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The last few decades have seen large increases in asset valuations across many asset classes.1

These rising valuations had important effects on the distribution of wealth. This raises the

question: what are the welfare consequences 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

towards the wealthy and should be taxed as such (e.g., Piketty and Zucman, 2014; Saez et al.,

2021).2 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 therefore welfare

(e.g., Cochrane, 2020; Krugman, 2021).3 Which (if any) of these two opposing views is correct?

To make progress on this question, we develop a sufficient statistic approach that quanti-

fies the individual (money-metric) welfare effect of a deviation in asset prices. We then opera-

tionalize this approach using Norwegian 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 everything else (including asset cash flows)

constant? The answer to this question is given by the following formula:

Welfare Gaini =
T

∑
t=0

R−t × Salesi,t × Price Deviationt, (1)

where i denotes the individual, T is the length of the sample period, R > 1 is a discount

rate, Salesi,t are the net sales of the asset by individual i in year t, and Price Deviationt 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 formula 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

t = 0 (equivalent variation). The formula is for the case of one asset, but the extension to

multiple assets is straightforward. Finally, this version of the formula abstracts from a number

of important considerations such as incomplete markets and collateral constraints, which we

take into account below.

Our formula for the welfare gains of asset-price changes (1) highlights that these welfare

effects depend on asset transactions, not asset holdings. Intuitively, higher asset valuations are

1See, for example, Farhi and Gourio (2018), Greenwald et al. (2019), or Van Binsbergen (2020) for empirical
evidence.

2For example, Piketty and Zucman (2014) write “Because wealth is always very concentrated . . . [a] high
[wealth-to-income ratio] implies that the inequality of wealth, and potentially 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 evolution might reinforce the need for progressive capital taxation.”

3Cochrane (2020) writes “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 and writes, “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 at all.”

1



good news for prospective sellers (those with Salesi,t > 0) and bad news for prospective buyers

(those with Salesi,t < 0). A particularly interesting case is an individual who owns assets but

does not plan to buy or sell (i.e., Salesi,t = 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 toward existing asset holders. Our for-

mula shows that it is sellers that benefit, 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 for-

mula shows, this is only true if assets are not traded (e.g., in an economy with a representative

agent). However, when heterogeneous 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.

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 relative 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 PDt and a baseline price-dividend ratio PD:

Price Deviationt =
PDt − PD

PDt
. (2)

For our application, we use the 1992–1996 average price-dividend ratio as the baseline (i.e., a

5-year window around the beginning of the sample). Importantly, all of the variables in (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 metric welfare gain is around $10, 000, it is

−$185, 000 at the 1st percentile and $273, 000 at the 99th percentile (in 2011 U.S. 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 percentile. Importantly, the

distribution of welfare gains differs substantially from the distribution of revaluation gains

(defined as the discounted sum of asset 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. Overall, we find a large

amount of redistribution from young to old. For instance, the average welfare gain is approx-

imately −$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

inter-generational redistribution is primarily due to the fact that the young are net buyers of

2



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 distribution. We rank adults

according to their total initial wealth (measured at the end of 1993) within cohorts and find that

welfare gains have been concentrated at the top of the wealth distribution. The wealthiest 1%

experienced on average a $73, 000 welfare gain while the corresponding number is nearly zero

at the 10th percentile, reflecting the fact that (perhaps 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 theorem’s flexibility, we consider several model

extensions and explain how they affect our formula. Building on these theoretical results, we

then empirically 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

affect our estimated welfare gains and losses quantitatively but not qualitatively. More specif-

ically, 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 deter-

mined 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, Greenwald et al., 2019). As a response to this trend, a grow-

ing literature focuses on understanding the effect of rising asset prices (and declining inter-

est rates) on wealth inequality (e.g., Kuhn et al., 2020; Gomez, 2016; Wolff, 2022; Gomez and

Gouin-Bonenfant, 2024; Cioffi, 2021; Catherine et al., 2020; Greenwald et al., 2021). Relative

to this literature, our contribution is to study the heterogeneous effect of rising asset prices on

welfare.4 More broadly, we contribute to a large literature that uses microdata to study the het-

4Our theoretical results build on Moll (2020) who studied a two-period model similar to that in Section 1.1.
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
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erogeneity in saving 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 et al., 2017; Fagereng et al., 2019; Mian et al., 2020; Bach et al., 2020).

Dávila 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 suffi-

cient 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, inter-generational linkages, the government sector, and financial transactions done

via businesses), we develop a methodological framework to measure these welfare effects at

the individual level, and we implement it using household-level transaction data. Dávila and

Korinek show that deviations in asset prices generate two types of externalities: 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 (Section 4.1) or collateral constraints (Section 4.2).

Our formula for welfare gains is also related to Auclert (2019), who derives the welfare and

consumption effects of deviations in interest rates. Relatedly, Greenwald et al. (2021) stress

that the welfare effect of a permanent decline in interest rates can be measured as the dura-

tion mismatch between consumption and income, which they estimate using U.S. data. While

there is a profound connection between the two approaches, our sufficient statistic has two

main advantages for our application.5 First, it allows us to consider the welfare effect of arbi-

trary 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 fluctuations connects this paper to Doepke and Schneider (2006), who es-

timate the redistributive effect of inflation episodes using data from the Survey of Consumer

Finances, as well as Kiyotaki et al. (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 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 effect 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

residence spell is insulated from house price risk.
5We discuss the precise mapping between the two approaches in Appendix E.4.
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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).6

Roadmap. This paper is organized as follows. In Section 1, we present our theoretical frame-

work to quantify the welfare effect of a deviation in asset prices. In Section 2, we discuss the

implementation of our sufficient statistic approach using administrative data from Norway. In

Section 3, we report our estimates for the redistributive effects of asset-price changes. Finally,

we discuss generalizations of our sufficient statistic approach in Section 4.

1 Theoretical framework

This section presents our sufficient statistic approach. To focus on the intuition, we first ex-

amine the welfare effect of asset-price deviations in a two-period model with only one asset in

Section 1.1. We then generalize the result to an infinite horizon model with multiple assets and

adjustment costs in Section 1.2. We then discuss some extensions of our results in Section 1.3

to more general models.

1.1 Intuition in a two-period model

Time is discrete with two time periods t = 0, 1. Individual i receives labor income Yi,0 at time

0 and Yi,1 at time 1. There is one asset available for trading at time t = 0 with price P0 > 0,

which pays a dividend D1 > 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 β < 1.

Individual problem. Denote by Ci,t the consumption of individual i at time t, and Ni,t the

number of shares owned at the end of period t. Given initial asset holdings Ni,−1, the problem

of the individual is to choose consumption and asset holdings to maximize utility

Vi,0 ≡ max
{Ci,0,Ci,1,Ni,0}

U(Ci,0) + βU(Ci,1), (3)

subject to the following budget constraints:

Ci,0 + (Ni,0 − Ni,−1)P0 = Yi,0,

Ci,1 = Ni,0D1 + Yi,1.
(4)

These budget constraints say that in each period t, consumption plus net asset purchases (the

left-hand side) must equal income (the right-hand side).7

6For example, Kaldor (1955) writes: “We may now turn to the other type of capital appreciation which [comes]
without a corresponding increase in the flow of real income accruing 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.”

7Recall that the environment has only two periods, with no market for transactions at time t = 1 (alternatively,
the price of the asset is zero at t = 1). We consider the multi-period case below, in which case we add appropriate
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Welfare effect. Consider a small change in the price of the asset at time t = 0, holding ev-

erything 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 welfare (“equivalent variation”). For brevity, we will simply refer to this quan-

tity as “welfare gain” in the rest of the paper, but it is important to keep in mind that it is a

money metric.8 For an infinitesimal price change dP0, the welfare gain simply corresponds to

the change in welfare dVi,0 scaled by the marginal utility of consumption U′(Ci,0). Applying

the envelope theorem yields the following expression for the welfare gain:9

dVi,0/U′(Ci,0) = (Ni,−1 − Ni,0)dP0. (5)

The effect of a rise in P0 is given by the extent to which it relaxes the budget constraint at

t = 0, namely asset sales Ni,−1 − Ni,0. More precisely, a rise in the price of the asset benefits

individuals who plan to sell the asset (i.e., Ni,0 < Ni,−1) and hurts individuals who plan to buy

the asset (i.e., Ni,0 > Ni,−1). Importantly, a rise in the price of the asset does not affect individu-

als who do not plan to trade (i.e., Ni,0 = Ni,−1): for those individuals, the rise in the price of the

asset is merely a “paper gain” with no corresponding effect on welfare. Similar expressions for

the welfare effect of asset prices were previously obtained by Dávila and Korinek (2018) and

Moll (2020) in similar two- and three-period environments.

Welfare versus revaluation gains. The result in equation (5) may be surprising at first. How

can an asset holder not benefit from a price rise given that the market value of their initial

wealth unambiguously increases? The reason is that we consider a rise in P0 holding every-

thing else (in particular the dividend of the asset D1) constant.10 While a rise in P0 increases

the return of holding the asset at time t = 0, it simultaneously decreases the return of holding

the asset at t = 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 Rt the return of the asset at time t; that is R0 = P0/P−1 and

R1 = D1/P0. Note that a rise in P0 increases R0, via a higher capital gain, but decreases R1, via

a lower dividend yield:

dR0

dP0
= 1/P−1 > 0,

dR1

dP0
= −R1/P0 < 0. (6)

terminal conditions.
8Consistently 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 et al., 1995, Baqaee and Burstein,
2023,. . . ). Our measure is similar to the welfare-equivalent increase in consumption defined in Lucas (2000) (see
Appendix Proposition A13 for more detail).

