portfolio share, # is the deviation
of the equity premium from its average, and k; is the responsiveness of investor ¢ to movements in
the equity premium. The price elasticity of stock demand for investor i (using Gabaix and Koijen
2021 notation) is then (; = 1 — 6; + k;0, which is directly increasing in the responsiveness of the
investor’s portfolio share to equity premium changes.

In Gabaix and Koijen (2021), investors are institutional investors, and low values of k; are
meant to reflect ubiquitous, binding mandates to stick to pre-determined portfolio allocation rules.
Our evidence suggests that mandates may mirror the adjustment pattern of individual investors
served by the funds rather than being an independent source of sluggishness in portfolio adjust-
ments. Consistent with this, Dahlquist and Ibert (2024) show that even large asset managers’
portfolios respond only weakly to shifts in expected returns, underscoring how mandates can
translate into inelastic demand.

Gabaix and Koijen (2021) also show that broad market movements in stock prices depend
on the weighted-average responsiveness, where the weights are the shares of the stock market
owned by each investor. Hence, to understand market movements, one needs to study how ad-

justment speed covaries with stock market wealth. Accordingly, we use the Calvet et al. (2009)
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index of adjustment costs to split households into 10 deciles. For each decile, we calculate the
share of in-sample stock market wealth owned by households in that decile. We then estimate our
main specification in Table 2, column (1), allowing dynamic responses to vary at the predicted
adjustment-cost decile. We use this to compute the speed at which households respond to the
equity premium shock. We present our results in Figure 7, which has two key findings. First,
the estimated response speed (blue squares) shows considerable heterogeneity driven by portfolio
adjustment costs. Crucially, the response speed is significantly higher for households with lower
portfolio adjustment costs (higher rebalancing strength according to the Calvet et al. 2009 in-
dex). In particular, for households in the lowest PAC decile, 80% of the total response to the
equity premium change takes place within the first two years—compared to less than 20% among
households in the highest five or so deciles of adjustment costs.

Second, it is visually clear that the speed of response to the equity premium shock is strongly
correlated with stock market wealth. Households with lower adjustment costs hold a larger share
of the stock market (grey bars). Those in the bottom decile of portfolio adjustment costs hold
about 40% of the in-sample stock market wealth and, as noticed, their response speed is quite
high.

Our findings imply that the equal-weighted and share-weighted average response speeds will
be quite different. Indeed, we calculate that the share-weighted observed response speed is 0.51,
which is more than twice as much as the equal-weighted speed of 0.24 (which can be inferred from
column 1 of Table 2). Importantly, however, this does not mean that frictions do not matter. For
households in the highest 9 deciles of PAC, who own a combined 60% of the market, the response
is quite slow. Most of these households’ two-year responses are well below 40% of their long-run

responses.
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FIGURE 7: HETEROGENEITY IN THE PORTFOLIO RESPONSE SPEED TO EQUITY
PREMIUM SHOCKS

This figure shows how stock market share (SMS) response speed (measured as the 1998-1999 effect divided by the
2002-2003 cumulative effect) varies across deciles of portfolio adjustment cost (PAC), defined in equation (12).
The gray bars provide the share of total (in-sample) stock market wealth (SMW) held by each of the deciles.
The average response speed weighted by the share of in-sample SMW is 0.51. The underlying specification does
not adjust for pre-trends.
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Overall, the results shown so far support the idea that households face significant portfolio
adjustment frictions that considerably slow down their response to changes in the equity premium.
Once households are allowed enough time to adjust their portfolio, the size of the response is as
predicted by Mertonian portfolio models and in line with a relatively contained coefficient of
relative risk aversion. But the convergence to the Mertonian benchmark takes years, even when

the change in the equity premium is salient and long lasting, as is the case in our setting.

8 Discussion and conclusions

In this paper, we have presented novel evidence on how households respond to changes in
the equity risk premium. We use long-lived and salient variation in the equity premium arising
from wealth taxation, which side-steps important, attenuating measurement-error issues in the
literature that relies on survey-based measures of stock returns beliefs. Our data allow us to
show the dynamics of the responses over several years—a feature that is essential to identify the
portfolio adjustment process in the presence of adjustment frictions. We document that investors
do respond to long-lasting changes in the equity premium but the speed is slow. However, once
investors are given enough time, their final response size is of the same order of magnitude as that
of Merton-type frictionless models calibrated with reasonable levels of risk aversion. Our evidence

lends strong support to the burgeoning asset pricing literature that invokes portfolio adjustment
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frictions as the cause for estimated inelastic stock market demand.

We can use our estimates to set a bound on the size of the monetary equivalent of the
adjustment cost. A back of the envelope calculation suggests that for the average household, the
monetary benefit from adjusting to the change in the equity premium in the same year of the
1998 reform, rather than spreading the response over the following 5 years, is $3.2.3” Hence, even
very small adjustment costs in excess of this contained amount can cause responses to be very
sluggish. Yet, the benefits from faster adjustment are not equal across investors. Importantly, we
show evidence that the speed of adjustment is positively correlated with investors’ ownership share
of the stock market. Asin Gabaix and Koijen (2021) this implies that stock market price elasticity
depends heavily on the distribution of stocks in the population: if stock market ownership is highly
concentrated, the market becomes more elastic and thus less volatile.

