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Asset valuations across many asset classes have increased substantially
over the past several decades. While these rising valuations had impor-
tant effects on the distribution of wealth, little is known regarding their
redistributive effects in terms of welfare. To make progress on this ques-
tion, we develop a sufficient statistic for the money-metric welfare gain of
deviations in asset valuations. This welfare gain depends on the present
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value of an individual’s net asset sales rather than asset holdings: higher
asset valuations benefit prospective sellers and harm prospective buyers.
We estimate this quantity using panel microdata covering the universe of
financial transactions in Norway from 1994 to 2019. We further demon-
strate how to adapt our baseline statistic to account for important consid-
erations, such as incomplete markets and collateral constraints. We find
that the rise in asset valuations had large redistributive effects: it redis-
tributed from the young to the old and from the poor to the wealthy.

I. Introduction

The past few decades have seen large increases in asset valuations across
many asset classes.’ These rising valuations had important effects on the
distribution of wealth. This raises the questions: What are the welfare con-
sequences of such asset price changes? Who wins and who loses from a rise
in asset valuations?

One view is that any rise in asset prices represents a welfare-improving
shift of resources toward the wealthy and should be taxed as such (e.g.,
Piketty and Zucman 2014; Saez, Yagan, and Zucman 2021).> An opposite
view is that a rise in asset prices, without a corresponding rise in cash flows,
simply generates “paper gains,” with no effect on actual income and there-
fore welfare (e.g., Cochrane 2020; Krugman 2021).° Which (if any) of these
two opposing views is correct?

To make progress on this question, we develop a sufficient statistic ap-
proach that quantifies the individual (money-metric) welfare effect of a

We wish to thank John Campbell, Jeanne Commault, Eduardo Davila, Katya Kartashova,
Camille Landais, John Leahy, Ian Martin, Clara Martinez-Toledano, Daniel Reck, Juliana
Salomao, Lukas Schmid, and Stijn Van Nieuwerburgh for helpful discussions. Matthieu Go-
mezand Emilien Gouin-Bonenfant acknowledge support from the National Science Founda-
tion under grant number SES-2117398. Benjamin Moll acknowledges support from the
Leverhulme Trustand the European Union’s Horizon 2020 research and innovation program
(grant no. 865227). Andreas Fagereng, Martin Holm, and Gisle Natvik acknowledge support
from the European Research Council under the European Union’s Horizon 2020 research
and innovation program (grant no. 851891). This work was edited by Andrew Atkeson.

! See, e.g., Farhi and Gourio (2018), Greenwald, Lettau, and Ludvigson (2019), or Van
Binsbergen (2020) for empirical evidence.

* For example, Piketty and Zucman (2014) write: “Because wealth is always very concen-
trated . . . [a] high [wealth-to-income ratio] implies that the inequality of wealth, and po-
tentially the inequality of inherited wealth, is likely to play a bigger role for the overall
structure of inequality in the twenty-first century than it did in the postwar period. This evo-
lution might reinforce the need for progressive capital taxation.”

* Cochrane (2020) writes that “much of the increase in ‘wealth inequality’ . . . reflects
higher market values of the same income flows, and indicates nothing about increases in
consumption inequality.” Krugman (2021) discusses the hypothetical effect of declining
interest rates on large fortunes in 19th-century England: “So since the ownership of land, in
particular, was concentrated in the hands of a narrow elite, would falling interest rates and
rising land prices have meant increased inequality? Clearly not. . . . The paper value of their
estates would have gone up, but so what? The distribution of income wouldn’t have changed
atall”
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deviation in asset prices. We then operationalize this approach using Nor-
wegian administrative panel data on asset transactions from 1994 to 2019
to quantify the redistributive effects of the rise in asset valuations over this
time period.

We ask the following question: In monetary terms, how much does an
individual value a deviation in the trajectory of asset prices, holding every-
thing else (including asset cash flows) constant? The answer to this ques-
tion is given by the following formula:

,
Welfare Gain; = > R x Sales;, x Price Deviation,, (1)

t=0

where ¢ denotes the individual, 7" is the length of the sample period, R > 1
is a discount rate, Sales;, are the net sales of the asset by individual ¢ in year ¢,
and Price Deviation ¢ is the deviation of the price of the asset relative to a
baseline scenario. In words, the welfare gain equals the net present value
(NPV) of the trading profits due to the deviation in asset prices. The for-
mula follows from applying the envelope theorem and thus holds for
small price deviations, a point we discuss in more detail below. The welfare
gain is in dollar terms and corresponds to the individual willingness to
pay for the deviation in asset prices at time ¢ = 0 (equivalent variation).
The formula is for the case of one asset, but the extension to multiple as-
sets is straightforward. Finally, this version of the formula abstracts from a
number of important considerations such as incomplete markets and col-
lateral constraints, which we take into account below.

Our formula for the welfare gains of asset-price changes ([1]) high-
lights that these welfare effects depend on asset transactions, not asset
holdings. Intuitively, higher asset valuations are good news for prospec-
tive sellers (those with Sales;, > 0) and bad news for prospective buyers
(those with Sales;, < 0). A particularly interesting case is an individual
who owns assets but does not plan to buy or sell (i.e., Sales,, = 0). For
such an individual, rising asset valuations are merely “paper gains,” with
no effect on welfare.

It is useful to contrast these results with the two polar views described
earlier. The first view posited that higher asset valuations redistribute to-
ward existing asset holders. Our formula shows that it is sellers that ben-
efit, not holders: if asset holders never sell, they do not benefit from the
unrealized capital gains generated by the price deviation. The second
view held that all (or at least most) of rising asset valuations are irrelevant
for welfare. As our formula shows, this is only true if assets are not traded
(e.g., in an economy with a representative agent). However, when het-
erogeneous individuals buy and sell assets as they do in the real world,
fluctuations in asset prices do generate welfare gains and losses. In short,
both views are incomplete.
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As we show in the paper, the formula easily extends to multiple assets
including bonds and long-lived assets subject to transaction costs (e.g.,
housing). Our key contribution is an empirical implementation of this
welfare formula for the Norwegian economy. We compute welfare gains
and losses due to the observed path of asset prices from 1994 to 2019 rel-
ative to a baseline where asset prices grew in tandem with dividends (i.e.,
relative to a balanced growth path as the baseline). Formally, we compute
the relative price deviation in (1) as the relative difference between the
actual price-dividend ratio PD, and a baseline price-dividend ratio PD:

PD, — PD

Deviation Price, =
PD,

(2)

For our application, we use the 1992-96 average price-dividend ratio as
the baseline (i.e., a 5-year window around the beginning of the sample).
Importantly, all of the variablesin (1) and (2) are readily observable in our
data. Price deviations in Norway have been particularly large for real estate
(i.e., house prices have grown much faster than rents) and debt (i.e., real
interest rates have declined sharply).

Our main findings are as follows. First, rising asset valuations have had
large redistributive effects. While the average individual-level money met-
ric welfare gain is around $10,000, itis —$185,000 at the 1st percentile and
$273,000 at the 99th percentile (in 2011 US dollars). As a fraction of total
wealth (i.e., financial wealth plus human wealth), the average welfare gain
is 0.0%, while it is —30% at the 1st percentile and 27% at the 99th percen-
tile. Importantly, the distribution of welfare gains differs substantially from
the distribution of revaluation gains (defined as the discounted sum of as-
set holdings times the changes in asset valuations), which are positive for
almost everyone (and, in magnitude, equal to 16.4%, on average).

Second, we quantify the amount of redistribution across cohorts. Over-
all, we find a large amount of redistribution from young to old. For in-
stance, the average welfare gain is approximately —$13,000 for the cohorts
aged 15 or younger at the end of 1993 (millennials) and around $22,000
for the cohorts aged 30 and older at the end of 1993 (baby boomers). This
intergenerational redistribution is primarily due to the fact that the young
are net buyers of housing. Declining interest rates of mortgage debt offset
the welfare losses of the young due to rising house prices but do so only
partially.

Third, we quantify the amount of redistribution across the wealth distri-
bution. We rank adults according to their total initial wealth (measured at
the end of 1993) within cohorts and find that welfare gains have been con-
centrated at the top of the wealth distribution. The wealthiest 1% experi-
enced, on average, a $73,000 welfare gain, while the corresponding num-
ber is nearly zero at the 10th percentile, reflecting the fact that (perhaps
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surprisingly) the wealthy tend to be net sellers of equity and borrowers.
However, average welfare gains track total wealth almost one-for-one
along most of the wealth distribution: the average welfare gain as a fraction
of total wealth remains approximately constant from the 20th through the
80th percentile, at around 1.8%. This reflects that transactions are roughly
proportional to wealth in that part of the wealth distribution.

Norwegian households trade not just with each other but also with the
rest of the world and the government. We show that the net welfare gain of
the household sector came at the expense of the Norwegian government,
which, through the sovereign wealth fund, is a net saver. The government
intertemporal budget constraint implies that Norwegian households will
eventually have to bear the cost of this “government welfare loss” through
lower future net transfers.

Our baseline welfare gain formula is derived in a deterministic model
without borrowing constraints. Taking advantage of the envelope theo-
rem’s flexibility, we consider several model extensions and explain how
they affect our formula. Building on these theoretical results, we then em-
pirically implement a version of our sufficient statistic to address what we
view as the most important omissions of our baseline empirical exercise:
borrowing constraints with collateral effects, incomplete markets, second-
order effects from the large observed asset-price changes, and valuation
changes beyond the end of our sample period. These generalizations af-
fect our estimated welfare gains and losses quantitatively but not qualita-
tively. More specifically, considering incomplete markets and valuation
changes beyond the end of our sample tends to dampen the welfare loss
of young generations. We also discuss the interpretation of our sufficient
statistic in more general environments, particularly when asset prices are
determined in general equilibrium.

Literature—Our paper contributes to several strands of literature. In
recent decades, there has been a sustained rise in valuations across many
asset classes (e.g., Piketty and Zucman 2014; Farhi and Gourio 2018; Green-
wald, Lettau, and Ludvigson 2019). As a response to this trend, a growing
literature focuses on understanding the effect of rising asset prices (and de-
clining interest rates) on wealth inequality (e.g., Catherine, Miller, and Sa-
rin 2020; Kuhn, Schularick, and Steins 2020; Cioffi 2021; Greenwald et al.
2021; Wolff 2022; Gomez and Gouin-Bonenfant 2024; Gomez 2025). Rel-
ative to this literature, our contribution is to study the heterogeneous ef-
fect of rising asset prices on welfare.* More broadly, we contribute to a
large literature that uses microdata to study the heterogeneity in saving

* Our theoretical results build on Moll (2020), who studied a two-period model similar
to that described in sec. IL.A. Our result that the welfare of an individual who never buys or
sells an asset is unaffected by a change in asset price is related to (but different from) a
result by Sinai and Souleles (2005) that an individual with an infinite expected residence
spell is insulated from house price risk.
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and portfolio choices over the life cycle (e.g., Berger et al. 2018; Feiveson
and Sabelhaus 2019; Calvet et al. 2021; Black et al. 2022) and along the
wealth distribution (e.g., Bach, Calvet, and Sodini 2017, 2020; Fagereng
et al. 2019; Mian, Straub, and Sufi 2020).

Davila and Korinek (2018) study the externalities associated with asset-
price fluctuations in economies with financial frictions. In this context,
they obtain a similar formula as our sufficient statistic for the welfare effect
of small asset-price changes (see lemma 1 in that paper). We generalize
this expression along empirically relevant dimensions (e.g., more than
three time periods, intergenerational linkages, the government sector,
and financial transactions done via businesses), we develop a methodolog-
ical framework to measure these welfare effects at the individual level, and
we implement it using household-level transaction data. Davila and Kori-
nek (2018) show that deviations in asset prices generate two types of exter-
nalities: distributive externalities (when agents do not equate their marginal
rates of substitutions across states or times) and collateral externalities
(when asset prices matter for financial constraints). Building on these
two insights, we stress that, while our baseline measures of welfare gains
aggregate to zero in the population, they no longer do when we modify
the formula to take into account incomplete markets (sec. V.A) or collat-
eral constraints (sec. V.B).

Our formula for welfare gains is also related to Auclert (2019), who de-
rives the welfare and consumption effects of deviations in interest rates.
Relatedly, Greenwald et al. (2021) stress that the welfare effect of a perma-
nent decline in interest rates can be measured as the duration mismatch
between consumption and income, which they estimate using US data.
While there is a profound connection between the two approaches, our
sufficient statistic has two main advantages for our application.” First, it al-
lows us to consider the welfare effect of arbitrary valuation changes across
asset classes rather than the ones induced by a uniform shift in discount
rates in all asset classes. Second, it allows us to measure welfare gains using
financial transactions, which we observe directly, rather than in terms of
the path of consumption and income, which is typically harder to observe.
Finally, our focus on the heterogeneous welfare effect of asset-price fluc-
tuations connects this paper to Doepke and Schneider (2006), who esti-
mate the redistributive effect of inflation episodes using data from the Sur-
vey of Consumer Finances, as well as Kiyotaki, Michaelides, and Nikolov
(2011) and Glover et al. (2020), who study the redistributive effect of asset-
price fluctuations using calibrated models.

More generally, our paper is related to a large asset pricing literature on
the role of discount rate shocks. One key finding in the literature is that

> We discuss the precise mapping between the two approaches in app. sec. E.4 (apps. A—-
E are available online).
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discount rate shocks account for most asset-price fluctuations (Shiller
1981; Campbell and Shiller 1988). The distinction between cash flow and
discount rate shocks has important implications for portfolio allocation
(e.g., Merton 1973; Campbell and Viceira 2002; Campbell and Vuolteenaho
2004; Catherine et al. 2022). Relative to these papers, we examine the ef-
fect of discount rate shocks on welfare, both theoretically and empirically.

Finally, our emphasis that rising asset valuations benefit sellers and not
asset holders has some historical precedent in the works of Paish (1940),
Kaldor (1955), and Whalley (1979) who were, in turn, part of a debate in
the public finance literature whether unrealized capital gains are a form
of income and should therefore be taxed (Haig 1921; Simons 1938).°

Road map.—This paper is organized as follows. In section II, we present
our theoretical framework to quantify the welfare effect of a deviation in
asset prices. In section III, we discuss the implementation of our sufficient
statistic approach using administrative data from Norway. In section IV, we
report our estimates for the redistributive effects of asset-price changes.
Finally, we discuss generalizations of our sufficient statistic approach in
section V.

