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» Large changes in U.S. between-group inequality over the last
few decades, aggregated measures
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Accounting for changes in between-group inequality

» Large changes in U.S. between-group inequality over the last
few decades, aggregated and disaggregated measures

skill premium HSG/HSD SMC/HSD CLG/HSD GTC/HSD
0.18 0.03 0.06 0.18 0.28

Table : Changes in log relative wages btw education groups: 84-03

» Major changes affecting relative wages

» growth of educated workforce
» computerization
» shifting importance of tasks

» structural transformation, offshoring...

» other skill-biased technical change

» Question: What accounts for between-group wage changes?



Accounting for changes in between-group inequality

» Discrete choice model: many worker types, equipment, tasks
» open black box of relative demand
» “capital equipment productivity” (and trade in equipment)
> “task shifters”
» “labor productivity”
» Estimate model using data on

» allocation of each labor type to computersxtasks
» average wage of each labor type

» wage changes only affect “labor productivity” estimate



Preview of results

Labor Labor Task Capital

Data supply prod. shifters prod.

0.180 -0.066 0.074 0.087 0.084

Table : Decomposing changes in the log skill premium: 84-03

» Majority of changes in between-education-group inequality
driven by changes in non-wage observables
» capital-skill complementarity + changing capital productivity
> debated b/c had been estimated off changes in wages
» worker-task complementarity + changing task shifters
» different from standard conclusion
» Residual (SB)TC important for other patterns:

» e.g. wage polarization and gender premium
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Environment

» Final good aggregates tasks, ¢

<Z uf (0)y:(0) p"1>

P
p—1

» Consumption + investment in capital type x

C)Ce+ ) q: (k) I (k) = Y2

> Workers @ € Q divided into labor types A1,..., A5,
» Output of worker @ € Q(1) in o with k¢ units of x

[T: (A, k,0) & (0, k,0)] ) k ()4

> Te(A,Kk,0) = Ty (A) Tit (k) Tor (0) T (A, ., 0)
> & (o, k,0) distributed Frechet: G (&) =exp (—&~ ™)




Partial equilibrium
» First, take p:(0) and ri(k) as given
» Worker chooses k,0, k to maximize income

max { pi (0)[T: (1., 0) & (@, K, 0)* =) k) — k(1) |
K,0,k
» Optimal k (given k,0) = standard discrete choice problem

n’gaGX{Tt (}L’7 K, 6) Vt(K7 G) &t ((J), K, G)}

where v; (k,0) = (1—a(0o)) (a(c)) T-o(0) pe(0) @



Partial equilibrium: allocations and avg wages

» Probability arbitrary worker @ € (1) chooses k, 6

T (A, Kk,0) = [T: (X, x,0) v (k,0)]°*
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Partial equilibrium: allocations and avg wages

» Probability arbitrary worker @ € (1) chooses k, 6

[T: (A, x,0) v (k,0)]°W)
Yo [Te(A, K, 0" ve (1, 67)]°H)
B 7 (A, K, 0)

ZK’,G’ Tt (2'7 K/a 0-,)

ﬂt(a’ach) =

» Avg wage of A choosing k, o is independent of k, 0

we(2) = 12) [L o 7 (Ao x.0) 2l k. 0)] 1o

» Next: Equilibrium r:(x) and p: (o) = v¢(x,0)
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» Task market equilibrium
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General equilibrium

» Task market equilibrium

1-p
ue(0) (242) " Ee= gy T () Le () 7 (A, k. 0)

» Capital prices and rental rates
» P:(C)/q:(C) = P:(x)/q:(x) + Euler eqn = across BGPs:

re (€)/re(x) _ qv(x)/qe (k)
re (K1) /re(K')  qu () /e ()

» Letting X = xy /x;, we have




Model intuition: comparative advantage

» Comparative advantage (CA) shapes

» factor allocation

» wage changes

» Three types of comparative advantage

Equipment £ ]
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Model intuition: CA and allocation

» e.g.: Why do more educated workers use computers more?