9See Appendix E.1 for the explicit derivation.
10To put this more precisely, it is useful to adopt the asset pricing perspective that the asset price at t = 0 is the

present discounted value of future cash flows: P0 = D1/R1 where R1 is the asset required rate of return, which we
take as exogenous. An increase in the price P0 without a change in the dividend D1 is equivalent to a fall in the
required rate of return R1. We develop this general point in Appendix E.4.
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The welfare gain due to this change in asset returns can then be written as:11

dVi,0/U′(Ci,0) = Ni,−1P−1 × dR0︸ ︷︷ ︸
contribution of return at t = 0

+ R−1
1 Ni,0P0 × dR1︸ ︷︷ ︸

contribution of return at t = 1

(7)

= Ni,−1 dP0 − Ni,0 dP0.

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 Ni,−1 dP0 accounts for the posi-

tive effect of a rise in P0 on today’s return (via a higher capital gain) while the second term,

−Ni,0 dP0, accounts for the negative effect of a rise in P0 on tomorrow’s return (via a lower div-

idend 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 wel-

fare effect of a deviation in asset prices—the left-hand side of equation (7)— and its revaluation
effect—the first term on the right-hand side of equation (7) in our empirical application.

As we discuss in more detail in our multi-period model, when dividend income D1 rises

as well, it remains true that a rising asset price P0 benefits sellers and not holders. However,

there is now an additional effect: a rise in dividend income directly benefits all asset holders.

Equivalently, it offsets the decline in the dividend yield and hence the return R1 = D1/P0.

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 intertemporal consumption choice problems. The red line represents

the present-value budget constraint of the agent’s problem, with slope −D1/P0, while the black

curve represents the agent’s indifference curve.12

Consider the welfare consequences of a rise in the asset price P0 for a hypothetical seller

(panel a) and buyer (panel b). When the asset price P0 rises, the budget constraint rotates

through the endowment point and becomes flatter (the slope is −D1/P0). 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).13

1.2 Baseline model

We now extend this simple intuition to an infinite horizon deterministic economy with multi-

ple assets and adjustment costs (hereafter the “baseline model”), which is key to bringing the

11This follows from rewriting the budget constraints (4) as Ci,0 + Ai,0 = R0 Ai,−1 + Yi,0 and Ci,1 = R1 Ai,0 + Y1,
where Ai,t ≡ Ni,tPt, and using the envelop theorem to compute the effect of deviations in R0 and R1 on the value
function.

12More precisely, the present value budget constraint for the agent problem is given by

Ci,0 +
P0
D1

Ci,1 = Y0 +
P0
D1

Yi,1 + N−1P0. (4”)

13In fact, our notion of money-metric welfare gain corresponds, at the first order, to the horizontal distance
between the initial Ci,0 and the new budget line (as indicated by the solid arrows), as this distance measures the
extent to which Ci,0 would need to adjust if Ci,1 was held constant: ∆Ci,0 = (Ni,−1 − Ni,0)∆P0.
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Ci,1

Ci,0

Yi,1 +Ni,−1D1

Yi,0

(Ni,−1 −Ni,0)P0 > 0

P0 ↑ and so D1

P0
↓

t = 0

t = 1

(a) Effect on seller

Ci,1

Ci,0

Yi,1 +Ni,−1D1

Yi,0

(Ni,−1 −Ni,0)P0 < 0

P0 ↑ and so D1

P0
↓

t = 0

t = 1

(b) Effect on buyer

Figure 1: Welfare effect of a rise in the asset price P0 (two-period model)
Notes. The figure represents the effect of an increase in the asset price P0 on the welfare of a seller (panel a) and that of a buyer

(panel b). The red lines represent the agent’s present-value budget constraints (4”), which go through the endowment points
Ci,0 = Yi,0 and Ci,1 = Yi,1 + Ni,−1D1 and have slope −D1/P0. In both panels, the solid budget constraint and indifference curve
correspond to the allocation at the initial asset price, and the dotted lines are those at the new, higher price. When the asset price
P0 increases, the budget constraint slope −D1/P0 flattens, rotating through the endowment point. The seller’s welfare increases
(panel a) and the buyer’s welfare decreases (panel b).

theory to the data.

Financial markets. There is a sequence of liquid one-period bonds with a face value of one

and price Qt > 0 available for trading. Purchasing a one-period bond is equivalent to invest-

ing in a deposit account with an interest rate Rt+1 = 1/Qt between time t and t + 1. Denote

by R0�t = R1 · R2 · · · Rt the cumulative return of these one-period bonds between time 0 and

t. There are also K long-lived assets available for trading (e.g., housing, stocks, private busi-

nesses, or long-term bonds). A share of asset 1 ≤ k ≤ K is a claim to a stream of dividends

{Dk,t}∞
t=0, with price Pk,t at the end of period t. The return of asset k between t and t + 1 is thus

Rk,t+1 ≡ (Dk,t+1 + Pk,t+1)/Pk,t.

We assume that trading these long-lived assets is subject to adjustment costs, which may be

large or small depending on the asset. These adjustment 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 technical assump-

tion required to have well-defined asset-demand functions in a deterministic economy.14 We

assume that the adjustment costs, denoted χk(·), are continuous functions of the number of as-

sets purchased each period. Still, they can be kinked (non-differentiable) to capture infrequent

adjustment and inaction regions (as in Bertola and Caballero, 1990 or Kaplan et al., 2018).

Individual problem. Individuals have time-separable preferences with a differentiable util-

ity function U(·) that is increasing and strictly concave and a subjective discount factor β ∈
(0, 1). They receive labor income Yt > 0 at time t, and they can trade financial assets: we de-

14These adjustment costs are no longer necessary when the economy is stochastic (if assets have heterogeneous
risk profiles, see Appendix A.2) or when agents have non-monetary benefits of owning certain assets (e.g., owning
a house versus renting it, see Appendix A.4.1).
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note by Bt the holdings of the one-period bond and by Nk,t those of asset k at the end of period

t. Individuals take asset prices as given and choose a path of consumption and asset holdings

to maximize utility

Vi,0 ≡ max
{Ci,t,Bi,t,{Ni,k,t}k}∞

t=0

∞

∑
t=0

βtU(Ci,t), (8)

subject to initial asset holdings Bi,−1 and {Ni,k,−1}k, as well as a sequence of budget constraints

Ci,t +
K

∑
k=1

(Ni,k,t − Ni,k,t−1)Pk,t + Bi,tQt +
K

∑
k=1

χk(Ni,k,t − Ni,k,t−1) =
K

∑
k=1

Ni,k,t−1Dk,t + Bi,t−1 + Yi,t.

(9)

The budget constraint says that consumption plus net purchases of financial assets (the left-

hand side) must equal total income in each period t (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 technicality conditions:

a bound on asset holdings Ni,k,t ∈ Θk where Θk is compact, a lower bound on the price of one-

period bonds lim infT→∞ QT > 0, a no-bubble condition limT→∞ R−1
0�TPk,T = 0, as well as a

no-Ponzi condition limT→∞ R−1
0→T

(
Bi,TQT + ∑K

k=1 Ni,k,TPk,T

)
≥ 0.15 Finally, we assume that

there exists a unique solution {Ci,t, Bi,t, {Ni,k,t}k}∞
t=0, and that it is continuous with respect to

asset prices.

Welfare effect. We are interested in the welfare effect of a small perturbation in the path of

asset prices. Formally, we consider an infinitesimal deviation of the path of asset prices, de-

noted by {dQt, {dPk,t}k}∞
t=0, holding everything else constant.16 We assume that the deviation

does not explode over time, i.e. that it satisfies the no-bubble condition limT→∞ R−1
0�T dQT =

limT→∞ R−1
0�T dPk,T = 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 equiv-

alent change in individual welfare (equivalent variation). For an infinitesimal deviation, it

corresponds to the deviation in welfare dVi,0 scaled by the initial marginal utility of consump-

tion U′(Ci,0).17

Proposition 1 (Welfare gain). The welfare gain implied by a price deviation {dQt, {dPk,t}k}∞
t=0 is

dVi,0/U′(Ci,0) =
∞

∑
t=0

R−1
0�t

(
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)dPk,t − Bi,t dQt

)
. (10)

The proposition, proved in Appendix A.1, says the welfare gain corresponds to the present

value of the deviation in trading profits induced by the deviation in the path of asset prices. As

15Appendix E.3 discusses the implied present-value budget constraint whereas Appendix A.4.2 discusses the
finite-horizon case.

16This deviation can be seen as a comparative statics on the type of the economy the agent is born in, or, equiv-
alently, as the realization of an unexpected “MIT” shock.

17In Appendix Proposition A13, we state and prove a list of alternative interpretations of our concept 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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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, transactions and hold-

ings coincide, given that the asset must be continuously rolled over. Thus, declining interest

rates (i.e., dQt > 0) benefit individuals holding short-term debt (i.e., Bi,t < 0) because lower

debt payments 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.18

The thought experiment of Proposition 1 corresponds to a pure deviation in asset prices;

that is, holding dividend and labor income fixed. In the financial literature, this is often de-

scribed as a deviation in asset discount rates. We formalize the mapping between deviations

in asset prices and deviations in asset discount rates in Appendix E.4. We also discuss the

connection between our formula and the ones obtained in Auclert (2019) and Greenwald et al.

(2021), who study the welfare effect of changes in interest rates, in Appendix E.5.