II. Theoretical Framework

This section presents our sufficient statistic approach. To focus on the in-
tuition, we first examine the welfare effect of asset-price deviations in a
two-period model with only one asset in section IL.A. We then generalize
the result to an infinite horizon model with multiple assets and adjust-
ment costs in section II.B. We then discuss some extensions of our results
in section II.C to more general models.

A.  Intuition in a Two-Period Model

Time is discrete with two time periods ¢t = 0, 1. Individual i receives labor
income Y, at time 0 and Y;, at time 1. There is one asset available for trad-
ing attime ¢ = 0 with price P > 0, which pays a dividend D, > 0 at time 1.
Individuals have time-separable preferences with a differentiable utility
function U(-) that is increasing and strictly concave and with a subjective
discount factor 8 < 1.

Individual problem—Denote by C;, the consumption of individual i at
time ¢ and N, the number of shares owned at the end of period . Given

¢ For example, Kaldor (1955) writes: “We may now turn to the other type of capital ap-
preciation which [comes] without a corresponding increase in the flow of real income ac-
cruing from that wealth . . . [insofar] as a capital gain is realized and spent . . . the benefit
derived from the gain is equivalent to that of any other casual profit. If however it is not so
realized, there is clearly only a smaller benefit.”
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initial asset holdings N, _;, the problem of the individual is to choose con-
sumption and asset holdings to maximize utility,

Vio = max U(Cyp) + BU(Ci,l)) (3)

{Ci0,Cii.No}

subject to the following budget constraints:

Ci,U + (MO - Ni,—l)Po =Y,
Q,l = Ni,oDl + Yll (4)

These budget constraints say that in each period ¢, consumption plus net
asset purchases (the left-hand side) must equal income (the right-hand
side).”

Welfare effect—Consider a small change in the price of the asset at time
t = 0, holding everything else constant. We are interested in the welfare
gain associated with this change in asset prices, which we define as the
amount of money that would have an equivalent effect on individual wel-
fare (“equivalent variation”). For brevity, we will simply refer to this quan-
tity as “welfare gain” in the rest of the paper, but itis important to keep in
mind thatitis a money metric.® For an infinitesimal price change d P, the
welfare gain simply corresponds to the change in welfare dV;, scaled by
the marginal utility of consumption U’ (C,y). Applying the envelope the-
orem yields the following expression for the welfare gain:’

dVio

m = (N;-1 — Ny)dh. 5)

The effect of a rise in F is given by the extent to which it relaxes the bud-
get constraint at ¢ = 0, namely, asset sales N, ; — N,o. More precisely, a
rise in the price of the asset benefits individuals who plan to sell the asset
(i.e., Niy < N;-1) and hurts individuals who plan to buy the asset (i.e.,
N,y > N;-1). Importantly, a rise in the price of the asset does not affect
individuals who do not plan to trade (i.e., N;, = N,_;): for those individ-
uals, the rise in the price of the asset is merely a “paper gain” with no cor-
responding effect on welfare. Similar expressions for the welfare effect of
asset prices were previously obtained by Davila and Korinek (2018) and
Moll (2020) in similar two- and three-period environments.

7 Recall that the environment has only two periods, with no market for transactions at
time ¢ = 1 (alternatively, the price of the assetis zeroat ¢ = 1). We consider the multiperiod
case below, in which we add appropriate terminal conditions.

% Consistently with standard consumer theory, we focus on a money-metric measure of
welfare to respect the notion that preferences are ordinal, rather than cardinal, in nature
(Mas-Colell, Whinston, and Green 1995; Baqaee and Burstein 2023). Our measure is sim-
ilar to the welfare-equivalent increase in consumption defined in Lucas (2000). (For more
details, see proposition Al3 [propositions A1-Al5 are available online].)

¢ See app. sec. E.1 for the explicit derivation.
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Welfare versus revaluation gains—The resultin equation (5) may be sur-
prising at first. How can an asset holder not benefit from a price rise given
that the marketvalue of their initial wealth unambiguously increases? The
reason is that we consider a rise in P, holding everything else (in partic-
ular, the dividend of the asset D,) constant.'” While a rise in P, increases
the return of holding the asset at time ¢ = 0, it simultaneously decreases
the return of holding the asset at ¢ = 1. On net, only individuals whose
holdings decline over time (i.e., sellers) end up benefiting from the rise
in asset price.

To see this formally, denote R, the return of the asset at time ¢; that
is, Ry = Py/P-; and R, = D,/P,. Note that a rise in P, increases R,, via a
higher capital gain, but decreases R, via a lower dividend yield:

@ =1/P.,>0, @ = —R/P <0. (6)

dp,
The welfare gain due to this change in asset returns can then be written
a'sll

av, .
Tcoo) = N Py xdR, + R'NyP x dR,

contribution of return at =0 contribution of return at t=1 (7)
= N,-1dPy — NydF,

where the second line is obtained via (6). This alternative derivation
highlights that the welfare effect (5) can be seen as the sum of two terms:
the first term N;_;d P, accounts for the positive effect of a rise in F;, on to-
day’s return (via a higher capital gain), while the second term, —N,, dF,
accounts for the negative effect of a rise in P, on tomorrow’s return (via
a lower dividend yield). For an individual who does not trade, the two
terms offset each other; as a result, a change in asset prices has no welfare
effect. We will illustrate the difference between the welfare effect of a de-
viation in asset prices—the left-hand side of equation (7)—and its reval-
uation effect—the first term on the right-hand side of equation (7) in our
empirical application.

As we discuss in more detail in our multiperiod model, when dividend
income D rises as well, it remains true that a rising asset price F, benefits

' To put this more precisely, it is useful to adopt the asset pricing perspective that the
asset price at ¢ = 0 is the present discounted value of future cash flows: P, = D, /R, where
R is the asset required rate of return, which we take as exogenous. An increase in the price
P, without a change in the dividend D, is equivalent to a fall in the required rate of return
Ri. We develop this general point in app. sec. E.4.

"' This follows from rewriting the budget constraints (4) as Gy, + Ay = RyA;, 1 + Yy
and C;; = RA;y + Y1, where A;, = N,,P,, and using the envelop theorem to compute the
effect of deviations in R, and R, on the value function.
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A Effect on seller B Effect on buyer

t=1 t=1

N N >
Py 1 and so P 1 and so 21 |

Dy
Py ¥

Cia |

Yia+ NioaDy

Yio Cio t=0 Cio Yio =0

(Nos —No)Po >0 (Niyr = Nig)Po <0

F1c. 1.—Welfare effect of an increase in the asset price F, on the welfare of a seller (A)
and that of a buyer (B). The red lines represent the agent’s present-value budget constraints
(4"), which go through the endowment points C;, = Y, and C;; = Y;; + N,_; D, and have
slope —D, /Py. In both panels, the solid budget constraint and indifference curve corre-
spond to the allocation at the initial asset price, and the dotted lines are those at the new,
higher price. When the asset price P, increases, the budget constraint slope —D; /P, flattens,
rotating through the endowment point. The seller’s welfare increases (A) and the buyer’s
welfare decreases (B).

sellers and not holders. However, there is now an additional effect: a rise
in dividend income directly benefits all asset holders. Equivalently, it off-
sets the decline in the dividend yield and hence the return R, = D;/P,.

Graphical intuition—Building on Whalley (1979), figure 1 presents a
graphical intuition for the welfare consequences of asset-price changes
based on the Fisher diagram, the standard graphical apparatus for intertem-
poral consumption choice problems. The red line represents the present-
value budget constraint of the agent’s problem, with slope —D, /Py, while
the black curve represents the agent’s indifference curve.'

Consider the welfare consequences of a rise in the asset price P, for a
hypothetical seller (panel A) and buyer (panel B). When the asset price F,
rises, the budget constraint rotates through the endowment point and be-
comes flatter (the slope is —D;/P,). The figure shows that the seller ends
up on a higher indifference curve (increase in welfare), whereas the buyer
ends up on a lower indifference curve (decrease in welfare)."”

'* More precisely, the present value budget constraint for the agent problem is given by

Py Py
Cio + é(ﬁl =Y + IT? Yo + No B, (4)

¥ In fact, our notion of money-metric welfare gain corresponds, at the first order, to the
horizontal distance between the initial C,, and the new budget line (as indicated by the

solid arrows), as this distance measures the extent to which G, would need to adjust if C; was
held constant: AC;y = (N,—; — Niy)AP,.
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B. Baseline Model

We now extend this simple intuition to an infinite horizon deterministic
economy with multiple assets and adjustment costs (hereafter, the “base-
line model”), which is key to bringing the theory to the data.

Financial markets—There is a sequence of liquid one-period bonds
with a face value of one and price Q, > 0 available for trading. Purchas-
ing a one-period bond is equivalent to investing in a deposit account
with an interest rate R.; = 1/Q, between time ¢ and ¢ + 1. Denote by
Ry, = R - R, """ R, the cumulative return of these one-period bonds be-
tween time 0 and ¢ There are also K long-lived assets available for trad-
ing (e.g., housing, stocks, private businesses, or long-term bonds). A share
of asset 1 < k < K is a claim to a stream of dividends {D;,, }~,, with price P,,
at the end of period ¢ The return of asset k between ¢ and ¢ + 1 is thus
Ry = (D + Pk,l+1)/Pk,z-

We assume that trading these long-lived assets is subject to adjustment
costs, which may be large or small depending on the asset. These adjust-
ment costs capture that some assets, such as houses and privately traded
equity, are illiquid. For other assets, such as publicly traded equity, the
adjustment costs—which may be arbitrarily small—are instead a techni-
cal assumption required to have well-defined asset-demand functions in
a deterministic economy.'* We assume that the adjustment costs, denoted
X:x(+), are continuous functions of the number of assets purchased each
period. Still they can be kinked (nondifferentiable) to capture infrequent
adjustment and inaction regions (as in Bertola and Caballero [1990] or
Kaplan, Moll, and Violante [2018]).

Individual problem—Individuals have time-separable preferences with
a differentiable utility function U(-) that is increasing and strictly concave
and a subjective discount factor 8 € (0, 1). They receive labor income Y, > 0
at time ¢, and they can trade financial assets: we denote by B, the holdings
of the one-period bond and by N, those of asset k at the end of period .
Individuals take asset prices as given and choose a path of consumption
and asset holdings to maximize utility

©

Vio= max >BU(C,), (8)

{CBdNu ) Yo

subject to initial asset holdings B;_, and {N;, _1 },, as well as a sequence of
budget constraints

" These adjustment costs are no longer necessary when the economy is stochastic (if as-
sets have heterogeneous risk profiles, see app. sec. A.2) or when agents have nonmonetary
benefits of owning certain assets (e.g., owning a house vs. renting it, see app. sec. A.4.1).
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K K
G, + E(Mkr = Nigi-1) P + B, Q, + Exk(]\[i,k,t = Nipi-1)
k=1

k=1
K )
2 ik,t— lel + Bll 1 + )]zl

k=1

The budget constraint says that consumption plus net purchases of finan-
cial assets (the left-hand side) must equal total income in each period ¢
(the right-hand side), which is the sum of dividend, interest, and labor
income.

Because of the infinite-horizon setup, we also assume the following tech-
nicality conditions: a bound on asset holdings Nj;, € ©;, where ©, is com-
pact; a lower bound on the price of one-period bonds liminf,_,..Qr > 0;
a no-bubble condition lims_,,,RyL;P.r = 0; and a no-Ponzi condition
limy . R;L + (Br Qr + SNy Por) > 0.9 Finally, we assume that there
exists a unique solution {C;,, B;,, {Nix. }+} =0 and that it is continuous with
respect to asset prices.

Welfare effect—We are interested in the welfare effect of a small pertur-
bation in the path of asset prices. Formally, we consider an infinitesimal de-
viation of the path of asset prices, denoted by {dQ,, {dP,,},}/Zo, holding
everything else constant.'® We assume that the deviation does not explode
over time, that is, that it satisfies the no-bubble condition limy_,. Ry, ;,dQy =
limy_, . RyL ;dP,+ = 0.As in the case of the two-period model above, we
define the welfare gain of the deviation as the amount of money received
at t = 0 that would generate an equivalent change in individual welfare
(equivalent variation). For an infinitesimal deviation, it corresponds to the
deviation in welfare dV,, scaled by the initial marginal utility of consump-
tion U'(Cy).Y"

ProrosiTION 1 (Welfare gain). The welfare gain implied by a price de-
viation {dQ,, {dP,, },}/ is

AV &

TG % 05 (;‘1(th 1 = Nip)dPy, Bmth). (10)
The proposition, proved in appendix section A.1, says the welfare gain

corresponds to the present value of the deviation in trading profits in-

duced by the deviation in the path of asset prices. As in the two-period

model, the welfare gain of a deviation in asset prices depends on financial

transactions rather than holdings. Note, however, that for the liquid asset,

» Appendix sec. E.3 discusses the implied present-value budget constraint, whereas app.
sec. A.4.2 discusses the finite-horizon case.

' This deviation can be seen as a comparative statics on the type of the economy the
agent is born in, or, equivalently, as the realization of an unexpected “MIT” shock.

7 In proposition Al3, we state and prove a list of alternative interpretations of our con-
cept of welfare gains. In particular, it also corresponds to the present value of the change in
individual consumption in response to the deviation in asset prices.
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transactions and holdings coincide, given that the asset must be contin-
uously rolled over. Thus, declining interest rates (i.e., dQ, > 0) benefitin-
dividuals holding short-term debt (i.e., B;, < 0) because lower debt pay-
ments relax their budget constraint. Finally, note that the adjustment-cost
function does not appear in the welfare formula as a consequence of the
envelope theorem.'®

The thought experiment of proposition 1 corresponds to a pure devia-
tion in asset prices, that is, holding dividend and labor income fixed. In
the financial literature, this is often described as a deviation in asset dis-
count rates. We formalize the mapping between deviations in asset prices
and deviations in asset discount rates in appendix section E.4. We also
discuss the connection between our formula and the ones obtained by
Auclert (2019) and Greenwald et al. (2021), who study the welfare effect
of changes in interest rates, in appendix section E.5.

