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Introduction & Motivation

A Canonical SBTC model (Goldin and Katz 2008; Katz and Murphy 1992;
Tinbergen 1974)
Technology shifts skill demand = college premium changes

V

B Ricardian task model (Acemoglu and Autor 2011; Autor, Levy, and Murnane
2003)
Technology shifts task costs = reallocation and polarization

V

C Decomposition approaches (Card, Heining, and Kline 2013; Song et al.
2019)
Variance via worker effects, firm premia, sorting, residuals
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Canonical Model: Setup and Approach

The canonical Skill-Biased Technological Change (SBTC) model explains
wage changes through technology-driven shifts in skill use
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Task 1: Parameters of Interest

o

o-1 01755
o Elasticity of substitution (o): ye = {(OhrHt) 7 +(0aCe) e }
governs how strongly r.elative | we\ o 11, c.
wages respond to relative supply. A e (E)

o >0; o >1: substitutes,
1 0 = 1 substitutability

o Relative "demand shifter” (D;):
captures weighted relative technology for college vs. high-school labor
over time. In the CES setup it is:

)
D; = log (J) ,
t

i.e. increases in O /0p: shift demand toward college labour and raise
the college premium.
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Task 2: Parameter ldentification

o and D; are not separately identified
as D; is an unobserved time-varying <W§> o-1, 1, (ct
— y — —log | —

A)

intercept:
7 1 C
D; = log <W ) + —log (t) for any o
Wt g Ht

We need additional structure, a common approach is to put parametric
structure on D;:

D:=v%+mt =

wf o—1 o—1 1 Ce
log ( — | = Y0 + Tt — = Iog
Wy o o H;
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Task 3: Elasticity and Substitution

o
o—1 rrT:|,, 1

yr = {(Ohth) 7 4+ (0 Cr) g

1
—~05t0066 =— wi\ o-—1 1 C
g log 5 = Drfflog<ﬁ>
1 wy o o t
~——to— =~ 1. 2
o 0.66 o 5 to
Since o > 1,

e C and H are substitutes (imperfect substitutes, as o is finite)
@ Observed increases in the college wage premium must be attributed

to increases in D;
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Task 4: Drivers of the College Premium

o

Empirical studies find o &~ 1.5 to 2 o1 o-17 557
t = |(OneHe) @ + (0Ce) @
— 1 0.5 to0 0.66 NGORG]

o—1
2=~ 0.33t0 0.5 we o—1 1 C
1 t ) _ o t
IOg(W > o Dr U|Og<Ht>

o 1 log(C:/H;) (data) =| wage premium

o 1 log(wf/wf) (data) = AD; > LAlog(C;/H;)

Relative demand / productivity shifts dominated relative supply effects
over the last 30 years
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Task 5: Model Limitations

Yt = (()tht)ﬁTil + (Octct)?
(a) Conflation of skills and tasks { / }

wi) o-1 1 C
(b) Linear trend valid pre-1995 log <Wh> =g Dimgle (ﬁ)

t

(c) Job Polarization (d) Wage Polarization (e) Declining Wage Predictions

Changes in male log hourly wages by percentie

Feal, y wages o ukime
Parentchango nempleymen by occupation, 1976:2000 reatve o the median B
nge i amployment by ocupa - eatv o the medi g 10632008 males
“ \ N NN \ x ‘\ £
" \ 5
Year
Toa m % s % =
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e
(b) 1974-1988  ————- 1t 1988-2008
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Ricardian Model: Setup and Approach

@ Task-based model: allows for a distinction between tasks and skills

@ Used to explain how technology affects skill demand, earnings, and
the assignment of skills to tasks

J_ =exp / In ) di

productlon

level
of task i

output
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Task 1: Task Production

/nAM*IHAH+«3H(/H)+IHM*/HH*/H(/H*/L)#»IH(].*/H) =0

InA;L — InAy + ﬂ(/L) + InL — InM + /H(IH — IL) — /n(lL) =0

y(i) = Al o))+ Aw am(i) m(i)+ Anan(i) - h(i)

~—~

output factor- productivity D 63
augmenting of medium high skill
technology skill type workers

in task i allocated

to task i
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Task 2: Skills vs. Tasks

/nAM*IHAH+«3H(/H)+IHM*/HH*/H(/H*/L)#»IH(].*/H) =0

InA;L — InAy + ﬂ(/L) + InL — InM + /H(IH — IL) — /n(lL) =0

@ Skill: worker's endowment of capabilities to perform various tasks
@ Task: unit of work activity that produces output

Why is the distinction important? What is the difference compared to the
canonical model?
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Task 3: Comparative Advantage

