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The world population is aging...
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...wealth-to-GDP ratios are increasing...
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Source: World Inequality Database (WID)



...rates of return on wealth are falling... > Calaulation
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...and “global imbalances” are rising
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How will demographics shape these trends in the 21st century?

e Broad agreement that population aging has contributed to historical trends in W/Y,
real returns (r), and NFA imbalances
® Why? An aging population saves more, and aging is uneven across countries
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e Broad agreement that population aging has contributed to historical trends in W/Y,
real returns (r), and NFA imbalances
® Why? An aging population saves more, and aging is uneven across countries

e Much less agreement about how much: Ar decline due to aging for 1970-2015 is

< 100bp in Gagnon-Johannsen-Lopez-Salido 2021
> 300bp in Eggertsson-Mehrotra-Robbins 2019

e Q: what will happen going forward?
® Critical for current debate on monetary policy normalization
e Influential view that these trends will revert:

“Once people have aged and they're retiring, then they draw down their savings and spend.
And so | think we’re making a transition from more saving because of aging, to less saving
because aging has happened.” [Larry Summers, April 2023]

“great demographic reversal” hypothesis  [Goodhart-Pradhan 2020, Mian-Straub-Sufi 2021]



This paper: a sufficient statistic approach to this question

In a baseline multi-country GE overlapping generations (OLG) model,
the effect of demographic change on W/Y, r and NFA depends only on:

1. Age profiles of wealth, labor income, and consumption

2. Demographic projections

3. The elasticity of intertemporal substitution o

4. The elasticity of substitution between capital and labor 7,

This provides a framework for measurement, which we implement
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This paper: a sufficient statistic approach to this question

In a baseline multi-country GE overlapping generations (OLG) model,
the effect of demographic change on W/Y, r and NFA depends only on:

1. Age profiles of wealth, labor income, and consumption

2. Demographic projections

3. The elasticity of intertemporal substitution o

4. The elasticity of substitution between capital and labor 7,

This provides a framework for measurement, which we implement

— Confirm that demographics has pushed down r* to date

— Soundly reject the great demographic reversal hypothesis

Conclusions are robust to quantitative simulations of richer model



A bridge between reduced-form and structural approaches

e Existing literature follows two broad approaches:

1. Reduced-form, based on shift-share exercises

® Projected asset demand [Poterba 2001, Mankiw-Weil 1989], projected savings rates
[Summers-Carroll 1987, Auerbach-Kotlikoff 1990, Mian-Straub-Sufi 2021...]

® Projected labor supply [Cutler et al 1990], demographic dividend lit. [Bloom-Canning-Sevilla 2003...]

2. Structural, based on fully specified GE OLG models

® Demographics and wealth + social security [Auerbach Kotlikoff 1987,
imrohoroglu-imrohoroglu-Joines 1995, De Nardi-imrohoroglu-Sargent 2001, Abel 2003,
Geanakoplos-Magill-Quinzii 2004, Kitao 2014...]

® Demographics and interest rates [Carvalho-Ferrero-Necchio 2016, Gagnon-Johannsen-Lopez Salido
2016, Eggertsson-Mehrotra-Robbins 2019, Lisack-Sajedi-Thwaites 2017, Jones 2018, Papetti 2019,
Rachel-Summers 2019...]

® Demographics and capital flows [Henriksen 2002, Domeij-Flodén 2006,
Borsch-Supan-Ludwig-Winter 2006, Krueger-Ludwig 2007, Backus-Cooley -Henriksen 2014,
Barany-Coeurdacier-Guibaud 2019, Sposi 2021...]

e Sufficient statistic approach bridges the gap between both
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Environment: demographics, production, and government

OLG model, demographic change + multiple countries facing {r;}

Demographics [drop country subscripts]
e Exogenous, time-varying sequence of births No;

* Exogenous, constant sequence of mortality rates ¢;
e No migration

Production
e Aggregate production fn with capital and effective labor, elasticity of substitution
e Constant growth rate of labor-augmenting technology ~
e Perfect competition, free capital adjustment

Government

® Flow budget constraint . .