Aggregation.—One implication of proposition 1 is that welfare gains ag-
gregate to zero in an economy composed of households trading with
each other. Formally, indexing households by i = 1, ..., 1, 2521(1\7,-,,(,,,1—
N,i,) = 0 for all k and =B, = 0 implies 2/_,dV,,/U’(Cy,) = 0. This
property reflects that, for every seller that benefits from a rise in asset
prices, there is a buyer that is equally hurt (in monetary terms), so asset-
price deviations are purely redistributive. While this result is important
to keep in mind, two remarks are in order. First, the fact that welfare gains
aggregate to zero says nothing about the desirability of asset-price devia-
tions from the point of view of a social planner, who may assign different
weights to the value of additional dollars for various individuals. More spe-
cifically, the effect of a price deviation on social welfare can be positive or
negative, depending on whether the welfare weights assigned by the plan-
ner to individuals covary positively or negatively with individual welfare
gains.'” Second, this result hinges on two important facts in our baseline
economy: (i) agents equalize their marginal rates of substitutions across
states/times, and (ii) asset prices do not appear in the agent problems out-
side of their budget constraints. In section V, we will relax these assumptions
by considering economies with uninsurable shocks and/or borrowing con-
straints with collateral effects, in which cases, welfare gains no longer aggre-
gate to zero.”

'* To apply the envelope theorem, we assumed that the solution of the optimization problem
was locally continuous with respect to prices. While this does not rule out kinked adjustment
costs (as in Kaplan, Moll, and Violante 2018), this does rule out adjustment-cost functions that
lead to discrete adjustments in response to infinitesimal price changes. Finally, while the par-
ticular functional form for x; does not matter for the first-order effect of asset-price deviations
on welfare, it would matter for higher-order effects, as discussed in sec. V.

' We will emphasize this point in sec. IV by aggregating individual welfare gains with
different sets of welfare weights.

* In the language of Davila and Korinek (2018), the welfare gains of a deviation in as-
set prices no longer aggregate to zero in the presence of distributive externalities (when
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Deviation in dividend and labor income—We can easily extend our prop-
osition to compute the welfare effect of a joint deviation in asset prices,
dividend income, and labor income. Proposition Al expresses the result-
ing welfare effect as

dV() 0 K K
[)Ht (]Vi,k,t—l - M,k,t)dpk,t - Bi',td , + Nipi=1 Dy + in,z
=SSR Y
U ( z()) t=0 k= k=1
effect of asset-price changes effect of income changes
(11)

Relative to our baseline formula, the expression for welfare gains is aug-
mented with an additional term: the present value of the deviation in income.
This equation emphasizes the key distinction between a deviation in asset prices
and a deviation in asset income: while only asset sellers benefit from a rising
asset price, all asset holders benefit from a rise in dividend income. This for-
mula is helpful to quantify the redistributive effect of arbitrary shocks to the
economy, which typically jointly affect income and asset prices in equilibrium.
To give a concrete example, in appendix section A.3, we use the formula to
analyze the redistributive effect of productivity shocks in a general equilib-
rium production economy through its impact on income and asset prices.?!

C. Extensions

The baseline model is deliberately stylized and abstracts from several po-
tentially important features of the real world. Before we bring our theory
to the data, we consider a number of model extensions. In the rest of this
section, we briefly summarize how the extension affects our welfare gain
formula, (10), as well as its interpretation.

Stochastic environment—So far, we have focused on deterministic econ-
omies. In reality, individuals do not have perfect foresight over the future.
In appendix section A.2.1, we show that, in this case, the welfare gain of a
deviation in asset prices (i.e., the amount of money that would generate
the same increase in welfare from an ex ante perspective at ¢ = 0) is mod-
ified along two dimensions. First, what matters is the expectation of future

agents do not equal their marginal rates of substitutions across dates or times) and/or col-
lateral externalities (when asset prices matter for financial constraints).

*! More precisely, we focus on a tractable two-asset case with one long-lived asset in fixed
supply (i.e., land) as well as physical capital with an AK technology (i.e., firms). Focusing on a
two-period life-cycle to obtain closed-form solutions for prices, we then decompose the total
welfare gain of the old and the young into the contribution of changes in land prices and
changes in income.
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financial transactions multiplied by the deviation in asset prices. Second,
these trading profits need to be discounted using an individual-specific
marginal rate of substitution 3'U’'(C;,) /U’ (C,y), a random variable that
no longer equals R,, , in the presence of uninsurable idiosyncratic shocks.
We will quantify the effect of these adjustments for welfare gains in sec-
tion V.A, theoretically and empirically.

While the version of the welfare-gains formula in a stochastic environ-
ment differs from its deterministic counterpart as just discussed, in our base-
line results, we will empirically implement the deterministic formula (10),
which discounts realized transactions using a constant discount rate. One
reason is simplicity. Another reason is that the statistic has a nice interpreta-
tion, even in stochastic environments: it corresponds to (minus) the amount
of money received at time ¢ = 0 that would have allowed agents facing the
deviation in asset prices to maintain their original consumption paths.*

Finally, our results remain valid in the case in which individuals can trade
financial assets in some ex ante stage to try to insure themselves against the
deviation in asset prices. Intuitively, while the ability to choose one’s port-
folio in anticipation of the deviation in asset prices affects individual trad-
ing patterns and the welfare effect of the deviation, it does not affect the
formula for welfare gains given these trading patterns.*

Borrowing constraints and collateral effects—In the baseline model, indi-
viduals can take unrestricted positions in the liquid asset (i.e., long and
short). In reality, there are limits on how much individuals can borrow.
These borrowing constraints affect our welfare gain formula via two dis-
tinct channels.* First, agents facing a borrowing constraint are not on
their Euler equations, and they tend to discount future dollars by more
than the rate of return on their debt (a “discount rate” channel). Second,
in models where the borrowing constraint depends on collateral values
(e.g., Kiyotaki and Moore 1997; Miao and Wang 2012), higher asset prices
have an additional effect on welfare by relaxing borrowing constraints (a
“collateral” channel). Importantly, the strength of this collateral channel
depends on asset holdings and not just asset sales. We will quantify the ef-
fect of these adjustments for welfare gains in section V.B, theoretically and
empirically.

Individual preferences—In the baseline model, we specified a utility func-
tion that depends only on consumption. In reality, individuals may also care
about the quantity of assets they own. An important example is owning and

* See proposition Al3 for more results on the different interpretations of welfare gains,
both in deterministic and stochastic economies.

* We refer the reader to app. sec. A.2 for the general analysis of welfare gains in a fully
stochastic environment where labor income, dividends, asset prices, and asset-price devia-
tions themselves are stochastic.

* For a formal statement, see proposition 3 (case of soft borrowing constraints) and
proposition All (case of hard borrowing constraints).
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living in a house that generates a direct utility flow. In appendix sec-
tion A.4.1, we consider an extension of the baseline model where asset hold-
ings enter the utility function directly. We show that as long as the utility
function depends on the quantity of assets owned, this “joy of ownership”
channel does not affect our welfare gain formula.” Similarly, our sufficient
statistic formula is robust to preferences for leisure and endogenous labor
supply.

Finite lives and bequests—In the baseline model, we abstract from life-
cycle considerations, intergenerational linkages, and bequests. In practice,
bequests are an important determinant of saving decisions (De Nardi 2004).
In appendix section A.4.2, we consider an extension of the baseline model
where individuals have finite lives and give assets to their heirs (as well as
potentially receive inheritance from their parents).

Finite lives by themselves do not change our formula for the welfare ef-
fect of asset prices.”® We then study the welfare effect of asset prices when
agents have altruistic preferences (i.e., agent ¢ directly cares about some
other agent j). When defining the welfare gain of individual 7 as the amount
of money that makes them indifferent to the deviation in asset prices, as-
suming agent j is already compensated for it, our sufficient statistic for-
mula remains the same. We also study the case in which agents have “warm
glow” preferences instead (i.e., bequest in the utility function); we show
that our formula for welfare gains remains the same as long as the bequest
function depends on the quantity of assets bequeathed rather than their
market prices per se.”’

Finally, we emphasize that, in the presence of inter vivos transfers, the
welfare effect of a deviation in asset prices depends only on the number
of shares sold by the individual rather than on the overall change in the
number of shares (that may come from bequests or inheritance).*® This
distinction is relatively easy to deal with in our empirical setting since we
directly observe housing transactions among individuals.

Businesses—In the baseline model, individuals directly own and trade fi-
nancial assets. In reality, individuals typically own businesses that themselves
own and trade financial assets (this includes, in particular, debt issued by
businesses and share repurchases).

* It is only when individuals directly care about the market price of their assets per se
that the welfare gain formula gains an additional term. We do not attempt to quantify such
a channel in our empirical implementation.

* This is consistent with our discussion of the two-period model.

7 This result aligns with the extension for asset holdings in the utility function discussed
above. As in that case, we do not take into account the additional effect of having asset prices
directly in the utility function in our empirical application. We discuss further issues related
to the use of “warm glow” preferences for welfare assessment in app. sec. A.4.2.

* In particular, for an individual who inherits a house and plans to live in it forever, there is
no change in welfare from higher house prices. However, higher house prices do hurt indi-
viduals who do not inherit a house but are planning to buy one in the future. Thus, higher
asset prices increase the relative difference between those that inherit and those that do not.
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In appendix section A.4.3, we show that the sufficient statistic formula
remains valid in the presence of a business sector, provided transactions
conducted by businesses are attributed to their ultimate owners. Intui-
tively, itis irrelevant whether financial transactions are undertaken directly
by individuals or indirectly through the businesses they own. Similarly, it is
immaterial whether a business distributes dividends or repurchases its
shares; what ultimately matters is its cash flow stream (profits net of invest-
ment). In our empirical implementation, we will account for indirect fi-
nancial transactions conducted by businesses owned by each individual
when implementing our sufficient statistic.

Government—In appendix section A.4.4, we study an extension of the
baseline model with a government that taxes and makes transfers and
is allowed to run surpluses and deficits (subject to a no-Ponzi condition,
as in the individual problem). We do not assume that the government
maximizes a social welfare function. Instead, we make a weaker assump-
tion on cost minimization (i.e., the marginal return of investing in the dif-
ferent assets is equalized). We obtain two main results.

First, relative to the individual welfare gain formula in the baseline
model, there is an additional term that accounts for the present value of
changes in net government transfers. The idea is that, in general, the gov-
ernment will adjust taxes and transfers in response to a change in asset
prices. Second, summing over all individuals, we show that the aggregate
present value of changes in net government transfers is precisely equal
to the “welfare gain of the government” (i.e., eq. [10] in the baseline
model). This result is intuitive and follows directly from the government
budget constraint. For instance, if the government is a borrower and its
cost of borrowing increases (i.e., negative government welfare gain), then
there are fewer resources available for making net transfers to individuals.
Finally, we also examine the role of taxes that are indexed on asset prices
in appendix section A.4.4.

III. Empirical Framework

We now discuss how we implement our sufficient statistic formula to esti-
mate the distribution of welfare gains due to the rise in asset valuations
across individuals in Norway. We first define the counterfactual we use for
asset prices. We then describe the combination of administrative and
publicly available data from Norway to quantify our sufficient statistic for-
mula. A more detailed description can be found in appendix B.

A.  Implementation

We now discuss how we bring the theory to the data to estimate the distri-
bution of welfare gains due to the secular rise in asset valuations in Norway.
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First-order approximation.—Proposition 1 gives a formula for the infini-
tesimal welfare gain associated with an arbitrary infinitesimal deviation
in prices {dQ,, {dP..},}7-o. We use this formula to obtain a first-order ap-
proximation of the welfare effect of a noninfinitesimal deviation in the
price of different assets {AQ,, {AP,.}.}i2o:

© K
Welfare Gainl- = EROLt<2(M,k,tl - ]Vi,k,z)APk,t - thAQ,t) (12)
1=0 k=1

We use the term sufficient statistic as this expression depends only on the
observable path of financial transactions (V-1 — Ni.) P, and B;,Q —in
particular, it does not require researchers to understand what drives these
financial transactions over time or how they react to deviations in asset
prices.

The latter is true only because we focus on the first-order approxima-
tion of the welfare effect of a deviation in asset prices. The accuracy of this
first-order approximation to measure the equivalent variation depends on
the extent to which asset transactions respond to changes in asset prices.
In our empirical settings, we will focus on asset-price deviations across
broad asset classes, in which case we can expect these responses to be
low; for instance, Gabaix and Koijen (2021) provide evidence that de-
mand elasticities at the asset class—level (e.g., stocks vs. bonds) are much
lower than the demand elasticities within asset classes (e.g., stock A vs.
stock B). We will explore this topic more formally in section V.C.

Asset classes—One can rewrite this formula for welfare gains using a
deviation of asset prices in relative terms:

o K AP, A
Welfare Gain, = ERJLt(E(Ni,k,H — Ni) P X — = B,,Q, % —Q) (13)
=0 k=1 kal Qt
The term (Nj;,—1 — Ni.) P, corresponds to the financial transactions

corresponding to asset k, while AP,,/P,, corresponds to the percentage
deviation in the asset price. Similarly, the term B;,Q, corresponds to the
total amount of one-period bonds, and AQ,/Q, corresponds to the per-
centage deviation in the price of these bonds.

We now specify our counterfactual for asset prices. First, we consider the
same relative price deviations for all assets within a given asset class: equity,
housing, and debt.* Our approach answers the following question: What
are the welfare gains associated with an x% deviation in the price of all as-
sets within the same asset class? Because all financial transactions within a
given asset class are multiplied by the same relative price deviation, we can

# Below, we further split debt holdings into mortgages and deposits. To be clear, we al-
low different households to earn heterogeneous returns within a given asset class. The only
key assumption is that in the counterfactual we examine, all assets within the same asset
class experience the same deviation in relative prices.
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aggregate financial transactions within the same asset class. Equivalently, our
thought experiment allows us to reinterpret K as the number of asset classes
rather than the number of assets.

Second, we take as the baseline a world in which asset prices increase at
the same rate as dividends. Hence, our approach answers the following
question: What are the welfare gains of the realized path of asset prices com-
pared to a baseline scenario in which they grew proportionally to dividends?
This is a natural question because, on a balanced growth path, asset prices
grow at the same rate as asset dividends (i.e., price-dividend ratios are con-
stant).” Put differently, our thought experiment can be understood as mea-
suring the welfare effect of movements in the path of detrended asset prices
(where asset prices are detrended by their cash flows).

A large literature in finance argues that fluctuations in price-dividend
ratios are mostly driven by fluctuations in future asset discount rates rather
than in future expected dividend growth (for a seminal paper, see Campbell
and Shiller 1988; for a recent examination across asset classes and countries,
see Kuvshinov 2023). Suppose one is willing to assume that all of the rise in
the price-dividend ratios in our sample comes from a decline in asset discount
rates rather than an increase in expected dividend growth. In that case, our
approach can be interpreted as answering the following question: What are
the welfare gains of the rise in asset prices due to declining discount rates?*'

Formally, we denote by PD,, = P,, /Dy, the aggregate price-dividend ra-
tio for asset class k. Given a baseline value PD,, we consider the following
price deviation for asset class k:

. AP,, PD, — PD
AP,, = P,, — PD, X D,, > — = = L (14)
P, PD,,

This equation is the same as equation (2) discussed in the introduction.
As a motivating example, figure 2 plots the index of house prices in Nor-
way and the index of house rents. Starting around the mid-1990s, hous-
ing prices have grown faster than rents. In this case, the price deviation
corresponds to the difference between realized prices {Py,},-, and the
counterfactual price path associated with a constant price-to-rent ratio
{PDy x Dy} ,. For the liquid asset (i.e., the sequence of one-period
bonds), we consider a deviation of the price of one-period bonds from a

constant baseline value Q (i.e., AQ,/Q, = (Q, — Q)/Q,).