Our findings have implications for optimal capital taxation as well. It may be optimal to tax
different types of assets at different rates (see, e.g., Scheuer 2013). For example, policymakers
may wish to incentivize households to tilt their savings towards risky assets, perhaps to foster
more entrepreneurship and growth. If so, the extent to which differential taxes have behavioral
responses (i.e., there is portfolio reallocation) matters. If there are very small responses, which
would be the case if households are highly risk averse, then lowering the tax rate on risky assets
would only serve as a tax break for stock market participants and would not tilt savings toward
riskier assets. Our findings show that the behavioral responses are sizable and in line with those
implied by a reasonably parameterized model. In addition, our findings imply that one should
treat with caution estimates of portfolio reallocation that rely on a short sample period, as they
may understate true long-run behavioral responses. This is far from obvious in the context
of public finance. While one may expect total savings to respond sluggishly, this sluggishness
occurs entirely without frictions. Capital taxation affects the level and growth of consumption,
which produces a sluggish effect on the stock of savings (Saez and Stantcheva, 2018). Portfolio
composition, on the other hand, could (in principle) be immediately adjusted. Hence, it is not
obvious that differential capital taxation will have sluggish effects.

Our results indicate that one-time entry costs are more important in determining participa-
tion dynamics than per-period participation costs, whichmay have implications for macroeconomic
modeling. These findings imply that one-time shocks may have long-lived effects on participation
and thus affect the distributional implications of monetary policy (Melcangi and Sterk, 2024;
Morelli, 2025) in the long-run.

Finally, while we provide evidence of the existence of adjustment frictions, we make no
attempt to identify the nature of the friction. For example, these adjustment frictions could
be driven by information gathering costs, by investor inattention, and behavioral frictions (e.g.,
procrastination or willingness to only use new savings to change the asset allocation), or be due

to portfolio re-adjustment requiring costly effort, as in Garleanu and Pedersen (2013). Identifying

3" This is computed as ZtT:fg%%?’(aT — o) X A X Wiger where ar is the stock portfolio share prevailing in the last

year of sample, A is the (average) wealth-tax equity premium, and Wigg7 is the average stock of financial wealth
prior to the reform. Hence, it measures the total extra return the investor would earn by adjusting the share
to its “long-run” value ar already in the first year of the tax reform. In a quadratic adjustment cost model
with adjustment cost parameter 6 the above measure is equal to tT:lz%%S 01997 | — a1997|, increasing in the
adjustment cost parameter 6.
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the nature of the friction is important to design policies aimed at reducing market volatility. We

leave this task for future research.
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A Online Appendix

A.1 Additional Figures and Tables

FIGURE A.1: QUASI-PLACEBO EFFECTS WHEN ASSIGNING TREATMENT IN 1995

This figure shows the effect of the reduction in the wealth-tax-induced equity premium on households initially above the
wealth tax threshold in 1995 (Treat; 1995 = 1), rather than 1997 (as in the main specification), on their stock market share.
The implicit placebo test is whether we observe a sharp reduction in the SMS during 1996 and 1997 preceding the actual
risk-premium reduction that occurs in 1998. The orange line provides detrended estimates, in which the years 1994—1997
are omitted to estimate the time trend for the treated. The purpose of the exercise is to identify the (intent-to-treat) effect
when using earlier (1995) treatment status as the main treatment variable while acknowledging that treatment does not go
into effect until 1998. The gray line provides the raw differences between the treatment and control group. Differences are
normalized to be zero in 1997 (while treatment is assigned as of 1995). Capped horizontal lines provide 95% confidence
intervals, where the standard errors are clustered at the household level.
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FIGURE A.2: ROBUSTNESS TO ISOLATING ACTIVE PORTFOLIO ADJUSTMENT

This figure shows the effect of the reduction in the wealth-tax-induced equity premium on households initially above the
wealth tax threshold in 1997. The solid orange line provides our baseline estimate. The short-dashed (triangles) and long-

dashed (circles) lines remove changes driven by cumulative market returns since 1997. That is, S’MS%“‘”& = SMSyiy —

SMS; 1997 % Riggzt/[SMSi,lQQ'Y X R‘i997,t + (1 — SMS; 1997) X R{997,t}‘ R§997,t is the cumulative return of holding the
Norwegian stock market from 1997 to t (see, e.g., Gomes and Smirnova, 2021). When ¢t < 1997, we divide by the cumulative
returns from t to 1997. We use two different measures of stock market returns. The short-dashed lines (triangles) assumes
that dividends are reinvested (Source: OECD, FRED SPASTT0INOMG661N). The long-dashed lines (circles) does not assume
that dividends are reinvested (see, e.g., Calvet et al. 2009, source: S&P Global Equity Indices). Ri997,: is a measure of the
cumulative risk free return since 1997, proxied for by the average bank deposits rate per Statistics Norway’s statistics. Note:
the finding that there are still pre-trends when removing passive movements in the stock market share is fully consistent with
pre-trends being driven by sluggish responses to the 1992 reform.
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FIGURE A.3: ROBUSTNESS TO CONTROLLING FOR TIMING OF HOUSING TRANSACTIONS

