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Empirical Observations

Known facts:
1. Middle-skill employment has shrunk since the 1980s

(polarization); similar pattern for relative wage
2. Employment shifting from manufacturing to services

(structural change)

We document that:
1. Rise in employment share and relative wage of managers

(vertical polarization)
2. Both sectors have polarized, but more in manufacturing
3. Manufacturing’s relative TFP took off since the 1980s



What We Do

1. Present a tractable model with
- Managers and workers (span-of-control)
- Workers working in different tasks

- Manufacturing and services sectors

2. Routinization (TSTC among middle-skill tasks) can
qualitatively and quantitatively account for:
diff. H. and V. polarization b/w sectors⇒ structural change

3. Calibrated TSTC correlates strongly with routine-manual
and manual-interpersonal indices in O*NET



Employment Polarization
1980-2010, extends Autor and Dorn (2013) by dec. wages RTI
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Structural Change: Employment
BEA NIPA Accounts (similar in Census) GDP (Nominal)
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Sectoral TFP’s: Since 1947
BEA NIPA Accounts Counterfactuals
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Employment Polarization by Sector
by COC
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Vertical Polarization

• Employment share of management and their
compensation have been rising relative to wage-workers’
• Less well-known that this has been faster in manufacturing
• We explain this by routinization replacing wage-workers,

who at the margin instead become managers



Managers vs Workers, Aggregate
occupation coding firm-individual census
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Manager Employment by Sector
SC by Mgr/Wkr Wages
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Task-Based Macro Model

Individuals
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Model Elements: Individuals

1. Unit mass of individuals differ in terms of 2 skills
s = (z, h) ∈ S ⊂ R2

+ with distribution µ
• z: managerial talent
• h: worker skill
• neither sector- nor task-specific

2. Occupation choice: Individuals can work as a
span-of-control manager, or as a worker in 1 of 3 tasks:
• Managers organize tasks, using z
• Tasks j ∈ {0, 1, 2} (e.g., manual, routine, abstract) use h

firm-individual census

c.f. All results go through with continuum of tasks j (in paper)



Task-Specific Technologies
• Production unit: a manager in sector i combines tasks τij :
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• Simple form of log-supermodularity in skills and tasks:

τi0 = M0k
α
i0

[
h̄µi(h0)

]1−α
τi1 = M1k

α
i1

[∫
h1
hdµi

]1−α

τi2 = M2k
α
i2

[∫
h2

(h− χ)dµi

]1−α

where Mj : task-specific TFP, hj : set of workers hired
c.f. Discrete analog of general log-supermodular function b(h, j) (in paper)



One Sector Equilibrium
Comparative Advantage and Positive Sorting:

Equal to optimal assignment
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ĥ(j) ĥ(j)
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Routinization and Job Polarization
Within-Sector: Relative Increase in M1

Assume ω < σ < 1:
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Task-Specific Technologies: Sectors
• Production unit: a manager in sector i combines tasks τij :

yi(z) =

[
ηi
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Manu Shares

• Two types of sectoral output i ∈ {m, s} (i.e., manufacturing
and services) form final good:

Y =

[
γ

1
ε
mY

ε−1
ε

m + γ
1
ε
s Y

ε−1
ε

s

] ε
ε−1

.

where γm + γs = 1 and ε < 1.



Two Sector Equilibrium
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Two Sector Solution

• Sectoral productions can be written as

Yi = ΦiK
α
i L

1−α
i

where Φi is endogenous TFP determined by (ĥj , ẑ)

• So Ls/Lm = (γs/γm) · (Φs/Φm)ε−1 also function of (ĥj , ẑ)

• Aggregate employment share of task j:

Lj =
∑

i∈{m,s}

(Lij/Li) · Li

• Lj : aggregate labor supply
• Lij/Li: within-sector labor demand
• Li: between-sector labor demand

• Equilibrium unique under well-behaved µ and small χ



Routinization and Polarization, Two Sectors
Two Sectors: Relative Increase in M1

Assume ω < σ < 1, νm1 > νs1, ηm < ηs:
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Routinization and Polarization, Two Sectors
Two Sectors: Relative Increase in M1

Assume ω < σ < 1, νm1 > νs1, ηm < ηs:
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H. and V. Polarization faster in manufacturing,
ignoring sectoral reallocation (structural change)



Routinization and Structural Change
Two Sectors: Relative Increase in M1

Assume ω < σ < 1, νm1 > νs1, ηm < ηs:
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Quantitative Analysis

• Divide 1980 COC’s into 1+1+7+2 occupations: broadly,
management (11%), manual (10%), routine (59%), abstract (20%)

• Bivariate Pareto type IV distribution (γh, γz, a) fit to 1980
data on observed wage shares: graph

1− µ(z, h) =
[
1 + z1/γz + h1/γh

]−a
• Constant growth rates mj for all 11 task productivities
• Feed kt into model for each decade 1980-2010, target

trends to calibrate parameters

* Robustness: allow exogenous productivity growth (am, as)
in manufacturing



Calibration Targets

Ranked by mean wage SOC Employment Shares
(except management) Code 1980 2010 Manufacturing

Low Skill Services 400 10.44 13.92 0.59 0.23

Middle Skill 59.09 46.48 25.86 12.93
Administrative Support 300 16.57 14.13 3.47 1.53
Machine Operators 700 9.81 3.75 8.79 3.02
Transportation 800 8.73 6.64 3.80 2.28
Sales 240 7.87 9.37 0.79 0.62
Technicians 200 3.23 3.86 1.00 0.57
Mechanics & Construction 500 7.91 6.02 4.44 3.19
Miners & Precision Workers 600 4.97 2.71 3.58 1.73