* In particular, price-dividend ratios are constant in models where asset discount rates
and expected dividend growth rates are constant over time (Campbell and Shiller 1988).

* See app. sec. B.1 for more details. Throughout the paper, we remain silent on the fun-
damental driver behind this decline in discount rates, which is very much an open question.
As discussed more precisely in app. sec. A.3, under the assumption that the drivers of this
decline did not directly impact the dividend or labor income of Norwegian households, our
sufficient statistic formula (12) entirely captures the welfare effect of these drivers. If not,
it captures only the effect operating through the deviation in asset prices.
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F16. 2.—Graphical representation of the price deviation AP, The figure plots the house
price index in Norway from Norges Bank’s project on Historical Monetary Statistics (solid
line) as well as the rental price index from Statistics Norway (dashed line). Both are adjusted
for inflation and normalized to one in 1980. The difference between the two can be inter-
preted as a deviation AP, between the realized price path P, and a counterfactual price
path with constant price-to-rent ratio PD, x Dy,

Time horizon.—While formula (12) depends on all transactions done by
the individual, we observe only price deviations and financial transactions
over a finite sample period.

Our solution to this issue is to do only the summation from ¢ = 0 to
t = T, where T denotes the length of the sample period. In this case, the
sufficient statistic should be interpreted as the welfare effect of asset-price
deviations up to time 7. This truncation is inconsequential if either
(i) the price deviation reverts to zero after T or (ii) if there is no trade after
year 1. More generally, if the price deviation remains positive after 7, trun-
cation overestimates the welfare gain for individuals who plan to buy fi-
nancial assets after the truncation time 7, while underestimating the
welfare gain for individuals who tend to sell after 7. Still, note that the bias
due to truncation averages to zero in the entire population since there are
as many sales as there are purchases after time 7.

* To fix ideas on the size of the bias, it is helpful to consider the case of an individual who
buys N,, shares of some asset at time 0 and resells them at some time ¢ > 7. While the net
welfare gain of these transactions is Ny (R, dP, — dP,), a researcher observing transactions
up to time 7" will estimate a welfare gain of — N, dF, (i.e., a welfare loss), thereby underestimat-
ing the actual welfare gain by N,y R, ! ,dP,. Note that the bias depends on three distinct forces:
(i) how large the truncation time 7 is (ii) how large the discount rate is relative to the baseline
growth of house prices (i.e., how quickly R;",,P, decays to zero as { — ), and (iii) how per-
sistent are house price deviations after 7 (i.e., how large dP,/P, is t > T).
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As an alternative to truncating the infinite sum (12), we also construct
hypothetical price deviations and financial transactions after year T in
section V. We show that these alternative measures give similar results to
our truncated measure under a wide range of scenarios about the path
of future asset prices, given that we observe a relatively long time sample
(T = 25 years).

Sufficient statistic—Combining the first-order approximation of welfare
gains (12) with the empirical price deviations (14) and truncating the for-
mula at time horizon 7, we obtain a sufficient statistic for the welfare gain
of individual i due to the realized deviation of asset prices from balanced
growth:

>

T PD,, — PD -0
Welfare Gain, = S R, ., (2 i1 — Nip) Py X —2 2 — B, ¥ Q Q).
= et PDy, Q

(15)

This formula forms the core of our empirical implementation using ad-
ministrative data.*®

We estimate equation (15) using data covering the 1994-2019 period.
The reference year (i.e., ¢t = 0 ) is 1994, and the sample length (7") is,
therefore, 25 years. Our data cover the universe of individuals in Norway
who were at least 18 years old for at least 1 year in the 1994-2019 period.
We consider four asset classes: housing, debt, deposits, and equity, corre-
sponding to the four main asset classes traded by Norwegian individuals.
Note that we do not need to account for fully illiquid forms of wealth such
as human wealth and defined-benefit pensions since they are not traded
(i.e., they have no market price).

Given this, we estimate our sufficient statistic as follows:

Welfare Gain; = > Welfare Gain,,
ke{housing,debt,deposit,equity}
- PDy;, — PD
Welfare Gain;nouing = ER "(Nitre-1 = Nimri) Py X M,
=0 PDH,/
25
. - M, M
Welfare Galnj,debt = ER t(_Bl'yMyt Qw’,) X Q [Q$ Q , (16)
=0 M,

Welfare Gain;geposic = 2 R (=Bip,Qp,) ¥ QDzQ QD
Dt

& PD,, — PD;
Welfare Gain,equiy = 2R "(Nygi-1 — Nip) Pry ¥ T
i =0 PDE,[

* This corresponds to the combination of formulas (1) and (2) in the introduction, gen-
eralized to multiple assets.
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where PDy;, Qu, Qp, and PD;; represent the average valuation of housing,
debt, deposits, and equity (respectively) over 1992-96.%

Our empirical implementation (16) also assumes that the discount rate
in equation (15) is constant, R, = R, and hence Ry, = R™'. We set the
discount rate to 5% (i.e., R = 1.05), which roughly corresponds to the av-
erage of the deposit and mortgage rates in a 5-year window around the start
of our sample.*

Computing these welfare gains requires data on valuation ratios for each
asset class (to compare actual valuations to a baseline) and on the market
value of financial transactions at the individual level. We now discuss each
component separately.

B. Aggregate Data on Valuations

We rely on publicly available data sources for asset prices. For interest rates
on debt and deposits (i.e., the inverse of the price of one-period bonds Q
in the theory), we use Statistics Norway’s database on interest rates on loans
and deposits offered by banks and mortgage companies.*® More than 90%
of Norwegian mortgage debt in our sample has adjustable interest rates
so that year-to-year variation in bank-level interest rates immediately af-
fects individuals’ interest costs.”” Put differently, given that mortgage debt
is mostly floating rate, we interpret the outstanding balance of the mortgage
as a negative position in 1-year bonds.

For the price-to-rent ratio in the Norwegian housing market (i.e., the
price-dividend ratio PDy, = Py,/Dy, in the theory), we combine data
from different sources. We combine two indexes, one for house prices

* Relative to formula (15), we split the total amount of one-period bonds into two
terms: B,,,0,,, the amount held in deposits, and B,;,Q,,,, the amounts held in debt, which
is negative if individuals are net borrowers.

Note we use the same price deviation (PD;, — PD,)/PD,, for all assets within an asset class.
Hence, the welfare gain for asset class k should be interpreted as the welfare gain due to a
common deviation in the relative price of all assets within this asset class (the one given by
the deviation in the aggregate price-dividend ratio of the asset class).

% We pick a discount rate equal to the interest rate as the start of our sample R = 5 %, as
a compromise between two opposite forces. On the one hand, to account for the effect of
market incompleteness and borrowing constraints, secs. V.A and V.B suggest that we use a
discount rate that is higher than the rate of return on the liquid asset. On the other hand,
to obtain an approximation of welfare gains that is valid at the second order, sec. V.C sug-
gests that we use a discount rate equal to the average rate of return between the baseline
and counterfactual economy, which would give a lower value R = 2.5 %. We explore the
robustness of our results to these extensions in sec. V.

* These data are available on Statistics Norway’s website, https://www.ssb.no/en/statbank
/table/08175/.

¥ Mortgage contracts in Norway typically are annuity loans with 25-year repayment sched-
ules. When interest rates change, the payment schedule adjusts so that the sum of monthly
debt repayment and interest costs remains constant at a new level throughout the remaining
period of the contract. Such adjustments happen frequently, normally whenever the Central
Bank policy rate changes.
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and one for housing rents, to obtain our price-to-rent series. The rental
index comes from Statistics Norway and is part of the official Consumer
Price Index (CPI). The house price series comes from Norges Bank’s pro-
ject on Historical Monetary Statistics (Eitrheim and Erlandsen 2005).%® As
these two series are indexes, we scale their ratio so that it equals the price-
to-rent ratio for Norwegian residential real estate for 2013 reported in
MSCI (2016). We explore alternative constructions for the price-to-rent ra-
tio in appendix section B.4.

We now turn to equity valuation (i.e., the price-dividend ratio for equity
PDy, = Py,/Dy, in the theory). As explained in appendix section A.4.3, we
focus on a valuation ratio for the overall corporate sector (i.e., unlevered
equity). We measure it as the ratio between an aggregate measure of en-
terprise value (i.e., market value of equity plus debt) and the total cash
flows distributed to equity and debt holders among publicly listed nonfi-
nancial Norwegian firms using data from WorldScope.* Note that, unlike
the price-dividend ratio, our equity-valuation ratio is unaffected by the rel-
ative importance of dividend payouts versus share repurchases as well as
firms’ capital structure (i.e., debt vs. equity financing). We account for
the fact that firms have financial liabilities besides equity (e.g., debt for
most firms and deposits for private banks) by allocating these indirectly
held assets to the equity holders (for more details on the theoretical mo-
tivation, see app. sec. A.4.3; for more details on our implementation, see
app. sec. B.2.2).

Figure 3 plots the yield of each asset class over time (i.e., 1/Q, for debt
and deposits and D,,/P,, for long-lived assets k € {H, E}), which are the
inverse of the valuation ratios in equation (16). The notches on the verti-
cal line marking the year 1993 correspond to our baseline values for each
asset class. All yields decline substantially over time (i.e., valuations in-
crease). On average, over our time sample, the housing yield fell by 5.7 per-
centage points, mortgage interest rates by 2.5 percentage points, deposit
interest rates by 1.3 percentage points, and the equity yield by 0.7 percent-
age points. In particular, note that the equity yield has decreased less in
Norway relative to the United States.

* This house price index is derived from data compiled by the Norwegian Real Estate
Broker’s Association, the private consulting firm Econ Poyry, and listings at the leading
platform for house transactions Finn.no. Norges Bank updates these data regularly and
provides them online, currently at https://www.norges-bank.no/en/topics/Statistics/His
torical-monetary-statistics/ .

* We use a valuation ratio for Norwegian firms, as opposed to foreign firms, as Norwe-
gians mostly own and sell domestic equity (more precisely, Norwegians’ holdings of domes-
tic equity account for 100% of their private equity holdings and 72% of their public equity
holdings). This contrasts with the Norwegian government, which mainly owns and buys
foreign equity. Appendix C will discuss how using separate price indexes for domestic
and foreign equity changes our estimates of welfare gains at the sectoral level.


https://www.finn.no/
https://www.norges-bank.no/en/topics/Statistics/Historical-monetary-statistics/
https://www.norges-bank.no/en/topics/Statistics/Historical-monetary-statistics/
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F16. 3.—Evolution of yields in Norway. The figure plots the yield of each asset class over
time, that is, the inverse of the valuation ratios in equation (16). For debt and deposit, the
yield corresponds to the average real interest rate on mortgages and debt, respectively. Nom-
inalyields from Statistics Norway are adjusted for expected inflation using the average rate in
the preceding 4 years. The housing yield corresponds to the rent-to-price ratio (see text for
details). The equity yield corresponds to the aggregate ratio of cash flows to enterprise value
among publicly listed Norwegian firms from WorldScope.

To compute the welfare gains of asset-price deviations, equation (16)
requires a measure of the relative difference between valuations at time ¢
and their average baseline value (i.e., their averages over the 1992-96 pe-

riod). Figure A2 (figs. AI-A13 are available online) visualizes these price
deviations.

C. Microdata on Transactions

We combine data from various Norwegian administrative registries cover-
ing the universe of Norwegians from the end of 1993 to the end of 2019.
These data come with identifiers at the individual, household, and firm
levels, as well as information linking parents and children. In particular,
we use registries for individual tax payments, holdings of equity shares
(listed and unlisted corporations), private business balance sheets, and
housing transactions. Flow variables are measured annually, whereas as-
sets and liabilities are valued at the end of the year. The data are uncen-
sored (i.e., no top coding), and the only sources of attrition are mortality
and emigration. The income and wealth data are largely third-party re-
ported (i.e., employers and financial intermediaries) and scrutinized by
the tax authority, as they are used for income and wealth tax purposes.
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Data on holdings—On individual balance sheets, we observe bank de-
posits, bond holdings (corporate, sovereign, mutual, and money market
funds), debt, vehicles (cars and boats), stock mutual funds, publicly listed
and private businesses, housing, and other forms of estate holdings. The
values of these asset classes’ holdings are available from the end of 1993.

In principle, we observe each individual’s holdings. However, while fi-
nancial holdings are registered at the individual level, they are taxed at
the household level. The reported allocation of assets between individuals
within the household is, therefore, somewhat arbitrary and can vary sub-
stantially from year to year. To compute a consistent measure of individual
holdings across time, we therefore aggregate holdings at the household
level and distribute it equally across adult household members.*’

We construct five main variables that cover most of individuals’ financial
wealth: “debt” (mortgages, student loans, and unsecured credit); “depos-
its” (bank deposits and bonds); “housing” (principal residence, second-
ary homes, and recreational estates); “private business equity” (equity in
private businesses); and “public business equity” (listed stocks and stock
funds). All of these variables are recorded at market value at the end of
the year, except for private business equity, which is a tax-assessed value
(i.e., the value reported to the tax authority, which is typically higher than
the book value of equity; see app. sec. B.2.2). For housing, we use a valua-
tion approach that combines transaction data and registered housing char-
acteristics to estimate a value for each house in every year (for details on
the valuation methodology, see Fagereng, Holm, Torstensen 2020). Note
that this will only matter when reporting our welfare gains relative to total
wealth.

Some individuals own private businesses. These firms directly hold fi-
nancial assets and liabilities but often also own shares in other firms. To
properly account for individuals’ ownership, we must include their indi-
rect asset positions held through private businesses. Our procedure is as
follows. First, we compute each individual’s direct and indirect ownership
of private businesses. For instance, if an individual owns 80% of firm A,
which in turn holds 50% of firm B, the individual effectively owns 80%
of firm A and 40% of firm B. If firm B owns 25% of firm C, the individual
then indirectly owns 10% of firm C as well. We calculate indirect ownership
by going through 10 such layers of firm holdings. Equipped with these own-
ership shares, private firms’ balance sheets, and publicly available data on
public firms’ balance sheets, we then allocate holdings and transactions con-
ducted by firms to their ultimate owners (for details, see app. sec. B.2.2).

