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Where Do Wages and Jobs Come From?

▷ In all previous lectures, we take wages (or wage functions) as
something exogenously given

▷ Education decision given college wage premiums
▷ Major/Occupation decision given field specific wages
▷ Female labor supply decision given gender wage gap

▷ We also assume there are infinite amount of jobs at a certain wage
▷ No matter how many people choose certain education levels or jobs,

they always get one certain wage (function)

▷ Where do wages and jobs come from? ; Employers!

▷ The missing piece here is labor demand: how firms decide how
many workers to hire and how much wages to pay
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What Affects Employers’ Labor Demand?

▷ At a micro level, a firm decides if hiring an additional worker by
comparing the benefits and costs:

M(R)P︸ ︷︷ ︸
marginal (revenue) products

= MC︸︷︷︸
marginal costs

▷ If we assume perfect competition in labor market, all employers are
price-takers and thus marginal costs are simply wages

▷ We will discuss the deviation from perfect competition next week

▷ Thus wages (and hires) depend on marginal products, something
clearly coming from production (function)

▷ So the question turns into asking what affects the production
function? ; Two main factors from the literature:

▷ Technologies (sometimes embodied in capital)
▷ Skill supplies (and scarcity)
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Will AI Take Our Jobs?
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The Luddite Movement
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”Why Are There Still So Many Jobs?” (Autor, 2015)

▷ 1st IR (1800s) → ”Luddite Movement/Rebellion”

▷ 2nd IR (1930s) → ”Technological Unemployment”

▷ Post WW2 → ”The Automation Jobless”

▷ Recent AI Evolution → ”Taking Over 80% of Human Jobs”

▷ Why firms keep hiring workers to do the jobs?

▷ ”This time is different”? How different?

6 / 37



Technological Change Has Been The Best Thing Ever
for Humanity
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But More Recently The Impact Seems to Diverge by
Education Levels (Autor, 2019)
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Increased Skill Premium Despite Increased Share of
Higher Education Workers in US (Autor, 2019)
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Recent Youth Unemployment in China
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Production Function and Labor Demand
▷ Firm production function: Y = F (H,L)

▷ Assume FK ,FL > 0 and FKK ,FLL < 0

▷ Assume F is constant return to scale (CRS) in K and L, i.e.
F (aK ,aL) = aF (K ,L)

▷ This allows us to bridge between micro level and macro level by
considering a representative firm and aggregate labor demand

▷ Firm problem is to maximize profit: maxL,K pF (K ,L)− wL − rK
▷ w is wage and r is capital rental prices; both will be determined in

the equilibrium
▷ Assume product market is perfect competition and product price is

normalized (p = 1)

▷ FOCs (MRP=MC): FK (K ,L) = r , FL(K ,L) = w

▷ The solutions to this system (if available) give the (input) demand
functions: K demand = K (w , r ), Ldemand = L(w , r )
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Equilibrium
▷ A competitive equilibrium requires

K demand (r ,w) = K supply (r ),Ldemand (r ,w) = Lsupply (w)
, which pins down the equilibrium prices (r ,w)

L

w

Lsupply

Ldemand

w∗

L∗O
(This graph shows an inelastic labor supply curve and is drawn with r fixed)
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An Increase in Labor Demand

L
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Lsupply

Ldemand
1 Ldemand
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2
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(We will focus on how labor demand affect wage assuming inelastic labor supply hereafter,
but remember whenever labor supply is elastic, labor demand also affect employment)
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Classic Example: Cobb-Douglas
▷ Cobb-Douglas production function: Y = F (K ,L) = AK αL1−α

▷ A represents total factor productivity or factor-neutral technology
▷ We can verify that this function is CRS

▷ FOCs: αAK α−1L1−α = r ; (1 − α)AK αL−α = w
▷ Note we can also rewrite as αY /K = r ; (1 − α)Y /L = w

▷ Marginal rate of technical substitution (MRTS): FK
FL

= αL
(1−α)K = r

w
▷ MRS is only a function of the factor ratio K /L, which is a property

of CRS production functions

▷ Since this system does not have full rank, we cannot solve (K ,L)
given (r ,w) without fixing Y ; But we know that the relative use
L/K must be proportional to the relative wage r/w

▷ So if there is an increase in A, and if both K and L are fixed, we
know that r and w will raise but their ratio keeps unchanged