Aggregation. One implication of Proposition 1 is that welfare gains aggregate to zero in an

economy composed of households trading with each other. Formally, indexing households by

i = 1, ..., I, ∑I
i=1(Ni,k,t−1 − Ni,k,t) = 0 for all k and ∑I

i=1 Bi,t = 0 implies ∑I
i=1 dVi,0/U′(Ci,0) = 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 redistribu-

tive. 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 specifically, the effect of a price deviation on

social welfare can be positive or negative, depending on whether the welfare weights assigned

by the planner to individuals covary positively or negatively with individual welfare gains.19

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 outside of their budget constraints. In Section 4, we will relax these as-

sumptions by considering economies with uninsurable shocks and/or borrowing constraints

with collateral effects, in which cases welfare gains no longer aggregate to zero.20

Deviation in dividend and labor income. We can easily extend our proposition to com-

pute the welfare effect of a joint deviation in asset prices, dividend income, and labor income.

18To apply the envelope theorem, we assumed that the solution of the optimization problem was locally con-
tinuous with respect to prices. While this does not rule out kinked adjustment costs (as in Kaplan et al., 2018), this
does rule out adjustment-cost functions that lead to discrete adjustments in response to infinitesimal price changes.
Finally, while the particular functional form for χk does not matter for the first-order effect of asset-price deviations
on welfare, it would matter for higher-order effects, as discussed in Section 4.

19We will emphasize this point in Section 3 by aggregating individual welfare gains with different sets of welfare
weights.

20In the language of Dávila and Korinek (2018), the welfare gains of a deviation in asset prices no longer aggre-
gate to zero in the presence of distributive externalities (when agents do not equal their marginal rates of substitu-
tions across dates or times) and/or collateral externalities (when asset prices matter for financial constraints).
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Proposition A1, stated and proved in Appendix A.1, expresses the resulting welfare effect as

dVi,0/U′(Ci,0) =
∞

∑
t=0

R−1
0�t

(
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)dPk,t − Bi,t dQt︸ ︷︷ ︸
Effect of asset-price changes

+
K

∑
k=1

Ni,k,t−1Dk,t + dYi,t︸ ︷︷ ︸
Effect of income changes

)
. (11)

Relative to our baseline formula, the expression for welfare gains is augmented with an addi-

tional 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 formula 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 exam-

ple, in Appendix A.3, we use the formula to analyze the redistributive effect of productivity

shocks in a general equilibrium production economy through its impact on income and asset

prices.21

1.3 Extensions

The baseline model is deliberately stylized and abstracts from several potentially 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 economies. In reality, indi-

viduals do not have perfect foresight over the future. In Appendix 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 gen-

erate the same increase in welfare from an ex-ante perspective at t = 0) is modified along two

dimensions. First, what matters is the expectation of future 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 βtU′(Ci,t)/U′(Ci,0), a random variable that no

longer equals R−1
0→t in the presence of uninsurable idiosyncratic shocks. We will quantify the

effect of these adjustments for welfare gains in Section 4.1, theoretically and empirically.

While the version of the welfare-gains formula in a stochastic environment differs from

its deterministic counterpart as just discussed, in our baseline results, we will empirically im-

plement 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 inter-

pretation, even in stochastic environments: it corresponds to (minus) the amount of money

received at time t = 0 that would have allowed agents facing the deviation in asset prices to

21More 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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maintain their original consumption paths.22

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 portfolio in anticipation of the deviation in asset prices affects

individual trading patterns and the welfare effect of the deviation, it does not affect the formula

for welfare gains given these trading patterns.23

Borrowing constraints and collateral effects. In the baseline model, individuals 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 distinct channels.24 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 effect of these adjustments for welfare gains in Section 4.2,

theoretically and empirically.

Individual preferences. In the baseline model, we specified a utility function that depends

only on consumption. In reality, individuals may also care about the quantity of assets they

own. An important example is owning and living in a house that generates a direct utility

flow. In Appendix A.4.1, we consider an extension of the baseline model where asset holdings

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.25 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,

inter-generational linkages, and bequests. In practice, bequests are an important determinant

of saving decisions (De Nardi, 2004). In Appendix 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 effect of asset prices.26

We then study the welfare effect of asset prices when agents have altruistic preferences (i.e.,

22See Appendix Proposition A13 for more results on the different interpretations of welfare gains, both in deter-
ministic and stochastic economies.

23We refer the reader to Appendix A.2 for the general analysis of welfare gains in a fully stochastic environment
where labor income, dividends, asset prices, and asset-price deviations themselves are stochastic.

24For a formal statement, see Proposition 3 (case of soft borrowing constraints) and Proposition A11 (case of
hard borrowing constraints).

25It 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.

26This is consistent with our discussion of the two-period model.
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agent i directly cares about some other agent j). When defining the welfare gain of individual i
as the amount of money that makes them indifferent to the deviation in asset prices, assuming

agent j is already compensated for it, our sufficient statistic formula 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.27

Finally, we emphasize that, in the presence of inter-vivos transfers, the welfare effect of a

deviation in asset prices only depends 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 inheri-

tance).28 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 financial 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).

In Appendix A.4.3, we show that the sufficient statistic formula remains valid in the pres-

ence of a business sector, provided transactions conducted by businesses are attributed to their

ultimate owners. Intuitively, it is irrelevant whether financial transactions are undertaken di-

rectly 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 investment). In our empirical implementation, we will

account for indirect financial transactions conducted by businesses owned by each individual

when implementing our sufficient statistic.

Government. In Appendix A.4.4, we study an extension of the baseline model with a gov-

ernment 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 assumption on cost mini-

mization (i.e., the marginal return of investing in the different 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 government will adjust taxes and transfers in response to a

change in asset prices. Second, summing over all individuals, we show that the aggregate

27This 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 Appendix A.4.2.

28In 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 individuals 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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present value of changes in net government transfers is precisely equal to the “welfare gain of

the government” (i.e., equation (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 the same appendix.

2 Empirical framework

We now discuss how we implement our sufficient statistic formula to estimate 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 formula. A more

detailed description can be found in Appendix B.

2.1 Implementation

We now discuss how we bring the theory to the data to estimate the distribution of welfare

gains due to the secular rise in asset valuations in Norway.

First-order approximation. Proposition 1 gives a formula for the infinitesimal welfare gain

associated with an arbitrary infinitesimal deviation in prices {dQt, {dPk,t}k}∞
t=0. We use this

formula to obtain a first-order approximation of the welfare effect of a non-infinitesimal devi-

ation in the price of different assets {∆Qt, {∆Pk,t}k}∞
t=0:

Welfare Gaini =
∞

∑
t=0

R−1
0�t

(
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)∆Pk,t − Bi,t∆Qt

)
. (12)

We use the term sufficient statistic as this expression only depends on the observable path

of financial transactions (Ni,k,t−1 − Ni,k,t)Pk,t and Bi,tQt — in particular, it does not require re-

searchers to understand what drives these financial transactions over time or how they react

to deviations in asset prices.

The latter is only true because we focus on the first-order approximation 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 demand elasticities at the asset class level (say, stocks

versus bonds) are much lower than the demand elasticities within asset classes (say, stock A

versus stock B). We will explore this topic more formally in 4.3.
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Asset classes. One can rewrite this formula for welfare gains using a deviation of asset prices

in relative terms:

Welfare Gaini =
∞

∑
t=0

R−1
0�t

(
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)Pk,t ×
∆Pk,t

Pk,t
− Bi,tQt ×

∆Qt

Qt

)
. (13)

The term (Ni,k,t−1 − Ni,k,t)Pk,t corresponds to the financial transactions corresponding to asset k
while ∆Pk,t/Pk,t corresponds to the percentage deviation in the asset price. Similarly, the term

Bi,tQt corresponds to the total amount of one-period bonds, and ∆Qt/Qt corresponds to the

percentage 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.29 That is,

we ask: what are the welfare gains associated with an x% deviation in the price of all assets

within the same asset class? Because all financial transactions within a given asset class are

multiplied by the same relative price deviation, we can aggregate financial transactions within

the same asset class. Equivalently, our thought experiment allows us to re-interpret 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 compared 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 constant).30

Put differently, our thought experiment can be understood as measuring the welfare effect of

movements in the path of de-trended asset prices (where asset prices are de-trended 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 (see Campbell and Shiller, 1988 for a seminal paper and Kuvshinov, 2023 for a recent

examination across asset classes and countries). 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?31

Formally, we denote by PDk,t ≡ Pk,t/Dk,t the aggregate price-dividend ratio for asset class

29Below, we further split debt holdings into mortgages and deposits. To be clear, we allow 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.

30In 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).

31See Appendix B.1 for more details. Throughout the paper, we remain silent on the fundamental driver behind
this decline in discount rates, which is very much an open question. As discussed more precisely in Appendix
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 only captures the effect operating through the deviation in asset prices.
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Figure 2: Graphical representation of the price deviation ∆PH,t
Notes. 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 interpreted as a deviation ∆PH,t between the realized price path PH,t and a counterfactual
price path with constant price-to-rent ratio PDh × DH,t.

k. Given a baseline value PDk, we consider the following price deviation for asset class k:

∆Pk,t = Pk,t − PDk × Dk,t =⇒ ∆Pk,t

Pk,t
=

PDk,t − PDk

PDk,t
. (14)

This equation is the same as equation (2) discussed in the introduction. As a motivating exam-

ple, Figure 2 plots the index of house prices in Norway and the index of house rents. Starting

around the mid-1990s, housing prices have grown faster than rents. In this case, the price de-

viation corresponds to the difference between realized prices {PH,t}T
t=0 and the counterfactual

price path associated with a constant price-to-rent ratio {PDH × DH,t}T
t=0. 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., ∆Qt/Qt = (Qt − Q)/Qt).

Time horizon. While formula (12) depends on all transactions done by the individual, we

only observe price deviations and financial transactions over a finite sample period.

Our solution to this issue is to only do the summation from t = 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 T. This truncation is inconsequential

if either (i) the price deviation reverts to zero after T or (ii) if there is no trade after year T.