* Our definition of a household is either a single individual or a married or cohabitant
(with children) couple. Offspring older than 18 living with their parents are considered to
be in a separate household.
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This approach enables us to treat financial transactions conducted directly
and indirectly (via owned firms) in a consistent manner.*'

Our notion of welfare gain can be interpreted as the present value of
the deviation in consumption due to the deviation in asset prices (see
proposition A13). Therefore, itis natural to express it as a share of the pre-
sent value of consumption. However, we do not observe consumption di-
rectly in our sample. Instead, in some exercises, we will scale the welfare
gain by “total wealth,” which is defined as the sum of financial wealth (i.e.,
debt, deposits, housing, and equity) and human wealth (i.e., the present
value of earned income, defined as future labor income plus net govern-
ment transfers received between 1994 and 2019, discounted at 5% annu-
ally). We also set the minimum value of earned income to twice the base
amount in the social security system.*

Table A2 (tables A1-Al1 are available online) summarizes the data.
Throughout the paper, we express all values in real terms (2011 Norwe-
gian krone using the CPI) and then convert them to US dollars using a
fixed exchange rate of 5.607. In appendix section B.2.1, we show that our
aggregated microdata closely aligns with publicly available data on house-
holds’ asset holdings from the national accounts.

Data on transactions—Equation (16) highlights the fact that we need
data on holdings for debt and deposits and net transactions for housing
and equity.

For housing, we observe the annual value of market transactions in the
housing market at the individual level. Thus, net transactions in housing
are directly observed. For public equities, we observe holdings at the be-
ginning and end of the year and a price index. We then compute a mea-
sure of unrealized capital gains by assuming that all transactions are in the
same direction and uniformly distributed within a year. Net transactions
are thus constructed as the change in market value minus imputed capital
gains. The price index used for imputation differs between assets. For
listed stocks, the method varies depending on the available information.
Starting in 2005, we have information on individual stock ownership and
use market prices on individual stocks to impute capital gains. Before 2005,
we lack information on individual stock ownership and use capital gains
from the financial accounts to impute capital gains on listed stocks at the
individual level. We also use capital gains from the financial accounts to im-
pute individual capital gains for mutual funds.

For equity in private businesses, we impute the value of transactions us-
ing the data on ownership shares described earlier. In particular, if we see

' We outline how theory motivates our consolidation of firms’ financial transactions in
app. sec. A.4.3.

* As with financial holdings, an individual’s human wealth is computed based on their
household’s human wealth.
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that an individual owns 50% of a private business in a given year and 25%
the following year, this implies that the individual sold a 25% stake of the
business.* In appendix section B.2.2, we describe this methodology in de-
tail. Private business equity transactions are infrequent and not quantita-
tively important. As a result, private business owners are not meaningfully
exposed to private equity-valuation changes. It is worth stressing that, even
in a world in which business owners never sell their stakes in their busi-
nesses, they are still exposed to asset-price changes via the financial trans-
actions made by the firms they own. For instance, if the interest rate on
debt declines, the owner of a levered business will incur a positive welfare
gain. This phenomenon is particularly important for individuals at the top
of the wealth distribution, as they hold a lot of assets through their pri-
vate firms.

Bequest events pose two challenges when computing net transactions.
First, housing transactions may be problematic at the time of death. In
most cases, when an individual dies, the estate is transferred to the heirs.
In this case, the heirs sell the property, and net transactions are computed
correctly. Butin a few cases, parts of the estate are sold after death but be-
fore itis transferred to the heirs. In this case, we allocate the transaction to
the living children of the deceased, in accordance with the Norwegian in-
heritance law.**

Second, because our imputation of net transactions in equity is based
on changes in holdings net of imputed capital gains, a bequest event may
be problematic because wealth transfers may be counted as transactions.
For example, if one individual gives 100 equity shares to another individ-
ual, this should be reported neither as a purchase by the recipient nor
a sale by the giver. To address this issue, we allocate all imputed equity
transactions of givers to recipients when there is a bequest event. A be-
quest event is defined as any transfer reported in the inheritance tax reg-
istry (both inter vivos and at death).*

IV. Asset-Price Redistribution

We now estimate our sufficient statistic (16) for all Norwegians who were at
least 18 years old at some point between 1994 and 2019. More precisely, we
describe the heterogeneity in welfare gains across individuals in section IV.A,

* Alternatively, the business might have issued new equity, leading to a dilution of exist-
ing owners. In terms of welfare exposure to equity prices, those two scenarios are equiva-
lent (see app. sec. A.4.3).

* By law, inheritance is split equally between all direct descendants unless explicitly
specified otherwise in a will.

* Before 2014, there was an inheritance tax in Norway, and the tax authority collected
information on sender, receiver, and the amount transacted. However, this register does
not contain information on the types of assets transferred.
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TABLE 1
SUMMARY STATISTICS ON TRANSACTIONS (NET PURCHASES)
Asset Type  Average SD pl pl0 p25 p50  p75 p90  p99
Housing 9 116.3 —190.1 .0 .0 .0 1 9 2204
Debt —73.6 3,043.1 —602.6 —222.0 —127.5 —36.1 .0 95 3482
Deposits 19.6  1,848.8 —157.0 —1.8 1.0 7.6 28.7 76.7 339.6
Equity —4 4140 —27.1 —.6 .0 .0 0 14 303

Note.—All values are in thousands of 2011 US dollars.

across cohorts in section IV.B, across the wealth distribution in section IV.C,
and across sectors (i.e., households, government, and foreigners) in sec-
tion IV.D.

A. Redistribution across Individuals

Transactions.—We start by documenting the heterogeneity in financial
transactions. Table 1 reports summary statistics for transactions across
the population, computing them every year and averaging them across
all years in our sample. Compared with table A2, we also include indirect
transactions via firms owned by individuals.

Housing transactions are very lumpy, and most people hold debt and
deposits. The magnitude of equity transactions is much smaller than hous-
ing transactions, reflecting that housing holdings dominate equity hold-
ings for Norwegian individuals (see table A2). Also, deposits are negative
(and debt is positive) for a substantial fraction of the population, which
comes from the fact that we report consolidated holdings and transac-
tions: individuals who own equity in financial firms (e.g., banks) indirectly
hold long positions in debt and short positions in deposits. Finally, finan-
cial transactions do not exactly average to zero: as we will discuss below,
this reflects the fact that individuals in our sample also trade with the Nor-
wegian government and the rest of the world.

Welfare gains—Figure 4 presents the histogram of total welfare gains.
Note that the average welfare gain is close to zero, reflecting that for every
seller benefiting from higher asset prices, there is a seller equally harmed
in monetary terms.*® However, there is substantial heterogeneity: the wel-
fare gain is —$185,000 at the 1st percentile and $273,000 at the 99th per-
centile, with an interquartile range of $31,000. There is a large mass around
zero, reflecting that consumption is close to income for a large fraction of
individuals. As mentioned, financial transactions within the household sec-
tor do not average to zero in our sample. As a result, welfare gains do not

* The reason our baseline statistic does not average to zero across individuals is that Nor-
wegian households do not trade exclusively with one another; they also trade with the gov-
ernment and foreign entities (see sec. IV.D for more details).
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F1G. 4.—Distribution of welfare gains. This figure plots the density of individual welfare
gains, as defined in (16), across individuals in Norway. More precisely, the figure plots the
relative mass of individuals within equally spaced bins of welfare gains (width of $1,000).
Panel A plots welfare gains in levels (in 2011 US dollars), while panel B plots welfare gains as
a percent of total wealth, which is defined as the sum of financial wealth and human capital

at the end of 1993 (i.e., the present value of labor income and government benefits received
between 1994 and 2019).

average to zero either: they average to $10,000, which is slightly positive.
In appendix G, we will show that this positive welfare gain corresponds
to a welfare loss for the Norwegian government and for foreigners. The
Kelly skewness of the distribution is fairly small, at 0.08, reflecting the
fact that the distribution of welfare gains is fairly symmetrical around its
mean.*’

To understand which asset class contributes the most to redistribu-
tion, table 2 decomposes the average welfare gain into different percen-
tile groups of the welfare-gain distribution. More precisely, for each percen-
tile group, the table reports the average welfare gain, as well as the average
welfare gain due to each asset class. Housing is, by far, the asset class that
generates the most redistribution. This comes from the fact that, even
though housing transactions tend to be smaller than debt or deposit hold-
ings (table 1), the price deviations associated with housing are much larger
than the price deviations associated with debt and deposits (fig. Al). Nev-
ertheless, debt is also an important (and almost always positive) contrib-
utor, with a relatively large magnitude both at the top and bottom of the
welfare-gain distribution. Similarly, deposits make a very small and almost
always negative contribution. Welfare gains due to equity are small, reflect-
ing the fact that there are fewer equity transactions in our sample (table 1)
and that the run-up in equity prices was smaller than the run-up in house
prices (fig. Al).

Welfare gains as a percent of total wealth—We now evaluate the dispersion
of welfare gains relative to total wealth, defined as the sum of financial and

7 Kelly skewness is defined as (p90 + pl0 — 2 x p50)/(p90 — p10) where pl0, p50,
and p90 are the 10th, 50th and 90th percentiles of the distribution under consideration.
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TABLE 2
DECOMPOSITION OF WELFARE GAINS BY PERCENTILE GROUPS

Average by Percentile Groups of Welfare Gains

Asset Average p0 — pl pl-pl0 pl0—p50 p50—p90 p90 —p99 p99 — pl00
Housing —4.7  —2946  —99.6 —18.2 2.3 59.4 414.4
Debt 16.9  —218.0 18.0 8.8 16.2 39.5 202.6
Deposits —2.4 67.1 —4.4 —29 -2.1 —4.3 —15.8
Equity 2 —61.6 —2.4 -4 -1 5 61.2
Total 10.0  —507.2 —88.3 —12.8 16.3 95.1 662.4

NoTe.—For each percentile group of welfare gains, the table reports the average welfare
gain, and the average welfare gain due to each asset class, as defined in (16). All numbers
are in thousands of 2011 US dollars.

human wealth (see sec. II1.C). As discussed in appendix section E.2, wel-
fare gains can be interpreted as the present value of the change in con-
sumption. Consequently, this normalized version of welfare gains can be
interpreted as the relative change in consumption due to asset-price devia-
tions.® In this exercise and the ones below, we winsorize total wealth at the
bottom 1% within each cohort to limit the influence of observations with
very small total wealth.

Figure 4 shows significant heterogeneity in welfare gains, even after nor-
malizing by initial wealth. The normalized welfare gain is —30% at the 1st per-
centile and 27% at the 99th percentile, with an interquartile range of 5.0%.
While the Kelly skewness of the distribution is close to zero (—0.06), reflecting
a symmetric distribution, the kurtosis of the distribution is 11, reflecting a
larger mass in the tails relative to the normal distribution.

Aggregation—Our notion of individual welfare gain represents the
amount of cash, received in the baseline economy at time ¢ = 0, that would
make the individual indifferent between the baseline and perturbed paths
of asset prices. As discussed by Saez and Stantcheva (2016), one can ag-
gregate these individual welfare gains, together with a set of social mar-
ginal welfare weights, to compute the “social” welfare gain associated to the
deviation in asset prices.” The key point is that, given a specific set of
social marginal welfare weights that represent how much society values dif-
ferent individuals’ marginal consumption, our measures of individual wel-
fare gains are the onlyinputs needed to compute the associated social wel-
fare gain.

* Another way to interpret this number is that it corresponds to the relative increase in
consumption every period that would be welfare equivalent to the change in asset prices
(see proposition Al3 for details).

* More precisely, Saez and Stantcheva (2016) define the “social” welfare gain as
Eleg,d Vio/U (Cip), where g corresponds to the social marginal welfare weight on individ-
ual iand dV,,/U'(Cyy) corresponds to our (money-metric) notion of welfare gain of indi-
vidual i. For the special case of a utilitarian social planner, gi corresponds to the Pareto
weight for individual 7 times the marginal utility of consumption.
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F16. 5.—Social welfare gain as a function of inequality aversion. The figure plots the social
welfare gain 2/, g x Welfare Gain;, where g, = Total Wealth;° /2, Total Wealth;* denotes
the social marginal welfare weight associated to individual «. Because our marginal social wel-
fare weights sum up to one, we can interpret the result in dollar terms: from the social plan-
ner’s point of view, a social welfare gain of $Xis equivalent to giving $X to each individual.

As an example, we plot in figure 5 the social welfare gain obtained by so-
cial marginal welfare weights equal to individual total wealth at the power
—o, where o can be interpreted as an index of social aversion for inequal-
ity.””When ¢ = 0, the social welfare gain is the average welfare gain in the
population, which is roughly $10,000. As o increases, the social welfare gain
decreases and ultimately becomes negative, reflecting the fact that the
statistic weighs more and more the welfare gains of poorer individuals rel-
ative to more affluent individuals (and that, as we will see shortly, the rise in
asset prices redistributed from the poor toward the wealthy).

Revaluation gains—We now compare welfare gains with revaluation
gains, defined as the (present value of the) effect of the deviation in asset
prices on wealth:

T K P
Revaluation Gain = ERJL,EM,HBMIA( e >, (17)
t=0 k=1 Pk,l*I
Where we deﬁne A(Pk’,/P;mf]) = (Pk’[/Pk),fl) (AP;‘)t/P;u - APk,tfl/Pk,,fl) as
the deviation in the capital gains component P,,/P,,—; of asset returns
caused by the price deviation {AP,,} .

* Alternatively, this can be interpreted as the welfare change of a utilitarian social plan-
ner that aggregates equally the utility of individuals who have homothetic utility functions
with parameter ¢ (since, in this case, consumption is proportional to total wealth).
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Welfare gains are different from revaluation gains. This is because reval-
uation gains capture only the positive effect of rising valuations on returns
through higher capital gains, while welfare gains also take into account the
negative effects of higher valuations on returns through lower dividend yields.
In particular, revaluation gains systematically overestimate welfare gains in
a time of inflated asset prices. We derive a formal expression for the differ-
ence between welfare and revaluation gains in appendix section E.6.

Figure 6A compares the density of welfare and revaluation gains, both
as a percent of initial (total) wealth. As discussed above, welfare gains are
centered around zero (0.0% on average). In contrast, revaluation gains
are centered around a large positive value (16.4%, on average). This re-
flects the fact that revaluation gains are positive for all asset holders, while
welfare gains are only positive for asset sellers.