▷ Factor shares are also constrant: rK
Y = FK K

Y = α, wL
Y = FLL

Y = 1 − α
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Cobb-Douglas and Elasticity of Substitution

▷ Except being CRS, the largest reason that economists like to use
CD form is: its elasticity of substitution is constant and, in fact, 1

▷ Elasticity of substitution (ES): σ ≡ − ∂ ln(K /L)
∂ ln(FK /FL)

= −
[

∂ ln(FK /FL)
∂ ln(K /L)

]−1

▷ Since FK
FL

is the slope of the isoquant, σ is the proportional change of
the relative input use per percent change in the slope of the isoquant

▷ Intuition: it measures how easily one input can be substituted for
another

▷ Note that under competitive factor markets, we have
σ ≡ − ∂ ln(K /L)

∂ ln(FK /FL)
= − ∂ ln(K /L)

∂ ln r/w , which is perhaps more intuitive

▷ In the CD case, σ = −
[

∂ ln αL
(1−α)K

∂ ln(K /L)

]−1

= 1

▷ This is in fact why the factor shares ( rK
Y , wL

Y ) are fixed with CD form
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The Canonical Model of Skill Differential

▷ Now we extend a bit the simple labor demand framework that we
have learned to explain evolution of skill (e.g. college) premium

▷ In particular, we relax ES=1 in the CD form and allow for
factor-biased technological changes

▷ We assume the labor supply changes of different skills are
exogenous

▷ I.e. not due to skill premium but due to things like demographic
changes

▷ Input markets are perfectly competitive so that factors are paid
their marginal products

▷ This is the ”canonical” model that have been used in the literature
and regarded as quite successful considering its simplicity
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CES Aggregate Production Function

▷ Y = F (H,L) =
[
(AlL)

ρ + (AhH)ρ]1/ρ, where ρ ≤ 1
▷ L,H are two types of workers, skilled/unskilled (e.g.

college/non-college)
▷ Al ,Ah are factor-specific technologies, compared to the

Hicks-neutral technology in CD form

▷ ES: σ = 1/(1 − ρ) ≥ 0 (hence CES)

▷ The value of ES will be critical to our analysis because

σ → 0 1 σ → ∞

Complements Substitutes

Perfect
Complements

Cobb-
Douglas

Perfect
Substitutes

17 / 37



Isoquant Curves and Elasticity of Substitution

Recall σ ≡ − ∂ ln(H/L)
∂ ln(FH /FL)

=
[

∂ ln(FL/FH )
∂ ln(H/L)

]−1
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Comparative Statics

▷ Solving the frim problem, we obtain a formula for skill premium:

lnω ≡ ln
wH

wL
=

(
σ − 1

σ

)
ln

(
Ah

Al

)
− 1

σ
ln

(
H
L

)

▷ Since − 1
σ < 0, an increase in relative supplies (H/L ↑) reduces skill

wage premium (ω) with elasticity 1/σ

▷ Since σ−1
σ ≶ 0, the effect of an increase in Ah

Al
depends on σ

▷ If σ > 1 (substitutive), skill premiums ω increases
(we call Ah

Al
increase ”Skill-Biased Technological Change” in this case)

▷ If σ < 1 (complementary), skill premiums ω decreases

▷ These two forces—increased schooling (H/L) and technological
development (Ah/Al )—have been summarized as a ”Race Between
Education and Technology”
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Bringing Model to Data
▷ lnω =

(
σ−1

σ

)
ln
(

Ah
Al

)
− 1

σ ln
(

H
L

)
▷ We have data on ω and H/L, and we want to estimate σ and

Ah/AL

▷ We assume
(

σ−1
σ

)
ln (Ah/Al)t = γ1t , i.e. a linear time trend

▷ So we can estimate this model as:
lnωt = γ0 + γ1t + γ2 ln(H/L) + et , where γ̂2 is an estimate of − 1

σ

▷ Using US data between 1963-1987, Katz and Murphy (1992) fit this
model using a simple OLS regression:
lnω = 0.033 · t −0.71 · ln

(
H
L

)
(0.01) (0.15)

+ constant

▷ There had been a (technological) trend increasing the relative skill
(college) demand