Gt + wy Z thEtrj + (1 + rt)Bt = TW; Z thEgj + Bitq,
j=0 j=0

* Balance budget by changing G, not 7, or trj, to keep B;/Y; = cst



Environment: heterogeneous agents

Problem for heterogeneous agents of cohort k (age j =t — R):

1—21
c.
maX E’k |:Zﬁ}¢]1]t1]
j

st Gt i < We((1— T)UZp) + tr(ZY) + (1+ 1)
Git41 = _9(1 + 'Y)t
e o = elasticity of intertemporal substitution
® j;: age-specific discount rate

¢ &;: survival probability by age (¢; = Hj b;)

{(zjp): risky labor supply driven by some stochastic process z; (Markov chain)

7,tr(z"): taxes and (state-contingent) government transfers

a@i: annuity holdings "
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Given demographics and policy, in an integrated world equilibrium:

¢ Individuals optimize
e Firms optimize

® Global asset markets clear

ZNCIEa > (Kf+Bf) vt
©

t
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Given demographics and policy, in an integrated world equilibrium:

¢ Individuals optimize
e Firms optimize

® Global asset markets clear

ZNCIEa > (Kf+Bf) vt
©

t

Next: consider small country aging alone, with rest of world at steady state

— r constant (will adjust later)

1"



Compositional effects as sufficient statistics

Proposition
The wealth-to-GDP ratio of a small country aging alone with constant r and ~ follows

W: 27
L el A
Yt Z} 7T}'thj0

where aj, = Eq; , and hj, = Ew,/; , are average initial asset holdings and pretax labor
income by age, and w;; = Nj;/N, is the share of the population of age j.
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Compositional effects as sufficient statistics

Proposition
The wealth-to-GDP ratio of a small country aging alone with constant r and ~ follows

% o Ej TjtQjo
Yt Z} 7T}'thj0
where aj, = Eq; , and hj, = Ew,/; , are average initial asset holdings and pretax labor

income by age, and w;; = Nj;/N, is the share of the population of age j.

= change in log wealth to GDP ratio:
log <Wt> — log (VVO) = log 2% ) log LMoo | _ AP
Yt Yo Z} thhjo ZI Wiohjo 4
measurable from demographic projections and household surveys

Why? Demographics do not affect individual decisions, just their aggregation -



Measuring compositional effects




Measuring AmP

 Use microdata to calculate A°™ for 25 countries:

ACOmP log (Z thajo) log (E Wjoajo>
! > mthjo > mohjo

* 7;:: projections of age distributions over individuals
2019 UN World Population Prospects

* aj,, hj, age-wealth and labor income profiles in base year (=2016)
For US: SCF, LIS/CPS, and Sabelhaus-Henriques Volz (2019)

aj, includes funded part of DB pensions
Household — individual (j) by splitting wealth among adults

13



A©™P in the United States: 1950-2100
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A©™P in the United States: 1950-2100
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-=-=- Low fertility
20l —— Baseline
---- High fertility
---- Data (WID)

1960 1980 2000 2020 2040 2060 2080 2100

14



Where do these large effects come from? > ALt profies
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Where do these large effects come from? > ALt profies
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Where do these large effects come from? > ALt profies

Numerator (W) Denominator (Y)
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® |n paper: separate contribution of numerator and denominator

e Going forward: W contributes ~ 2/3, Y contributes ~ 1/3

® Historically demographic dividend pushed Y up, reversed in 2010 15



A™P large and heterogeneous by 2100
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General equilibrium implications




General equilibrium implications » Semielasticity formulas

—— World asset demand log(W/Y)
—— World asset supply log(K/Y + B/Y)

Semielasticity of asset demand &,: depends on o, » and observables

Semielasticity of asset supply &: depends on  and observables



General equilibrium implications » Semielasticity formulas

—— World asset demand log(W/Y)
—— World asset supply log(K/Y + B/Y)
=== Demographic change

Asset demand shift of A< : wealth-weighted average of A©mP:¢

Large and positive in the data.
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Changes in r and W/Y: 2016 to 2100

» Risk premium » Historical

Acomp W =
Ars ———— Al — | = A°mP
@t °g(v) d1e
A. Change in world r B. Change in avg. log W/Y
g (o
n 025 050 1.00 n 025 0.50 1.00
0.60 -2.45 -133 -0.69 0.60 12.2 6.6 3.4
.00 -171 -1.07 -0.62 1.00 141 89 51
125 -1.43 -0.96 -0.58 125 148 99 6.0

e We obtain very similar outcomes for same o, 7 in general model
e Same if we allow demographics to also affect the risk premium

* For 1950-2016, explain 50% of the decline in r and 15% of the increase in W/Y .



