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Abstract

This paper investigates how human capital responses to anticipated advances in artificial
intelligence (Al) reshape aggregate and distributional consequences of Al. We develop an
incomplete-markets model with endogenous human capital and asset accumulation in
general equilibrium, featuring three skill sectors and uninsurable idiosyncratic risk. Al enters
as an anticipated, sector-biased shock that narrows middle-skill wage premiums and boosts
returns to top expertise. We find that human capital responses to Al (i) drive voluntary job
polarization, shifting workers from the middle toward both lower and higher skill sectors;
(i) magnify AT’s positive effects on aggregate output and consumption, while dampening its
impact on employment; and (iii) alter inequality: even as polarization increases disparities
in income and consumption, precautionary saving by middle-sector households reduces the
rise in wealth inequality. In an extension (Al+), where Al raises the human-capital threshold
for high-skill jobs, additional training and saving become concentrated among high-sector
households, further increasing wealth inequality.
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1 Introduction

Artificial intelligence is reshaping labor markets in ways that are both profound and uneven.
Recent evidence shows that Al affects labor demand and productivity heterogeneously: entry-
level opportunities are declining, productivity gains depend on worker skill and experience,
and firm-level effects vary widely across occupations and firms (Revelio Labs, 2025; Calvino
et al., 2025; Souza, 2025; Asam and Heller, 2025). However, the macroeconomic consequences of
these changes depend not only on how Al directly reshapes jobs, but also on how households re-
spond. These responses are already visible in human capital decisions: confidence in traditional
higher education is eroding, while demand for reskilling and generative-Al training is surging
(Higher Education Strategy Associates, 2022; Pew Research Center, 2024; Public Agenda, 2022;
Oliver Wyman Forum, 2024). Yet most existing studies of Al's labor-market effects abstract from
these endogenous human capital responses. This paper addresses that gap by examining how
Al-driven changes in skill returns influence human capital investment and, in turn, reshape
aggregate and distributional outcomes throughout the transition.

We build an incomplete-markets model in the tradition of Aiyagari (1994), extended to
incorporate endogenous human capital investment and a three-sector labor market. Households
are heterogeneous in assets, human capital, and idiosyncratic labor productivity, and face
uninsured income risk. Human capital determines sector access — low, middle, or high — with
each sector offering a different productivity premium, so that investment grants households the
possibility of a discrete wage increase in the future. Workers can accumulate human capital either
while employed or out of work. Investment is a discrete choice among three effort levels: none,
part-time, and full-time that requires non-employment in the current period. This competition
between working and learning is the key mechanism in our model, generating rich interactions
among human capital investment, labor supply, and saving decisions.

Al is introduced as an anticipated sector-biased shock that raises productivity in the low
and high sectors while leaving the middle unchanged. This is intended to capture the empirical
pattern that Al complements high-skill workers, substitutes for routine middle-skill tasks, and
augments some lower-skill work. In a second experiment denoted Al+, Al additionally raises
the human-capital threshold for high-sector entry, consistent with evidence that Al is reducing
junior hiring even as demand for experienced workers rises.

To isolate the core mechanisms, we first study a two-period version of the model, which
delivers three analytical results. First, uninsured idiosyncratic risk discourages human capital in-
vestment and strengthens self-insurance motives: relative to a certainty benchmark, households
save more, work more, and invest less in human capital. Second, human capital investment
has heterogeneous effects on saving. By raising expected future income, investment crowds
out saving through a consumption-smoothing channel, but it also raises future income risk,
crowding in saving through a precautionary motive. We show that the precautionary motive
dominates for high-income households while the consumption-smoothing motive dominates for
low-income ones, and that this asymmetry carries over to full-time training when idiosyncratic
risk is large enough. Third, an anticipated Al shock generates endogenous divergence in invest-
ment incentives: households below the middle-skill threshold face weaker incentives to invest
toward the middle sector, while those near or in the middle face stronger incentives to reach
the high sector. Because full-time training directly competes with labor supply, these divergent
investment responses translate into opposing labor supply effects even before Al arrives — some
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households work more while others voluntarily exit employment to retrain. In the Al+ case, a
churning effect additionally emerges near the new high-sector cutoff: households sufficiently
close invest more aggressively to retain access, while those too far below reduce investment as the
goal becomes unattainable, further amplifying the divergence in human capital accumulation
and saving behavior.

We then embed these mechanisms in a fully calibrated infinite-horizon general equilibrium
model matched to key U.S. moments, including observed inequality measures and sectoral
distributions. We study the transition dynamics following an Al adoption that is anticipated
ten years in advance, so the economy begins reallocating well before the productivity gains are
realized and continues adjusting until it converges to a new steady state.

On the aggregate side, the divergent investment responses identified in the two-period model
aggregate into what we call voluntary job polarization. In response to the reduced premium
on middle-sector employment, many middle-sector households endogenously exit the labor
market to invest in human capital and reposition themselves for the post-Al economy, even
before Al is actually implemented. As a result, the population share of the middle sector declines
substantially in the new steady state. Aggregate employment also declines, both along the
transition path and in the long run, as some households remain out of work while retraining.
Human capital investment also becomes more concentrated among a smaller but more selected
group of households, with average human capital among investors rising substantially in the
new steady state. Comparing the benchmark economy against a counterfactual in which human
capital is held fixed reveals that endogenous adjustment raises long-run output, consumption,
and investment by reallocating labor more effectively toward the sectors that benefit most
from Al In the Al+ experiment, the churning effect near the new high-sector cutoff generates
additional reallocation across sectors, and the gap between the benchmark and fixed-human-
capital counterfactual widens further, underscoring that endogenous human capital adjustment
becomes even more important when Al reshapes not only sectoral productivity but also the skill
requirements for entry into top occupations.

On the distributional side, income and earnings inequality rise due to polarization, as house-
holds moving to the low sector experience earnings losses while those reaching the high sector
enjoy gains. Wealth inequality, however, behaves differently. Consistent with the saving mech-
anism identified in the two-period model, middle-sector households undertaking intensive
retraining increase saving through the precautionary motive, strengthening asset accumulation
in the middle of the wealth distribution and substantially mitigating the rise in wealth inequality
relative to the fixed-human-capital counterfactual. In the Al+ experiment, this pattern reverses
in an important way. Unlike in the baseline, where the precautionary-saving channel compresses
wealth inequality, the churning effect now concentrates additional training among relatively
high-income households near the new cutoff. Because these households also save more through
the same precautionary mechanism, asset accumulation becomes more top-heavy, pushing
wealth inequality above its baseline-Al level. The comparison with the fixed-human-capital coun-
terfactual confirms that these contrasting distributional outcomes are driven by endogenous
human capital responses rather than by the direct productivity effects of Al alone.

More broadly, these findings show that abstracting from endogenous human capital ad-
justment leads to a fundamental mischaracterization of both the aggregate and distributional
consequences of Al
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1.1 Related Literature

This paper relates to the literature on how technological change, including Al and robotics,
drives job polarization and affects the demand and supply of labor. Studies find that rising
employment in both high- and low-wage occupations — at the expense of middle-skill jobs —
characterizes job polarization across the UK, US, and Western Europe (Goos and Manning,
2007; Autor and Dorn, 2013; Goos et al., 2014). Robots and automation have also been shown
to reduce employment and wages across US regions (Acemoglu and Restrepo, 2020), with
automation-induced job losses and declining labor force participation especially concentrated
among vulnerable workers in highly automated sectors (Lerch, 2021; Faber et al., 2022). Wang
and Wong (2025) model Al as a learning-by-using technology and predicts large productivity
gains and employment loss in the long-run. Suh (2023) develops a hierarchical production
model in which the distributional effects of automation depend on the complexity of tasks that
machines can perform: once technology becomes sufficiently capable, it can amplify top labor
incomes and generate “superstar” dynamics. Korinek and Suh (2024) model the transition toward
AGI as an expanding frontier of automation over tasks ranked by complexity, showing that macro
and wage outcomes depend on how far automation progresses and how it interacts with capital
accumulation. Acemoglu and Loebbing (2026) show that automation can generate employment
and wage polarization in an assignment model where tasks of intermediate complexity are
performed by capital.

Technological disruption also influences human capital accumulation. Faced with employ-
ment risks caused by automation, many affected workers invest in further education as a form
of self-insurance, rather than relying solely on increases in the college wage premium (Atkin,
2016; Beaudry et al., 2016). Consistent with this, Di Giacomo and Lerch (2023) and Dauth et al.
(2021) find that the adoption of industrial robots in the U.S. and Germany, respectively, has led
to increased college and university enrollments.

Building on this literature, our paper develops a model that explicitly allows for a trade-
off between labor supply and human capital investment. In our framework, job polarization
emerges as a voluntary response to Al advancements: households in the middle sector may
choose to either downskill to the low sector or upskill to the high sector, while an increasing
number of middle-sector households opt for full-time training to accelerate their upskilling.

This paper also relates to the literature that studies human capital and physical capital in a
unified framework. Chanda (2008) shows that the rise in returns to education reduces household
savings. Waldinger (2016) finds that human capital is much more important than physical capital
for innovation in both the short and long-run. Huggett et al. (2011) develops a risky human
capital model with incomplete markets to estimate the source of lifetime inequality. Park (2018)
investigates whether capital and human capital are over-accumulated in an incomplete market
economy. Our model is most similar to Huggett et al. (2011) in that human capital is risky and
there is a trade-off between human capital investment and labor supply. Our analysis sheds light
on the effect of Al-induced human capital adjustments on household labor supply and saving.

A growing body of literature suggests that Al and automation may contribute to rising in-
equality across income, consumption, and wealth (e.g., Sachs and Kotlikoff, 2012; Berg et al.,
2018; Prettner and Strulik, 2020; Hémous and Olsen, 2022). Our model confirms that Al advance-
ments indeed increase inequality in all three dimensions. However, we find that the endogenous
human capital responses to Al amplify the rise in income and consumption inequality, while at
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the same time mitigating the increase in wealth inequality.

The remainder of the paper proceeds as follows. Section 2 introduces the model environment.
Section 3 analyzes household decision-making using a two-period version of the model, clari-
fying the main mechanisms. Section 4 presents the fully specified quantitative model and its
calibration to key features of the U.S. economy, including household heterogeneity. Section 5 ex-
amines the aggregate and distributional impacts of Al in the baseline experiment, while Section
6 considers the effects of Al when sectoral skill requirements change. Section 7 concludes.

2 Model Environment

Time is discrete and infinite. There is a continuum of households. Each household is endowed
with one unit of time and faces an idiosyncratic labor productivity shock, z, and an idiosyncratic
learning-ability shock, y. The labor productivity shock follows an AR(1) process in logs:

Inz'=p;Inz+¢,,¢, id N(0,0%)
The learning-ability shock follows an AR(1) process in logs:
Iny'=pyIny+ey,¢y id N(0,0’?,)

Households observe (z;, y;) at the beginning of each period before making decisions. The asset
market is incomplete following Aiyagari (1994), and the physical capital, a, is the only asset avail-
able to households to insure against idiosyncratic risks. Households can also invest in human
capital, &, which allows them to work in sectors with different human capital requirements.