Do individuals with higher revaluation gains also tend to have higher wel-
fare gains? To answer this question, we now focus on the ordinal relation-
ship between the two variables. Figure 68 plots a heatmap for the joint den-
sity of ranks of welfare gains and ranks of revaluation gains. Overall, we find
that the Spearman rank correlation between welfare gains and revaluation
gains is 0.19, which shows that there is a substantial difference between
those who getricher from the rise in asset prices and those who truly benefit
from it. Some individuals with large asset positions buy and hence lose in
welfare terms; conversely, others with small positions sell and thus win.

B.  Redistribution across Cohorts

In the previous section, we documented a large amount of heterogeneity
in welfare gains across individuals. We now focus on describing the hetero-
geneity in welfare gains across one observable characteristic: the age of
each individual at the end of 1993 (or, alternatively, the cohort they be-
long to). Indeed, the existing literature on household finance has docu-
mented large differences in portfolio holdings over the life cycle (e.g.,
Cocco, Gomes, and Maenhout 2005; Flavin and Yamashita 2011). This
heterogeneity may naturally generate heterogeneity in financial transac-
tions and, therefore, in welfare gains.

Transactions—Figure 7A plots the average (consolidated) financial trans-
actions in equity and housing by age. Importantly (though unsurprisingly),
younger individuals tend to be net buyers of housing and equity, whereas
older individuals tend to be net sellers. Figure 7B plots the average holdings
of debt and deposits by age, as they also enter the sufficient statistic (16).
Younger individuals hold a large amount of debt, primarily mortgage debt.

Welfare gains—Figure 7C plots the average welfare gain for different
cohorts, indexed by individuals’ age at the end of 1993. The main pattern
is that welfare gains are negative for the young and positive for the old,
meaning that rising asset prices redistributed from the young toward the
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Fic. 7.—Financial transactions and welfare gains by age group. Panels A and B plot (con-
solidated) financial transactions (net purchases) per capita by age, averaged across all years
in our sample. Specifically, for each asset class and year in our sample, we calculate the aver-
age transaction value within groups of individuals belonging to the same 3-year age range as
of year-end. We then average this quantity across all years in our sample. Panel C plots the
average welfare gain (16) for individuals in each cohort (individuals belonging to the same
3-year age range at the end of 1993). All numbers are in 2011 US dollars.

old. This is consistent with standard life cycle models of savings: the young
save for retirement by purchasing financial assets, while the old sell their
financial assets to consume.

Quantitatively, the average welfare gain is —$13,000 for individuals be-
low 15 years old in 1993 (millennials)and around $22,000 for individuals
above 50 years old in 1993 (baby boomers). The figure also decomposes
welfare gains into each asset class’s contribution, revealing interesting pat-
terns. On the one hand, higher house prices redistribute from young to
old, as the young tend to buy houses from the old. On the other hand, lower
mortgage rates redistribute from old to young, as the young tend to borrow
from the old.”* Overall, the effect of higher house prices dominates the

' As we discuss in app. C, the household sector, as a whole, is a net debtor. Therefore, the
young borrow not only from the old but also from foreigners and, indirectly, from the gov-
ernment. Also note that, while life-cycle mortgage balances peak around age 30 (fig. 7B), the
welfare effect of lower mortgage rates is highest for individuals who are 20 years old in 1993
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effect of lower mortgage rates for two reasons. First, and most impor-
tantly, the housing yield decreased more than the interest rate on debt
(see fig. 3). Second, as young people build equity in their houses, they
decrease their mortgage balances over time, which means they benefit
relatively less from the decline in mortgage rates as they age.

C.  Redistribution across Wealth Percentiles

A growing literature has emphasized that rising asset valuations affect the
distribution of wealth (e.g., Kuhn, Schularick, and Steins 2020; Greenwald
et al. 2021; Gomez 2025). A natural question is, Are these revaluation
gains actually welfare gains? To answer this question, we compare revalu-
ation and welfare gains across percentiles of the initial wealth distribution
at the end of 1993. More precisely, we rank individuals according to their
total initial wealth within their cohort. We then compare average revalua-
tion and welfare gains at these different percentiles.

Transactions—Figure 8A plots the average consolidated equity and
housing transactions across different percentiles of the wealth distribu-
tion. To make it more easily comparable across different percentiles, we
normalize average transactions by the total wealth at the end of 1993 at
each percentile. The key observation is that richer individuals are, on av-
erage, net sellers of equity, while poorer individuals are, on average, net
buyers. In contrast, housing net purchases are mildly positive across most
of the wealth distribution (consistent with the mildly positive aggregate
housing net purchases by households; see table 2).

Figure 8B plots the consolidated holdings of debt and deposits across
the wealth distribution. As a proportion of financial wealth, the level of
debt decreases (in absolute value) with the level of wealth, while the level
of deposits increases. The negative value of deposits at the top 1% reflects
that richer individuals tend to hold more equity, and as a result, they
indirectly hold negative positions in deposits through their ownership of
Norwegian banks. Finally, the top 1% holds little debt on a consolidated
basis.”

Welfare gains—Figure 8C plots the average welfare gains at different
wealth percentiles. Welfare gains increase with total wealth: the top 1% ex-
perienced, on average, a $73,000 welfare gain, while the corresponding
number is $8,000 at the bottom 1%. Figure 8D plots welfare gains as a per-
cent of the average total wealth in each percentile. The main pattern is

(fig. 7C). This phenomenon is due to two forces: (i) mortgage rates are mostly flatat the be-
ginning of our sample and only start declining in 2001 (fig. 3), and (ii) this cohort spends a
more extended amount of time with mortgage debt than the older cohorts aged around 30
in 1993 (fig. 7B).

** While richer individuals issue debt through their ownership in nonfinancial busi-
nesses, they also buy this debt through their ownership in financial businesses.
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F1c. 8.—Financial transactions and welfare gains by wealth percentile. Panels Aand B plot
net transactions per capita, averaged across years and 3 percentile groups of total wealth at
the end of 1993, and divided by average total wealth measured at the end of 1993. Panel C
plots the average welfare gain, as defined in (16), in 2011 US dollars. Panel D plots welfare
gains divided by total wealth at the end of 1993, both averaged across 3-percentile groups of
total wealth at the end of 1993 (except for the top 1%, plotted separately). Wealth percentiles
are constructed by ranking individuals within each cohort based on total wealth at the end of
1993, defined as the sum of financial wealth and human capital (i.e., the present value of la-
bor income and government benefits received from 1994 to 2019). When generating these
figures, we exclude eight individuals with low initial measured total wealth but extremely
high subsequent wealth, likely due to inheritance, as they generate discrete spikes in trans-
actions and welfare gains divided by initial total wealth.

these “normalized” welfare gains tend to be stable across the wealth distri-
bution, except for the top 1%. Individuals in the top 1% of their cohort
experience a welfare gain of roughly 3.1% (as a percent of total wealth),
which is higher than the population average of 1.5%. Moreover, most of
the relatively higher welfare gains for the top 1% come from equity, reflect-
ing that they tend to be net sellers in this asset class.

Revaluation gains—Finally, figure 9 contrasts revaluation and welfare
gains. Similarly to welfare gains, revaluation gains increase with top percen-
tiles, which reflects the importance of revaluations for the rise in wealth in-
equality. However, the figures show that the magnitude of revaluation gains
(44.5% of total wealth for the top 1%) is much bigger than the magnitude
of welfare gains (3.1% of total wealth for the top 1%). Put differently, only
a small part of these revaluation gains are welfare relevant.
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Fic. 9.—Welfare and revaluation gains across wealth percentiles. This figure plots the aver-
age welfare and revaluation gains, as defined in (16), across 3-percentile groups of total wealth
at the end of 1993. Panel A reports the two quantities in level (dollar terms), while panel B re-
ports the two quantities as a percent of total wealth, as measured at the end of 1993. Wealth
percentiles are constructed by ranking individuals within each cohort based on total wealth
at the end of 1993, defined as the sum of financial wealth and human capital (i.e., the present
value of labor income and government benefits received from 1994 to 2019).

D.  Redistribution across Sectors

As discussed in the previous sections, our baseline measure of welfare gains
does not aggregate to zero across households. This is because Norwegian
households do not trade exclusively with one another; they also trade with
the government and foreign entities.

In appendix C, we use data on sectoral financial transactions from
Norwegian national accounts to analyze the redistributive effects of asset
prices across sectors. We show that the positive average welfare gain of
Norwegian households is counterbalanced by a negative welfare gain of
the Norwegian government. Indeed, while Norwegian households are net
debtors on average, the consolidated government (through Norway’s sov-
ereign wealth fund) is a net saver.

As discussed in the final subsection of section II.C (“Government”), a wel-
fare loss for the government represents a loss of real resources available for
net transfers to the household sector. While it is beyond the scope of this pa-
per to quantify how the Norwegian government has adjusted (and will ad-
just) net transfers in response to persistently lower interest rates and higher
asset prices, it is possible that the very individuals who experienced wel-
fare losses in our exercise (i.e., the young) will also be the ones to bear the
brunt of future reductions in government transfers such as pension benefits.

IV. Generalizations of the Baseline Sufficient
Statistic Approach

We now implement several extensions and generalizations of our baseline
sufficient statistic approach. In particular, we modify our sufficient statistic
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approach to take into account (i) uninsurable income risk, (ii) borrowing
constraints with collateral effects, (iii) second-order effects, and (iv) ex-
trapolation beyond the end of the sample. In each case, we discuss the the-
oretical difference relative to our baseline formula, our methodology to
implement the correction, and its quantitative effect.

For the sake of transparency, we analyze each extension separately. As a
preview of our results, table 3 reports the effect of each generalization for
the distribution of welfare gains across cohorts. Overall, we do find that
each of these effects matters quantitatively. The last line of the table re-
ports the effect of combining all these extensions. We find that average
welfare gains increase across the wealth distribution, with a more signifi-
cant increase for the 20—40 cohorts.

A.  Uninsurable Income Risk

We have derived our sufficient statistic formula in a deterministic model.
In reality, agents are exposed to both individual-specific and economy-wide
shocks. In this section, we study theoretically and empirically the effect of
uninsurable labor income risk on our sufficient statistic formula. We refer
the reader to appendix section A.2 for a more general analysis of wel-
fare gains in a fully stochastic environment where not just labor income
but also dividends, asset prices, and asset-price deviations themselves are
stochastic.

Theory—The environment is the same as in the baseline model except
that individual labor income Y, is now subject to idiosyncratic shocks. The
individual chooses a stochastic path of consumption and asset holdings to
maximize the expected utility of consumption:

TABLE 3
WELFARE GAINS ACROSS COHORTS: GENERALIZATIONS OF OUR BASELINE APPROACH

Welfare Gains by Age Group
Mean 0-20 2040 40-60 60-80

Baseline 119 —-126 254 253 10.6
Additional effect of:
Uninsurable income risk +2.3 +4.2 +1.2 +.2 —.1
Borrowing constraints and collateral effects —.1 +1.9 -14 -1.1 +.1
Second-order effects +3.5 —-95 +88 +12.0 +4.8
Extrapolation +44  +6.6 +6.7 +1.2 +.2
Combining all extensions 23.7 —4.3 428 39.3 109

NoTEe.—The age group refers to the age of the cohort at the end of 1993. (See the replica-
tion data for further details of the breakdown.) “Uninsurable income risk” reports the results
obtained in sec. VA with v = 1. “Borrowing constraints and collateral effects” reports the re-
sults obtained in sec. V.B with £ = 0.01. “Second-order effects” reports the results obtained
in sec. V.C. “Extrapolation” reports the results obtained in sec. V.D. with ¢ = 0.9. “Combining
all extensions” reports the results obtained in app. sec. D.5. All numbers are in thousands
of 2011 US dollars.
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subject to initial asset holdings B;_; and {N,, —;} and the usual sequence of
budget constraints:
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The next proposition characterizes the welfare gain of a deviation in asset
prices in this stochastic environment, defined as the individual’s willing-
ness to pay for the deviation in asset prices at ¢ = 0.

ProrosITION 2. In the presence of uninsurable income risk, the wel-
fare gains from a deviation in asset prices for individual ¢ is

vy o [26 U'(Gy) (

m = U (CIO) E(Nkz 1 M,k,l)dpk,z - Bi,LdQL):|' (18)

k=1

There are two differences with the baseline welfare gain formula. The
first is that, in a stochastic environment, what matters for the ex ante wel-
fare effect of an asset-price deviation is the expected path of net asset sales.
The second is that this expectation is under the individual’s risk-neutral
measure, which tilts the objective measure by the growth of the individ-
ual’s marginal utility of consumption 8'U’(C;,) /U'(Cyy) (i.e., the individ-
ual marginal rate of substitution). Because of uninsurable idiosyncratic
shocks, this adjustment is individual specific. To emphasize the role of this
adjustment, we use the Euler equation E[3'U’(C;,) /U (Ciy)] = R;L, to
rewrite the welfare-gains formula as a sum of two terms:

dVv;
U’(C::()) ;}R()A»tlEO [E(Mkt 1 ]Vi,k,t)dpk,t - Bi,dez:|
baseline
(19)
i B'U (C,
+ ECOVO( U ((C )) E(Mkt 1~ N )dPy — Bi,[dQ;) .
=0 i,0

covariance term

The first term captures the welfare gain due to the expected path of asset
transactions (in the objective measure). The second term captures the wel-
fare gain due to the covariance between the growth rate of marginal util-
ity and net asset sales. In our context, we can expect this covariance term
to be positive, as labor income shocks generate a positive comovement
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between the marginal utility of consumption and asset sales (e.g., indi-
viduals jointly reduce consumption and savings after a negative income
shock). One implication of this covariance term is that welfare gains no
longer aggregate to zero in the population. While it is still the case that
higher asset prices are purely redistributive from ex post buyers to ex post
sellers (i.e., transactions sum up to zero in every state of the world), agents
disproportionately weight the states in which they are sellers from an ex
ante perspective, meaning that welfare gains aggregate to a net positive
sum across the population.

Finally, note that, even in the presence of uninsurable income risk, our
baseline sufficient statistic (10), which discounts realized transactions us-
ing a constant discount rate, still has a valid interpretation as (minus) the
amount of money, received at time ¢ = 0, that would have allowed the in-
dividual facing the deviation in asset prices to maintain their original path
of consumption.”