» They use computer more either b/c
1. They have a CA with computers

» A has a CA (relative to 1) with k (rel. to k') in ¢
T(A.x,0) T(A x,0) n(A,x,0) (A x,0)
= T(A,x",0) > T(A'.x',0) = w(A,x",0) (A ,x",0)
» = more educated use computers relatively more within tasks

>

2. They have a CA in tasks in which computers have a CA

» = More educated are employed relatively more in tasks in
which computers are used more frequently (across tasks)

s i —




Model intuition: CA and wage changes

1

0(1)

a(1)
W(x)_n(x){z[(r(x) (o) (o')) 7 T (k) To (o )] nt(z,x,o)}

K,O



Model intuition: CA and wage changes

1

6(2)

a(1)
W(A)_fl(l){Z[(r(K) (o) (o')) 7 T (k) To (o )] nt(x,x,o)}

K,O

> e.g.: effect of | in computer prices (q (k) |) on wages?

1 16() 7
(P 5(0)) ”‘(‘”] w2, x,o)}

K,0

W(A):{Z



Model intuition: CA and wage changes

1

6(2)
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Model intuition: CA and wage changes

1

6(2)

a(1)
W(A)_fl(k){Z[(r(K) (o) (0)) 7 T (k) To (o )] nt(z,x,o)}

K,O

> e.g.: effect of | in computer prices (q (k) |) on wages?

1 q6(2) 7
w(d) = {Z (F(K)*U(G)ﬁ(g)) "‘”("’] nt(l,lc,o)}

K,0

1. workerxequipment CA:
> q (K‘C) =r (KC) =
» educated wages rise if educated have CA with k¢
2. workerxtask + equipmentxtask CA:
> q(KC) = r(KC) l=p(o)lifkC hasaCAinc
> if p <1 = relative wage of educated workers falls

> if p > 1 = relative wage of educated workers rises



What follows

» Decomposition between t and t/
» Labor supplies: L(2)
> Labor-specific productivities: T (1)
> Capital-specific productivities: T (k) and § (k)
> Task shifters: T4 (o) and fi (o)



What follows

» Decomposition between t and t/

>

Labor supplies: L(2)
Labor-specific productivities: T ()
Capital-specific productivities: Ty (k) and § (k)
Task shifters: T, (o) and fi(o)
approach
impose at(c) =a and 6(1) =6
observe [ (1)
estimate T, (1), %¢(x), %5 (0)
» these depend on T, prices, and rental rates
conduct decomposition w/ L(A),%; (1), %c(k), 25 (0)

> equivalent to feeding in changes in primitives



Parameterization overview
» “Standard”’ parameters: calibrated
» 0 using wage dispersion within A
> impose 6 = 3.1 in line with Hsieh et al. (2013)

» Setp=1

> consider a wide range of alternatives

> Impose o¢ = 0.24

> irrelevant given p =1

» Estimation of remaining parameters to follow



Estimation details

» We allow for sampling error in allocations:
i (A, x,0)=m (A, k,0)1:1 (A, Kk, 0)

where 11 is mean one (conditional on observables) and i.i.d.

> In robustness, also consider weaker restrictions:

» don't observe all characteristics

» sampling error in allocations and wages

[ Alternative |
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Estimation: step 1

Comparative advantage

» We have for each t =1,..., T

we (M) 1 (A, x,0) = 7. (4, k, 0)
=Tt (4) Txt () Tt (0) T(4, K, 0)

» where we have normalized, WLOG,
T
[ (x)=1for each x=2,x,0
=1

» Hence, log T is simply the average over time of log7;

T
7(A,K,0) = (Hftﬂticc>



Estimation: step 2

Capital and task fixed effects

> Identify 1 in 8(ky) if share of workers using k1 17

Tt(AHKLG) 17()L7K170-)

log —————= = log Trx(K1) — log T (K |
Og Tt(A,Ké,O-) Og tk‘( 1) Og tK'( 2)+ OgT()L,Ké,G)
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2. 1 in labor supply of workers who have CA with ky
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Estimation: step 2

Capital and task fixed effects

> Identify 1 in 8(ky) if share of workers using k1 17

Tt(a’a K17G)
Tt(l, K27o-)

Not exactly. Two others reasons share may 1

t(4,K1,0)

log )