2.1 Production Technology

The production technology in the economy is a constant-returns-to-scale Cobb-Douglas pro-
duction function:
F(K,L)=K'"*L*

K represents the total physical capital accumulated by households, while L denotes the total
effective labor supplied by households, aggregated across three sectors: low, middle, and high.
Given the real wage rate per effective labor, w, and the real interest rate, r, the representative
firm chooses labor and capital to maximize current profits. Capital depreciates at rate 0.
These sectors differ in their technologies for converting labor into effective labor units and in
the levels of human capital required for employment. The middle sector employs households
with human capital above hj; and converts one unit of labor to one effective labor unit. The
high sector, requiring human capital above hp, converts one unit of labor to 1 + A effective units,
while the low sector, with no human capital requirement, converts one unit into 1 — A effective
units. This implies a sectoral labor productivity x(/) that is a step function in human capital:

1-1 lowsectorif h < hy,
x(h) = 1 middle sectorif hy; < h< hy
1+ A highsectorif h = hpy

5
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A household i who chooses to work 7; hours contributes z; x(h;) n; units of effective labor, where
z; is his idiosyncratic productivity. The aggregate labor is

L= fzix(hi)nidi,

assuming perfect substitutability of effective labor across the three sectors.

2.2 Household’s Problem

Households derive utility from consumption, incur disutility from labor and effort of human
capital investment. A household maximizes the expected lifetime utility by optimally choosing
consumption, saving, labor supply and human capital investment each period, based on his
idiosyncratic shocks (z;, y;):

o0
max  Ep|) B'(nc,—xnn:— xeer)
{co,arv1,nre32, =0
where c; represents consumption, a;;; represents saving, n; is labor supply, and e; is the effort
of human capital investment. Following Chang and Kim (2006), we assume that labor supply
is indivisible, so that each household chooses either not to work or to work a fixed number of
hours, 7.
If a household decides to work in period ¢, he will be employed into the appropriate sector
according to his human capital /; and receive labor income w;z;x(h;). The household’s budget
constraint is

Ct+ a1 = wrzex(hng+ (A +rp)ay

c;=0and a;.1=0

We prohibit households from borrowing a;; = 0 to simplify analysis.

Human capital investment can take three levels of effort: {0, e, eyy}. A non-working household
is free to choose any of the three effort levels but a working household cannot devote the highest
level of effort ey, reflecting a trade-off between working and human capital investment. Hence:

e:€{0,er,(1-nyen.
Its contribution to next-period human capital is subject to the learning-ability shock:
hiv1=yrer+(1—06)hy

where 6 is human capital’s depreciation rate. We interpret y;e; as effective human-capital
investment, with y, capturing a learning-ability shock.!

IThe learning ability shock y; is likely to be correlated with the labor productivity shock z; in reality. In our
quantitative analysis, we assume they are perfectly correlated to reduce the dimensionality of the state space. For
readers interested in the two-period model under this perfect-correlation assumption, Appendix A.3 displays the
corresponding decision rule diagram.
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2.3 Al Shock

Al stands apart from previous waves of automation or computerization because it is capable
of performing complex, cognitive, and non-routine tasks that previously required significant
education and expertise. While the full impact of Al on the labor market remains to be seen,
there is a growing consensus around two major effects.

2.3.1 Evidences for AI’s effects on labor market

First, Al complements high-skill workers, substitutes for routine middle-skill tasks, and augments
some lower-skill work. Recent experimental evidence surveyed by Calvino et al. (2025) shows that
workers’ productivity gains from Al depend on their skill levels and experience. On simpler tasks
where Al performs well, the technology can narrow the productivity gap between experienced
and less experienced workers. However, for more complex tasks that Al cannot yet perform
effectively, those with greater digital proficiency or task-specific experience achieve higher
productivity gains, as successful use of Al in these settings requires more advanced skills and
experience that involves understanding Al’s capabilities and limitations.

Firm-level evidence reveals similar patterns. Aghion et al. (2019) documents that the average
worker in low-skilled occupations receives a significant wage premium when employed by a
more innovative firm. Souza (2025) finds that the adoption of Al in Brazilian firms increases
employment for low-skilled production workers but reduces employment and wages for middle-
wage office workers. Asam and Heller (2025) report that GitHub Copilot enables software startups
to raise initial funding 19% faster with 20% fewer developers, and that these productivity gains
disproportionately benefit startups with more experienced founders.

Second, Al may raise the effective skill threshold for high-sector entry, thereby reducing the
set of workers who qualify for high-sector employment. Recent labor market data highlight
the disproportionate impact of Al on entry-level employment opportunities. Bloomberg (2025)
reports that, in the words of Matt Sigelman, president of the Burning Glass Institute, “Demand
for junior hires in many college-level roles is already declining, even as demand for experienced
hires in the same jobs is on the rise.” According to Revelio Labs (2025), postings for entry-
level jobs in the US declined by about 35% since January 2023, with roles more exposed to Al
experiencing even steeper reductions. Klein Teeselink and Carey (2026) find similar patterns in
job posting data across 39 countries. Moreover, they show that occupations where Al exposure
is concentrated in low-expertise tasks experience an increase in advertised salaries, reflecting
rising expertise requirements for these occupations.

We model these effects as two components of an anticipated Al shock occurring in a future
period: a baseline component that changes the skill premium and an additional component that
reduces accessibility to the high sector.

2.3.2 Baseline component: Al changes skill premium

Suppose an Al shock is expected to boost labor productivity in both the low and high sectors in a
future period, while leaving the middle sector unaffected. We capture this impact on sectoral
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productivity through the parameter y € (0, 1):

1 middle sectorif hyy < h' < hy

1-A+yA lowsectorif h' < hy
x(h') =
1+A+vyA highsectorif i’ = hy

where i’ denotes human capital in the future period. In this baseline component, the Al shock
raises average labor productivity, diminishes the earnings premium for the middle sector, and
increases the earnings premium for the high sector relative to the middle sector.

2.3.3 Additional component: Al raises the bar for high-sector entry

Suppose an Al shock also raises the threshold for high-sector employment from hy; to b, ina
future period. Future sectoral productivity is thus given by:

1 middle sector if iy < h' < b,

1-A+vyA lowsectorif h' < hy,
xAI-I-(h/) —
1+A+yA highsectorif h' = h},

As a result, some households whose human capital falls between the old and new thresholds,
thatis, hy < ' < h', will be reclassified from high-sector to middle-sector employment.

3 Household Decisions in a Two-Period Model

In this section, we solve the household’s problem with two periods to gain intuition. In this
analysis, we assume that 72 = 1 for simplicity.

Period-2 decisions Households do not invest in human capital or physical capital in the last
period. The only relevant decision is whether to work.
The household works n =1 if and only if z = z(h, a), with z(h, a) defined as

In(wz(h,a)x(h)+ (1+71r)a) — x, =In((1+r)a)

The household faces a trade-off between earning labor income and incurring the disutility
of working. Given the sector-specific productivity x(h) specified in (2.1), the threshold for
idiosyncratic productivity, z(h, a), takes on three possible values:

Z(a) iy ifh<hy
E(h,a) = z(a) ithSh< hH

Z(a) g ifh=hy
(exp(xn) —1A+1r)a
w

where z(a) :=

Households with higher human capital are more likely to work, whereas households with higher
physical capital is less likely to work.
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Period-1 decisions In addition to labor supply, period-1 decisions include saving and human
capital investment, both of which are forward-looking and affected by the idiosyncratic risk
associated with the productivity shock z’. Our model also features a trade-off between human
capital investment and labor supply as a working household cannot devote the highest level of
effort ey in human capital investment. Therefore, human capital investment grants households
the possibility of a discrete wage hike in the future but may entail a wage loss in the current
period.

To see the implication of this trade-off and how it interacts with uninsured idiosyncratic risk,
we proceed in two steps. We first derive the period-1 decisions without uncertainty by assuming
that z’ is known to the household at period 1 and z’ is such that the household will work in period
2. We then reintroduce uncertainty in z’ and compare the decision rules with the case without
uncertainty.

3.1 Period-1 Labor Supply and Human Capital Investment
3.1.1 Consumption and saving without uncertainty

The additive separability of the household’s utility implies that labor supply n and human
capital investment e enter in consumption and saving choices only via the intertemporal budget
constraint:

c w'z' x(h')

=(1+ra+wzx(hyn+ ———

1+71/ 1+7/

with i’ = ye+ (1 -6)h.

c+

The log utility in consumption implies the optimality condition:
c'=Ba+r)c.

Combining it with the budget constraint, we obtain the optimal consumption as a function of
labor supply n and human capital investment e:

w'z'x(h' =ye+(1-06)h)
— (A +1ra+wzx(h)n+ .
1+p 1+7/

c(n,e) =

3.1.2 Labor supply and human capital investment

The optimal consumption rules in (3.1.1) and (3.1.1) allow us to express the household’s problem
as the maximization of an objective function in labor supply 7 and human capital investment e:?

n'}aex(l +B)Inc(n,e) — ynn—xee

This maximization depends critically on the household’s current human capital and achiev-
able next-period human capital. Accordingly, we partition households into three ranges of h:
[0, Ay 1 =871, (hyr(1=8)"', hg(1=8)71), and [hg(1 - 8) ", hmaxl.

2This follows since ¢’ = (1 +1')c,solnc’ =Inf+In(1 +7') +1nc.
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We now derive the decision rules for households % € [0, i (1 — 8)7!) in detail, as the decision
rules for the other two ranges are similar. Conditional on a given learning ability y, we define
two cutoffs in human capital:

hy —ye — hy —ye
hy )= == ()=

These cutoffs divide households into three groups based on their ability to be employed in the
middle sector in the next period. Non-learners are households with & < h,,(y). They cannot
achieve h' > hy; with either ey or ey level of human capital investment today. Full-time learners
are households with h € (h,,( ), har(). These households can reach i’ > hy; in the next period
only by investing e = ey today. Part-time learners are households with & > h1p(y). They can
achieve h' > hy in the next period if they invest e = e today.

Conditional on y and learner type, the optimal choices of labor supply and human capital
investment are characterized by cutoffs in z. The cutoff formulas vary with households’ current
sectoral productivity, i.e, if h < hj; or not.

Non-learners will not invest in human capital, e = 0, and their future sectoral productivity will
be x(h') =1- A. Non-learners work n = 1 if and only if:

(exp(Hﬁ)—l) [(1+r)a+w

—L 1+r'
=z, ,(ah)=
non (1 _]lh<hMA)

Full-time learners choose between e =0 and e = ey, since e = ey incurs a cost without any
future benefit. Full-time learners must trade off between working and human capital investment:
choosing e = ey requires not working today (n = 0), while opting to work means forgoing
investment in human capital (n=1,e =0).3

Full-time learners prefer (n=1,e=0) to (n =0, e = ey) if and only if:

(exp(""H;H) DI(1+r)a+ L)+ ALz

zzEfcu”(a,h)

Part-time learners do not exert high effort ey in human capital investment. They choose
among three options: (n=1,e=0), (n=1,e=e;), and (n =0, e = er),* with the decision rule as
follows:
n=1e=0 ifz >E,L9ar[(a, h)
n(z,h,a),e(z,h,a)={ n=1,e=er 1fzpmt(a h)<z< Efm,t(a, h)

n=0,e=¢y 1fz<zpmt(a,h)

3The choice between (1 = 0,e = ey) and (1 = 0, e = 0) does not depend on z. For ey to be relevant, A must be
large enough so that (n =0, e = e) is preferred to (n =0, e = 0). See Appendix A.2 for details on the lower bound for
A.