Implementation—We now adjust our sufficient statistic approach to
quantify the contribution of uninsurable labor income for ex ante welfare.
Asseenin (19), the key empirical object that governs the effect of market
incompleteness is the covariance between the growth of marginal utility of
consumption and future asset sales at each horizon ¢ > 1. To estimate this
incomplete market adjustment term in the data, we assume that individ-
uals have CRRA (constant relative risk aversion) utility with a coefficient
of relative risk aversion 7. The covariance term for asset kin (19) can be
approximated as

(S‘U’(G,t)
ovy | ———

U,(C,-)O) B (]Vi,k,z—l - ]sz)PkL)

c (20)
-1 it
~ Ry~ X v X covy (log (C—) (Nigs — ]Vi,k,tl)Pk,t)

1,0
using a log-linear approximation in consumption growth.”* While this
approximation is not strictly necessary, it makes the statistic more robust
in the data, as consumption growth can have extreme outliers at the in-

dividual level due to fat-tailed events or measurement errors (Toda and
Walsh 2015).

** See proposition Al3.
> More precisely, we have

‘UG, (C. -
COVy (%’ (Nigi-1 — M(,L)})k,/) = COVy (B (a) » (Nig—1 — MJ)PI«,L>
(Cii/Cio) ™
[Eu[(C,;,/C,,o) 77]

Approximating at the first order in ¢;, = log(C;,/C;,) around ¢* = (—1/v) log E[(C,,/ G) "]
gives the result.

RSL;COVU( s (Nis — Ni.k,;—l)Pk,/)-
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In our particular settings, we can construct a measure of individual con-
sumption as a residual from the budget constraint (9), that is, total net
income minus net asset purchases. However, this measure has two limita-
tions. First, measurement error in either income or asset purchases gen-
erates a mechanical negative correlation between consumption growth
and asset purchases, leading us to underestimate the effect of incomplete
markets (since we expect the covariance term to be positive). Second, our
measure captures total spending rather than nondurable consumption,
which would be the appropriate quantity in this context (see, e.g., Vissing-
Jorgensen 2002). To partially address these two issues, we substitute our
measure of consumption growth with its projection on log income growth.
See appendix section A.4.3 for more details on our implementation.

Results—Figure 10A reports the sum (over time) of the covariances (20)
for each cohortand for each asset class. The positive “total” (i.e., the sum of
the asset-specific covariances) reflects that households with a high consump-
tion level—relative to others with the same observables in 1994—tend to
purchase more housing and hold more debt. For any positive level of rel-
ative risk aversion v, this is a force that will dampen the (ex ante) welfare
loss associated with rising house prices (and declining interest rates),
given that housing purchases (and borrowing) disproportionately occur
in idiosyncratic states in which individuals have high income and low mar-
ginal utility. Note that the covariances tend to decay with cohort age, re-
flecting the fact that the retirement income of Norwegians is pretty stable
over time.” Figure 10B reports average welfare gains across cohorts, in-
cluding the incomplete-market adjustment term (19) for different values
of the risk aversion parameter . We find that the effect of uninsurable la-
bor income risk is particularly important for younger cohorts, who face more
uncertainty over their lifetimes. In particular, we find that the incomplete-
market adjustment term offsets some of the welfare loss for the young: the
average welfare gain for the cohort of individuals who are 10 years old in
1994 increases from —$17,000 when y = 0 (baseline) to —$13,000 when
v = 1, up to —$6,000 when v = 3.

Calibration approach— Overall, our results suggest that uninsurable la-
bor income shocks only moderately affect our welfare gain formula in Nor-
way. How general is this result? To answer this question, we take a more
standard model-based approach and, in appendix section D.1.2, we study
the welfare effect of asset-price deviations in a Bewley-type model in which
agents face arealistic labor income process with both transitory and perma-
nent labor income shocks. We show that market incompleteness generates
a relatively minor correction to the baseline sufficient statistic across a wide
range of calibrations.

* Put differently, while saving decisions still react to income changes, there is little var-
iability in income after retirement.
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F16. 10.—Accounting for uninsurable labor income risk. Panel A plots the covariances
(20) aggregated over the horizons for each cohort and asset class. Panel B plots the average
welfare gain by cohort, including the incomplete-market adjustment term (19). Note that
the average welfare gain for y = 0 (risk neutrality) is the same as the baseline one plotted
in figure 7. Units are 2011 US dollars.

In appendix section D.1.2, we also consider a model in which individ-
uals face idiosyncratic risk in portfolio returns, which is the dominant
source of risk at the top of the wealth distribution (e.g., Fagereng et al.
2020; Gomez 2023). In this particular case, we can obtain simple closed-
form formulas for the effect of market incompleteness on welfare gains:
return risk effectively increases individual discount rates by the product of
their relative risk aversion and the variance of return shocks. This effect
is small for realistic calibrations: for instance, with vy = 1 and ¢ = 10%,
the effective increase in the discount rate is 1 percentage point (¢ 1 x 0.1%).
Moreover, this formula makes it easy to adjust our baseline sufficient statis-
tic to take this effect into account since it simply requires adjusting individ-
ual discount rates upward.”

B.  Borrowing Constraints and Collateral Effects

In the baseline model, individuals can take unrestricted positions in the
liquid asset. In reality, individuals often face constraints on how much
debt they can incur. More generally, the interest rate charged to an indi-
vidual may increase with the debt level or decrease with the value of its
assets. We now examine the effect of these borrowing constraints on our
formula for welfare gains.
Theory—For simplicity, we consider a two-asset version of the baseline
model. The agent maximizes
Vio = : \?)é }EBJU(CM), (21)

{CoNoBY

* Consistently with this idea, in our baseline approach, we use a relatively high discount
rate of 5%, which is larger than the average rate of return on the deposits and debt over our
time sample (see also the discussion in n. 36).
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subject to budget constraints at each period ¢ > 0,
Ci,z + (Nt - M,t—l)Pt + Bi,tQi,t + X(M,i - M,tfl) = Yz‘,t +Bz,1—1 + ]\]i,t—lD1~ (22)

The key difference, relative to the baseline model, is that we allow the
price of the liquid asset Q;, to be individual specific. More precisely, we
assume that individuals face an interest-rate schedule (or “credit surface,”
in the language of Geanakoplos [2016]):

Qi,L = F(Qz, B, N,.P,), (23)

where F is a smooth function of economy-wide reference price Q, (e.g.,
“prime rate”), individual bond holdings B;, , and the market value of as-
set holdings N, P,. The dependence of Q,, on bond holdings, 6Qi,,/6B,»,,,
captures the idea that the interest rate faced by individuals may increase
with individual debt balances. In contrast, the dependence of the interest
rate on asset values, 6Q,, JO(N,,P), captures “collateral effects.” In particu-
lar, when 0Q;,/0(N,,P,) > 0, a higher value of asset holdings allows the in-
dividual to issue bonds at a higher price Q;, thatis, to borrow at a lower in-
terest rate Q;;, thereby capturing the key idea in collateral-constraint models
that higher asset prices relax financial frictions. While we focus on smooth
interestrate schedules in the main text, we also study the case where indi-
viduals face “hard” borrowing constraints in appendix section D.2.3, which
can be seen as a limiting case. The next proposition expresses the effect of
borrowing constraints on the welfare gains of a deviation in asset prices.

ProposITION 3.  In the presence of the interestrate schedule (23), the
welfare gain of individual ¢ is

0Qu
00,

00,
dQ + m“f’» (24)

_— = wkflaz N, — N,,)dP, — B;,
UGy~ &= (( o) (

~ _ t—1 B; 8Q, 5
Ri,()l—m = _ (Qi,s(l + === ).
HY70 Qi,s aBi,s
This proposition shows that borrowing constraints affect our welfare
gain formula in two ways. First, when 8Qi,[/aB,~,, > 0, meaning that the in-
terest rate increases with the amount of debt (Q;;' increases as B;, be-
comes more negative), any increase in individuals’ debt level increases

the interest rate on their entire debt balance so that they effectively face
a higher marginal interest rate.”” As a result, individuals discount more

" In fact, the schedule for the average interest payment @, (23) implies the following
schedule for the marginal interest payment

6B(Q;JBA,/) = Q_i.z + BI,LaBQ,l = Q_g.z (1 +

5,00,
Q. 0B,)"
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heavily the future, which dampens the welfare effect of future deviations
in asset prices: we call this the “discount rate channel.” Second, when
00Q,,/0(N,,P,) > 0, agents who hold levered positions in the asset benefit
from a rise in asset prices through lower debt payments; this is what we
call the “collateral channel.”® Importantly, in the presence of the collat-
eral channel, asset holdings N,, matter for the welfare effects of asset-
price changes (in contrast to our baseline results, in which only asset
sales N;,-; — N,, mattered).

To formalize these two channels, we can rewrite the expression for
welfare gains in the presence of borrowing constraints, as given in prop-
osition 3, as a sum of three terms that capture, respectively, the welfare
gains in the baseline model, the effect of the discount-rate channel, and
the effect of the collateral channel:

_dVi,

ant >
Rﬁz ijt— _Mldl)l_ it dz
Ty - 20 ( H M) 5q, 12

baseline

S - re) (s — N — B, 2%
+ E(Ri,()*w ROHI) ((M,l—l M,l)dpl Bz,l 6Q, dQl) (25)

discount-rate channel

N T a il
+ ER@JH( B,fa(]s‘tp) N,-,,dPt> .

collateral channel

Implementation—We now assume a specific parametric form for the
interestrate schedule (23). More precisely, we assume that the individual-
specific (log) interest rate increases linearly with the loan-to-value ratio

Q= Qe &MY, (26)

where LTV,;, = —B,,/(N,,P;,). The parameter £ governs the sensitivity of
the interest rate to the loan-to-value ratio (and so the importance of bor-
rowing constraints). The case £ = 0 corresponds to the baseline model
without borrowing constraints. Plugging the parametric form (26) into
proposition 3 gives the following simplified formula for welfare gains.

COROLLARY 4. In the presence of a loan-to-value constraint represented
by the interest-rate schedule (26), the welfare gain of individual ¢ is

* While we do not discuss aggregation in the context of the collateral effects extension,
banks charging lower mortgage interest rates in response to higher home values may also
generate some losers, in particular, bank shareholders who indirectly hold mortgage debt
as an asset. An offsetting effect is that lower loan-to-value ratios may lower bank monitoring
costs, so bank shareholders may not be impacted much overall.
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Q. £ X LTV, dP)), @7
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where R\, = [[20(Q,,(1 — £ x LTV,))).

This equation gives simple closed-form expressions for the effect of
borrowing constraints on the welfare gains of a deviation in asset prices with
two key modifications relative to the baseline: first, borrowing constraints
increase the effective discount rate of agent ¢ by 2¢ x LTV, (discount-
rate channel); second, they increase the welfare exposure of asset-holders
to rising asset prices by an amount equivalent to an increase in their an-
nual rate of asset sales of £ x LTV, (collateral channel).”

Results—We estimate the parameter ¢ by examining the relationship
between individual mortgage interest rates and the ratio of mortgage
debt to house value. Figure 11A presents a binned scatterplot of these
two variables in the data. A clear positive relationship is visible: as loan-
to-value ratios increase from 0 to 100%, mortgage interest rates increase
by around 0.2 percentage points, from around 5% to 5.20%. Consistently
with our parametric assumption (26), the relationship is approximately
linear. In appendix section D.2.2, we estimate this relationship more for-
mally using panel regressions and obtain values for £ between 0.0025 and
0.004, depending on the controls included. The interpretation is that
an increase of the loan-to-value ratio from zero to one is associated with
a 0.25 percentage point to 0.4 percentage point (25—40 basis points) higher
mortgage interest rate.

One potential concern, however, is that measurement error in the
loan-to-value ratio or omitted variables may bias this coefficient down-
ward. To deal with measurement errors, we also collect direct evidence
of the interestrate schedule posted by one of the Norwegian banks (Bulder
Bank), which indicates a higher value of £ = 0.01 (i.e., an increase in the
loan-to-value ratio from zero to one implies a 1 percentage point rise in
the interest rate).

We then implement the expression for welfare gains (27) in the data.®
Figure 11B reports the average welfare gains in each cohort. Given the
uncertainty regarding the value of £, we report results for a range of val-
ues £ € {0,0.005,0.01}, where the case £ = 0 corresponds to the base-
line welfare gain formula (i.e., same welfare gains as in fig. 7). We find
that the effect of borrowing constraints is small. Figure A9 plots separately

* The first statement comes from the fact that the effective discount rate of agent i be-
tween tand ¢t + 1is Q; (1 — &£ x LTV,,) = Qe ™™ (1 — £ x LTV,,) = Q' * ™V The
second statement comes from the fact that the effect of collateral constraints at time ¢in
(27) is (=B, Q) x & x LTV, x(dP,/P,) = £ X LTV, x N,dP,. In words, collateral con-
straints mean that every asset holder gains an additional exposure to a rise in asset prices
that is equivalent to a “shadow” increase in their annual selling rate by £ x LTV?,.

% See app. sec. D.2.2 for more details.
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FiG. 11.—Accounting for borrowing constraints and collateral effects. Panel A contains a
binned scatterplot of the interest rate on mortgages and the ratio of mortgage debt to house
value across individuals over the years 1994-2019. To do this figure, we focus on the sample of
individuals with an interest rate in the 5%-95% range every year and a mortgage debt to
housing value ratio between 0.2 and 0.99. We then demean the individual-specific interest
rate and loan-to-value ratios by their average values each year, adding back the average inter-
estrate over 1994-2019. Each dotrepresents a percentile of the sample, ranked according to
their loan-to-value ratio. Panel B plots the average welfare gain by cohort, including the col-
lateral effect adjustment term (27). The welfare gain with £ = 0 is the same as in figure 7.
Units are 2011 US dollars.

the impact of the discountrate channel and the collateral channel; the two
effects tend to have opposite signs (the discount-rate channel tends to be
negative, while the collateral channel is always positive), and so the two ef-
fects tend to cancel out.

In appendix section D.2.2, we also estimate the effect of borrowing
constraints at the individual level. We document a sizable dispersion
across individuals (in particular, within cohorts). While the average ef-
fect of borrowing constraints is close to zero, they can increase welfare
by up to $98,000 for the top 1% of individuals most impacted via these
constraints. Still, despite this sizable dispersion, the correction due to bor-
rowing constraints remains small relative to the dispersion in baseline wel-
fare gains (table 2).