This figure shows the effect of the reduction in the wealth-tax-induced equity premium on households initially above the
wealth tax threshold in 1997. The solid orange line provides our baseline estimate. The short-dashed (triangles) line shows
the estimated coefficient once we flexibly control for changes to homeownership and the relative timing of transactions real
estate markets. The homeownership control is simply a dummy for whether the household at time ¢ owns a house according
to their tax returns. For transactions, we construct the variable NextTransactionYear which takes a value of zero if there is
no transaction between ¢ and 2004. If there is a transaction, it takes the value of the year closest to ¢t. Hence, if a household
transacts in 2002, this NextTransactionYear takes a value of 2002 for all the preceding years in our sample. We then take
out fixed effects at the ¢t X NextTransY ear level. This implies that in the year 2000, for example, we estimate a fixed effects
for each of the transaction years 2000, 2001, 2002, 2003, and 2004, and also a fixed effect for households that do not transact
during 2000-2004. We also include a variable PreviousTransactionYear, that is similarly constructed but only accounts for
transactions occurring strictly before t.
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FIGURE A.4: ROBUSTNESS TO OMITTING HOUSEHOLDS WHO SWITCH FROM PAYING TO NOT
PAYING A WEALTH TAX

This figure shows the effect of the reduction in the wealth-tax-induced equity premium on households initially above the
wealth tax threshold in 1997. The solid orange line provides our baseline estimate. The long-dashed (circles) line shows
the estimated coefficient once we limit the sample to households who do not switch from paying to not paying a wealth tax
between 1997 and 2003. The short-dashed (triangles) line shows the effects once we implement a “donut-hole” strategy: we
omit households with TNW within 50,000 of the NOK 120,000 wealth tax threshold in 1997 to limit the extent to which
households switch from paying to not paying (or vice versa) between 1997 and the post-1997 period.
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FIGURE A.5: ROBUSTNESS TO CONTROLLING FOR NARROW EDUCATION FIELD FIXED
EFrFECTS AND INCOME LEVELS

This figure shows the estimated effects when including additional control variables. The solid orange line provides our
baseline estimate. The long-dashed (circles) line shows the estimated coefficient when including interacted year—education
field—education level fixed effects. Education fields include, e.g., linguistics, economics, law, nursing, electrical services,
business, dentistry. The short-dashed (triangles) line shows the estimated effects when further controlling for log total income
as of 1997 interacted with year fixed effects in order to capture differential nonlinear trends that are correlated with income
levels. The dotted line (diamonds) include year—census tract fixed effects, where the 2001 census tracts, from the 2001 census,
are used.
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FIGURE A.6: ROBUSTNESS TO MORE NARROW SAMPLE RESTRICTIONS IN TERMS OF INCOME
AND WEALTH

This figure shows the estimated effects when imposing stricter sample restrictions. The dashed line (circles) show the estimated
cumulative effect on the stock market share when dropping households not inside the 10th to 90th percentile band of taxable
net wealth as of 1997. The percentiles are based on the baseline analysis sample. The short-dashed line (triangles) show
the effects when we similarly drop households outside the 10th to 90th percentile band of household income as of 1997. The
dotted line (diamonds) show the effect when implementing both the sample restrictions at the same time. The orange solid
line (squares) show the baseline estimates.
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FIGURE A.7: ROBUSTNESS TO CONTROLLING FOR EX-ANTE STOCK MARKET EXPOSURE

This figure shows the reduced-form effect of the reduction in the wealth-tax-induced equity premium on households initially
above the wealth tax threshold (Treat; 1997 = 1) on their stock market share. The underlying specification drops 1993
observations but includes the household stock market share as of 1993 as a control variable: the orange line with hollow
squares provides non-detrended estimates using equation 10, but with the additional term (:SM.S; 1993, and is only estimated
for t > 1993 . This specification is meant to address differential, possibly non-linear trends based on ex-ante stock market
exposure. Capped horizontal lines provide 95% confidence intervals for the non-detrended estimates, where the standard
errors are clustered at the household level.
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FIGURE A.8: USING THE 2004-07 STOCK MARKET BOoOM TO TEST WHETHER RESULTS ARE
DRIVEN BY AGGREGATE STOCK MARKET MOVEMENTS

This figure shows repeats the analyses in Figure 3 on an extended sample. We now also include the years 2004-2007, during
which the Norwegian stock market was booming. These years are omitted from the main sample due to (i) a temporary re-
introduction of the wealth tax equity premium in 2004 (within one year of the introduction, a new government announced that
it would immediately be scaled back and removed) and (ii) increases in the values of the lower wealth tax threshold. However,
these years may serve as a test for whether the empirical findings are purely driven by overall stock market movements.
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FIGURE A.9: ROBUSTNESS TO MORE NARROW SAMPLE RESTRICTIONS IN TERMS OF AGE

This figure shows the estimated effects when imposing stricter sample restrictions on age. The long-dashed line (circles)
only keep households where the household head is between 50 and 66 in 1997. This cutoff corresponds to the 25th to 75th
percentile of the 1997 age distribution of treated households. The short-dashed line (squares) similarly only keep households
aged between 54 and 61, which corresponds to the 40th and 60th percentile of the treated household age distribution.
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FIGURE A.10: ROBUSTNESS TO INCLUDING EMPLOYER INDUSTRY FIXED EFFECTS

This figure shows the estimated effects when including additional control variables: We include year fixed effects interacted
with five-digit employer industry (NACE) fixed effects based on the household head’s 1997 main employer. The solid orange
provides the baseline estimates without these control variables and the dashed gray line provides the estimated effects when
these additional controls are included.
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FIGURE A.11: ROBUSTNESS TO INCLUDING HOUSEHOLDS WITH PRIVATE EQUITY ASSETS

This figure shows the estimated effects when (i) removing the restriction that households cannot have owned any private
equity (unlisted stocks) during the 1994-1997 period, and (ii) including year-by-year fixed effects for whether they owned any
private equity during the 1994-1997.
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FIGURE A.12: ROBUSTNESS TO CONTROLLING FOR HOUSEHOLD DEBT LEVELS