4Similar to the case of full-time learners, the choice between (1 =0, e = e;) and (n = 0, e = 0) does not depend on
z. Moreover, since our model is set up so that (n =0, e = eyy) dominates (n =0, e = 0), it implies that (n =0,e = er)
dominates (n=0,e=0).

10
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Figure 1: Decision Rule Diagram for 0 < h < hp(1 - 6) !

Note: Conditional on a given learning ability y, the figure illustrates the decision rule (7, e) as a function of states
(z, h, a) for householdswith0<h < h Mﬁ. The human capital h changes along the horizontal axis and the labor
productivity shock z changes along the vertical axis. The two vertical lines ,,(y) and h(y) defined in (3.1.2)
separate the state space into non-learners, full-time learners, and part-time learners. Within each learner type,
labor supply and investment choices vary with z.

where

-1 ! !
{eXp(ﬁeéM [exp(){fl;) - 1] - 1} o —(1+na

w(l - ]lh<hM/l)

zéart(a’ h) =

(exp(£25) — DI+ ra+ L5

w(l — ]lh<hM/1)

L
Epart(a’ h) =

We set up our model so that Ell;a”(a, h) > gfmrt(a, h).

Decision rule diagram: Figure 1 illustrates how the decision rules of labor supply n and human
capital investment e vary with (z, &, a) for households with h < h Mﬁ conditional on a given
y. The human capital / changes along the horizontal axis and the labor productivity shock z
changes along the vertical axis. The two vertical lines £, ,(y) and ha(y) defined in (3.1.2) separate
the state space into non-learners (unshaded area), full-time learners (lightly shaded area), and

SAppendix A.2 provides the parameter restrictions such that the condition for (n = 0,e = ey) to dominate

(n =0, e = 0) is sufficient for Efmrt(a, h > g]’;art(a, h.
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part-time learners (darkly shaded area). Within each learner type, labor supply and investment
choices vary with z and the dashed horizontal lines represents the cutoffs in z.

Households with h Mﬁ <h<h Hﬁ have a decision rule analogous to those with h < h Mﬁ.
Conditional on y, the cutoffs for learner type change to:

hy—yen .

— hg—ye

hy(y):= 1-6

The four cutoffs in z that partition the decision regions change to E,ﬁ”o w(a,h), E% 1(a,h), gg’la ~a, h),
and Z%rt(cz, h) (see Appendix A.1 for the explicit formulae).

Households with i = h Hﬁ are always non-learners, since their human capital guarantees
high-sector employment next period without further investment. For them, only the cutoff
Efo ,,(a) matters.

3.2 The Effects of Uninsured Idiosyncratic Risk

We now reintroduce the idiosyncratic risk to households in period 1 by assuming that z’ follows
alog-normal distribution with mean Z' and variance o2.

Our previous analysis without uncertainty is a special case with o2 = 0. The effects of
uninsured idiosyncratic risk can be thought as how households’ decisions change when the
distribution of z’ undergoes a mean-preserving spread in the sense of second-order stochastic
dominance.

From a consumption-saving perspective, the uncertain z’ is associated with future labor
income risk. It is well understood in the literature that idiosyncratic future income risk raises
the expected marginal utility of future consumption for households with log utility and makes
them save more. In our model, households can also supply more labor to mitigate the effect of
idiosyncratic income risk on the marginal utility of consumption.

From the perspective of human capital investment, the uncertain z’ is associated with risk
in the return to human capital. Conditional on working, households’ income increases with
Z:c'=0+r)a +w'x(W)z'. In(c') is increasing and concave in z’, and a higher x(h') increases
the concavity.® Consider two levels of 1/, i’ > I/, a mean-preserving spread of z’ distribution
reduces the expected utility at both levels of 4’ but the reduction is larger for the higher level 2
Hence, the expected utility gain of moving from A’ to /' is smaller due to the idiosyncratic risk.
Human capital investment is discouraged.

Taking into account endogenous labor supply reinforces the discouragement of human
capital investment by the idiosyncratic risk. Recall from Section 3.1.2 that households with z’

The marginal effect of z’ on In(c') is

dln(c)) w'x(h")
0z (A+ra +wx(h)z
The second derivative is
0%*In(c) _ ~ w' x(h') 2
0z |+ rMd+wxh)z

and is more negative if x(h’) is higher.
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lower than a cutoff do not work. The endogenous labor supply therefore provides insurance
against the lower tail risk of the idiosyncratic z'. Moreover, the cutoff in z’ is lower for those with
higher human capital #’. This makes households with higher 4’ more exposed to the lower tail
risk than those with lower #’, further reducing the gain of human capital investment.

Proposition 3.1. The uninsured idiosyncratic risk in z' makes households in period 1 save more,
work more and invest less in human capital.

3.3 Period-1 Saving and Human Capital Investment

In this section, we study the impact of endogenous human capital investment on households’
saving decisions. Specifically, we compare optimal saving behavior in two scenarios: one in
which households can choose to invest in human capital, and an alternative scenario in which
human capital is exogenously fixed. To facilitate the comparison, we assume in this section that
there is no human capital depreciation.”

When the optimal choice of human capital investment is zero, optimal saving is identical in
both scenarios. When the optimal human capital investment is either ey or e, we compare the
household’s optimal saving to the case where human capital investment is exogenously fixed at
zero,ie.,(n=1,e=0).8

To make the human capital relevant, we assume that n’ = 1 in period 2. The additive separa-
bility of work and human capital investment effort from consumption allows us to consider the
optimal saving conditional on a given choice of labor supply and human capital investment.

In particular, the household maximizes expected lifetime utility:

max:In(c) + fEz (In(c],

subject to the budget constraints
c+a =0+ra+n(wzx(h)),
c=0+rha +w'zxh),
with i’ = ye+ (1 -6)h,e€{0,er,(1 —n)ex}
3.3.1 Effect of part-time training on saving

We now compare the optimal saving between (n =1,e=e;) and (n = 1,e =0), where e; allows
households to move to a higher sector in period 2 with higher sectoral productivity x(h').

7If depreciation is allowed, the analysis proceeds similarly but involves more comparison paris.

8Why not compare to (n = 0,e = 0)? Such a comparison is not meaningful when considering (n = 1,e = er)
because the two scenarios involve different state spaces. To see it, suppose conditions are such that (n =1,e =ey) is
optimal. If we were to fix e = 0 exogenously, the household’s lifetime income would fall, and as a result the household
would have a greater incentive to work. Thus, it is not possible for the household to deviate from choosing n =1
when human capital is held fixed at e = 0. The comparison between (n =0,e =0) and (n =0, e = e, or ey) is similar
to the comparison between (n=1,e=0) to (n =1, e = er), since human capital investment does not affect period-1
labor income in either case.

13



352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

To simplify the notation while maintaining the key economic forces, we normalize (1+r) =
(1+r")=1, w= w'=1, the period-1 productivity shock z = 1, the period-1 learning-ability shock
y =1, and the period-2 productivity shock z’ to Inz’ ~ A4/ (0,02). The budget constraints become:

c+d=a+x, c=ad+tx7

where x is the household’s period-1 labor income that reflects both productivity and skill. # =1
represents the effect of human capital investment on period-2 income: ¢t >1ife=ey; t =1 if
e=0.

The optimal saving is determined by the FOC:

1 1

= ﬁ[Ez’( )

Denoting the mean and variance of z’ as y and X, respectively:

a+x—a a +txz'
p=E[Z]= e, 3 =Var(z) = e% (e - 1).
The second-order approximate solution to the FOC is:

Bla+ x)— bxp 2 x’%
1+p Bla+x+ txp)

CE Precautionary

a*(x,a;t) =

.

The first term is the certainty-equivalent saving, which reflects the consumption smoothing
motive, increasing in the period-1 resources a + x and decreasing in the period-2 expected labor
income fxu. The second term is the precautionary saving, which is increasing in the variance of
period-2 labor income ?>x?X and decreasing in the expected total resources a + X + tx.
The effect of part-time training on saving can be decomposed into two components:
oa'™* X x?T t[2(a+ x) + txul

yay 1) = —
ot (X, a; 1) 1+,6+ B (a+x+txu)?

The first term being negative captures the crowd-out effect on saving via consumption-smoothing
motive as part-time training increases the expected period-2 labor income fxu. The second
positive term captures the crowd-in effect via precautionary saving motive as part-time training
exposes households to larger future income risk.

To capture the overall impact of part-time training on saving, we define:

1%

t
a
Ax,a;t) =a™*(x,a;t) —a™* (x,a;1) =f
1 ou

(x,a;u)du,

where a'* (x, a; t) is the optimal saving when households undertake part-time training, and
a'* (x, a; 1) is the optimal saving when human capital is kept exogenously fixed.

Whether part-time training increases or decreases saving ultimately depends on the balance
between the crowd-out effect (via higher expected future income) and the precautionary crowd-
in effect (via heightened future income risk). The next proposition demonstrates that these
effects can dominate differently depending on period-1 income x, so that the overall impact of
part-time training on saving can differ between low- and high-income households.
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Proposition 3.2. If the idiosyncratic risk is large enough, i.e., % > g *(t), part-time training crowds

out saving for low-income households and crowds in saving for high-income households: for
x<x*(a,t), e=er lowers saving A(x,a; t > 1) <0; for x > x*(a, t), e = ey, raises saving A(x, a; t >
1)>0.

Proof. See Appendix C. [ |

3.3.2 Effect of full-time training on saving

We next compare the optimal saving between (n =0,e = ey or ey) and (n =1, e = 0). Note that
full-time training requires the households to give up their labor income in period 1, which is
not the case for part-time training. Following the same normalization and notation as in the
previous subsection, we can write the budget constraints with full-time training and without
training as:

e=ey: c+d=a c=ad+tx7
e=0: c+d=a+x, c=d+x7

where t > 1 captures the effect of full-time training on period-2 income.
The second-order approximation to the optimal saving problem yields:

Ba—txu 2 x?%
1+p Bla+ txp)

/%
e=egy: aeH(x, at) =

CE PrecauTionary
2
(a+x)—x x°z
e=0: a’*(x,a;l):ﬁ i
1+p Bla+x+ xu)
(‘Z]rE Precal}aonary

The overall effect of full-time training on saving can be expressed as:

Atull-time (X, @; 1) = ay; (x,a; 1) — a’™ (x, a; 1)
=Alx,a;t) +Ap(x,a;1)
Bz e
1+ pPla+x+txp)(a+txp)

where Ay (x,a;t) = x

Here, A (x, a; t) captures the additional impact of full-time training on saving, over and above
that of part-time training. The first term reflects a further reduction in saving due to the need to
forgo period-1 labor income. The second term shows an increase in precautionary saving, as
reduced current resources limit households’ ability to self-insure against idiosyncratic risk in
period 2.

The following lemma establishes some properties of Ay (x, a; 1):

Lemma 3.1. If% <0(1), Ag(x,a;t) <0 and decreases in x. If% >0(t), Agy(x,a;t) >0 ifand only if
x > X(a, t); moreover, for x > X(a, t), Ay(x, a; t) increases in x.

Proof. See Appendix C. [ |
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Taken together, Proposition 3.2 and Lemma 3.1 imply that, when the idiosyncratic risk is large
enough, full-time training crowds out saving for low-income households, but crowds in saving
for high-income households.