High Skill 19.22 26.16 3.87 3.64
Professionals 40 11.02 16.51 1.73 1.45
Management Support 20 8.20 9.65 2.14 2.20

Management 1 11.26 13.44 2.47 2.59



Calibrated Parameters
Estimated

γ 0.371 Herrendorf, Rogerson and Valentinyi (2013)
ε 0.003
α 0.361 BEA NIPA accounts

Fit to 1980 (solved in closed form)

Mj ≡M 0.985 Output per worker, normalization
Am 1.112 Manufacturing employment share
ηi (2), νij (18) Employment shares by task/sector
a, γh, χj (8) Wage shares by task/sector Pareto

Fit to 2010 (method of moments)

σ 0.704 Output per worker growth,
employment shares by task

only within-sector
ω 0.341
mj (11)

Fixed

h̄ 1 Not separately identified from M0

γz 1 Monotonic firm-size distribution



Model Fit: Employment Shares Wage shares
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Structural Change
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Log Measured TFP
Historical
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Polarization
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Summary

1. Task-specific TC growth can explain
• almost all of employment shifts at the task-level
• observed changes in sectoral TFP’s
• almost all of structural change

2. Results robust to including sector-specific TC, which does
not cause any within-sector polarization



More Implications

• More managers in manufacturing, employment decline but
output increase by establishment Emp/estab VA/estab

• But total managers have increased, while average
establishment sizes have not shrunk
⇒ Rise of mid-level managers, which in our model comes from

individuals with lower z’s within mgr shares

⇒ Larger rise in inequality among managers, also in the data
wage inequality



Policy Implication
A Hypothetical Intervention

“Dislocation” blamed on trade
• Polarization within services

• Subsidizing manufacturing when ε is nearly 0

• Manufacturing polarized faster:
1 p.p. increase in manufacturing employment share⇒
0.25 p.p. increase in middle-skill/routine job share



Policy Implication
A Hypothetical Intervention

“Dislocation” blamed on trade
• Polarization within services

• Subsidizing manufacturing when ε is nearly 0

• Manufacturing polarized faster:
1 p.p. increase in manufacturing employment share⇒
0.25 p.p. increase in middle-skill/routine job share



What is driving TSTC?

Correlate/regress college shares and empirical measures of
COC task content with our calibrated task productivities

1. Disaggregated O*NET measures: routine-manual and
manual-interpersonal explain more than 3/4

2. Managers are distinct: highest in all cognitive/interpersonal
measures and lowest in routine/physical measures

3. Aggregate RTI indices lose explanatory power
4. College measures explain little (Acemoglu and Autor,

2011; Autor and Dorn, 2013)
* Offshoring indices explain little (Goos, Manning and

Salomons, 2014)



Polarization and TSTC
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O*NET and TSTC
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−

5
0

5
1
0

LServ Admin Mach Trans Sales Tech Mech Mine Pro MSpt Mgr

RTI ONET, corr:.69 TFP

RTI DOT, corr:.429



College and TSTC
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Conclusion

• A tractable task-based macro model of horizontal/vertical
polarization, structural change and growth
• Polarization leads to structural change, which further

reinforces polarization
• TSTC accounts for almost all of polarization and structural

change
• TSTC strongly correlates with routine-manual and

(negatively with) interpersonal jobs



Long-Run Agenda

• Trade and off-shoring among heterogeneous countries
• Endogenous skill distribution dynamics over time
• Differentiated managerial occupations; firm-side inequality

(between-firm and within-firm inequality)
• Heterogeneous capital-skill complementarity across jobs



Establishment Size and Span of Control
back to data back to model
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Establishment Output and Manager Compensation

4250

60

100
150

151

160

171
180

181
200

230

242250
270
310

340
351370

392

401 410

411

420421

432

440
450

500

580
641

700
710

711

712

732
762

791

800
810

831

840
841

842

861

872

892
893

42
50

60

100

150

151

160

171
180

181
200

230

242250
270

310

340

351

370

392

401 410

411

420
421

432

440
450

500

580
641

700

710
711

712

732
762

791

800

810

831

840
841

842

861

872

892
893

4250

60

100
150

151

160

171 180

181

200

230

242250
270
310

340
351

370

392

401 410
411

420
421

432

440450

500

580
641

700 710711

712

732762

791

800

810

831

840
841

842

861

872

892893

−
2

0
2

4

−
1

0
1

2
3

−
2

0
2

4

10 10.5 11 11.5 10.5 11 11.5 12

10.5 11 11.5 12

1990 2000

2005

lo
g
(v

a
lu

e
−

a
d
d
e
d
/#

e
s
ta

b
lis

h
m

e
n
ts

)

log(average management wage)
Graphs by year

x-axis: Census, y-axis: BEA, 48 industries.



Employment Polarization
1980-2010, replicated following Autor and Dorn (2013) back
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Routinization Hypothesis
Extends Autor and Dorn (2013) back
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Wage Polarization
1980-2010, replicated following Autor and Dorn (2013) back
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Structural Change: GDP (Nominal)
BEA NIPA Accounts Employment
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Change in Manufacturing Employment
back
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Change in Manufacturing Employment
back
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Manufacturing Employment Shares
ηm < ηs, νm1 > νs1

data model
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Manager COC and Self-employment
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Sectoral Employment Shares by Occupation
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Manager Wages by Sector
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Sectoral Wage Ratios by Occupation
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Bivariate Pareto Skill Distribution back
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