More generally, if the price deviation remains positive after T, truncation overestimates the

welfare gain for individuals who plan to buy financial assets after the truncation time T, while

underestimating the welfare gain for individuals who tend to sell after T. 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 T.32

32To fix ideas on the size of the bias, it is helpful to consider the case of an individual who buys Ni,0 shares
of some asset at time 0 and resells them at some time t > T. While the net welfare gain of these transactions is

Ni,0

(
R−1

0�t dPt − dP0

)
, a researcher observing transactions up to time T will estimate a welfare gain of −Ni,0 dP0
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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 4. 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 formula at time horizon T, we obtain a suf-

ficient statistic for the welfare gain of individual i due to the realized deviation of asset prices

from balanced growth:

Welfare Gaini =
T

∑
t=0

R−1
0�t

(
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)Pk,t ×
PDk,t − PDk

PDk,t
− Bi,tQt ×

Qt − Q
Qt

)
. (15)

This formula forms the core of our empirical implementation using administrative data.33

We estimate equation (15) using data covering the 1994–2019 period. The reference year

(i.e., t = 0 ) is 1994, and the sample length (T ) is, therefore, 25 years. Our data cover the

universe of individuals in Norway who were at least 18 years old for at least one year in

the 1994–2019 period. We consider four asset classes: housing, debt, deposits, and equity,

corresponding 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 Gaini = ∑
k∈{housing,debt,deposit,equity}

Welfare Gaini,k,

Welfare Gaini,housing =
25

∑
t=0

R−t(Ni,H,t−1 − Ni,H,t)PH,t ×
PDH,t − PDH

PDH,t
,

Welfare Gaini,debt =
25

∑
t=0

R−t(−Bi,M,tQM,t)×
QM,t − QM

QM,t
,

Welfare Gaini,deposit =
25

∑
t=0

R−t(−Bi,D,tQD,t)×
QD,t − QD

QD,t
,

Welfare Gaini,equity =
25

∑
t=0

R−t(Ni,E,t−1 − Ni,E,t)PE,t ×
PDE,t − PDE

PDE,t
,

(16)

where PDH, QM, QD, and PDE represent the average valuation of housing, debt, deposits, and

equity (respectively) over 1992–1996.34,35

(i.e., a welfare loss) thereby underestimating the actual welfare gain by Ni,0R−1
0�t dPt. Note that the bias depends on

three distinct forces: (i) how large the truncation time T is (ii) how large the discount rate is relative to the baseline
growth of house prices (i.e., how quickly R−1

0�tPt decays to zero as t → ∞), and (iii) how persistent are house price
deviations after T (i.e., how large dPt/Pt is for t > T).

33This corresponds to the combination of formulas (1) and (2) in the introduction, generalized to multiple assets.
34Relative to formula (15), we split the total amount of one-period bonds into two terms: BD,tQD,t, the amount

held in deposits, and BM,tQM,t, the amounts held in debt, which is negative if individuals are net borrowers.
35Note we use the same price deviation (PDk,t − PDk)/PDk,t for all assets within an asset class. Hence, the
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Our empirical implementation (16) also assumes that the discount rate in equation (15) is

constant, Rt = R and hence R−1
0�t = R−t. We set the discount rate to 5% (i.e., R = 1.05), which

roughly corresponds to the average of the deposit and mortgage rates in a five-year window

around the start of our sample.36

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.

2.2 Aggregate data on valuations

We rely on publicly available data sources for asset prices. For interest rates on debt and de-

posits (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 com-

panies.37 More than 90 percent of Norwegian mortgage debt in our sample has adjustable

interest rates so that year-to-year variation in bank-level interest rates immediately affects in-

dividuals’ interest costs.38 Put differently, given that mortgage debt is mostly floating rate, we

interpret the outstanding balance of the mortgage as a negative position in one-year bonds.

For the price-to-rent ratio in the Norwegian housing market (i.e., the price-dividend ratio

PDH,t = PH,t/DH,t in the theory), we combine data from different sources. We combine two

indices, one for house prices 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.

The house price series comes from Norges Bank’s project on Historical Monetary Statistics

Eitrheim and Erlandsen (2005).39 As these two series are indices, we scale their ratio so that

in 2013, it equals the price-to-rent ratio for Norwegian residential real estate of 27 reported in

MSCI (2016). We explore alternative constructions for the price-to-rent ratio in Appendix B.4.

We now turn to equity valuation (i.e., the price-dividend ratio for equity PDE,t = PE,t/DE,t

in the theory). As explained in Appendix A.4.3, we focus on a valuation ratio for the over-

all corporate sector (i.e., unlevered equity). We measure it as the ratio between an aggregate

measure of enterprise value (i.e., market value of equity plus debt) and the total cash flows

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).

36We 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,
Section 4.1 and 4.2 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, Section 4.3 suggests
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 Section
4.

37These data are available on Statistics Norway’s website https://www.ssb.no/en/statbank/table/08175/.
38Mortgage contracts in Norway typically are annuity loans with 25-year repayment schedules. 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.

39This 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/Historical-monetary-statistics/.
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distributed to equity and debt holders among publicly-listed non-financial Norwegian firms

using data from Worldscope.40 Note that, unlike the price-dividend ratio, our equity-valuation

ratio is unaffected by the relative importance of dividend payouts versus share repurchases

as well as firms’ capital structure (i.e., debt versus equity financing). We account for the fact

that firms have financial liabilities besides equity (such as debt for most firms and deposits for

private banks) by allocating these indirectly-held assets to the equity holders (see Appendix

A.4.3 for more details on the theoretical motivation and B.2.2 for more details on our imple-

mentation).

Figure 3 plots the yield of each asset class over time (i.e., 1/Qt for debt and deposits and

Dk,t/Pk,t for long-lived assets k ∈ {H, E}), which are the inverse of the valuation ratios in Equa-

tion (16). The notches on the vertical line marking the year 1993 correspond to our baseline

values for each asset class. All yields decline substantially over time (i.e., valuations increase).

On average, over our time sample, the housing yield fell by 5.7 pp., mortgage interest rates by

2.5 pp., deposit interest rates by 1.3 pp., and the equity yield by 0.7 pp. In particular, note that

the equity yield has decreased less in Norway relative to the U.S.

To compute the welfare gains of asset-price deviations, Equation (16) requires a measure of

the relative difference between valuations at time t and their average baseline value (i.e., their

averages over the 1992–1996 period). Appendix Figure A2 visualizes these price deviations.
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Figure 3: Evolution of yields in Norway
Notes. The figure plots the yield of each asset class over time, i.e., 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. Nominal yields from Statistics
Norway are adjusted for expected inflation using the average rate in the preceding four 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
amongst publicly-listed Norwegian firms from Worldscope.

40We use a valuation ratio for Norwegian firms, as opposed to foreign firms, as Norwegians mostly own and
sell domestic equity (more precisely, Norwegians’ holdings of domestic 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 indices for domestic and
foreign equity changes our estimates of welfare gains at the sectoral level.
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2.3 Microdata on transactions

We combine data from various Norwegian administrative registries covering 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 assets and liabilities are valued at the end of the year.

The data are uncensored (i.e., no top coding), and the only sources of attrition are mortality and

emigration. The income and wealth data are largely third-party reported (i.e., employers and

financial intermediaries) and scrutinized by the tax authority as they are used for income and

wealth tax purposes.

Data on holdings. On individual balance sheets, we observe bank deposits, 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 hold-

ings. The values of these asset classes’ holdings are available from the end of 1993.

In principle, we observe each individual’s holdings. However, while financial 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 substantially 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.41

We construct five main variables that cover most of individuals’ financial wealth: “debt”

(mortgages, student loans, and unsecured credit); “deposits” (bank deposits and bonds); “hous-

ing” (principal residence, secondary homes, and recreational estates); “private business eq-

uity” (equity in private businesses); “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 Appendix B.2.2). For housing, we

use a valuation approach that combines transaction data and registered housing characteris-

tics to estimate a value for each house in every year (see Fagereng et al., 2020b for details on

the valuation methodology). Note that this will only matter when reporting our welfare gains

relative to total wealth.

Some individuals own private businesses. These firms directly hold financial assets and

liabilities but often also own shares in other firms. To properly account for individuals’ own-

ership, we must include their indirect 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

41Our definition of a household is either a single individual or a married or cohabitant (with children) couple.
Each offspring older than 18 years living with its parents is a separate household.
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25% of firm C, the individual then indirectly owns 10% of firm C as well. We calculate indirect

ownership by going through ten such layers of firm holdings. Equipped with these owner-

ship shares, private firms’ balance sheets, and publicly available data on public firms’ balance

sheets, we then allocate holdings and transactions conducted by firms to their ultimate own-

ers (see Appendix B.2.2 for details). This approach enables us to treat financial transactions

conducted directly and indirectly (via owned firms) in a consistent manner.42

Our notion of welfare gain can be interpreted as the present value of the deviation in con-

sumption due to the deviation in asset prices (see Appendix Proposition A13). Therefore, it

is natural to express it as a share of the present value of consumption. However, we do not

observe consumption directly in our sample. Instead, in some exercises, we will scale the wel-

fare 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 government transfers received between 1994 and 2019, dis-

counted at 5% annually). We also set the minimum value of earned income to twice the base

amount in the social security system.43

Appendix Table A2 summarizes the data. Throughout the paper, we express all values in

real terms (2011 Norwegian Krone using the CPI) and then convert them to U.S. dollars using

a fixed exchange rate of 5.607. In Appendix B.2.1, we show that our aggregated microdata

closely aligns with publicly available data on households’ 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 beginning and end of the year and a price index. We

then compute a measure of unrealized capital gains by assuming that all transactions are in

the same direction and uniformly distributed within a year. Net transactions are thus con-

structed 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 in-

formation 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 impute individual capital gains for mutual funds.