Proposition 3.3. If the idiosyncratic risk is large enough, i.e., = > max{o*(t),5(t)}, full-time
training crowds out saving for low-income households and crowds in saving for high-income
households: for x < min{x*(a, t),X(a, 1)}, e = ey lowers saving Afuil-time(X, a; t > 1) < 0; for x >
max{x*(a, 1), %(a, 1)}, e = ey raises saving Afyjy.time(X, a; t > 1) > 0.

3.4 The Effects of an Anticipated Period-2 Al Adoption

We assume that an Al adoption is anticipated to occur in period 2 and study how it affects the
household’s decisions in period 1.

3.4.1 The effects of skill premium change

As specified in Equation (2.3.2), the baseline Al component lowers the relative earnings advantage
of the middle sector in period 2 while increasing it for the high sector.

Human capital investment: The Al adoption lowers the incentive to work in the middle sector
in period 2. Consequently, households with & < hj;/(1 — ) reduce their human capital invest-
ment, while those with h > hy;/(1 - 6) increase it. The effect is formalized in the following
proposition.

Proposition 3.4. An anticipated Al adoption decreases human capital investment among house-
holds with h < hy/ (1 —-6), but increases it among those with h > hy;/ (1 —6). Specifically, E;u”

and E’L? art decrease withy, while E%L ;1 and Z%r ; increase withy.
Proof. See Appendix C. [ |

The Al adoption influences labor supply and saving through two main channels: directly, by
altering households’ period-2 labor income, and indirectly, by affecting their human capital
investment decisions. In what follows, we focus on the indirect effects, while the more standard
direct channel is discussed in Appendix B.

Labor supply: Because full-time training and labor supply compete for time, households with
h < hp/(1 - 96) shift away from full-time training and supply more labor in the first period, while
households with & > hy;/(1 —6) become more likely to engage in full-time training and thus
reduce period-1 labor supply.

Saving: As established in Propositions 3.2 and 3.3, investing in human capital tends to crowd
out saving for low-income households, but crowds in saving for high-income households. There-
fore, when the Al adoption leads low-income households (h < hy,/(1 —§)) to stop investing, and
encourages high-income households (h > hy;/(1 - 9)) to start investing, optimal saving increases
for both groups.
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3.4.2 The effects of raising the high-sector cutoff

The additional component of the Al adoption raises the high-sector cutoff from hy to hl, > hy
in period 2 (see Equation (2.3.3)), which in turn increases the period-1 human capital thresholds
required to access the high sector with any effort level e € {ey, ef}. Specifically, the upper bounds
for non-learners (h,(y)), full-time learners (hu(y)), and part-time learners (h Hﬁ) all rise by
(W= hi) .

As aresult, some households that previously could have remained in the high sector withe =0
under the original cutoff hy (i.e., those with h'(0) > hy) may now find themselves reclassified
into the middle sector if 4’(0) € (hy, hY,). For these households, the higher cutoff /), in period 2
reduces the attractiveness of choosing e = 0 and instead creates an incentive to invest in human
capital to remain in the high sector — provided that attaining /', is feasible.

Conversely, for households for whom h}{ is unattainable even with the maximum effort
(e = ep), the raised cutoff diminishes the returns to training for the high sector, leading these
households to opt for e = 0 in period 1.

Churning effect Beyond the effect of the baseline y-only shock (Proposition 3.4), the introduc-
tion of the h’; component generates a churning effect that causes some households to transition
between different learner types.

Specifically, it shifts some high-sector households with h 115 < h < b}, 5 from being non-
learners to becoming part-time or full-time learners, depending on whether /7, is attainable
through part-time or full-time investment.

Similarly, it reclassifies households with & Mrlé <h<h Hﬁ across different learner types:
some part-time learners may become full-time learners if 1, is attainable, while others—whether
previously part-time or full-time learners—may become non-learners if achieving 1, is no longer

feasible.

Human capital investment and labor supply Conditional on a given learner type, however,
the within-type cutoffs in z that determine labor supply and human capital investment remain
unchanged from the baseline y-only shock. The main effect of 1, is therefore to modify which
learner type applies to each household.

Saving The churning effect from the h’; component also affects households’ saving behavior,
since changes in learner type lead to different human capital investment decisions and, conse-
quently, to different saving outcomes. For those who increase their human capital investment
due to the h}l component, their saving changes by A(x, a; 1), Ag(x, a; t) or Agyi-time (X, @; £) with
t > 1. For those who decrease their human capital investment, their saving changes by —A(x, a; 1)
or —Agyll-time (X, @; 7).

For households whose human capital investment remains unchanged, their saving responses
largely mirror those under the baseline y-only shock (Appendix B.2), with one notable exception:
some households with h Hﬁ <h< h%}ﬁ are reclassified to the middle sector absent any
human capital investment. As a result, they anticipate lower period-2 income compared to the
y-only shock, leading to a change in their saving given by A(x, a; t < 1).
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3.5 Limitations of the two-period model

Up to this point, our analysis has focused on how Al influences household-level decisions regard-
ing human capital investment, labor supply, and saving within the framework of a two-period
model. While this provides valuable insights into individual behavioral responses, understanding
the broader, economy-wide implications of Al requires moving to a more comprehensive setting —
a quantitative model with an infinite time horizon, endogenous asset accumulation, and general
equilibrium feedback.

General equilibrium (GE) effects When households adjust their investment in human capital,
labor supply, and savings in response to Al, these changes aggregate up to affect the total supply
of effective labor and capital in the economy. As these aggregates shift, they exert downward
or upward pressure on the wage rate and the interest rate, feeding back into each household’s
optimization problem. Thus, general equilibrium effects capture the intricate loop by which
individual decisions shape, and are shaped by, the macroeconomic environment.

Composition effects Endogenizing human capital investment injects dynamism into how
households sort themselves among the three skill sectors. When an Al adoption occurs, individu-
als may choose to retrain, upskill, or even move to lower-skilled work, reshaping the distribution
of labor across sectors. This shifting composition changes the relative size of each sector, with
significant consequences for both aggregate outcomes and the distributional effects of Al.

4 A Full Dynamic Quantitative Model

We now solve the full dynamic model with infinite horizon, endogenous asset accumulation,
and general equilibrium. We calibrate the model to reflect key features of the U.S. economy,
capturing reasonable household heterogeneity.

4.1 Calibration

We calibrate the model to match key features of the U.S. economy. Some parameters are set to
standard values from the literature, while others are chosen to match targeted moments. Table I
summarizes the parameter values used in the benchmark model.

The time discount factor, £, is calibrated to match an annual interest rate of 4 percent. We
set ¥, to replicate an 80 percent employment rate. We calibrate y, to match the fact that around
30 percent of the population invests in human capital in the U.S. (OECD, 2025).

We calibrate parameters regarding labor productivity process as follows. Recall that z fol-
lows the AR(1) process in logs: logz’' = p,logz +¢,, where ¢, ~ N(0, 0%). The shock process
is discretized using the Tauchen (1986) method, resulting in a transition probability matrix
with 11 grids. We set the persistence parameter to p, = 0.948 and the standard deviation to
o, =0.269, following the estimates reported in Chang and Kim (2006). In the quantitative analy-
sis, we assume that the learning ability shock y; and the labor productivity shock z; are perfectly
correlated, i.e., y; = z;.
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Table I: Parameters for the Calibration

Parameter Value Description Target or Reference

p 0.91795 Time discount factor Annual interest rate
0z 0.948 Persistence of z shocks Chang and Kim (2006)
o, 0.269 Standard deviation of z shocks Chang and Kim (2006)
a 0 Borrowing limit See text

An 2.47 Disutility from working Employment rate

Xe 1.48 Disutility from HC effort See text

n 1/3 Hours worked Average hours worked
ey 1/3 High level of effort Average hours worked
er 1/6 Low level of effort See text
hy 0.41 Human capital cutoff for M See text

hy 0.96 Human capital cutoff for H See text

A 0.2 Skill premium Earnings Gini

) 0.1 HC depreciation rate Standard value

a 0.36 Capital income share Standard value

O 0.1 Capital depreciation rate Standard value

We deviate from the two-period model by assuming that the labor supply is a discrete choice
between 0 and 72 = 1/3. This change only rescales the two-period model without altering the
trade-off facing the households. But such rescaling facilitates the interpretation that households
are deciding whether to allocate one-third of their fixed time endowment to work. The high-level
human capital accumulation effort, ey is assumed to equal 7. The low-level effort, ey is set to
half of ey;. The skill premium across sectors, A, is set at 0.2 to match the income Gini coefficient.
Human capital cutoffs, hy; and hp, are set so that the population shares in low, middle, and high
sectors are, respectively, 20, 40, and 40 percent. This population distribution roughly matches
the fractions of U.S. workers in 2014 who are employed in routine manual occupations (low
sector), routine cognitive and non-routine manual (middle sector), and non-routine cognitive
(high sector) (Cortes et al., 2017).

On the production side, we set the capital income share, a, to 0.36, and the depreciation rate,
0k, to 0.1. For simplicity, we assume that human capital depreciates at the same rate, i.e., 6 = 0.1.

4.2 Model Fit and Steady-State Distribution

Table IT compares key moments generated by the model with their empirical counterparts.’ The
calibration targets three main moments: the employment rate, the human capital investment
ratio, and the income Gini coefficient. The model matches each of these moments closely. It
reproduces the employment rate of 0.80 and the human capital investment ratio of 0.29 observed
in the data. It also matches the empirical income Gini coefficient of 0.58.

9Employment and inequality measures are based on the 2007 Survey of Consumer Finances (SCF). Employment
is defined as having positive labor income during the year. The human capital investment ratio is taken from OECD
(2025).
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Table II: Key Moments

Moment Data Model
Employment rate 0.80 0.80
Human capital investment ratio 0.29 0.29
Gini coefficient for earnings 0.64 0.62
Gini coefficient for income 0.58 0.58
Gini coefficient for wealth 0.82 0.76

Note: Employment and inequality measures are based on the 2007 SCE The human capital investment ratio is from OECD (2025). Employment
is defined as positive labor income in a given year. The employment rate, the human capital investment rate, and the earnings Gini coefficient
are targeted moments.

The earnings and wealth Gini coefficients are not directly targeted in the calibration and
therefore provide additional measures of the model’s distributional performance. The model
generates an earnings Gini coefficient of 0.62, compared with 0.64 in the data. It also produces
a wealth Gini coefficient of 0.76, relative to an empirical value of 0.82. Although the model
somewhat understates wealth inequality, it captures the overall degree of both earnings and
wealth dispersion reasonably well.

Table III provides a more detailed assessment of the model’s ability to reproduce the dis-
tributions of wealth and earnings. Importantly, none of the quintile shares reported in the
table is directly targeted in the calibration. Beyond reproducing the overall degree of inequality
summarized by the Gini coefficients, the model also captures the distribution of wealth and
earnings across different parts of the population.

The model successfully generates the strong concentration of wealth at the top of the distri-
bution. The top wealth quintile holds 78.1% of aggregate wealth in the model, compared with
83.4% in the data. Although the model shifts some wealth from the top quintile to the fourth
quintile, it broadly reproduces the highly skewed shape of the empirical wealth distribution. The
fit is particularly close for earnings: the model closely matches the earnings shares of both the
middle and upper quintiles, including a top-quintile share of 63.0%, compared with 63.5% in
the data. Overall, these untargeted moments show that the model captures not only aggregate
measures of inequality but also the more detailed distributional patterns observed in the data.