▷ ES between them σ̂ = −1/0.709 = 1.41
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Can the estimated model of KM predict future?
Acemoglu and Autor (2011) projects the KM estimates (from 1963-1987 data)
forward to 2008, showing that KM model continues to fit the aggregate
data extremely well to 1995 but goes somewhat awry after that, arguably
implying that demand growth from technological advance decelerates if
assuming σ is constant
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College Premium & College-Graduate Supply in Japan
(Kawaguchi and Mori, 2016)
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CES Function and Elasticity of Substitution

▷ MRS: ∂Y /∂L
∂Y /∂H =

Aρ
l (Y /L)1−ρ

Aρ
h(Y /H)1−ρ ; ES: σ = 1/(1 − ρ) ≥ 0 (hence CES)

▷ If σ > 1 (or ρ > 0): ”gross substitutes”; If σ → ∞ (or ρ → 1):
”perfect substitutes” as Y = AlL + AhH (linear)

▷ If σ < 1 (or ρ < 0): ”gross complements”; If σ → 0 (or ρ → −∞):
”perfect complements” as Y = min {AlL,AhH} (Leontief)

▷ If σ → 1 (or ρ → 0): Y = (AlL)
1
2 (AhH)

1
2 (Cobb-Douglas)

▷ The proofs of the last two cases are in last year’s slides

▷ ES is critical because it determines how changes in either
technology (Al ,Ah) or labor supplies (L,H) affect demand & wages
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Wage Determination
▷ wL = ∂Y

∂L = Aρ
l

[
Aρ

l + Aρ
h(H/L)ρ

](1−ρ)/ρ

wH = ∂Y
∂H = Aρ

h

[
Aρ

h + Aρ
l (H/L)−ρ

](1−ρ)/ρ

▷ ∂wH /∂(H/L) ∝ (ρ − 1) ≤ 0: as fraction of skilled workers in labor
force increases, the wages of skilled workers should decrease (own
labor demand curve is downward sloping)

▷ ∂wL/∂(H/L) ∝ (1 − ρ) ≥ 0: as fraction of skilled workers in labor
force increases, the wages of unskilled workers should increase

▷ When ρ → 1 (σ → ∞), both derivatives are 0 as two types of
workers are perfect substitutes

▷ When ρ → −∞ (σ → 0), both effects are infinitely large

▷ Note our assumption ρ ≤ 1 (σ ≥ 0) in fact ensures
”Q-complements” or ”Supermodularity”: a greater quantity of the
one increases marginal product of the other (i.e. ∂2Y

∂L∂H > 0)
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Wage Premium and Labor Supply

▷ ω ≡ wH
wL

=
(

Ah
Al

)ρ (
H
L

)−(1−ρ)
=

(
Ah
Al

)(σ−1)/σ (
H
L

)−1/σ

▷ ⇒ lnω =
(

σ−1
σ

)
ln
(

Ah
Al

)
− 1

σ ln
(

H
L

)
▷ ∂ lnω

∂ ln(H/L) = − 1
σ < 0, i.e. for given skill bias Ah/Al , an increase in

relative supplies H/L lower relative wages with elasticity 1/σ

▷ Intuition: more tasks being allocated to L from H , decreasing
marginal product of H and increasing marginal product of L

▷ This effect goes to 0 when σ → ∞: with perfect substitution, wage
is purely determined by factor technology and irrelevant to relative
input uses

▷ The estimates in the literature indicate σ ∈ (1.4,2), indicating
rather finite substitutability between high and low skill workers
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Wage Premium and Technological Change

▷ lnω =
(

σ−1
σ

)
ln
(

Ah
Al

)
− 1

σ ln
(

H
L

)
▷ ∂ lnω

∂ ln(Ah/Al )
= σ−1

σ ≶ 0, i.e. the sign depends upon σ ≶ 1

▷ Why a rise in the productivity of skilled relative to unskilled (Ah/Al )
will causes the skill wage premium to fall (when σ < 1)?