This figure shows the estimated effects when including additional control variables. The long-dashed line (circles) provides
the estimates when we include year fixed effects interacted with indicator variables for whether the household has strictly
positive debt in 1997. The short-dashed lines (triangles) instead include the ratio of household debt to financial wealth (FW)
in 1997 (winsorized at the 99th percentile). The solid orange provide the baseline estimates without these control variables
and the dashed gray line provides the estimated effects when these additional controls are included.
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TABLE A.1: THE EFFECT ON STOCK MARKET PARTICIPATION

Notes: This table shows the estimated effect of a change in the risk premium on stock market
participation, estimated using equation 11, without adjusting for pre-trends. Standard errors are
clustered at the household level. Stars indicate significance at the 10%, 5%, and 1% levels.

(A) Cumulative Effects

1992-reform 1998-reform
(1) (2)
Cumulative Effect 44.20%** 9.16%**
(0.75) (0.76)
Period 1993-1997 1998-2003
Implied by estimate £1993 £2003

(B) Underlying Regression Estimates

(1)
£1993 44.20%**
0.75
€1994 3{5.14*3‘*
0.71
£1995 2;.74*2“*
0.53
£1996 1;.83*1*
(0.53)
€1997 (*)
€1998 -1.19%*
0.44
£1999 —2(.49*2*
0.57
€2000 (0.20)
0.64
£2001 3(.50*)(())’<
0.69
£2002 7(.61**)*
0.74
£2003 9(.16**))’<
(0.76)
N 1,883,765
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TABLE A.2: THE EFFECT ON STOCK MARKET SHARES

Notes: This table shows the estimated effect of a change in the risk premium on the stock market
share, estimated using equation 11, without adjusting for pre-trends. Standard errors are clustered
at the household level. Stars indicate significance at the 10%, 5%, and 1% levels.

(A) Cumulative Effects

1992-reform 1998-reform
(1) (2)
Cumulative Effect 7.3465%** 6.2427%**
(0.2899) (0.3150)
Period 1993-1997 1998-2003
Implied by estimate £1993 £2003

(B) Underlying Regression Estimates

(1)
£1993 7.3465%**
(0.2899)
€1994 6.3734%*
(0.2753)
£1995 6.0267***
(0.2572)
£1996 3.7831*%*
(0.2135)
€1997 (*)
€1908 2.3887**
(0.1950)
£1999 0.8765%**
(0.2533)
£2000 2.370***
(0.2887)
£2001 5.4686***
(0.3021)
£2002 7.5787HFF*
(0.2981)
£2003 6.2427%**
(0.3150)
N 1,883,765
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FIGURE A.13: EFFECT ON STOCK MARKET ENTRY AND EXIT

This figure provides the estimated yearly reduced-form effects on stock market entry and exit. Entry is
defined as max(SM P; —SMP;_1,0) and the estimates are provided by the hollow squares (solid line). Exit
is defined as max(—[SMP; — SMP;_1],0) and the estimates are provided by the hollow circles (dashed
line). The two separate regressions are performed by estimating equation 10.
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FIGURE A.14: HETEROGENEITY-ROBUST ESTIMATION

This figure provides the estimated yearly reduced-form effects the stock market share using the estimator
by De Chaisemartin and d’Haultfoeuille (2020).
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TABLE A.3: SUMMARY STATISTICS BY WEALTH TAX BINS

This table provides summary statistics for the main variables used in the analyses. Taxable Net Wealth (TNW), Financial
Wealth (FW), and Labor Income are provided in NOK. USD/NOK exchange rate was approximately 7.5 in Dec 1997.

Non-payers

Above First Threshold Above Second Above Third

Mean Mean Mean Mean

TNW -32,691 187,252 363,122 618,852

FW 38,437 59,259 138,950 300,541
SMS 0.061 0.059 0.083 0.091
Mutual funds/GFW 0.041 0.043 0.064 0.068
DH Stocks/GFW 0.020 0.016 0.019 0.023
SMP 0.21 0.23 0.38 0.51
Age 45.69 57.71 57.25 57.55
College 0.25 0.14 0.20 0.26
Biz/Law/Econ 0.03 0.01 0.02 0.03

Labor Income 299,190 229,492 284,661 326,644
Observations 87,866 19,229 50,473 13,890
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A.2 Media Coverage of Wealth Tax Reform

Searches in Norwegian newspaper archives provide an abundance of articles about the im-
plications of the wealth tax reform. Below we translate excerpts from some of these articles,
choosing an array of newspapers to underline the breadth of coverage (different local as well as

national outlets.?®)

e Aftenposten (large, old national newspaper), 1997/10/14, writes that the new national
budget is both “sweet and sour for the households.” “Wealth: The government reduces
the wealth tax for persons as part of a larger tax package where the counter-balance is a
reduction in the so-called stock discount (see page 6). But for ordinary folk without stocks

and with wealth, the tax cut implies a net gain.”

e Bergens Tidende (Regional newspaper based in 2nd largest city, Bergen), 1997/10/14, de-
scribe the new national budget and how it will affect the large stock owners: “According
to the new proposal [for the national budget], the stock discount shall be removed, which
means that the stocks’ full value shall be used at taxation. As a counter-act, the highest

marginal wealth tax rate is reduced from 1.5 to 1.1 percent |...]”