For equity in private businesses, we impute the value of transactions using the data on

ownership shares described earlier. In particular, if we see that an individual owns 50% of

a private business in a given year and 25% the following year, this implies that the individ-

42We outline how theory motivates our consolidation of firms’ financial transactions in Appendix A.4.3.
43As with financial holdings, an individual’s human wealth is computed based on their household’s human

wealth.
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ual sold a 25% stake of the business.44 In Appendix B.2.2, we describe this methodology in

detail. Private business equity transactions are infrequent and not quantitatively 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 businesses, they are still exposed to asset-price changes via the financial transac-

tions 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 im-

portant for individuals at the top of the wealth distribution, as they hold a lot of assets through

their private firms.

Bequest events pose two challenges when computing net transactions. First, housing trans-

actions 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. But in a few cases, parts of the estate are sold after death but before it

is transferred to the heirs. In this case, we allocate the transaction to the living children of the

deceased, in accordance with the Norwegian inheritance law.45

Second, because our imputation of net transactions in equity is based on changes in hold-

ings 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 an-

other individual, this should not be reported as a purchase by the recipient nor as a sale by

the giver. To address this issue, we allocate all imputed equity transactions of givers to recipi-

ents when there is a bequest event. A bequest event is defined as any transfer reported in the

inheritance tax registry (both inter vivos and at death).46

3 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 3.1, across cohorts in Section 3.2, across the wealth

distribution in Section 3.3, and across sectors (i.e., households, government, and foreigners) in

Section 3.4.

3.1 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 to Appendix Table A2, we also

include indirect transactions via firms owned by individuals.
44Alternatively, the business might have issued new equity, leading to a dilution of existing owners. In terms of

welfare exposure to equity prices, those two scenarios are equivalent (see Appendix A.4.3).
45By law, inheritance is split equally between all direct descendants unless explicitly specified otherwise in a

will.
46Before 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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Housing transactions are very lumpy, and most people hold debt and deposits. The magni-

tude of equity transactions is much smaller than housing transactions, reflecting that housing

holdings dominate equity holdings for Norwegian individuals (see Appendix 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 transactions: individuals who

own equity in financial firms (e.g., banks) indirectly hold long positions in debt and short po-

sitions in deposits. Finally, financial 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 Norwe-

gian government and the rest of the world.

Table 1: Summary statistics on transactions (net purchases in thousands of dollars)

Asset type Average S.D. p1 p10 p25 p50 p75 p90 p99

Housing 0.9 116.3 −190.1 −0.0 0.0 0.0 0.1 0.9 220.4
Debt −73.6 3043.1 −602.6 −222.0 −127.5 −36.1 −0.0 9.5 348.2
Deposits 19.6 1848.8 −157.0 −1.8 1.0 7.6 28.7 76.7 339.6
Equity −0.4 414.0 −27.1 −0.6 −0.0 0.0 0.0 1.4 30.3

Notes. All numbers are in thousands of 2011 U.S. dollars.

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.47 However, there is substantial heterogene-

ity: the welfare gain is −$185, 000 at the 1st percentile and $273, 000 at the 99th percentile, with

an interquartile range of $31, 000. There is a large mass around zero, reflecting that consump-

tion is close to income for a large fraction of individuals. As mentioned, financial transactions

within the household sector do not average to zero in our sample. As a result, welfare gains do

not average to zero either: they average to $10, 000, which is slightly positive. In Appendix C,

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.48

To understand which asset class contributes the most to redistribution, Table 2 decomposes

the average welfare gain into different percentile groups of the welfare-gain distribution. More

precisely, for each percentile 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 holdings (Table 1), the price deviations associated with hous-

ing are much larger than the price deviations associated with debt and deposits (Appendix

Figure A1). Nevertheless, debt is also an important (and almost always positive) contributor,

with a relatively large magnitude both at the top and bottom of the welfare-gain distribution.

47The reason our baseline statistic does not average to zero across individuals is that Norwegian households do
not trade exclusively with one another; they also trade with the government and foreign entities (see Section 3.4
below for more details).

48Kelly skewness is defined as (p90 + p10 − 2 × p50)/(p90 − p10) where p10, p50, and p90 are the 10th, 50th
and 90th percentiles of the distribution under consideration.
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Figure 4: Distribution of welfare gains
Notes. 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 U.S. 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).

Similarly, deposits make a very small and almost always negative contribution. Welfare gains

due to equity are small, reflecting the fact that there are fewer equity transactions in our sam-

ple (Table 1) and that the run-up in equity prices was smaller than the run-up in house prices

(Appendix Figure A1).

Table 2: Decomposition of welfare gains by percentile groups

Asset Average Average by percentile groups of welfare gains

p0 − p1 p1 − p10 p10 − p50 p50 − p90 p90 − p99 p99 − p100

Housing −4.7 −294.6 −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 −2.9 −2.1 −4.3 −15.8
Equity 0.2 −61.6 −2.4 −0.4 −0.1 0.5 61.2

Total 10.0 −507.2 −88.3 −12.8 16.3 95.1 662.4

Notes. 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 U.S. dollars.

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 human wealth (see Section 2.3). As

discussed in Appendix E.2, welfare gains can be interpreted as the present value of the change

in consumption due to the deviation in asset prices (see Equation 82). Consequently, this nor-
malized version of welfare gains can be interpreted as the relative change in consumption due

to asset-price deviations.49 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 normalizing by initial

49Another 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 Appendix Proposition A13 for details).
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wealth. The normalized welfare gain is −30% at the 1st percentile and 27% at the 99th per-

centile, 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 t = 0, that would make the individual indifferent between the

baseline and perturbed paths of asset prices. As discussed in Saez and Stantcheva (2016), one

can aggregate these individual welfare gains, together with a set of social marginal welfare

weights, to compute the “social” welfare gain associated to the deviation in asset prices.50 The

key point is that, given a specific set of social marginal welfare weights that represent how

much society values different individuals’ marginal consumption, our measures of individual

welfare gains are the only inputs needed to compute the associated social welfare gain.

As an example, we plot in Figure 5 the social welfare gain obtained by social marginal

welfare weights equal to individual total wealth at the power −σ, where σ can be interpreted as

an index of social aversion for inequality.51 When σ = 0, the social welfare gain is the average

welfare gain in the population, which is roughly $10, 000. As σ 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 relative to more affluent individuals

(and that, as we will see shortly, the rise in asset prices redistributed from the poor towards

the wealthy).
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Figure 5: Social welfare gain as a function of inequality aversion
Notes. The figure plots the social welfare gain ∑I

i=1 gi × Welfare Gaini where gi ≡ Total Wealth−σ
i / ∑j Total Wealth−σ

i denotes
the social marginal welfare weight associated to individual i. Because our marginal social welfare weights sum up to one, we can
interpret the result in dollar terms: from the social planner’s point of view, a social welfare gain of $X is equivalent to giving $X
to each individual.

50More precisely, Saez and Stantcheva (2016) define the “social” welfare gain as ∑I
i=1 gi dVi,0/U′(Ci,0), where gi

corresponds to the social marginal welfare weight on individual i and dVi,0/U′(Ci,0) corresponds to our (money-
metric) notion of welfare gain of individual i. For the special case of a utilitarian social planner, gi corresponds to
the Pareto weight for individual i times the marginal utility of consumption.

51Alternatively, this can be interpreted as the welfare change of a utilitarian social planner that aggregates
equally the utility of individuals who have homothetic utility functions with parameter σ (since, in this case, con-
sumption is proportional to total wealth).
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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:

Revaluation Gain =
T

∑
t=0

R−1
0�t

K

∑
k=1

Nk,t−1Pk,t−1 ∆
(

Pk,t

Pk,t−1

)
, (17)

where we define ∆ (Pk,t/Pk,t−1) ≡ (Pk,t/Pk,t−1) (∆Pk,t/Pk,t − ∆Pk,t−1/Pk,t−1) as the deviation in

the capital gains component Pk,t/Pk,t−1 of asset returns caused by the price deviation {∆Pk,t}t≥0.

Welfare gains are different from revaluation gains. This is because revaluation gains only

capture 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 difference between

welfare and revaluation gains in Appendix 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 reflects the fact that revaluation gains are positive for all asset holders while welfare gains

are only positive for asset sellers.
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Figure 6: Welfare gains versus revaluation gains as percent of total wealth
Notes. Panel (a) plots the marginal distributions of welfare gains defined in (16), in black lines, and of revaluation gains defined

in (17), in grey shading, across individuals in Norway. Panel (b) plots the joint density of the rank of welfare and revaluation
gains; that is, the fraction of individuals within each quintile of welfare and revaluation gains. By definition of quintiles, numbers
within each row (or column) aggregate to 1/5. Both welfare and revaluation gains are expressed as a percentage of initial total
wealth, 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).

Do individuals with higher revaluation gains also tend to have higher welfare gains? To

answer this question, we now focus on the ordinal relationship between the two variables.

Figure 6b plots a heatmap for the joint density of ranks of welfare gains and ranks of revalu-

ation 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

get richer 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
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positions sell and thus win.

3.2 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 heterogeneity in welfare gains across one

observable characteristic: the age of each individual at the end of 1993 (or, alternatively, the

cohort they belong to). Indeed, the existing literature on household finance has documented

large differences in portfolio holdings over the life cycle (e.g., Flavin and Yamashita, 2011;

Cocco et al., 2005). This heterogeneity may naturally generate heterogeneity in financial trans-

actions and, therefore, in welfare gains.