▷ Intuition: an increase in supply of high skilled workers effectively
creates ”excess supply” for a given number of unskilled workers

▷ However since the broad consensus is σ > 1, this case is generally
thought to be unlikely

▷ If σ > 1, ∂ lnω
∂ ln(Ah/Al )

> 0, and we now have a reason for the
increased college premium even with college expansion: an
increase in Ah/Al (i.e. ”skill-biased technological change”)
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The Problem of The Canonical Model

▷ If Ah increases and Al holds, wL should also increases (though wH
may increase more if σ > 1, widening inequality)

▷ This is a result of Q-complements (σ > 0)
▷ Thus Factor-Augmenting Technical Change always benefits

everyone at absolute wage

▷ But recall that real wages of non-college male workers fell
substantially since the 1980s in the U.S. despite being more scarce

▷ Our CES model cannot account for this unless we wish to argue
that Al ↓, but why would there be any technological regress?

▷ In fact, in our model, we cannot have new technologies—whether
machines, robots, or AI—replacing any single worker!
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Task-based framework and Automation
▷ Acemoglu and Restrepo (2018a,b, 2019) suggests that factor-augmenting

technological changes does not correctly capture automation-like
technological changes

▷ An extremely oversimplified sketch of their task-based framework
features a production function like:

Y = AK αLβ−αH1−β

▷ Note α + β − α + 1 − β = 1
▷ A can incorporate factor-biased technological changes, e.g (Ak K )α

▷ One key insight of their framework is that α, β − α, and 1 − β can be
interpreted as the ranges of tasks conducted by different inputs

▷ The advance in automation technologies can then be seen as an
increase in α: machine can now takes the tasks of human

▷ This replacement will be profitable if machine inputs are cheaper
▷ Note here L simply indicates those displaced worker types, not

necessarily the low skilled ones
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Displacement Effect vs. Productivity Effect, Capital
Deepening, and Reinstatement Effect
▷ Recall under CD form, wl = (β − α)Y /L,wh = (1 − β)Y /H

▷ An increase in α generates a direct and negative ”displacement
effect” for labor type L through (β − α) (-)

▷ Because machine is more efficient than human, there is also a
counteracting and positive ”productivity effect” through Y /L (+)

▷ An increase in Ak (”capital deepening”) increases both wl and wh (+)

▷ Creation of new tasks that only human can do (”reinstatement
effect”) generates the opposite effect of displacement (+)

▷ At short-run, displacement effect can be dominated, lowering
employment and reducing wl (but still benefiting H workers)

▷ At long-run, other three effects explain why we still have jobs today
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New Born Occupations
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Who Had Been Replaced?
▷ The recent technological advance had been the diffusion of

computer-based technologies and production robots

▷ Autor et al. (2003) considers two questions: ”what tasks computers
do?” ”what tasks human do?”

▷ They argue that computers do ”routine codifiable” tasks
▷ Computers ”rapidly and accurately perform repetitive tasks that are deterministically

specified by stored instructions (programs) that designate unambiguously what actions the
machine will perform at each contingency”

▷ Activities ”that can be fully described by a set of rules and procedures, encoded in
software, and carried out by nonsentient machines”

▷ Thus recent technologies substitutes workers doing ”routine
tasks”:

▷ I.e. repetitive and well-defined set of cognitive and manual activities

▷ and complements workers doing ”non-routine tasks”:
▷ I.e. creative, abstract, problem-solving, and communicating activities

(tasks are not well described by a tightly specified scripts that machines can execute)
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Routine vs. Non-Routine tasks (Autor et al., 2003)
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Occupations and Employment Changes (Autor, 2019)
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Routine Exposure and Wage Changes (Acemoglu and Restrepo,

2022)
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Who Will Be Replaced In The Future?
▷ This previous dichotomy (routine vs non-routine) has been

overtuned under recent (and future) AI technologies
▷ Those ”non-routine” tasks had been hard to automate because,

simply put, ”we don’t know the rules” (i.e. ”tacit” knowledge)
▷ AI tools surmount this longstanding constraint because they can be

used to infer tacit relationships that are not fully specified

▷ The best answer so far is perhaps ”we don’t know” (Autor, 2022) or
”an empirical question”

▷ There are some preliminary results on AI improving the productivity
of both high- and low-skilled workers

▷ Evidence on AI replacing human jobs is still scarce

▷ But task framework still provides a useful starting point to think
▷ What tasks will AI be capable of accomplishing in the years (and

decades) ahead?
▷ What tasks will be certainly left for human to conduct?
▷ What new demands of human skills will emerge at an AI-abundant

world?
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Machine Learning is all about ”learning”
(approximating) an unknown function: y = f (x)
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