e Dagens Naeringsliv (large national business-focused newspaper), 1997/11/18, write in their
headline that it will become “more expensive for employers [...]. They elaborate and say

that “the so-called stock discount for wealth taxation of listed stocks is being removed |...]

e Dagsavisen (national labor-movement newspaper), 1997/12/10, write in their outline of the
new tax policies that “In the [coalition government] budget, the tax discount on listed stocks
was [...] removed. It was earlier at 25 percent. [...] At the same time, the tax rate was

lowered by 1.5 to 1.1 percent.

e Nordlys (northern-Norway regional newspaper), 1998/08/01, write that the political parties
are preparing for a tax-treasure hunt. “The stock discount will become this fall’s political
trend word, so you might as well learn its contents [...] Last year, the labor party government
had gotten enough. the rich had gotten rich enough, they better pay a wealth tax on their
stocks [..]”

We also examine the media coverage more formally. Figure A.15 provides the cumulative number
of times different tax-related keywords appear in newspapers. We rely on the digitized archives
provided by the Norwegian National Library that covers virtually all Norwegian newspapers during
1996-1999. We also see that there are few changes during 1997 in how often capital income is
mentioned, but that the terminology “stock discount”, which refers to the fact that stocks are
tax-favored relative to safe assets, starts appearing more regularly as of October 1997. We also see
that for most of 1996, “income tax” and “wealth tax” were mentioned almost an identical number
of times. Starting around the time the new tax policy was formally announced in October 1997,

the cumulative mentions diverge—with “wealth tax” taking the lead.

38Original articles, written in Norwegian, are available through either the national public library, www.nb.no, or
the newspaper archive subscription service atekst.
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FIGURE A.15: Media Coverage of Tax Reform

This figure shows the cumulative mentioning (starting Jan 1st 1996) of different tax-related keywords. The blue
line with square symbols provides the cumulative number of times the word “formuesskatt” (translated: wealth
tax) has appeared. The counting procedure relies on the National Library’s methodology: if the keyword appears
multiple times in a given newspaper issue (e.g., the Monday issue), then it is only counted once. The orange dashed
line provides the cumulative number of times “inntektsskatt*” (translated: income tax) is mentioned. The asterix
allows for definitive and plural variations. The solid green line considers “kapitalinntekt” (translated:capital
income). The circle-connected red line considers the mentioning of “aksjerabatt*” (translated: [wealth tax] stock
discount). The underlying data is publicly available at www.nb.no, and was accessed on 12/4/2021.
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A.3 Changes in the average versus the marginal equity premium

The Merton model provides predictions regarding the marginal effect on portfolio allocation
of a marginal change in the equity risk premium. The ideal experiment is perhaps that the risk-
free rate decreases exogenously for a random subset of investors who then face a higher equity
risk premium. In such an experiment, we would expect the full substitution effect from risk-free
to risky assets as predicted by the Merton model.

In our setting however, this effect could be muted. This is because the wealth tax scheme
during 1992-1997 had differential effects on the marginal and average after-tax equity premium
faced by investors. Consider first the 1992 introduction of the wealth tax equity premium. This
government introduced a 25% tax assessment discount on stocks. This assessment discount implied
that, for wealth tax payers, 1 NOK of stocks had a 25% lower wealth tax effect than 1 NOK of
safe assets, which is what caused the wealth tax equity premium. However, as investors respond
to this wealth-tax induced equity premium by substituting away from deposits and bonds towards

stocks, their taxable net wealth decreases. At some point, the investor may have reduced their
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stock holdings enough to bring their taxable wealth below the wealth tax threshold. Once taxable
net wealth is below the threshold, further substitution away from safe assets toward risky assets
would not lower the wealth tax bill, and, hence, there is no longer an incentive to substitute.
This means that in 1997, investors might not have as high of a risky share as what the Merton
model would predict given the after-tax equity premium. Accordingly, once the wealth-tax equity
premium is removed in 1998, households might also not respond fully as subscribed by the Merton
Model: while their final risky share, observed in 2003, would be the one implied by the Merton
model, the baseline equity share in 1997 may have been “too low,” especially if these households
had very low risk aversion. Importantly, however, the households who would have had a muted
optimal share as of 1997 should have taxable net wealth equal to the 1997 wealth tax threshold.
They would not be located well above the threshold, because then they would still, on the margin,
have faced a positive wealth tax equity premium. While it is of course impossible to locate exactly
at this threshold through portfolio allocation responses (e.g., uncertainty about income flows and
realized returns), we would expect the muted investors to be located near or around the tax
threshold.

To conclude, the fact that the wealth tax differentially affected the marginal and average
(after-tax) equity premium will potentially cause a downward bias in the magnitude of the long-
run portfolio response. It should not affect the dynamics. Hence, our qualitative finding that
households have sizable portfolio responses when given enough time is, if anything, strengthened

by the fact that some households may have had muted portfolio shares as of 1997.