Transactions. Figure 7a plots the average (consolidated) financial transactions 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.
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Figure 7: Financial transactions and welfare gains by age group
Notes. Panels (a) and (b) plot (consolidated) 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 average transaction value within groups
of individuals belonging to the same three-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 three-year
age range at the end of 1993). All numbers are in 2011 U.S. dollars.
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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

towards the 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 approximately −$13, 000 for individuals below

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 con-

tribution, revealing interesting patterns. 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.52

Overall, the effect of higher house prices dominates the effect of lower mortgage rates for two

reasons. First, and most importantly, the housing yield decreased more than the interest rate

on debt (see Figure 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.

3.3 Redistribution across wealth percentiles

A growing literature has emphasized that rising asset valuations affect the distribution of

wealth (e.g., Kuhn et al., 2020; Gomez, 2016; Greenwald et al., 2021). A natural question is:

are these revaluation gains actually welfare gains? To answer this question, we compare reval-

uation 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 revaluation and welfare gains at these different percentiles.

Transactions. Figure 8a plots the average consolidated equity and housing transactions across

different percentiles of the wealth distribution. To make it more easily comparable across dif-

ferent 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 average, 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 distribu-

tion. 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

52As we discuss in Appendix 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 government. Also note that, while life-
cycle mortgage balances peak around age 30 (Figure 7b), the welfare effect of lower mortgage rates is highest for
individuals who are 20 years old in 1993 (Figure 7c). This phenomenon is due to two forces: (i) mortgage rates are
mostly flat at the beginning of our sample and only start declining in 2001 (Figure 3), and (ii) this cohort spends a
more extended amount of time with mortgage debt than the older cohorts aged around 30 in 1993 (Figure 7b).
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hold negative positions in deposits through their ownership of Norwegian banks. Finally, the

top 1% holds little debt on a consolidated basis.53
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(d) Welfare gains as a percent of total wealth

Figure 8: Financial transactions and welfare gains by wealth percentile
Notes. Panels (a) and (b) plot net transactions per capita, averaged across years and three-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 U.S. dollars). Panel (d) plots welfare gains divided by total wealth at the end of 1993, both averaged across three-
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 labor 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 transactions and welfare gains divided by initial total wealth.

Welfare gains. Figure 8c plots the average welfare gains at different wealth percentiles. Wel-

fare gains increase with total wealth: the top 1% experienced 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 percent of the average total wealth in each percentile. The main pattern is these

“normalized” welfare gains tend to be stable across the wealth distribution, 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, reflecting that they tend

to be net sellers in this asset class.

53While richer individuals issue debt through their ownership in non-financial businesses, they also buy this
debt through their ownership in financial businesses.
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Revaluation gains. Finally, Figure 9 contrasts revaluation and welfare gains. Similarly to

welfare gains, revaluation gains increase with top percentiles, which reflects the importance of

revaluations for the rise in wealth inequality. 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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Figure 9: Welfare and revaluation gains across wealth percentiles
Notes. This figure plots the average welfare and revaluation gains, as defined in (16), across three-percentile groups of total

wealth at the end of 1993. Panel (a) reports the two quantities in level (dollar terms) while Panel (b) reports 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).

3.4 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 counter-balanced by a negative wel-

fare gain of the Norwegian government. Indeed, while Norwegian households are net debtors

on average, the consolidated government (through Norway’s sovereign wealth fund) is a net

saver.

As discussed in Section 1.3 (paragraph titled “Government sector”), a welfare 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 paper to quantify how the Norwegian government

has adjusted (and will adjust) net transfers in response to persistently lower interest rates and

higher asset prices, it is possible that the very individuals who experienced welfare 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.
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4 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 approach to take into account (i)

uninsurable income risk, (ii) borrowing constraints with collateral effects, (iii) second-order ef-

fects, and (iv) extrapolation beyond the end of the sample. In each case, we discuss the theoret-

ical 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 reports the effect of combining all these extensions. We find that average

welfare gains increase across the wealth distribution, with a more significant increase for the

20-40 cohorts.

Table 3: Welfare gains across cohorts: generalizations of our baseline approach

Welfare gains by age group

Mean 0 − 20 20 − 40 40 − 60 60 − 80

Baseline 11.9 −12.6 25.4 25.3 10.6

Additional effect of . . .
Uninsurable income risk +2.3 +4.2 +1.2 +0.2 −0.1
Borrowing constraints and collateral effects −0.1 +1.9 −1.4 −1.1 +0.1
Second-order effects +3.5 −9.5 +8.8 +12.0 +4.8
Extrapolation +4.4 +6.6 +6.7 +1.2 +0.2

Combining all extensions 23.7 −4.3 42.8 39.3 10.9

Notes. The age group refers to the age of the cohort at the end of 1993. “Uninsurable income risk” reports the results obtained
in Section 4.1 with γ = 1. “Borrowing constraints and collateral effects” reports the results obtained in Section 4.2 with ξ = 0.01.
“Second-order effects” reports the results obtained in Section 4.3. “Extrapolation” reports the results obtained in Section 4.4 with
ϕ = 0.9. “Combining all extensions” reports the results obtained in Appendix D.5. All numbers are in thousands of 2011 U.S.
dollars.

4.1 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 the-

oretically and empirically the effect of uninsurable labor income risk on our sufficient statistic

formula. We refer the reader to Appendix A.2 for a more general analysis of welfare 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 Yi,t is now subject to idiosyncratic shocks. The individual chooses a stochastic path of
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consumption and asset holdings to maximize the expected utility of consumption:

Vi,0 = max
{Ci,t,Bi,t,{Ni,k,t}k}∞

t=0

E0

[
∞

∑
t=0

βtU(Ci,t)

]
,

subject to initial asset holdings Bi,−1 and {Ni,k,−1} and the usual sequence of budget con-

straints:

Ci,t +
K

∑
k=1

(Ni,k,t − Ni,k,t−1)Pk,t + Bi,tQt +
K

∑
k=1

χk(Ni,k,t − Ni,k,t−1) =
K

∑
k=1

Ni,k,t−1Dk,t + Bi,t−1 + Yi,t.

The next proposition characterizes the welfare gain of a deviation in asset prices in this stochas-

tic environment, defined as the individual’s willingness to pay for the deviation in asset prices

at t = 0.

Proposition 2. In the presence of uninsurable income risk, the welfare gains from a deviation in asset
prices for individual i is:

dVi,0/U′(Ci,0) = E0

[
∞

∑
t=0

βtU′(Ci,t)

U′(Ci,0)

(
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)dPk,t − Bi,t dQt

)]
. (18)

There are two differences with the baseline welfare gain formula. The first is that, in a

stochastic environment, what matters for the ex-ante welfare effect of an asset-price deviation

is the expected path of net asset sales. The second is that this expectation is under the individ-

ual’s risk-neutral measure, which tilts the objective measure by the growth of the individual’s

marginal utility of consumption βtU′(Ci,t)/U′(Ci,0) (i.e., the individual marginal rate of sub-

stitution). Because of uninsurable idiosyncratic shocks, this adjustment is individual-specific.

To emphasize the role of this adjustment, we use the Euler equation E0
[
βtU′(Ci,t)/U′(Ci,0)

]
=

R−1
0�t to rewrite the welfare-gains formula as a sum of two terms:

dVi,0/U′(Ci,0) =
∞

∑
t=0

R−1
0�tE0

[
K

∑
k=1

(Ni,k,t−1 − Ni,k,t)dPk,t − Bi,t dQt

]
︸ ︷︷ ︸

Baseline

+
∞

∑
t=0

cov0

(
βtU′(Ci,t)

U′(Ci,0)
,

K

∑
k=1

(Ni,k,t−1 − Ni,k,t)dPk,t − Bi,t dQt

)
.︸ ︷︷ ︸

Covariance term

(19)

The first term captures the welfare gain due to the expected path of asset transactions (in the

objective measure). The second term captures the welfare gain due to the covariance between

the growth rate of marginal utility and net asset sales. In our context, we can expect this co-

variance term to be positive, as labor income shocks generate a positive comovement between

the marginal utility of consumption and asset sales (e.g., individuals jointly reduce consump-

tion 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., trans-
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actions 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 using a constant discount rate, still has a

valid interpretation as (minus) the amount of money, received at time t = 0, that would have

allowed the individual facing the deviation in asset prices to maintain their original path of

consumption.54

Implementation. We now adjust our sufficient statistic approach to quantify the contribution

of uninsurable labor income for ex-ante welfare. As seen in (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 t ≥ 1. To estimate this incomplete

market adjustment term in the data, we assume that individuals have CRRA utility with a co-

efficient of relative risk aversion γ. The covariance term for asset k in (19) can be approximated

as

cov0

(βtU′(Ci,t)

U′(Ci,0)
, (Ni,k,t−1 − Nk,t)Pk,t

)
≈ R−1

0�t×γ×cov0

(
log
(

Ci,t

Ci,0

)
, (Ni,k,t − Ni,k,t−1)Pk,t

)
(20)

using a log-linear approximation in consumption growth.55 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 individual level due to fat-tailed events or measurement errors

(Toda and Walsh, 2015).

In our particular settings, we can construct a measure of individual consumption as a resid-

ual from the budget constraint (9), i.e., total net income minus net asset purchases. How-

ever, this measure has two limitations. First, measurement error in either income or asset

purchases generates a mechanical negative correlation between consumption growth and as-

set 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

non-durable consumption, which would be the appropriate quantity in this context (see, for

instance, Vissing-Jørgensen, 2002). To partially address these two issues, we substitute our

measure of consumption growth with its projection on log income growth. See Appendix

A.4.3 for more details on our implementation.

54See Appendix Proposition A13.
55More precisely, we have

cov0

( βtU′(Ci,t)

U′(Ci,0)
, (Ni,k,t−1 − Nk,t)Pk,t

)
= cov0

(
βt
(

Ci,t
Ci,0

)−γ

, (Ni,k,t−1 − Nk,t)Pk,t

)

= R−1
0�tcov0

(
(Ci,t/Ci,0)

−γ

E0
[
(Ci,t/Ci,0)−γ

] , (Ni,k,t − Ni,k,t−1)Pk,t

)
.