/nAM*IHA/-H*«%H(/H)#»/HM*/HH*/H(/H*/L)#»IH(].*/H) =0

InA;L — InAy + ﬂ(/L) + InL — InM + /H(IH — IL) — /n(lL) =0

Assumption: Both fractions are continuous, differentiable, and strictly
decreasing in i

o (i) am(i)
am(i) ap(i)
So higher indices correspond to more complex tasks, in which

higher-skilled workers perform better than lower skilled workers (bigger
comparative advantage; clean "sorting”)
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Task 4: Equilibrium Allocation

/nAM*IHAH+«3H(/H)+IHM*/HH*/H(/H*/L)#»IH(].*/H) =0

InA;L — InAy + ﬂ(/L) + InL — InM + /H(IH — IL) — /n(lL) =0

No arbitrage between H
and M

Law of one price

No arbitrage between wp = p( i)A[_Oé[_ (’
Mand L

0

I,
H
e

Iy

Determination of equlibrium threshold tasks
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Task 5: Al and Skills (comparative statics)

/nAM*IHA/-H*«%H(/H)#»/HM*/HH*/H(/H*/L)#»IH(].*/H) =0

Agt=Ig =1
H T H\L L \J/ /nALflnAMJrﬁL(IL)Jr/anlnMJr/n(leIL)f/n(lL) =0

© "No arbitrage between H and M” - curve will shift inwards
= Iy decreases

@ |If /. remained constant following the downward movement of /y, this
would imply an excess of medium skill workers
= I; decreases

Because the technological change is complementing and not
(task-)replacing, the relative wages of high-skilled workers increase
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Task 6: Task Automation (comparative statics)

/nAM*IHA/-H*«%H(/H)#»/HM*/HH*/H(/H*/L)#»IH(].*/H) =0

InA;L — InAy + ﬂ(/L) + InL — InM + /H(IH — IL) — /n(lL) =0

+ 1 or 2 additional arbitrage conditions

@ We expand the production function and add an additional term:
Axak()k(i)

@ The new thresholds determining the equilibrium are now:
0 < If < 1K < If < 1 (some tasks shift from H to Al, other
boundaries adjust because of reallocation)

@ Relative wages compress: Al replaces top tasks, triggering downward
reallocation of high- and medium-skilled workers, so all skill premia
fall:

wh/whp Lo owu/we L ow/we |
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Task 7: Ricardian Model — Beyond SBTC

/nAM*IHA/-H*«%H(/H)#»/HM*/HH*/H(/H*/L)#»IH(].*/H) =0

InA;L — InAy + ﬂ(/L) + InL — InM + /H(IH — IL) — /n(lL) =0

+ 1 or 2 additional arbitrage conditions

@ Allows for a distinction between tasks and skills (can explain how
same skill group reallocates across tasks when technology changes)

@ Incorporates comparative advantage and explains how technology
affects skill demand, earnings, and the assignment of skills to tasks

@ To explain wage and job polarization, the Ricardian model allows for
at least three skill groups
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Decomposition Approaches: Setup and Approach

Remember: Decomposing the sources of outcome variation separates
signals from each other (and noise), e.g. Regression ANOVA

~

Var(Y;) = Var(Y;)+ Var(e)
= Var(a+ 8X;) + Var(e)
= Var(BX;) + Var(e)
= [?Var(X;) + Var(e)
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Task 1: Card et al. (2013) — AKM-Decomposition

Wit = o + Py + X, B+¢cir (AKM model)

Var(wir) = Var(o;) + Var(1yip)) + Var(X;,3) + Var(eit)

worker diff firm diff observables residual
/
+2  Cov(ai,Yyip)  +2 Cov(aj, Xi3)
—_— —
assortative matching / sorting ability—observables correlation

+2 Cov(y(i ), Xi,3) + covariances involving €j¢

firm premia—observables correlation 0 (by construction)

@ Worker effects: approx. 40%
@ Firm effects: approx. 20 — 25%
@ Assortative matching: approx. 33%
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Task 2: Song et al. (2019) —

Between-Within-Decomposition

wiy = wy + ey (firm average with individual deviation)

Var(w;iy) = Var(w, + ejy)

= Var(w;y) + Var(e;y) + 2Cov(wy, eiy)
= Var(wy) + Var(eiy) + 2 (E[wyey] — E[w,]E[e]])
= Var(wy) + Var(eyy) + 2 (E[E[wyey | J]] — E[w,]E[ei]])
= Var(wy) + Var(ey) + 2 (E[w,E[ey]] — E[w,]E[ey]])
= Var(wy) + Var(ey) + 2 (E[wy % 0] — E[w,] % 0])
= Var(wy) + Var(eiy)

—

———
Between-firm Component  Within-firm Component
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