A.4 Estimating implied entry and exits stock market participation costs

Recall from section 2.2 that d;g:,f) = ¢2G(;(g%w2 dgﬁg) = ¢P2€:§1)1—,3)Wz

for an investor who exits or one that re-enters or chooses to continue to stay in the market. Both

for a first-time entrant and

expressions are measured when the change in the equity premium occurs. We do three exercises.
First, we use our estimates of the effect of a unitary increase and a unitary decrease in the equity
premium to obtain estimates of the investors risk relative risk aversion. We have shown in sec-
tion 5.5 how this can be done obtaining two point estimates of relative risk aversion:1.81 when
the variation in the equity premium due to the 1998 reform and 2.81 when using the estimated
responses to the 1992 introduction of a tax induced equity premium. To recover the risk aversion
parameter, we use the stock portfolio share conditional on participation and the participation
rate for the treated before the reform,in 1997 and in 1992. We observe the 1997 values but not
the 1992 ones as data start in 1993. Hence we use the values for the conditional share and the
participation rate in 1993 (0.142 and 0.145 respectively), but estimate the 1992 participation rate
to be 0.12 by subtracting from 0.145 the average additional increase in participation among the
treated in the first two years following the reform to account for some effect in between 1992 and
1993.

Second, we use the above expressions for dgﬁ:f’) to get a sense of the size of the effect of
a unit change in the equity premium on participation, as implied by the model. Third, we
dr(w)

use the estimates of =55+ together with their analytical expressions to obtain an estimate of

the implied total entry cost, ¢, (the sum of the one-time and the per-period costs) and the
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per-period cost, ¢P. Namely, we exploit the estimated cumulative response to the drop in the
() dr(w)
2G gg7 (W)yo? drl >

equity premium starting in 1998 to pin down the per-period cost as ¢!’ =
dr(w)
dr?

tax equity premium. Similarly, we use the estimated cumulative response to the increase in the
s ¢ -
(re) dr(w) where 1) = 44.20,

= 2G’1992(1Z;)'yc72 drp > dr?

where = 9.1 is our estimated cumulative participation response to the 1998 reversal of the

equity premium following the 1992 reform to estimate ¢
and G'(w) is computed at the time of the reform.

For the last two exercises, we need to make assumptions about G(w). Rather than assuming
a specific distribution, we approximate G(w) with the empirical distribution of financial wealth.
Figure A.16 plots both the CDF and the probability density (PDF') of financial wealth for
households affected by the tax reforms in 1992 and 1997.

In the data, the average stock market participation rate in 1997 is 37% among the treated
households. Using the simple participation model, the wealth cut-off, w, should be such that
0.37=1-— G1997(u7); thus, w corresponds to the value of wealth where the empirical CDF = 0.63
in 1997. At this value of wealth, we find that the empirical PDF is about 2.6 x 1076. This
is our approximation for Ggg7(w) when calibrating the marginal effect of a drop in the equity
premium or estimating per-period participation costs after the drop in the premium in 1998. We
use the same procedure to compute the empirical PDF in 1993— the first year for which we have
the data after the 1992 reform—when the participation rate was 14.5% for wealth-tax payers.
In this case our approximation for Gfggs(w) is 1.4 x 1075, which we use when estimating entry
costs in response to the 1992 reform or calibrating the marginal effect of an increase in the equity

premium.
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FIGURE A.16: FINANCIAL WEALTH DISTRIBUTION

The bars in this figure show the empirical probability distribution function (PDF) by NOK 10,000 bins of Financial Wealth
(FW) as for the treatment group. The corresponding y-axis is on the right hand side. The concave line (left-hand-side
axis) shows the empirical cumulative distribution function (CDF). For the purpose of this figure, FW is trimmed at its 99th
percentile. Panel (A) shows the distribution of financial wealth in 1997, and Panel (B) shows the distribution as of 1993. The
stock market participation among the treated was 37% in 1997 and 15% in 1993. For 1997, the wfor which 1 — G(w) = 37%
gives G’ (w) = 2.672 x 1075, the latter is obtained from the empirical PDF. For 1993, associated with 1 — G(w) = 15%, is a
w of about 235,000, with a corresponding G’ (w) = 1.443 x 1075,
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TABLE A.4: CALIBRATED MARGINAL EFFECTS OF EQUITY PREMIUM CHANGES AND
ESTIMATED PARTICIPATION COST

Notes: See text for description of the methodology. This table uses a USD/NOK conversion rate of 7.

Risk aversion Calibrated marginal effects: dgff) Implied participation cost (USD)
1992 reform 1998 reform one-time entry, ¢ per-period, ¢*
(1) (2) (3) (4)
3 57.4 14.3 615.8 68.7
2.31 44.2 10.99 799.7 89.2
2.81 53.8 13.4 657.4 73.6
1.81 34.6 8.6 1020.7 113.9

The first two columns of Table A.4 show the calibrated marginal effects of the 1992 increase
in the equity premium and the 1998 reversal on participation for various levels of risk aversion,
including the two risk aversion parameters implied by the empirical effect on the portfolio share,
as well as the average of the two parameters of 2.31. For this calculation, we need an assumption
on the size of the participation costs ¢ and ¢!. Assume that the one-time fixed participation is
around 2% of permanent income (as estimated by Alan 2006 in a calibrated life cycle model). In
our context, this amounts to about 5,600 NOK ($800), using the average labor income of wealth-
tax payers (NOK 280,000, Table 1 in the text) as a proxy for permanent income. As for the
per-period cost, an approximate value consistent with existing estimates is around $100 (NOK
700), which is in the ballpark of the values of per-period costs estimated by Fagereng et al. (2017)
for Norway using a structural estimation approach or Vissing-Jorgensen (2002) on US data who
finds a participation cost of $350 and Paiella (2001) documenting participation costs in the $70
to $140 range. With these values, and further assuming a baseline equity premium of 3.2% and a
variance of stock returns of 0.04 (as in Fagereng et al., 2017), the marginal effect on participation
of a unit increase in the equity premium implied by the model is 44.2 for a risk aversion of 2.3;
and 53.8 for a risk aversion of 2.81; and 34.6 for risk aversion of 1.81. The calibrated marginal
effect of a unit decrease in the equity premium around is 8.6 when risk aversion is 1.81 and 13.4
when risk aversion is 2.81.