General equilibrium implications, part 2

—— World asset demand log(W/Y)
—— World asset supply log(K/Y + B/Y)
—-—= Slow aging countries

-== TFast aging countries

Acmnp,slow

Country-specific shifts A" large and heterogeneous in data

19



General equilibrium implications, part 2

—— World asset demand log(W/Y)
—— World asset supply log(K/Y + B/Y)
—-—= Slow aging countries
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Demeaned compositional effect and NFAs

NFAS\ WS .

A. NFA projection
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Demeaned compositional effect and NFAs

NFAC\ WS .
A () = 7 (85~ Beom)
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A. NFA projection B. Historical performance
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Quantitative model




Updated environment

Household problem becomes (with v > 1):

1_a

c., ° L1 . 1—v
maxBe Y fidp | 5 + 727 (1- o) (?tz V
j o

s.t. Gt + Gpata < We (1= 7)6e(2)(1 = pje) + trje(2)) + (1 + re)ae + bii(z)
Giiatyr = —0Zt

Introducing bequests rather than annuities:
® assets become bequests at death, distributed as bj,(z))

* Time-variation in mortality ®j,, labor supply /;;, retirement age pj;

Fiscal rule with adjustments in taxes and transfers
® Income process with intergenerational persistence

e Migration -



Robustness of conclusions: steady-state

e Assume o = 0.5, = 1. Let N response of W/Y to demographics at fixed r.

Ar  Alog¥ | A®mp Ao @ g

Extended model -1.24 12.3 322 336 197 83
Sufficient statistic analysis -1.07 8.9 317 317 212 83
From sufficient statistic to extended model
+ Drop annuities, add bequests -1.16 12.8 321 321 171 83
+ Adjust bequests received -1.36 15.2 321 422 232 83
+ Add income risk -1.451 15.5 322 383 182 83
+ Change perceived mortality -1.43 14.6 322 40.5 207 83
+ Increase retirement age -1.25 12.8 32.2 35.0 20.4 8.3

+ Change taxes and transfers (= extended) -1.24 12.3 322 336 197 83

Alternative fiscal rules

Only lower expenditures -1.25 12.8 322 350 204 83
Only higher taxes -0.96 8.3 322 232 174 83
Only lower benefits -1.49 15.4 322 427 207 83

22



A great demographic reversal?




Worldwide: decreasing S;/Y: everywhere

e Perform same exercise, but projecting S/Y from composition
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Declining r despite falling savings?

e Will dissaving of the old reverse the effects of demographics?
[Lane 2020, Goodhart-Pradhan 2020, Mian-Straub-Sufi 2021, Summers 2023]

e Measured S;/Y; from composition does decline

e But: r does not increase
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Declining r despite falling savings?

e Will dissaving of the old reverse the effects of demographics?
[Lane 2020, Goodhart-Pradhan 2020, Mian-Straub-Sufi 2021, Summers 2023]

Measured S;/Y; from composition does decline

e But: r does not increase

Why? Savings is misleading with declining pop. growth. In steady state
w_ sy

Yy g
where g is GDP growth

With demographic change, S/Y falls, but g falls by more!

24



Flows can give the wrong sign for the change in r!

A. Asset demand vs supply

r

—— World asset demand W/Y
—— World asset supply K/Y + B/Y

Demographic change
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Flows can give the wrong sign for the change in r!

A. Asset demand vs supply B. Net savings vs investment

r r
—— World asset demand W/Y
—— World asset supply K/Y + B/Y

AY
—— Private savings S/Y = gW/Y
—— Net investment & public borrowing ¢K/Y + gB/Y
;
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Flows can give the wrong sign for the change in r!

A. Asset demand vs supply

r
—— World asset demand W/Y
—— World asset supply K/Y + B/Y

B. Net savings vs investment

r v AN

—— Private savings S/Y = gW/Y

—— Net investment & public borrowing ¢K/Y + gB/Y
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Conclusion

e How do demographics affect wealth-output ratios, real interest rates, capital flows?