4.3 Al Shock

The baseline component of Al is modeled as in (2.3.2), with y = 0.3. Under this specification,
Al increases the productivity of low-sector workers by 7.5% and high-sector workers by 5%,
while leaving the middle sector unaffected. Given the employment distribution in the initial
steady state, these changes imply that Al raises average labor productivity in the economy by
4%, assuming households do not adjust their behavior. This formulation captures the core idea
that Al boosts overall labor productivity (Acemoglu and Restrepo, 2019), while at the same time
narrowing the earnings premium for the middle sector and increasing it for the high sector
relative to the middle sector.

The additional component of Al is a rise of human-capital threshold between the middle
and high sectors as in Equation (2.3.3). We calibrate the new threshold /', such that the middle-
sector population share in the initial steady state is increased from 40% to 45%. In other words,
5% population will be reclassified out of high-sector employment due to the Al adoption if their
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Table I1I: Wealth and Earnings Distributions

Quintile Gini

1st 2nd 3rd 4th 5th

WEALTH DISTRIBUTION

Data -0.2 1.1 45 11.2 834 0.82
Model 01 02 37 179 781 0.76

EARNINGS DISTRIBUTION

Data -0.1 4.2 11.7 208 635 0.64
Model 0.0 4.1 108 22.1 63.0 0.62

Note: Quintile entries report the percentage of aggregate wealth or earnings held by each quintile. Households are ranked separately
according to wealth and earnings. The model statistics are computed from the stationary distribution. The quintile shares are not
directly targeted in the calibration.

human capital remains the same.

We now use the calibrated model to examine the effects of an Al adoption anticipated to
arrive in 10 years, under the assumption that households have full information about its timing.
This allows us to study how the economy adjusts both in anticipation of and in response to Al
adoption.!?

Our analysis centers on the baseline component, examining both transition dynamics and
the differences between the initial and new steady states; we refer to this as the baseline Al
experiment. We then consider the additional component only insofar as it qualifies the baseline
results; we refer to this as the Al+ experiment.

5 The Baseline Al Experiment

In the baseline experiment, Al is expected to increase the productivity of the low and high sectors,
but not the middle sector. As a result, the earnings premium for the middle sector decreases,
while the earnings premium for the high sector increases.

5.1 Human Capital Adjustments

Changes in earnings premiums incentivize households to adjust their human capital invest-
ments.

Steady-state distribution: Figure 2 compares the initial and new steady-state human capital
distributions, highlighting how households reallocate across sectors after the Al adoption. The
x-axis reports human capital levels and the y-axis shows the mass of households at each level; the
red and blue vertical lines indicate the low-middle and middle-high sector cutoffs, respectively.

10 ater, we discuss robustness to alternative assumptions regarding both the magnitude and the timing of Al
adoption.
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vertical line marks the cutoff between the low and middle sectors, and the blue vertical line marks the cutoff between the middle and high
sectors.

The gray shaded area indicates the overlap between the initial and new steady-state dis-
tributions. Within each sector, the distribution is left-skewed, consistent with human capital
investment being concentrated among households near sectoral cutoffs; as illustrated by the
decision rule in Figure 1, these households invest to move up or remain in more skilled sectors.
The blue shaded area captures households exiting the middle sector after the Al adoption, and
the pink shaded areas show where this mass is reallocated in the new steady state—toward the
lower end of the low sector and the lower end of the high sector. This reallocation pattern high-
lights a divergence in human capital investment behavior across households. Proposition 3.4
provides the formal characterization of this mechanism.

Figure 3: Transition Path for Human Capital Investment
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Note: The x-axis represents years, and the y-axis shows the percentage (or percentage point) deviation from the initial steady state. Al introduction
is assumed to occur in period 10. “HC Pop. Share” denotes the fraction of households that make positive human capital investments, and
“Average HC” denotes average human capital among those investing households.
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Figure 4: Sectoral Population and Employment Transition
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Transition path Figure 3 traces the transition of aggregate human capital from the initial to the
new steady state, together with its two margins: the extensive margin (the share of households
making positive human capital investments) and the intensive margin (average human capital
among investing households).

As households move out of the middle sector and into the low and high sectors, aggregate
human capital declines gradually along the transition path. This pattern is due to the fact that
the increase in mass at the lower end of the low sector is larger than the increase in the high
sector, as shown in Figure 2.

At the same time, human capital accumulation becomes more concentrated in a smaller
group of households. The share of households making positive human capital investments falls
steadily and settles about 4% below its initial steady-state level, while average human capital
among investors rises and converges to roughly 12% above its initial steady-state level.'!

5.2 Job Polarization

An important implication of the human-capital response to Al is job polarization. Figure 4
illustrates the transition paths of sectoral population shares and employment rates. The middle
sector contracts sharply: its population share falls by about 13%, and its employment rate
declines by 16%. By contrast, both the low and high sectors experience increases in population
shares and employment. Taken together, these dynamics imply a reallocation of workers away
from the middle sector and toward the low and high sectors after Al is introduced.

Voluntary job polarization This reallocation is consistent with the standard job-polarization
pattern documented in the literature (Goos et al., 2014), in which Al and automation dispro-
portionately displace tasks typically performed by middle-skill workers. Our model, however,

UThe only exception to these patterns occurs in period 10, when the productivity effects of Al are realized.
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adds a complementary channel. Households can begin leaving the middle sector even before Al
is implemented by adjusting their human-capital investment decisions: many middle-sector
workers choose non-employment in order to invest in skills that improve their position in the
post-Al labor market.'? This mechanism is formally characterized in Proposition 3.4 in the
two-period model above.

Employment flows more toward the low sector A second result is that employment rises
much more in the low sector than in the high sector. In the new steady state, the low-sector
employment rate increases by 12%, whereas the high-sector employment rate rises by only 0.5%.
This asymmetry indicates that reallocation out of the middle sector is tilted toward low-sector
employment.

Two forces drive this pattern. First, Al raises productivity by 7.5% in the low sector, compared
with 5% in the high sector. But this productivity gap alone is not enough to explain the difference
in employment responses. The second force is heterogeneity in labor-supply elasticities: labor
supply is more elastic in the low sector than in the high sector, so a given change in labor earnings
generates a larger labor-supply response. Intuitively, because low-sector households consume
less, their marginal utility of consumption is more sensitive to budget changes. As a result, a
larger share of low-sector households is near the employment/non-employment margin (Chang
and Kim, 2006).

5.3 Direct and Indirect Effects of Al

The aggregate and distributional effects of Al reflect two forces: Al’s direct effects on sectoral
productivity and households’ endogenous human capital responses. When Al changes produc-
tivity across sectors, it shifts labor earnings and, through income effects, affects labor supply
and savings decisions. These changes alter aggregate labor and capital supplies, and thus aggre-
gate outcomes. As productivity gains differ across sectors, the same mechanism also generates
distributional effects.

Sectoral productivity differences also reshape incentives to accumulate skills and move across
sectors. As households reallocate, the composition of labor productivity changes, affecting both
aggregate productivity and inequality. In particular, sectoral mobility changes households’
relative positions in the income and asset distributions.

This section quantifies how important these human capital adjustments are for both transi-
tion dynamics and long-run outcomes. We compare the benchmark economy—where house-
holds adjust human capital endogenously—with a “No HC model,” in which human capital is
fixed at its initial steady-state level throughout the Al transition. In both economies, households
still choose consumption, savings, and labor supply endogenously.

This comparison lets us decompose Al’s effects. The No-HC model isolates the direct effects
of Al on aggregate and distributional outcomes by shutting down human capital adjustment. The
gap between the benchmark and No-HC paths then identifies the indirect effects that operate
through endogenous human capital accumulation. Together, this decomposition clarifies the
role of human capital dynamics in shaping the overall consequences of AL'3

12To highlight this mechanism, the model deliberately abstracts from any direct negative effect of Al on middle-
sector workers.
13We also examine the general equilibrium channel of Al effects by comparing the benchmark model with a
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Figure 5: Transition Path of Aggregate Variables: Benchmark vs. No HC Models.
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5.4 Aggregate Qutcomes

Figure 5 reports transition paths for output, consumption, investment, employment, and factor
prices (the wage rate and the return to capital). Blue solid lines denote the benchmark economy
with endogenous human capital adjustment, and black dashed lines denote the No-HC economy
in which human capital is fixed.

5.4.1 Al’s direct impacts via productivity changes

The No-HC model isolates the direct effects of Al In the long run, Al raises output, consumption,
investment, and employment. Before period 10, however, output and investment fall, while
consumption and employment remain broadly stable.

The intuition is straightforward. Prior to Al implementation, sectoral productivities are
unchanged; what changes is that households anticipate future productivity gains in the low and
high sectors. Higher expected lifetime income leads households to save less and consume more,
which lowers the aggregate capital stock. With less capital, output declines, the marginal product
of labor falls, and the marginal product of capital rises. Employment changes little in this phase
because current production technologies have not yet shifted.

Once Al arrives, productivity in the low and high sectors increases, raising labor income,
employment, and output in those sectors. Because these gains are labor-augmenting, the supply
of efficient labor units expands, putting downward pressure on wages and upward pressure on
capital returns. Endogenous adjustments in employment and investment partially offset these

fixed-factor-prices model. As this channel is not our main focus and does not produce qualitative differences in
results, we relegate the discussion to Appendix E.
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factor-price movements. As a result, in the new steady state, wages are slightly below their initial
level, while capital returns are slightly above it.

5.4.2 Al’s indirect impacts via human capital responses

Comparing the benchmark and No-HC paths identifies the indirect effects that operate through
endogenous human capital adjustment. These effects are most visible in employment dynamics.

Before period 10, employment declines in the benchmark economy because some house-
holds temporarily withdraw from work to invest in human capital and prepare for the post-Al
environment.!* Since productivity is unchanged during this anticipation phase, lower em-
ployment directly reduces output. Under consumption smoothing, most of this output loss is
absorbed by lower investment. The employment decline also dampens the pre-Al movements in
wages and capital returns found in the No-HC model.

After Al is introduced, employment recovers as productivity rises. Even so, continued human
capital investment—especially among middle-sector households—keeps employment below the
No-HC path, so the long-run net effect on employment is close to zero. At the same time, output,
consumption, and investment are all higher in the benchmark economy, because endogenous
skill accumulation reallocates labor toward the low and high sectors and improves the economy’s
ability to capture Al-driven productivity gains.

This reallocation also flips the long-run factor-price results: with endogenous human capital
adjustment, the direct negative effect of Al on wages becomes a positive net effect, while the
direct positive effect on capital returns becomes a negative net effect.

Taken together, these results show that aggregate outcomes are shaped not only by Al-
induced productivity changes themselves, but also by households’ endogenous adaptation
through human capital investment.

5.5 Distributional Outcomes

Distributional outcomes are even more sensitive to endogenous human capital adjustment than
aggregate outcomes. Figure 6 plots transition paths of Gini coefficients for earnings, total income,
consumption, wealth (asset holdings), and human capital. Black dashed lines show the No-HC
model (direct Al effects with fixed human capital), while blue solid lines show the benchmark
model with endogenous human capital adjustment.