Columns (3) and (4) show the estimated total one-time entry and per-period costs, ¢ and
#*, implied by our estimates of the marginal effects, again for different levels of risk aversion.
For risk aversion of 2.31, we estimate the entry cost at NOK 5,598 ($799.7) and the per-period
participation cost at NOK 624.7 ($89.2). For risk aversion of 2.81 the two figures are respectively
$657.4 and $73.4; and for risk aversion of 1.81 they are $1020.7 and $113.9, respectively. These

values are all in the ballpark of existing estimates.

A.5 Sample restrictions

Our data starts with the universe of adults who appear in the register data with both de-

mographic and tax data, providing 2,705,511 individual-level observations as of 1997. We then
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reduce the sample to 961,538 individuals by only including households that owned a home during
1995-1997. We then reduce the sample to 873,246 by requiring non-missing household financial
data (stocks and deposits) during 1994-2001. This drops households who died prior to 2001. We
then restrict the sample to unique households (i.e., going from individuals to households), which
reduces the sample to 605,037 households. We then drop households who benefited from the 80%
tax ceiling rule in 1997, which reduces the sample to 604,211. We then focus on households that
satisfy the taxable net wealth criteria (TNW > -250,000) in 1997, which reduces the sample to
433,367. Imposing stably assessed housing wealth in the pre-period (i.e., taxable housing wealth
in 1995 through 1997 are all the same, which, due to no changes to assessment policy, is a suffi-
cient condition for households not having moved) reduces the sample to 344,142 households. The
restriction that households did not own any private equity during 1994-1997 reduces the sample
to 234,397 households. Requiring the household head to be at least 30 years old in 1997 reduces
the sample to 212,397. Imposing stable pre-period treatment (i.e., that households were either
consistently above or below the lowest wealth tax threshold during 1994-1997) reduces the sample
to 171,262 households.

One of the more consequential restrictions is to focus on households who owned housing.
Housing wealth enters at a 75% discount into the tax base, TNW, but debt enters one for one.
Hence, many positive “market value”-wealth household will have negative TNW. Given that the
lowest wealth tax threshold is fairly low in 1997 at NOK 120,000, we want to include negative-
TNW households (who still have positive net worth). We do not want to include zero-asset
households who are likely poor controls for wealth tax payers. The natural way of implementing
this restriction is to focus on homeowners.

Another consequential restriction is to drop those who owned any private equity prior to the
reform. We do this to stay consistent with the literature that focuses on stock market wealth and
to avoid potential confounding due to tax responses (e.g., avoidance). Nevertheless, we show in
Appendix Figure A.11that our results remain unaffected when including PE-owners in our sample

and including year-by-year control variables for pre-period PE ownership.

B Additional discussion of identification strategy

B.1 Treatment effects of the reform on the control group

While the control group may be treated insofar there is a general equilibrium effect, this is
addressed by considering differential effects with respect to the ex-ante wealth tax status. The
remaining concern is that ex-ante nonpayers’ portfolio behavior is also affected to the extent that
they, as of 1997, expected to be subject to the wealth tax equity premium sometime in the future
during 1998-2003, and are thus affected by its removal. For example, in 1998 some households
may have predicted that they will cross the wealth tax threshold by the year 2000 and thus become
eligible for the differential tax discount and accordingly revised their portfolio allocation already
in 1998. If so, this would lower the estimated sensitivities we derive in the DiD framework, and
thus leave our findings qualitative unaffected. To verify whether this concern is serious, and rule

out that it could drive the dynamics of the response, we implement two alternative specifications.
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In the first specification, we drop households who switch wealth tax status from 1997 to 2003. In
the second specification, we instead implement a “donut strategy” of dropping households close
to the wealth tax threshold in 1997 to limit the likelihood that households in the sample switch
status. Appendix Figure A.4 verifies that both these strategies result in slightly larger cumulative

effects and very similar dynamics.

B.2 Wealth effects from reduced marginal tax rate on safe assets

Figure 1 explains the tax reform that we use for identification. It shows that the identifying
variation in the equity premium comes from a reduction in the marginal tax rate on safe assets.
Hence, wealth tax payers who held safe assets (virtually all) would see reduced future wealth
tax payments. This has the potential of affecting portfolio composition through a wealth effect
(typically called income effect in the public finance literature). Under the work-horse constant
relative risk aversion model, wealth effects nevertheless leave the share of risky assets relative to
total wealth—which may exceed financial wealth—constant. The wealth effect, by increasing total
wealth, however, then implies a weakly higher risky share of assets relative to financial wealth
if total wealth is weakly higher than financial wealth. Hence, income effects, if present, would
work to reduce the magnitude of the responses. There is no clear reason why it would affect the
dynamics. Hence, the presence of income effects would not qualitatively affect our findings.

Abstracting from theory, it is useful to consider existing empirical evidence. Ring (2020)
studies the effects of a Norwegian wealth tax reform that did not discriminate between safe and
risky assets and find no effects on the portfolio share. Hence, it is not clear that even if a downward
(in magnitude) bias exists, in a theoretical sense, that it is empirically relevant in our setting.