— what matters most is the compositional effect A©™P

large and heterogeneous in the data

e For the 21st century, our approach:

® Refutes great demographic reversal hypothesis: r definitively falls

® Suggests the “global savings glut” has just begun

26



Thank you!
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Additional slides




Rates of return on wealth Tk

e Baseline safe return rf"fe is 10 year constant maturity interest rate minus HP-filtered
PCE deflator

e Baseline total return is
(skY — 0K), + ri¥eB,
W, — NFA;

ry =

where (sY — 0K), is net capital income

28



Calculating return: wealth or capital

A. W in denominator (baseline) B. K in denominator
10 10
---- Trend: -0.039% per year ---- Trend: -0.016% per year
8 | B e S
6
4
1950 1970 1990 2010 1950 1970 1990 2010
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Age-wealth profiles in the U.S. <« ack
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Age-labor income profiles in the U.S.
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Labor income ($2016)

31



Semielasticities of asset demand and supply <Back

e Asset supply elasticity > = 2°24°/Y).

“how will bonds and capital change, relative to GDP, if steady-state r changes?”
® Given common capital-labor substitution elasticity 7, average elasticity is

g1 (K
ro + 90 \ Wo

— Measurable from observables and knowledge of

32



Semielasticities of asset demand and supply <Back

¢ Asset supply elasticity ¢° = %ﬁsm

“how will bonds and capital change, relative to GDP, if steady-state r changes?”
® Given common capital-labor substitution elasticity 7, average elasticity is

g1 (K
ro + 90 \ Wo

— Measurable from observables and knowledge of

e Asset demand semielasticity ¢# = 2'&("/1),
“how will households change average wealth, relative to GDP, if s.s. r changes?”

® Hard to measure [Saez and Stantcheva 2018: “paucity of empirical estimates”]
® Result: dropping idiosyncratic risk and borrowing constraint from model, exact formula
for ¢? in terms of &,n, and observables [numerically similar in quantitative model]
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Semielasticities of asset demand and supply <Back

¢ Asset supply elasticity ¢° = %ﬁsm

“how will bonds and capital change, relative to GDP, if steady-state r changes?”
® Given common capital-labor substitution elasticity 7, average elasticity is

P (e
Cro+ 6\ Wo

— Measurable from observables and knowledge of

e Asset demand semielasticity ¢# = 2'&("/1),
“how will households change average wealth, relative to GDP, if s.s. r changes?”

® Hard to measure [Saez and Stantcheva 2018: “paucity of empirical estimates”]
® Result: dropping idiosyncratic risk and borrowing constraint from model, exact formula
for ¢? in terms of &,n, and observables [numerically similar in quantitative model]

® |n case wherer = g = 0and n = 1, we get:
A olog(W/y)

5 =0 %VarAgec + EAge. — EAgeq ~ o - 43.7 — 0.6
| ——
—— 4
=d =Cincome 32
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Multiple assets

e Model demand for risky assets: households now solve

max [Eg [Z B;®; (5¢ — 3ev; (sit))1;]
j

b

st Gt + Gjaigaesn < We((1— 7)0(Zie) + tr( @) + (1 4+ 1] + sp(rf — 1)) g
Gyatpr > —A(1+ “Y)t

where s;; is risky portfolio share of age j, and v;(s;;) is utility cost of bearing risk

_ 1
vi(sjr) =r"— r—r. (st — 5) +

ﬁ(sjt - §j)2

e New FOC is:
sjt:§j—|—\ll(r{—r{—r’—rf)

e Now in addition to aggregate asset demand, must clear market for risky assets

ZZ { it }f} ZKt 13



Sufficent statistics with multiple assets

Long-run adjustment in asset market:

Ar 5 A©P logW/Y
Arisk premium | A©MPrigky share

e New term: compositional effect on risky share demand Arisky share

e Matrix of inverse elasticities ¥ affected by ¥

Calibrate model as before + matching portfolio shares by age

34



Risky share by age and Arisky share

A. Risky share vs age distribution B. Equilibrium change in r and rp
15
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Historical exercise: 1950 to 2016

A. Return on wealth
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e Use earlier age distribution to recompute A{*™ and ¢

B. Wealth-to-GDP

e \Why? Both asset supply and asset demand shifted up!

® Demand side: falling TFP growth and rising inequality
® Supply side: automation, intangible capital, housing, and markups

Demographics accounts for ~30% of the rise in asset demand
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