Approximating at the first order in ci,t ≡ log(Ci,t/Ci,t) around c∗ ≡ − 1
γ log E0

[
(Ci,t/C0)

−γ
]

gives the result.
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Figure 10: Accounting for uninsurable labor income risk
Notes. 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 γ = 0 (risk
neutrality) is the same as the baseline one plotted in Figure 7. Units are 2011 U.S. dollars.

Results. Figure 10a reports the sum (over time) of the covariances (20) for each cohort and

for each asset class. The positive “total” (i.e., the sum of the asset-specific covariances) reflects

that households with a high consumption level—relative to others with the same observables

in 1994—tend to purchase more housing and hold more debt. For any positive level of relative

risk aversion γ, this is a force that will dampen the (ex-ante) welfare loss associated with ris-

ing 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 marginal utility. Note that the covariances tend to decay with cohort age, reflecting the

fact that the retirement income of Norwegians is pretty stable over time.56 Figure 10b reports

average welfare gains across cohorts, including the incomplete-market adjustment term (19)

for different values of the risk aversion parameter γ. 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 −$17K when γ = 0 (baseline) to −$13K when γ = 1,

up to −$6K when γ = 3.

Calibration approach. Overall, our results suggest that uninsurable labor income shocks

only moderately affect our welfare gain formula in Norway. How general is this result? To

answer this question, we take a more standard model-based approach and, in Appendix D.1.2,

we study the welfare effect of asset-price deviations in a Bewley-type model in which agents

face a realistic labor income process with both transitory and permanent labor income shocks.

We show that market incompleteness generates a relatively minor correction to the baseline

sufficient statistic across a wide range of calibrations.

In that same appendix, we also consider a model in which individuals face idiosyncratic

56Put differently, while saving decisions still react to income changes, there is little variability in income after
retirement.
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risk in portfolio returns, which is the dominant source of risk at the top of the wealth distribu-

tion (e.g., Fagereng et al., 2020a, Gomez, 2023). In this particular case, we can obtain simple

closed-form formulas for the effect of market incompleteness on welfare gains: return risk ef-

fectively 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

γ = 1 and σ = 10%, the effective increase in the discount rate is 1 pp. (≈ 1 × 0.12). More-

over, this formula makes it easy to adjust our baseline sufficient statistic to take this effect into

account since it simply requires adjusting individual discount rates upwards.57

4.2 Borrowing constraints and collateral effects

In the baseline model, individuals can take unrestricted positions in the liquid asset. In real-

ity, individuals often face constraints on how much debt they can incur. More generally, the

interest rate charged to an individual 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

Vi,0 = max
{Ci,t,Ni,t,Bi,t}

∞

∑
t=0

βtU(Ci,t), (21)

subject to budget constraints at each period t ≥ 0

Ci,t + (Ni,t − Ni,t−1)Pt + Bi,tQi,t + χ(Ni,t − Ni,t−1) = Yi,t + Bi,t−1 + Ni,t−1Dt. (22)

The key difference, relative to the baseline model, is that we allow the price of the liquid asset

Qi,t 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,t = F(Qt, Bi,t, Ni,tPt), (23)

where F is a smooth function of economy-wide reference price Qt (e.g., “prime rate”), individ-

ual bond holdings Bi,t, and the market value of asset holdings Ni,tPt. The dependence of Qi,t

on bond holdings, ∂Qi,t/∂Bi,t, 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, ∂Qi,t/∂(Ni,tPt), captures “collateral effects.” In particular, when ∂Qi,t/∂(Ni,tPt) > 0, a

higher value of asset holdings allows the individual to issue bonds at a higher price Qi,t, i.e.,

to borrow at a lower interest rate Q−1
i,t , thereby capturing the key idea in collateral-constraint

models that higher asset prices relax financial frictions. While we focus on smooth interest-rate

schedules in the main text, we also study the case where individuals face “hard” borrowing

57Consistently 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
Footnote 36).
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constraints in Appendix 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 interest-rate schedule (23), the welfare gain of individual i is

dVi,0/U′(Ci,0) =
∞

∑
t=0

R̃−1
i,0�t

(
(Ni,t−1 − Ni,t)dPt − Bi,t

(
∂Qi,t

∂Qt
dQt +

∂Qi,t

∂(Ni,tPt)
Ni,t dPt

))
, (24)

where R̃−1
i,0�t ≡ ∏t−1

s=0

(
Qi,s

(
1 + Bi,s

Qi,s

∂Qi,s
∂Bi,s

))
.

This proposition shows that borrowing constraints affect our welfare gain formula in two

ways. First, when ∂Qi,t/∂Bi,t > 0 meaning that the interest rate increases with the amount

of debt (Q−1
i,t increases as Bi,t becomes 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.58 As a result, individuals discount more heavily the future, which

dampens the welfare effect of future deviations in asset prices: we call this the “discount-

rate channel”. Second, when ∂Qi,t/∂(Ni,tPt) > 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”.59 Importantly, in the presence of the collateral channel, asset holdings Ni,t

matter for the welfare effects of asset-price changes (in contrast to our baseline results in which

only asset sales Ni,t−1 − Ni,t mattered).

To formalize these two channels, we can rewrite the expression for welfare gains in the

presence of borrowing constraints, as given in Proposition 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,0/U′(Ci,0) =
∞

∑
t=0

R−1
0�t

(
(Ni,t−1 − Ni,t)dPt − Bi,t

∂Qi,t

∂Qt
dQt

)
︸ ︷︷ ︸

Baseline

+
∞

∑
t=0

(
R̃−1

i,0�t − R−1
0�t

)(
(Ni,t−1 − Ni,t)dPt − Bi,t

∂Qi,t

∂Qt
dQt

)
︸ ︷︷ ︸

Discount-rate channel

+
∞

∑
t=0

R̃−1
i,0�t

(
−Bi,t

∂Qi,t

∂(Ni,tPt)
Ni,t dPt

)
︸ ︷︷ ︸

Collateral channel

.

(25)

Implementation. We now assume a specific parametric form for the interest-rate schedule

(23). More precisely, we assume that the individual-specific (log) interest rate increases linearly

with the loan-to-value ratio

Qi,t = Qte−ξ×LTVi,t , (26)
58In fact, the schedule for the average interest payment Qi,t (23) implies the following schedule for the marginal

interest payment ∂B
(
Qi,tBi,t

)
= Qi,t + Bi,t∂BQi,t = Qi,t

(
1 + Bi,t

Qi,t

∂Qi,t
∂Bi,t

)
.

59While 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 share-
holders 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.

36



where LTVi,t ≡ −Bi,t/(Ni,tPi,t). The parameter ξ governs the sensitivity of the interest rate

to the loan-to-value ratio (and so the importance of borrowing constraints). The case ξ = 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 i is

dVi,0/U′(Ci,0) =
∞

∑
t=0

R̃−1
i,0�t

(
(Ni,t−1 − Ni,t)dPt − Bi,tQi,t

(
dQt

Qt
+ ξ × LTVi,t ×

dPt

Pt

))
, (27)

where R̃−1
i,0�t ≡ ∏t−1

s=0 (Qi,s (1 − ξ × LTVi,s)).

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 i by 2ξ ×
LTVi,t (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 annual rate of asset sales of

ξ × LTV2
i,t (collateral channel).60

Results. We estimate the parameter ξ by examining the relationship between individual

mortgage interest rates and the ratio of mortgage debt to house value. Figure 11a presents

a binned scatter plot 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

pp. from around 5% to 5.20%. Consistently with our parametric assumption (26), the relation-

ship is approximately linear. In Appendix D.2.2, we estimate this relationship more formally

using panel regressions and obtain values for ξ 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 pp. to 0.4 pp. (25 to 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 downward. To deal with measurement errors, we

also collect direct evidence of the interest-rate schedule posted by one of the Norwegian banks

(Bulder Bank), which indicates a higher value of ξ ≈ 0.01 (i.e., an increase in the loan-to-value

ratio from zero to one implies a 1 pp. rise in the interest rate).

We then implement the expression for welfare gains (27) in the data.61 Figure 11b reports

the average welfare gains in each cohort. Given the uncertainty regarding the value of ξ, we

report results for a range of values ξ ∈ {0, 0.005, 0.01}, where the case ξ = 0 corresponds to

the baseline welfare gain formula (i.e., same welfare gains as in Figure 7). We find that the

60The first statement comes from the fact that the effective discount rate of agent i between t and t + 1 is Qi,t(1−
ξ × LTVi,t) = Qte−ξLTVi,t (1− ξ × LTVi,t) ≈ Qte1−2ξ×LTVi,t . The second statement comes from the fact that the effect
of collateral constraints at time t in (27) is (−Bi,tQi,t) × ξ × LTVi,t × (dPt/Pt) ≈ ξ × LTV2

i,t × Ni,t dPt. In words,
collateral constraints 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 ξ × LTV2

i,t.
61See Appendix D.2.2 for more details.
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Figure 11: Accounting for borrowing constraints and collateral effects
Notes. Panel (a) contains a binned scatter plot 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 interest rate over 1994–
2019. Each dot represents a percentile of the sample, ranked according to their loan-to-value ratio. Panel (b) plots the average
welfare gain by cohort, including the collateral effect adjustment term (27). The welfare gain with ξ = 0 is the same as in Figure
7. Units are 2011 U.S. dollars.

effect of borrowing constraints is small. Appendix Figure A9 plots separately the impact of the

discount-rate 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 effects tend to cancel out.

In Appendix 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 effect 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 borrowing constraints remains small relative to

the dispersion in baseline welfare gains (Table 2).