Finally, the fact that a reduction in the marginal tax rate on safe assets may induce substi-
tution towards safe assets is not a complication. It is rather part of the mechanism. The extent
to which this substitution occurs through reducing investment in the risky share is what we want

to measure and it is captured by our portfolio share measure.

B.3 Central bank policy rate

The dynamics of our effects may appear to be negatively related to the Norwegian central
bank policy rate. During the years 1993-2003, the correlation between our estimates and the
central bank policy rate in Appendix Figure A.17 is 0.0528. During 1993-1997 there is a clear
negative relationship. During 1998-2003 there is a less clear relationship, in part because the
policy rate drops sharply in 2003 while our cumulative effects increase. During extended sample
period, 2004-2007, there does not appear to be a relationship. The change in the estimated

cumulative effect is essentially zero while the policy rate increases substantially.
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FIGURE A.17: CONTRASTING ESTIMATED DYNAMIC EFFECTS WITH MOVEMENTS IN THE
STOCK MARKET INDEX AND CENTRAL BANK POLICY RATE

This figure shows repeats the analyses in Figure 3 on an extended sample. We now also include the years 2004-2007, during
which the Norwegian stock market was booming. These years are omitted from the main sample due to (i) a temporary re-
introduction of the wealth tax equity premium in 2004 (within one year of the introduction, a new government announced that
it would immediately be scaled back and removed) and (ii) increases in the values of the lower wealth tax threshold. However,
these years may serve as a test for whether the empirical findings are purely driven by overall stock market movements.
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B.4 Correlation between portfolio dynamics and the stock market index

Appendix Figure 5 shows the relationship between the estimated portfolio effects and move-
ments in the stock market during 1993-1997. However, this relationship largely goes away for the
1998-2003 post-period. While the cumulative portfolio effect is clearly negative by 2003, the stock
market index has in fact increased. Focusing on the extended sample period (2004-2007) more
clearly indicates that our findings are not driven by comovements with the overall stock market.
Our cumulative estimated effect is essentially zero while the stock market index surges. If our
findings were driven by a differentially higher sensitivity to aggregate stock market movements
among the treated group, we would have expected large positive (and not flat) changes to the
stock market share during 2004-2007.

B.5 Other factors correlated with both wealth and portfolio share dynamics

We also address the concern that treated households are wealthier and thus may differ beyond
their exposure to the wealth tax reform. For example, wealthier households may face different
labor market risks, and differential shocks during the sample period may affect our results. Since
wealth levels is the main determinant of treatment (and higher wealth implies a larger reduction
in the wealth tax premium as seen in Figure 1), we cannot use ex-ante wealth as a control variable,
as it would absorb the identifying variation. Instead, we do implement robustness checks that
involve including other control variables.

Our first robustness check consists of including year—field of study—education level fixed ef-
fects. These fixed effects are granular, and distinguish between individuals who have a vocational

high school degree in electrical services versus someone with a college degree in, e.g., economics
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or nursing. By interacting these (interacted) fixed effects with year fixed effects, we absorb po-
tential nonlinear time trends associated with these types of educations. Our second approach
retains these fixed effects and include controls for total household income as of 1997, also inter-
acted with year fixed effects to capture differential nonlinear trends associated with differences
in income levels. Appendix Figure A.5 includes the benchmark estimates for comparison, which
shows including these additonal controls has virtually no impact on our estimates.

An additional concern is that the effects we document may be driven by outliers in terms of ex-
ante taxable wealth or income levels. To address this, we implement tighter sample restrictions by
dropping households outside the 10-90th percentile bands of taxable wealth or household income.
Appendix Figure A.6 shows that the results are virtually unchanged by implementing these sample
restrictions. Both the cumulative effects and the adjustment dynamics are almost identical. Our
third robustness check includes additional covariates related to household debt in 1997. This is
to further address the concern that differential exposure to changes in interest rates, e.g., due to
mortgages, may affect our results. Appendix Figure A.12 reveals quantitatively similar effects,
where both the cumulative effects and dynamics are nearly identical. Our fourth robustness check
includes employer-industry fixed effects (interacted with year fixed effects) based on the household
head’s main employer in 1997. This robustness is intended to address the concern that wealthier
individuals may be more likely to be in more pro-cyclical industries. One example is the oil
industry, where incomes may be more sensitive to oil price fluctuations. Reassuringly, including

these industry fixed effects barely affects our results (see Appendix Figure A.10).

B.6 Robustness to Propensity Score Matching

We predict propensity scores (whether above the wealth tax threshold in 1997) using a probit
model with log household income in 1997, interacted education field and education year fixed
effects, and the 1993 stock market share as the dependent variables. We calculate propensity
score weights according to Hirano and Imbens (2001). We verify that this leads to a sample

balanced on observables.

TABLE A.5: PROPENSITY SCORE WEIGHTING BALANCE CHECK

This table provides summary statistics by Treat; 1997 when propensity score weights are used.

Untreated Treated
Mean  p25 P75 Mean  p25 p75
log(household income), 1997 12.50 12.20 12.93 12.50 12.11 12.96
Whether college degree 0.2235 - - 0.2217 - -
Stock Market Share, 1993 0.1926 0 0 0.1902 0 0
Observations 87,532 83,165
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FIGURE A.18: ROBUSTNESS TO PROPENSITY SCORE MATCHING

This figure shows the estimated effects when implementing a propensity score matching approach (Hirano and Imbens, 2001).
See Appendix B.6 for details.
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