Calibration approach.—Overall, our results suggest that borrowing con-
straints only moderately affect our welfare gain formula in Norway. How
general is this result? To answer this question, we use the closed-form for-
mula (27) to evaluate the effect of changing £ (the elasticity of interest
rates to the loan-to-value ratio) for welfare. Consider, for example, an
economy with 10 times our baseline value for §; thatis, { = 0.1 (an in-
crease in the loan-to-value ratio by one increases the interest rate by 10%).
In this case, borrowing constraints would effectively increase the discount
rate of a borrower with LTV;, = 0.26 (the average loan-to-value ratio in
our sample) by 2¢ x LTV, = 5 percentage points; that is, from 5% to
10%. Moreover, due to the collateral channel, the same borrower would
experience an additional welfare gain equivalent to a net increase in house
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sales by £ x LTV}, = 0.6 percentage points, which remains modest.”* Over-
all, this type of computation makes it possible to assess the quantitative
importance of borrowing constraints in different economic models or em-
pirical settings.

How robust are these results to the assumption of a smooth interest-
rate schedule? To answer this question, we study the case where individ-
uals face “hard” borrowing constraints in appendix section D.2.3. As in
the case of our interest-rate schedule (26), we derive simple closed-form
formulas for the effect of these borrowing constraints on welfare gains
in terms of three key parameters: (i) the proportion of individuals at
the constraint, (ii) the wedge between the marginal rate of substitution
across times and the interest rate for individuals at the constraint, and
(iii) the loan-to-value ratio at the constraint. Overall, hard borrowing con-
straints lead to similar adjustments, both in spirit and in magnitude, to
those derived in the baseline case where agents face a smooth interest-
rate schedule.®?

C.  Second-Order Effects

Proposition 1 characterizes the welfare gains of an infinitesimal deviation
in asset prices. Hence, our sufficient statistic captures only the first-order
effect of a noninfinitesimal deviation in asset prices. We now discuss the-
oretically and empirically the importance of higher-order effects.

Theory—We first derive a formula for the welfare gain correspond-
ing to a noninfinitesimal deviation in asset prices. As in the proof of
proposition 1, we consider a noninfinitesimal deviation in the path of
asset prices {AQ,, {AP,,},}-y and consider a continuum of intermediate
economies where the deviation in asset prices is scaled by 0: Q,(0) =
Q, +0AQ,and P, (0) = P, + 0AP,,.

The money-metric welfare gain (i.e., the equivalent variation) of the
deviation in asset prices indexed by 0 is then the integral of infinitesimal
welfare gains between 0 to 0:

0 o K
EV,(0) = JOERSL(U) (E(M,k,t—l(u) = Nipi (W) AP, — B,:,z(U)AQ¢) du, (28)
t=0 k=1
where {B;,(u), { N (u)},}=y denote the path of asset holdings in the
economy indexed by u after adjusting individual wealth at ¢ = 0 to keep

" Figure 7A and table A2 imply that the typical annual rate of home sales in a cohort
is +4%.

2 The key difference between the two types of constraints is that soft borrowing constraints
(interest-rate schedule) affect the formula for welfare gains for everyone. In contrast, hard
borrowing constraints (strict borrowing limit) affects the formula for welfare gains for a lim-
ited number of agents—those hitting the limit. This stark distinction vanishes in a model with
idiosyncratic risk, where all agents have some probability of hitting the constraint.
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individual welfare fixed (i.e., Hicksian demands). When « = 0, this cor-
responds to the path of asset holdings in the baseline economy.

Using a trapezoidal approximation, we can then obtain a second-
order approximation of welfare gains:*’

EV,(0) = iRJit<g> {é (Ni,k,r—l(o) 2_ N (0) + Nipi-1(0) 2_ N, (6)

) AP, (0)
(29)
SLAUREHONY (0)} 4 o)),
Compared with the first-order approximation in (12), this second-order
approximation requires knowing how asset transactions respond to changes
in asset prices (e.g., portfolio reshuffling). In particular, second-order effects
are positive for individuals who respond to higher asset prices by selling
more assets.”* One implication is that the accuracy of our baseline first-
order approximation depends on the extent to which the financial transac-
tions of individuals react to deviations in asset prices. Another difference
with the baseline first-order approximation is that one should use the aver-
age interest rate between the baseline and counterfactual economy, R, (0/2),
to discount future transactions.

Implementation—The empirical implementation of this second-order
approximation requires additional assumptions: in contrast to the first-
order approximation (12), we now need to specify what financial transac-
tions would be if asset valuations had remained at their 1994 level. One way
to do so would be to specify parametric forms for the utility function, the
adjustment-cost functions, and individuals’ beliefs about future asset prices.

Instead, we simply assume that, had valuations remained at their 1994
level, the quantity of transactions of a 30-year-old in each year would be the
same as the transactions of a 30-year-old in 1994. Formally, we assume that
the counterfactual transactions of individuals of age a are given by the
following:*

Na,k,t(e) - Na,k,z—l(e) = Na,k,O(O) - Na,k,—l(o)
(30)
B..(0) = G'B,,(0),

% We use the notation 0(6?) to denote a term that converges to zero faster than 6% as
0 — 0. Note that

0
Jf(u)g(u)du =f(0/2)M0 + 0(6%)

for any functions f (-), g(-) (this can be proven formally by showing that both sides of the
formula have the same first and second derivatives with respect to  at zero). Setting f(u) =
Ry’ (u), and g(u) = Ny (1) — Ny, (), gives (29).

% Martinez-Toledano (2022) empirically studies the effect of this type of market timing
on wealth inequality.

% See app. sec. D.3 for more detail on the implementation.
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where {B,,(0), {N,.(0) },} -, denotes the average asset holdings of indi-
viduals of age a in year 1994 + ¢ in the economy indexed by § and G =
1.01 denotes the real per-capita growth rate of the economy in our sam-
ple period.

In alignment with (29), we discount future transactions using the discount
rate R(0/2) = 1.025, which represents a midpoint between the net debt
and deposit rates at the start of our sample (5%) and the rates at the end
of our sample (0%; fig. 3). This adjustment effectively magnifies welfare
gains relative to our baseline R = 1.05, as it implies that individuals dis-
count less the profits or losses associated with future transactions.

Results—We now examine how these counterfactual transactions dif-
fer from actual transactions. Figure 12A compares the actual and coun-
terfactual housing and equity transactions for different age groups. The
two quantities are very close, reflecting that real net housing and equity pur-
chases have remained roughly constant over time. Figure 128 compares

A Housing and equity transactions B Debt and deposit holdings
10K ) 50K
' Ay
/ S O TR s s g
l' ‘\ 0K o
g sk{ / *,
© I} ‘\ %)
5 ’ o 2
5 x ~ 5 -50K
= . 2
g ok g
S 100K
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- T T T 3 T -150K e T T T T
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Current age Current age
----- Housing Housing (counterfactual) ssssssees Debt Debt (counterfactual)
Equity Equity (counterfactual) Deposits Deposits (counterfactual)
C Second-order welfare gains D Second-order welfare gains by asset class
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-25K

-50K
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F16. 12.—Accounting for second-order effects. Panels A and B compare actual versus
counterfactual transactions (if valuations had remained at their baseline level). More pre-
cisely, panel A plots (Nox, = Nuxi-1) P and (N (0) — Nosio1(6))) P (8), averaged across
years, for housing and equity. Panel B plots B,,Q, and B,,(0) Q,(0), averaged across years.
Counterfactual asset transactions and bond holdings are estimated using (30). Panel C plots
the average welfare gain at the first order and at the second order for individuals in each
cohort (indexed by their age at the end of 1994), while panel D plots it separately for each
asset class. Units are 2011 US dollars.
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the actual and counterfactual debt balances. Net debt (debt minus depos-
its) has increased much more rapidly than one could expect from eco-
nomic growth. Intuitively, the young must now borrow more to finance
the purchase of houses whose values have grown faster than the economy.
Still, overall, we find that counterfactual transactions are relatively similar
to actual transactions, which suggests that second-order effects are likely
to be moderate in our settings.

Figure 12C plots the total second-order welfare gain computed using
(29), while figure 12D plots the second-order welfare gain class by asset
class. The figure confirms this intuition: the overall effect of the second-
order adjustment is small, and the results are quantitatively similar to those
using our first-order approximation. Most of the effect is driven by the fact
that we now use a much lower discount rate to discount the future (2.5%
instead of 5%), which means that our second-order approximation tends
to magnify the present value of gains and losses obtained with our baseline
(first-order) approach. One additional negative effect for the young is
driven by the cross elasticity of mortgage balance to house prices. As we
have discussed, low mortgage rates have an important offsetting effect on
home buyers who are hurt by rising house prices. If house prices had re-
mained at their initial values, the young would have had lower mortgage
balances, and as a result, they would have benefited less from the decrease
in mortgage rates (see fig. 12D for a plot of the second-order correction by
asset class).

D.  Extrapolation

Our measure of welfare gains in proposition 1 expresses the welfare gains
as the present value of all future transactions, multiplied by the path of fu-
ture price deviations. However, as discussed in section III, we apply our for-
mula only to a finite sample that ends in the year 2019 (7" = 25). There-
fore, our formula should be interpreted as the welfare gain associated with
price deviations equal to zero after 2019 (i.e., assuming that valuations re-
vert to the baseline in which asset prices grow at the same rate as dividends
after 2019).

Implementation—How important is this truncation for our results? To
examine this question, we recompute our welfare gains with different as-
sumptions about the behavior of asset prices after 2019. More precisely, we
assume that, after the end of the sample, valuations revert to their baseline
level according to a mean reversion parameter ¢ € [0, 1]. Formally, we as-
sume that the valuation of asset class k at ¢ > T is given by®

% See Campbell (2018) for an example of such an AR(1) specification for the logarith-
mic price-dividend ratio.
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PO\ _ oy (PDir
log<m};) =¢ log(mk ), log<%) =9 log(%>, (31)

where PD, ; denotes the asset valuation in year 2019 and PD, denotes the
baseline level of the asset valuation defined in section III. Our baseline
summary statistic, which considers asset-price deviations that stop after 7,
can be seen as the limit case ¢ = 0. Figure 13A plots house prices obtained
using this methodology up to 2060, for values of ¢ between 0 and 1. Note
that, in all scenarios, we assume that housing valuations ultimately revert
to their initial value (¢ < 1), consistent with the fact that asset valuations
are stationary processes (Campbell and Shiller 1988).

To implement the sufficient statistic formula, we must also predict in-
dividuals’ future transactions. To do so, we assume that the quantity of
assets sold by a given cohort in any year after 2019 equals the average
quantity sold by individuals of the same age in our sample, adjusted for
economic growth (see app. sec. D.4 for details). This assumption is mo-
tivated by the fact that the quantity of transactions by age group has re-
mained remarkably stable over our sample period, as discussed above
(sec. V.C).

Results—Figure 13 plots our estimated values for the average welfare
gain in each cohort for different values of ¢. As ¢ increases, two things
happen. First, the graph of welfare gains is translated to the left. Intui-
tively, a high ¢ means that aging individuals sell more assets at elevated
prices beyond our sample period, thereby increasing their welfare gains.
However, this comes at the expense of young generations, unborn in
1994, who will ultimately purchase these assets. Second, the graph of wel-
fare gains shifts up. This is because, as we show in the sectoral analysis in
appendix C, individuals in Norway benefit on net from the rise in asset

A Extrapolated house prices B Welfare gains across cohorts
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F1c. 13.—Accounting for extrapolated changes in asset prices beyond 2019. Panel A plots
the path of future house prices for different values of ¢, constructed using (31). All paths are
adjusted for inflation and normalized to one in 1980. Panel B plots the average welfare gain
in each cohort with different assumptions about the future path of asset prices. Units are
2011 US dollars.
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prices because they hold a positive amount of debt in the aggregate. As
¢ increases, higher valuations last longer, which means that, on average,
welfare gains increase. However, doing the same exercise for sectoral wel-
fare gains would reveal that this comes at the cost of a decrease in the
total welfare gains for the government. Figure A12 decomposes the welfare
gains by asset class. The decomposition shows that, as ¢ increases, most of
the higher welfare gains in the population come from lower interest rates
on debt.

VI. Conclusion

The main contribution of our paper is to provide a simple framework to
quantify the welfare effects of fluctuations in asset prices. The core eco-
nomic idea is that the welfare effect of changes in asset prices can be
measured from the path of realized financial transactions: rising asset
valuations benefit sellers and harm buyers. We implement our sufficient
statistic formula using administrative data on financial transactions to
quantify welfare gains and losses in Norway from 1994 to 2019.

Our empirical implementation generates four main findings. First,
the rise in asset valuations had large redistributive effects; that is, they
resulted in significant welfare gains and losses. At the same time, welfare
gains differed substantially from naively calculated revaluation gains; in
particular, individuals with the highest revaluation gains were not neces-
sarily the ones with the highest welfare gains. Second, rising asset prices
redistributed across cohorts, with the old benefiting at the expense of the
young. Third, they redistributed across the wealth distribution, from the
poor to the wealthy. Fourth, they also redistributed across sectors: declin-
ing interest rates benefited Norwegian households at the expense of the
Norwegian government.

While our sufficient statistic approach is general, our empirical results
are country specific. Differences in institutions, regulations, and norms
shape the exposure of household welfare to asset-price changes. For in-
stance, in Norway, public equities represent merely 3% of household
wealth (see table A2), mortgages essentially all have floating interest rates,
and the government is a net saver (through the sovereign wealth fund;
see app. C). One can expect the welfare effect of deviations in asset prices
to be different in countries such as the United States, where public equities
represent roughly 20% of household wealth, mortgages tend to have fixed
interest rates, and the government is a net debtor (see Greenwald et al.
2021).

Recent work building on our methods suggests that our sufficient sta-
tistic approach may also be helpful in other contexts. Del Canto et al.
(2023) and Pallotti et al. (2024) study the money-metric welfare gains
and losses from inflationary shocks of US and Euro-area households and
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implement the corresponding welfare formulas using microdata. Simi-
larly, Crawley and Gamber (2023) study the welfare consequences of the
large asset-price and interest-rate changes on US households over the
2021-23 period rather than the longer-run trends considered here. An-
other valuable exercise would be to systematically quantify the welfare
consequences of higherfrequency asset-price booms and busts that the
literature has emphasized as essential drivers of wealth inequality dy-
namics (Kuhn, Schularick, and Steins 2020; Cioffi 2021; Martinez-Toledano
2022; Gomez 2025).

Finally, our results on the redistributive effect of asset prices raise im-
portant questions for optimal capital gains and wealth taxation. Answering
such questions requires studying environments with changing asset prices
using the tools from public finance. Aguiar, Moll, and Scheuer (2024) take
some steps in this direction.

Data availability

Code replicating the tables and figures in this article can be found in
Fagereng et al. (2024) in the Harvard Dataverse: https://doi.org/10.7910
/DVN/TJDOVI.
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