5.5.1 Income, earnings, and consumption inequalities

Comparing the No-HC and benchmark paths shows that human capital responses materially
reshape Al’s effects on earnings, income, and consumption inequality.

Al’s direct impacts: With human capital fixed, distributional changes are driven mainly by
sectoral productivity gains in the low and high sectors (7.5% and 5%, respectively). Accordingly,
before period 10 there is little movement in the earnings and income Gini coefficients. After Al is
implemented, both earnings and income inequality decline: higher productivity raises earnings

4Empirical studies, such as Lerch (2021) and Faber et al. (2022), support the short-term adverse effects of Al
adoption on labor markets.
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Figure 6: Transition Path of Inequality Measures: Benchmark vs. No HC Models.
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deviation from the initial steady state. Al introduction is assumed to occur in period 10. The No HC model is an economy in which workers
maintain their initial steady-state level of human capital throughout the Al implementation until the new steady state is reached.

in the low sector, while lower wages in the middle sector compress the overall distribution.
Consumption inequality remains broadly stable throughout the transition.

Effects of AlI-induced human capital adjustments: Allowing human capital to adjust endoge-
nously generates pronounced job polarization (Section 5.2). Households that would otherwise
remain in middle-sector jobs reallocate toward either the low or high sector. Those moving down
experience lower labor earnings, while those moving up gain higher earnings. This widening
dispersion raises both earnings and income inequality, before and after Al adoption. As these
income gaps expand, consumption inequality rises as well.

5.5.2 Human capital and wealth inequalities

Human-capital inequality (Gini) rises already during the anticipation phase and continues to
increase after Al adoption. This pattern is a direct consequence of households reallocating from
the middle sector toward the low and high sectors.

The dynamics of wealth inequality are more nuanced. The wealth Gini increases after Al
adoption in both models, but the rise is smaller in the benchmark economy than in the No-HC
economy. This comparison indicates that human capital responses mitigate, rather than amplify,
Al's unequalizing effect on wealth.

To clarify the mechanism, it is useful to first describe the direct response of household saving
in the No-HC economy and then explain how endogenous human-capital adjustment modifies
it. Figure 7 shows the transition paths of average asset holdings by households in each sector.

AI’s direct impacts: Without human-capital adjustment, Al affects household saving only
through income effects. In the low and high sectors, households reduce saving before period 10
because they expect higher future labor income; after Al is implemented, they increase saving as
labor income rises. In contrast, middle-sector households anticipate a negative income effect
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Figure 7: Sectoral Average Asset Transition: Benchmark vs. No HC Models
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introduction is assumed to occur in period 10. The No HC model is an economy in which workers maintain their initial steady-state level of
human capital throughout the Al implementation until the new steady state is reached.

from lower wages and therefore increase saving before period 10. Once Al is introduced and
wages recover, they reduce saving.

Effects of AlI-induced human capital adjustments: Allowing human capital to adjust signif-
icantly changes average household saving in all three sectors. The most pronounced shift
occurs in the middle sector, where average saving rises markedly; this is the main reason why
endogenous human-capital responses mitigate Al's unequalizing effect on wealth.

Two channels drive this result. First, a composition channel: as households move out of
the middle sector, less productive households disinvest in human capital and sort into the low
sector, while more productive households increase human capital investment and move up to
the high sector. Because the share moving down exceeds the share moving up, the remaining
middle-sector population is positively selected on productivity. Second, a saving-crowding-in
channel: as implied by Propositions 3.2 and 3.3, human capital investment crowds in saving for
high-income households. Because the composition channel raises the average productivity of
the middle sector, more middle-sector households now fall into the range where human capital
investment crowds in saving, boosting asset accumulation in the middle of the distribution.
Together, these two channels narrow the gap between the middle and the top.!®

5.6 Robustness

In the benchmark economy, Al is introduced so that y reaches 0.3 in period 10. We now show
that the main results are robust to alternative assumptions regarding both the magnitude and
the timing of Al adoption. First, we consider alternative terminal values of y, namely y = 0.2 and
Y = 0.4. We next consider a gradual-adoption specification in which Al is phased in over time
and becomes fully implemented by period 10. Specifically, y is assumed to increase linearly over
time until it reaches its new long-run value in period 10.

15At the same time, average assets in the high sector decline as relatively low-wealth households move up from
the middle sector. In the low sector, average assets also fall because the low-sector population is negatively selected
on productivity.
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Figure 8: High-Sector Population and Human Capital in Al+ Experiment
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Figures E1 and E2 in the Appendix present the aggregate and distributional effects under
Y = 0.2 and y = 0.4. The main qualitative results remain unchanged. Relative to the model
without endogenous human capital accumulation, the model with human capital generates
a larger increase in GDP and a larger decline in employment, as workers reduce labor supply
in order to invest in human capital during the transition. These endogenous human capital
responses also continue to generate voluntary job polarization, leading to higher income and
consumption inequality. Wealth inequality also remains lower in the benchmark model than in
the model without human capital accumulation.

Figure E3 in the Appendix reports the results for the gradual-adoption case. The qualitative
implications are again very similar to those in the benchmark.

Overall, these robustness exercises confirm that our main qualitative results are not sensitive
to either the magnitude of the Al shock or the timing of its adoption.

6 The Al+ Experiment

In the Al+ experiment, Al changes more than the skill premium: it also changes what firms
classify as “high-skill” work by increasing the cutoff for entering the high sector. This tighter
threshold implies that some workers who would previously have remained in the high sector are
reclassified into the middle sector unless they increase their human capital investment.

6.1 High-sector Human Capital and Saving Adjustments

A higher high-sector cutoff generates a churning effect (Section 3.4.2). Workers close to the
new threshold have stronger incentives to invest in human capital to remain in high-sector
employment, whereas those far below it may scale back learning because moving into the high
sector becomes less attainable.

Quantitatively, this churning effect leads to a significant increase in human capital investment
among high-sector households relative to the baseline Al experiment. Figure 8 reports the
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Figure 9: Aggregate Variables in Al+ experiment: Benchmark vs. No HC Models.
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transition dynamics of the high-sector population share and total human capital.'® Although a
higher cutoff would mechanically lower both variables, the stronger skill-investment response is
large enough to reverse that effect, so both the high-sector population share and total human
capital increase along the transition.

This concentration of skill investment among high-sector — and therefore high-productivity —
households also crowds in precautionary saving, as highlighted by Propositions 3.2 and 3.3. The
right panel of Figure 8 shows the transition path of average assets in the high sector. Relative to
the baseline Al experiment, high-sector average assets are about 3% higher in the new steady
state, while they are essentially unchanged in the baseline.

6.2 Aggregate and Distributional Implications

Because the churning effect induces a sharper increase in human-capital investment and pre-
cautionary saving among high-sector households than in the baseline Al experiment, the Al+
economy differs from the baseline in two important ways: the indirect human-capital chan-
nel accounts for a larger share of Al's aggregate effects, and both human-capital and wealth
inequality rise more strongly.

Figure 9 shows the transition dynamics of aggregate variables. Qualitatively, the pattern is
similar to the baseline Al experiment: Al adoption still raises real activity over the transition.
Quantitatively, however, the underlying composition changes. Two offsetting forces are at
work. On the one hand, the higher high-sector cutoff mechanically reclassifies some workers
from the high sector to the middle sector, muting Al’s direct productivity effect. On the other
hand, this reclassification amplifies the human capital channel via the churning mechanism,

16See Figure 22 for the corresponding transition dynamics across all sectors in the Al+ experiment.
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Figure 10: Inequality Measures in Al+ experiment: Benchmark vs. No HC Models.
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prompting households to invest more aggressively in human capital to meet the higher threshold
(Section 6.1). As a result, aggregate activity remains broadly comparable to the baseline, but a
larger portion of the total effect operates through endogenous human-capital accumulation.
Figure 10 reports the transition dynamics of inequality measures. Income, earnings, and
consumption inequality evolve much as in the baseline. By contrast, human-capital and wealth
inequality respond more strongly. The churning effect widens dispersion in human capital
investments: relatively productive households invest more and regain high-sector access, while
others fall behind. The skill investment among high-productivity households also crowds in
precautionary saving, making asset accumulation more top-heavy and amplifying wealth in-
equality relative to the baseline. In the No-HC model, however, wealth-inequality responses are
broadly similar across the two Al specifications, indicating that the additional increase under

Al+ is driven by endogenous human-capital adjustment rather than by the direct productivity
effect.!’

7 Conclusion

This paper studies how anticipated advances in artificial intelligence reshape the economy when
households can respond through human capital accumulation. We develop an incomplete-
markets general equilibrium model with endogenous human capital investment, labor supply,
and saving, and use it to examine how Al-driven changes in sectoral skill returns affect aggregate
dynamics and inequality. Our main message is that the consequences of Al depend not only
on its direct effects on productivity, but also on how households adapt in advance through
retraining, labor supply adjustment, and precautionary saving.

In the baseline experiment, Al raises productivity in the low- and high-skill sectors while

17As an additional robustness check, we also consider cases in which the initial steady-state share of the middle-
sector population is increased by 7 percent and 10 percent. The main results remain qualitatively similar. The
corresponding results are available upon request.
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leaving the middle sector unchanged, thereby reducing the relative attractiveness of middle-skill
work. This generates endogenous divergence in human capital investment incentives and leads
to what we call voluntary job polarization. Many middle-sector households begin to adjust
before Al is implemented, with some moving toward the low sector and others withdrawing from
work temporarily to invest in skills aimed at high-sector employment. These human capital
responses amplify the long-run gains in output, consumption, and investment relative to a
counterfactual economy with fixed human capital, but they also dampen employment during
the transition and raise income and consumption inequality through stronger polarization.

At the same time, the distributional effects of Al are more nuanced than a simple polarization
narrative would suggest. In our benchmark economy, endogenous human capital adjustment
mitigates the rise in wealth inequality. The reason is that middle-sector households facing
retraining risk increase saving for precautionary reasons, strengthening asset accumulation
in the middle of the wealth distribution. In the Al+ experiment, however, Al also raises the
human-capital threshold for high-sector employment. This produces a churning effect near
the new cutoff: households close to the threshold invest more aggressively to retain access,
while those further below reduce investment. Because the additional training and precautionary
saving become concentrated among relatively high-productivity households, wealth accumu-
lation becomes more top-heavy and wealth inequality rises more strongly than in the baseline
experiment.

Taken together, our findings imply that analyses that abstract from endogenous human
capital adjustment may mischaracterize both the aggregate and distributional consequences of
Al

There are several promising directions for future research. One important extension is to
enrich the way Al is modeled. In our framework, Al operates through sector-specific productivity
shifts and, in the Al+ experiment, through a higher human-capital threshold for high-skill
employment. This structure is useful for isolating the human-capital adjustment channel, but
future work could consider richer forms of technological change in which Al both substitutes for
and complements tasks along a broader task spectrum, for example by modeling tasks ranked
by complexity as in Korinek and Suh (2024). Relatedly, allowing for more flexible substitution
patterns or sector-specific wages could provide a more realistic account of how Al reshapes
relative earnings and retraining incentives across different parts of the labor market.