Calibration approach. Overall, our results suggest that borrowing constraints only moder-

ately affect our welfare gain formula in Norway. How general is this result? To answer this

question, we use the closed-form formula (27) to evaluate the effect of changing ξ (the elastic-

ity of interest rates to the loan-to-value ratio) for welfare. Consider, for example, an economy

with ten times our baseline value for ξ; that is, ξ = 0.1 (an increase 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 LTVi,t = 0.26 (the average loan-to-value ratio in

our sample) by 2ξ × LTVi,t = 5pp; 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 sales by ξ × LTV2
i,t ≈ 0.6, pp. which remains modest.62 Overall, this type of

computation makes it possible to assess the quantitative importance of borrowing constraints

in different economic models or empirical settings.

How robust are these results to the assumption of a smooth interest-rate schedule? To

62Figure 7a and Appendix Table A2 imply that the typical annual rate of home sales in a cohort is ±4%.
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answer this question, we study the case where individuals face “hard” borrowing constraints

in Appendix 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 constraints 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.63

4.3 Second-order effects

Proposition 1 characterizes the welfare gains of an infinitesimal deviation in asset prices. Hence,

our sufficient statistic only captures the first-order effect of a non-infinitesimal deviation in as-

set prices. We now discuss theoretically and empirically the importance of higher-order effects.

Theory. We first derive a formula for the welfare gain corresponding to a non-infinitesimal

deviation in asset prices. As in the proof of Proposition 1, we consider a non-infinitesimal

deviation in the path of asset prices {∆Qt, {∆Pk,t}k}∞
t=0 and consider a continuum of interme-

diate economies where the deviation in asset prices is scaled by θ: Qt(θ) = Qt + θ∆Qt and

Pk,t(θ) = Pk,t + θ∆Pk,t.

The money-metric welfare gain (i.e., the equivalent variation) of the deviation in asset

prices indexed by θ is then the integral of infinitesimal welfare gains between 0 to θ:

EVi(θ) =
∫ θ

0

∞

∑
t=0

R−1
0�t(u)

(
K

∑
k=1

(Ni,k,t−1(u)− Ni,k,t(u))∆Pk,t − Bi,t(u)∆Qt

)
du, (28)

where {Bi,t(u), {Ni,k,t(u)}k}∞
t=0 denote the path of asset holdings in the economy indexed by

u after adjusting individual wealth at t = 0 to keep individual welfare fixed (i.e., Hicksian

demands). When u = 0, this corresponds 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:64

EVi(θ) =
∞

∑
t=0

R−1
0�t (θ/2)

{
K

∑
k=1

(
Ni,k,t−1(0)− Ni,k,t(0)

2
+

Ni,k,t−1(θ)− Ni,k,t(θ)

2

)
∆Pk,t(θ)

− Bi,t(0) + Bi,t(θ)

2
∆Qt(θ)

}
+ o(θ2).

(29)

63The key difference between the two types of constraints is that soft borrowing constraints (interest-rate sched-
ule) affect the formula for welfare gains for everyone. In contrast, hard borrowing constraints (strict borrowing
limit) affects the formula for welfare gains for a limited 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 con-
straint.

64We use the notation o(θ2) to denote a term that converges to zero faster than θ2 as θ → 0. Note that∫ θ
0 f (u)g(u)du = f (θ/2) g(0)+g(θ)

2 θ + o(θ2) for any functions f (·), g(·) (this can be proven formally by show-
ing that both sides of the formula have the same first and second derivatives with respect to θ at zero). Setting
f (u) = R−1

0�t(u), and g(u) = Ni,k,t−1(u)− Ni,k,t(u), gives (29).
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Compared with the first-order approximation in (12), this second-order approximation re-

quires knowing how asset transactions respond to changes in asset prices (e.g., portfolio reshuf-

fling). In particular, second-order effects are positive for individuals who respond to higher

asset prices by selling more assets.65 One implication is that the accuracy of our baseline first-

order approximation depends on the extent to which the financial transactions of individuals

react to deviations in asset prices. Another difference with the baseline first-order approxima-

tion is that one should use the average interest rate between the baseline and counterfactual

economy, Rt(θ/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 transactions 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:66

Na,k,t(θ)− Na,k,t−1(θ) = Na,k,0(0)− Na,k,−1(0)

Ba,t(θ) = GtBa,0(0).
(30)

where {Ba,t(θ), {Na,k,t(θ)}k}∞
t=0 denotes the average asset holdings of individuals of age a in

year 1994 + t in the economy indexed by θ and G = 1.01 denotes the real per-capita growth

rate of the economy in our sample period.

In alignment with (29), we discount future transactions using the discount rate R(θ/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%) (Figure 3). This adjustment effectively

magnifies welfare gains relative to our baseline R = 1.05, as it implies that individuals discount

less the profits or losses associated with future transactions.

Results. We now examine how these counterfactual transactions differ from actual transac-

tions. Figure 12a compares the actual and counterfactual housing and equity transactions for

different age groups. The two quantities are very close, reflecting that real net housing and eq-

uity purchases have remained roughly constant over time. Figure 12b compares the actual and

counterfactual debt balances. Net debt (debt minus deposits) has increased much more rapidly

than one could expect from economic 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.

65Martı́nez-Toledano (2022) empirically studies the effect of this type of market timing on wealth inequality.
66See Appendix D.3 for more detail on the implementation.
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Figure 12: Accounting for second-order effects
Notes. Panels (a) and (b) compare actual versus counterfactual transactions (if valuations had remained at their baseline level).

More precisely, Panel(a) plots (Na,k,t − Na,k,t−1)Pk,t and
(

Na,k,t(θ)− Na,k,t−1(θ))
)

Pk,t(θ), averaged across years, for housing and
equity. Panel (b) plots Ba,tQt and Ba,t(θ)Qt(θ), 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 U.S. dollars.

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 remained 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 Figure 12d for a plot of the second-order correction by asset class).

4.4 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 future price deviations. However, as dis-

41



cussed in Section 2, we only apply our formula to a finite sample that ends in the year 2019

(T = 25). Therefore, our formula should be interpreted as the welfare gain associated with

price deviations equal to zero after 2019 (i.e., assuming that valuations revert 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 assumptions 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 ϕ ∈ [0, 1]. Formally, we assume

that the valuation of asset class k at t > T is given by:67

log
(

PDk,t/PDk
)
= ϕt−T log

(
PDk,T/PDk

)
, log

(
Qt/Q

)
= ϕt−T log

(
QT/Q

)
, (31)

where PDk,T denotes the asset valuation in year 2019 and PDk denotes the baseline level of the

asset valuation defined in Section 2. Our baseline summary statistic, which considers asset-

price deviations that stop after T, can be seen as the limit case ϕ = 0. Figure 13a plots house

prices obtained using this methodology up to 2060, for values of ϕ between 0 and 1. Note

that, in all scenarios, we assume that housing valuations ultimately revert to their initial value

(ϕ < 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 individuals’ 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 Appendix D.4 for details). This assumption is motivated

by the fact that the quantity of transactions by age group has remained remarkably stable over

our sample period, as discussed above (Section 4.3).

Results. Figure 13 plots our estimated values for the average welfare gain in each cohort for

different values of ϕ. As ϕ increases, two things happen. First, the graph of welfare gains

is translated to the left. Intuitively, a high ϕ 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 welfare 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 prices because they hold a positive amount of debt in the aggregate. As ϕ increases,

higher valuations last longer, which means that, on average, welfare gains increase. However,

doing the same exercise for sectoral welfare gains would reveal that this comes at the cost of a

decrease in the total welfare gains for the government. Appendix Figure A12 decomposes the

welfare gains by asset class. The decomposition shows that, as ϕ increases, most of the higher

welfare gains in the population come from lower interest rates on debt.

67See Campbell (2018) for an example of such an AR(1) specification for the logarithmic price-dividend ratio.
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Figure 13: Accounting for extrapolated changes in asset prices beyond 2019
Notes. Panel (a) plots the path of future house prices for different values of ϕ, 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 U.S. dollars.

5 Conclusion

The main contribution of our paper is to provide a simple framework to quantify the wel-

fare effects of fluctuations in asset prices. The core economic 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 for-

mula 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 val-

uations had large redistributive effects, i.e., they resulted in significant welfare gains and

losses. At the same time, welfare gains differed substantially from naı̈vely calculated reval-

uation gains; in particular, individuals with the highest revaluation gains were not necessarily

the ones with the highest welfare gains. Second, rising asset prices redistributed across co-

horts, 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 sec-

tors: declining 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 instance, in Norway, public equities represent merely 3% of household

wealth (see Appendix Table A2), mortgages essentially all have floating interest rates, and the

government is a net saver (through the Sovereign Wealth Fund, see Appendix 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 where the government is a net debtor (see Greenwald et

al., 2021).

Recent work building on our methods suggests that our sufficient statistic approach may

also be helpful in other contexts. Del Canto et al. (2023) and Pallotti et al. (2024) study the
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money-metric welfare gains and losses from inflationary shocks of U.S. and Euro-area house-

holds and implement the corresponding welfare formulas using microdata. Similarly, Craw-

ley and Gamber (2023) study the welfare consequences of the large asset-price and interest-rate

changes on U.S. households over the period 2021 to 2023 rather than the longer-run trends con-

sidered here. Another valuable exercise would be to systematically quantify the welfare con-

sequences of higher-frequency asset-price booms and busts that the literature has emphasized

as essential drivers of wealth inequality dynamics (Kuhn et al., 2020; Gomez, 2016; Martı́nez-

Toledano, 2022; Cioffi, 2021).

Finally, our results on the redistributive effect of asset prices raise important 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 et al.

(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 Har-
vard Dataverse: https://doi.org/10.7910/DVN/TJD0VI.
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