A second important direction is to study policy design under alternative Al scenarios. If Al
changes both the returns to skills and the incentives to accumulate them, then the effects of
redistribution, training subsidies, social insurance, and public insurance against displacement
risk may depend crucially on the nature of the technological change itself. Examining these
interactions would help clarify which policies are most effective in supporting adjustment,
limiting inequality, and improving welfare during the transition to an Al-intensive economy.
Finally, it would also be valuable to relax perfect foresight and allow households to learn gradually
about the timing, scale, and incidence of Al adoption.
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Appendix

A Household Decision Rule Cutoffs

s A.1 Additional cutoffs formulae for households

(exp(Hﬁ) -DA+na+ L% = ]

M
Zyon(a, h
non (1+]1h>hHA)
ZM | (exp(y )14+ LEED) 4 w2
qu”(a, h):=
w(1+]lh>hH/1)
M (exp(£2) — DI+ r)a+ LELA,
Epart(a’ h) =
w(1+]lh>hH/1)
{/L [exp(%) - 1]_ - 1} 17— (1+na
E (ay h) =
part w(1+]1h>hHA)
(exp( ")-DIA+ra+ wz(1+/1)]
Znon(@) = 1+p T+

wl+A)

«s A.2 Parameter restrictions for cutoffs ranking

947 To guarantee that (n =0, e = ey) dominates (n = 0, e = 0), we need a lower bound for A. The full-time learners prefer
us (n=0,e=ep)ifand only if

1+P)Inc(n=0,e=ey)—yeeg=1+P)Inc(n=0,e=0)

949  or equivalently:

1+ra+ ¥z 1 1

A ZAI = o Ltr (1 - YeCH ) ifh< hMﬁ
T+ exp(755) -
(1+r)a+l+ XYe€H 1

A=A, = r fh=hy——

-~ v (eXp(Hﬁ) )1 M5

950 To avoid (n =1, e = er) from being a dominated choice, we need another lower bound for A. To see it, recall that
951 (n=1,e=0)isbetter than (n=1,e=e;) if 2> Zpars, and (n=1,e = e;) is better than (n=0,e=e¢;) if 2>z
952 (n=1,e = eyp) is therefore the best choice over the interval (z
953 be the case thatwhen z=2z2,,.,, 2<Zpar. 2=
4 (n=1,e=er)and (n=0,e=er) so that

Zpart*
part’ Zpart). For such an interval to exist, it must

2,4, Means that the part-time learners are indifferent between

! !

w'z In w'z 1
(1+r)a+wzx(h)+1+r,—exp(—1+ﬁ) (1+r)a+1+ ,] ifh< hM—1 5
21+ A wz'(1+A 1
1+na+ wzx(h)+%:exp(l)i—nﬁ) (1+r)a+% if h= hMm

955 For the part-time learners to prefer (n =1,e = ep) over (n =1, e =0), we need

cin=1,e=ey)

(1+/n c(n=1,e=0)

= Xe€L
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Ifh< hM%, inequality (A.2) is:

(1+nra+wzx(h)+ {‘jj
(1+p)In = yeer

1+ra+wzx(h)+ %lr,’”
Evaluating the left-hand-side at z = Zpart yields:
Az, = i r?ﬂa; Hr’ (1 - lxeeL )exp( LIS
S exp(m) 1+p
Ifh> hM%, inequality (A.2) is:

A+nra+wzx(h)+ 7
1+p)In B > yeer
1+nra+wzx(h)+

l+r’
Evaluating the left-hand-side at z = Zpart yields:
/ot Xe€Ly
. U"‘”‘?:"ﬁfr (:XP(H,B) 1)exp(1+ﬁ)e _
55 exp({55) +exp({) —exp(Xpip)
We have that A, > 1, and A, > A, if
oo, exp iz

exp(
1+ﬁ exp(45%) +exp(y) —exp(AqE)

Therefore, the inequality above implies that the conditions (A.2) and (A.2) are sufficient for the conditions (A.2) and
(A.2). Furthermore, A3 = A1 so that the condition (A.2) is sufficient for the condition (A.2).
We can then conclude that the conditions (A.2) and (A.2) are sufficient for 1) the slower learners always prefers

(n=0,e=ey)over (n=0,e=0),and 2) Zpars > 2,4, i.-€., there exists state space where (n =1, e = ey ) is optimal.

A.3 Labor supply and human capital investment when y perfectly correlats
with z

When the learning ability y is perfectly correlated with the idiosyncratic productivity z, the decision rule (n, e) is a
function of states (z, h, a) instead of (z, h, a, y).

Figure A.1 illustrates the decision rule (n, e) for households with hy < h < hy 175 5 The human capital & changes
along the horizontal line and the idiosyncratic productivity z changes along the vertical line. The two diagonal lines,
zp(h) and z,,(h) are defined as:

hy—Q1Q-0)h _
zy(h) = u; zpm(h) =
ey er

They separate the state space into three areas: the unshaded area represents the non-learners, the lightly-shaded
area represents the full-time learners, and the darkly-shaded area represents the part-time learners. The areas
are divided by dashed horizontal lines associated with cutoffs Efwn (a), E]Lcu 1@, gf, art(@), and E,Lg art(@) defined in
(3.1.2), (3.1.2), (3.1.2), and (3.1.2).

This decision rule diagram is representative for households in other four ranges of human capital. Figure A.2
illustrates the regions in which households make positive human capital investments. Striped shading highlights
where investment occurs, with dark areas denoting part-time learners and light areas representing full-time learners.

For households with & < hy, Zp(h) and z,,(h) continue to be the boundaries that separate non- learners,

full-time learners and part-time learners, but the four cutoffs are zL zL

L
noni- /l’zfulll A’—purtl /I’andz

partl A
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Figure A.1: Decision Rule Diagram for hy; < h < hy(1 - 6!

The human capital i changes along the horizontal axis and idiosyncratic productivity z changes along the vertical
axis. The two diagonal lines, zys(h) and z,,(h), separate the state space into three areas: the unshaded area
represents non-learners, the lightly shaded area full-time learners, and the darkly shaded area part-time learners.
The areas are divided by four dashed horizontal lines associated with cutoffs z%_, E;u I , and mer +» which are
functions of asset holdings a.

L
Epart

For households with & Mﬁ <h<h Hﬁ, the boundaries for state space division change to zy (h) and z;(h):

hg—-Q1Q-0)h hg—-Q1Q-90)h
eq er

The four cutoffs of z are Z, , E% I E%m' and Z%,t defined in Appendix A.1

Households with k= h Hﬁ are non-learners, and have their decision exactly the same as in the benchmark
model.

B Effects of baseline Al adoption in two-period model

The baseline Al shock is defined in Equation (2.3.2). In this section, we examine how this shock directly affects labor
supply and saving through its effect on period-2 labor income.

B.1 Effects on labor supply

The Al adoption raises period-2 labor income for households who will work in the low or high sector, leading to a
positive income effect that reduces their labor supply in period 1.

B.2 Effects on saving when human capital investment is unchanged

The effect of Al adoption on their saving can be analyzed as if we are varying the parameter ¢ in the functions
A(x, a; t), defined in Equation (3.3.1), and Ay (x, a; t), defined in Equation (3.3.2).

Proposition B.1. Ay (x, a; t) is increasing in t. A(x, a; t) is convex in t:
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Figure A.2: State Space for Human Capital Investment

The darkly-shaded striped areas indicate the state space for human capital investment equal to ey, by the part-time
learners. The lightly-shaded striped areas indicate the state space for human capital investment equal to e by the

full-time learners.

e IfA(x,a;t>1)>0,Ax,a;t") > A(x,a; 1) fort' > t>1.
e IfA(x,a;t<1)>0,Ax,a;t") <A(x,a;1) forl1 > t' > t.

Proof. See Appendix C. [ |

Those who stay in the same sector For middle-sector households, the Al adoption leaves both their incomes
and saving unchanged.

Low-sector and high-sector households experience an increase in period-2 labor income, x/, as a result of the
Al shock. If they can remain in the same sector via part-time training or without any additional human capital
investment, the effect of the Al shock on their saving mirrors that of part-time training, A(x, a; t), since the Al shock
raises x’ (i.e., £ > 1). As established in Proposition 3.2, A(x, a; r) has opposite signs for low-income and high-income
households. Thus, the Al shock crowds out saving for low-sector households while crowding in saving for high-sector
households.

For households who must undertake full-time training to remain in the high sector, Ay (x, a; ) captures the
additional effect of such training on saving. In this case, a higher x'—brought about by the Al shock—corresponds
to an increase in ¢, further boosting Ay (x, a; ) (Proposition B.1). Consequently, the Al shock crowd:s in saving for
high-sector households in this scenario as well.

Those who upskill For low-sector households, saving behavior remains unchanged, as the Al shock does not
affect their future productivity after upskilling.

For the middle-sector households who upskill via part-time training, their saving changes by A(x, a; t) with
t > 1. The Al shock boosts their future productivity gain from A to (1 +y)A, which corresponds to increasing ¢ to
t' > 1. According to Proposition B.1, if the pre-shock effect of part-time training on saving is positive, the Al shock
will raise saving. If this effect is negative, the overall impact of the Al shock on saving becomes ambiguous.

For the middle-sector households who upskill via full-time training, there is an additional positive effect of the
Al shock on their saving, because a higher x’ increases Ag(x, a; t) (Proposition B.1).
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1018 Those who downskill Downskilling is caused by human capital depreciation. For high-sector households who
1019 transition downward, the Al shock leaves their future productivity — and thus their saving — unchanged.

1020 For middle-sector households who downskill to the low sector, their saving changes by A(x, a; t) with ¢ < 1. The
121 Al shock mitigates their future productivity loss by reducing it from A to (1 —y)A, effectively increasing ¢ to a new
1022 value ¢’ < 1. According to Proposition B.1, if the pre-shock effect A(x, a; t) is positive, the Al shock will reduce saving.
1023 If this effect is negative, however, the overall impact of the Al shock on saving is ambiguous.

= C Proof of Proposition

s C.1 Proof of Proposition 3.2

126 The derivative of saving with respect to ¢ is

9a™ 2% tR2(x+a)+t
a4 (x,a;t) = — Mo X Rx+a) x;;].
1027 The total effect of part-time training on saving is

Ik

t
a
Ax,a;t)=a*(x,a;t) —a™ (x,a;1) :f
1 O0u

(x,a;u)du.

1028 Define

2 _ t
M Fx,a;t) = —— | F(x,a;uwdu.

Fx,a;u)=x ,
[(x+a) + uxu)? t—-14

120 Then equation Equation (C.1) can be written as

A a8 =x(t-1)|=Fx, a0 L]
) ) ﬁ ) ) 1 + ﬁ .
1030 Differentiating F(x, a; u) with respect to x gives
OF (x,a;u) _ 2uala+x)
0x  (a+(Q+uwx)3d
1031 so F(x,a;t) is strictly increasing in x.
1032 The sign of A(x, a; t) is governed by
S a = =Flxan—
x,a;t)=—=F(x,a;t) — ——.
p 1+p

1033 Because F(x, a; ) is strictly increasing, S(x, a; f) increases monotonically with x.

1034 For x — 0, F(x, a; u) — 0 and F(x, a; t) — 0 so that S(x, a; 1) — —ﬁ <0, implying A(x, a; t) <0 for small x.
1035 For x — oo, F(x, a;u) — lgi;ﬁ? and F(x,a; 1) — Foo(£) = % f ?ﬁ;g’; du. If
> 1
—>0"(t) = i =
1+ Foo(1)

136 then S(x,a; t) > 0 for sufficiently large x, and hence A(x, a; t) > 0.
1037 If idiosyncratic risk is large enough, i.e., condition (C.1) is satisfied, there exists a unique threshold x*(¢) at
1038 which the sign flips:

Alx,a;t) <0for x < x*(a, 1), A(x,a;t) >0for x> x*(a,t).

39



1039

1040

1041

1042

1043
1044

1045

1046
1047

1048
1049

1050

1051

1052

1053

1054

1055
1056

C.2 ProofofLemma 3.1
Denote
2 x2

Gx,a;t) =
(a+x+itxp)(a+txy)

the net additional effect of full-time training on saving can be rewritten as

Ag(x,a;t)=x[ - bz G(x a; 1)}

1+ B

Differentiating G(x, a; t) with respect to x gives

0G(x,a;1)  t*xatxp+2a+x)
0x  (a+txpw?(a+x+txp)?

so G(x, a; t) is strictly increasing in x.
The limits of G(x, a; t) are:
Gx,a;t) =0 (x—0),

t
G(x,a; t)—’Goo(f)=m (x — 00),
Therefore, G(x, a; t) < G (?) for any x.
If
z B z ﬁ2
—Goo(t)< i.e. —<U(t) ).
p p L+ ﬁ [

Then Ay (x, a; 1) < x[—1% ﬁ ﬁ Goo(1)] < 0 for any x. Furthermore, with some tedious algebra, we can show that for
any x

G at)+x28H %D o
o0x

Hence, the inequality (C.2) also implies that
0Ag(x,a;t) X 0G(x,a;t) B > B

t — — f)———<0.
ox - pllwan gl y g < gle g <

If )

z B z p

— Gl - t )

5 ()>1 ,3 ie. >0() 1+,3(t+m

since G(x, a; t) is strictly increasing in x, there exists a umque X%(a, t) such that
B
Agx,a;t) =x|———+— G(xa,t) >0 x> X(a,t)
(-1 55 ]

Moreover, Ay (x, a; t) > 0 implies that
O0Ag(x,a;t) >0

0x
C.3 Proof of Proposition 3.4

The relevant upper bounds of z for positive human capital investment are functions of y (to the first order approxi-
mation):

w'z'
zL ”(a;y):ZL @y =0)-yA
fu fu w(l—]lh<hM7L) a+r)
w'z exp(%)

—L —L
Z a;y)=2z a;y=0)—-vA
part(@Y) = Zpari(@y =00~y w (1= TLpepy,A)A+17) exp(—’gfﬁL)—l

! !
_M —M wz Xn—Xe€H
7)) = ;y=0)+7A
Zr( @) =Zpy @y =0)+y W+ Lpony N (177 exp( T35 )
! !
M M w'z 1
Y) = ;Y =0)+7yA
R w(L+Lpsn, A) A+ 1) exp(355) - 1
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Therefore, an anticipated Al shock, ¥ > 0 makes those with h < h M% invest less human capital and those with
h>h Mﬁ invest more human capital.

C.4 Proof of Proposition B.1

t9a'*
Ax,a;t)=a*(x,a;t) —a™* (x,a;1) =/ a—(x, a;udu.
1 u

differentiating with respect to ¢ gives
dA(x,a;t) 0da™* (6. 1)
= X, a
dt ot

Since

0%a”* (x,a; t) a 0 XU 23 2(x+a)+ tx,u]) B 2x%3 (a+ x)?

2 Vi B 2 |~ 30
ot ot\ 1+ B [(x+ @)+ txp] Bla+x+ txp)

The slope %(x, a; t) is strictly increasing in ¢. Hence A(x, a; t) is convex in £.
B > . 2 x2
Ap(x,a;t) = x[ - —— + =G(x, a; )] with G(x, a; 1) =
(a+x+itxp)(a+ txy)

1+8 B

Differentiating G(x, a; t) with respect to ¢ gives

0G(x,a;t) _ tx*(2a® +2atxp+2ax+ prx?)

ot (a+ txp)?(a+ x+ txp)?

>0,

so G(x, a; t) is strictly increasing in ¢, and so is Ay (x, a; ).

We now consider the comparison between A(x, a; t) and A(x, a; t') for t' > ¢. Given x and a, define

1%

ot

f=

(x,a;t).
so f'(t) >0, i.e. f(¢) is strictly increasing in t.

Casel:1<t<t
Suppose A(x, a; t) > 0. Then
t
Ax,a; 1) :f fw)du>0.
1

Since f is increasing,
fw=f) foralluell,],

which implies

t
A(x,a; 1) :f fwdu<(t-1) f(1).
1

Because t > 1, the inequality A(x, a; ) > 0 forces f(#) > 0.
Now for any ¢’ > t,
fw=f®)>0 foralluelt,t],

and therefore

l,/
Alx,a;t) - A(x, a; 1) =f fwdu>0.
t

We then have that:
I<t<t,Alx,a;1) >0 = Alx,a;t)>Ax, a1

That is, once A(x, a; t) becomes positive for ¢ > 1, it is strictly increasing in ¢ thereafter.
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Case2: 1<t <1
Fort<1,
t 1
A(x,a;t):f f(u)du:—f f(wdu.
1 t
Suppose A(x, a; t) > 0. Then
1 1
—f fwdu>0 = f fw)du<0.
t ¢

Since f is increasing
fw=f(r) foralluels1],

which implies

1
f fwdu=Q1-1 f).
t

Because t < 1, the inequality A(x, a; t) > 0 forces f(#) < 0.
Consider

t/
Alx,a;t) - A(x, a; 1) =f fwdu
t

If f(u) <0 forall ue[r,t'], then f[t’f(u) du<0.
If there exists some f; € [t, '] such that f () =0, so f(u) <0 for u < s and f(u) > 0 for u > t;. Then f(u) > 0 for
ue [t 1]. Hence,

1
ff(u)du>0
t!
This implies that
1
A(x,a;t/):—f fwdu<0
t/

Together with the inequality A(x, a; £) > 0, we have that
Alx,a;t) < A(x, a; t)

We then have that
t<t'<1, Ax,q; 1) >0 = Ax,a;t)<Ax,a;t).

Thus, for ¢ < 1, whenever A(x, a; £) > 0, increasing ¢ toward 0 makes A strictly decrease.

D Computational Procedure for the Quantitative Model

D.1 Steady-state Equilibrium

In the steady-state, the measure of households, u(a, k, z), and the factor prices are time-invariant. We find a time-
invariant distribution . We compute the households’ value functions and the decisions rules, and the time-invariant
measure of the households. We take the following steps:

1. We choose the number of grid for the risk-free asset, a, human capital, &, and the idiosyncratic labor
productivity, z. We set N, = 151, N, = 151, and N, = 11 where N denotes the number of grid for each
variable. To better incorporate the saving decisions of households near the borrowing constraint, we assign
more points to the lower range of the asset and human capital.

2. Productivity z is equally distributed on the range [-30,/1/1 — p2]. As shown in the paper, we construct the
transition probability matrix 7z (2’| z) of the idiosyncratic labor productivity.

3. Given the values of parameters, we find the value functions for each state (a, i, z). We also obtain the decision
rules: savings a'(a, h, z), and h'(a, h, z). The computation steps are as follow:
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4. After obtaining the value functions and the decision rules, we compute the time-invariant distribution
wa, h,z) .

5. If the variables of interest are close to the targeted values, we have found the steady-state. If not, we choose
the new parameters and redo the above steps.

D.2 Transition Dynamics

We incorporate the transition path from the status quo to the new steady state. We describe the steps below.
1. We obtain the initial steady state and the new steady state.

2. We assume that the economy arrives at the new steady state at time T. We set the T to 100. The unit of time
is ayear.

3. We initialize the capital-labor ratio {K;/ Lt}tT:‘Z1 and obtain the associated factor prices {r;, w,}th‘Zl.

4. As we know the value functions at time T, we can obtain the value functions and the decision rules in the
transition path from t=T—-1to 1.

5. We compute the measures {u t}thz with the measures at the initial steady state and the decision rules in the
transition path.

6. We obtain the aggregate variables in the transition path with the decision rules and the distribution measures.

7. We compare the assumed paths of capital and the effective labor with the updated ones. If the absolute
difference between them in each period is close enough, we obtain the converged transition path. Otherwise,
we assume new capital-labor ratio and go back to 3.

E Investigating the GE channel of AI’s impact

Figures E.1a and E.1b compare the transition dynamics in the benchmark general-equilibrium model with those in
a partial-equilibrium (PE) version of the model, where individual behavior responds to Al adoption but factor prices
are held fixed at their initial steady-state values. The green vertical line marks the date of Al adoption.

On the aggregate side (Figure E.1a), both models deliver a long-run expansion in output, consumption, and
investment after Al adoption. In the PE model, GDP responses are quite similar across the two models, but the
composition of that response differs. In the PE model, consumption rises by less, while investment rises by more
in the long run. The reason is that, in the benchmark, the long-run return on capital becomes negative (as shown
in Figure 5), whereas in the PE model there is no such price effect. As a result, households in the PE environment
have stronger incentives to save and invest, tilting the response toward investment rather than consumption. Even
though aggregate human-capital dynamics do not differ much across the two environments, employment behaves
very differently around the adoption date. In the PE model, employment rises sharply when Al is introduced because
wages do not fall as employment increases.

Turning to inequality dynamics (Figure E.1b), the long-run behavior is similar across the two environments,
but the impact responses differ markedly. As noted above, employment rises more on impact in the PE model
even though output responses are similar. This implies that the additional employment mainly comes from low-
productivity households. Consequently, the Gini coefficients for income, earnings, and consumption fall more
on impact in the PE model but then move toward levels similar to those in the benchmark once job polarization
and skill reallocation take hold. The human-capital Gini shows virtually no difference between the two models. By
contrast, the wealth Gini exhibits very different transition dynamics. In the PE model, it displays a pronounced but
short-lived spike early in the transition because poor households save less, as wages do not fall there in response
to Al adoption, unlike in the benchmark economy. In the long run, however, the wealth Gini converges to a level
similar to the benchmark, mainly because middle-sector households gradually increase their savings, as discussed
in the main text.
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Figure E.1: Transition Path of Aggregate Variables and Inequality Measures: Benchmark vs. PE
Models
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Note: The left panel shows the transition paths of aggregate variables, and the right panel shows the transition paths of inequality measures,
comparing the benchmark and PE models. The x-axis represents years, and the y-axis shows the percentage deviation from the initial steady

state. Al introduction is assumed to occur in period 10. The PE model is an economy in which factor prices are held fixed at their initial
steady-state values until the new steady state is reached.

Figure E1: Transition Path with y = 0.2: Benchmark vs. No HC Models
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for the benchmark and No HC models with y = 0.2. The x-axis represents years, and the y-axis shows the percentage deviation from the initial
steady state. Al introduction is assumed to occur in period 10. The No HC model is an economy in which workers maintain their initial
steady-state level of human capital throughout the Al implementation until the new steady state is reached.
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Figure E2: Transition Path with y = 0.4: Benchmark vs. No HC Models
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Figure E3: Transition Path under Gradual Al Adoption: Benchmark vs. No HC Models
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