= log T¢x (K1) — log Tk (K2) + log

v

1. 1 in employment in ¢ in which k; has a CA
2. 1 in labor supply of workers who have CA with ky

Identify 1 in 8(xy) if

» share of workers using k7 1 within A x ¢ pairs

v

» controlling for CA

» Data on wages drop out from both LHS and RHS

» = estimated T, (k) independent of wages

v

Task fixed effects estimated similarly



|dentification: step 3

Labor fixed effects

» Labor fixed effect

log V‘t/:((i/)) =log Ty (1) —log Tas (A') + ...

where “..." contains all previously estimated parameters
» comparative advantage: 7(A,k,0)
» fixed effects: 7y (K),Tot (O)
» Identify 6§ (1) /6 (X)) Tif w(Ad)/w(A) 17
» Not quite... Two other explanations:
> w(A)/w(A') 1if 8(c)1 and A has a CA in o
» w(d)/w(A') +if 6(x) 1 and A has a CA in k

» Identify 6 (1) /6 (A') 1 if w(A)/w(A') T conditional on CA
and changes in fixed effects



Data overview

» Data sources:

» Oct. CPS Computer Use Supplement (84, 89, 93, 97, 03): =,
» March CPS: w;(1),L:(1)



Data overview

» Data sources:

» Oct. CPS Computer Use Supplement (84, 89, 93, 97, 03): =,
» March CPS: w;(1),L:(1)

» 30 worker types: age (3) x gender (2) x education (5)
» 20 occupations or 47 sectors; e.g.
» occupations:

> executive, administrative, and managerial
> technicians and related support
» administrative support

> precision production...
> sectors:

> machinery
> primary metal products

> construction

v

legal services...



Data overview
» m:(A,Kx1,0): “Do you use a computer at/for your main job?"
» construct m(A, k2, 0) = m(A,0) — (A, K1,0)
» Two related issues with 7; data:

1. Do more productive workers use more of all equipment?

2. Not using data on non-computer allocation



Data overview
» m:(A,Kx1,0): “Do you use a computer at/for your main job?"
» construct m(A, k2, 0) = m(A,0) — (A, K1,0)
» Two related issues with 7; data:
1. Do more productive workers use more of all equipment?

» Germany: “How much of your total work time do you spend on computers?”

2. Not using data on non-computer allocation

» BEA: allocation of disaggregated equipment across sectors



Patterns of CA in the data

» 7(A,Kk,0) is a matrix with dimension
» occupation: 30 x2x 20
» sector: 30 x 2 x 47
» To summarize patterns of CA in the data

» we impose a functional form for T

» project T onto observable characteristics




Estimation results: changes in FEs

T S T mmen

’ H 84-89 89-93 93-97 97-03 ‘ 84-03 H 84-89 89-93 93-97 97-03 ‘ 84-03 ‘

K1 /K2 ‘ 0.57 0.45 0.15 0.24 ‘ 1.41 H 0.53 0.49 0.15 0.49 ‘ 1.66 ‘

Table : Changes over time in log equipment fixed effect

» Computerization: a large rise in In(7(x1) /7 (k2))
» corresponding changes in quantity indices (BEA)

> computer equipment: 49.9
> non-computer equipment: 1.7
> structures: 1.4



Results: skill premium

Sectors Occupations

Labor Labor Task Capital | Labor Labor Task

Capital
Data

supply prod. shifters prod.

supply prod. shifters prod.

’0.180 ‘—0.032 0.046 0.045 0.121 | -0.066 0.074 0.087 0.084

Table : Decomposing changes in the log skill premium: 84-03

» Changes in (non-wage) observables drive most changes in
relative demand across education groups

» of forces 1 skill premium, account for
> Sectors: (.045+.121)/(.045+.121+.046) ~ 78%

» Occupations: (.087+.084)/(.087 4 .084+.074) = 70%
> at least when highly aggregated
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» = weaker worker-task CA

» = | impact on w(A)s of changes in task shifters, labor prod



Results: skill premium

Sectors Occupations

Labor Labor Task Capital | Labor Labor Task Capital

Data supply prod. shifters prod.

supply prod. shifters prod.

’0.180 ‘—0.032 0.046 0.045 0.121 | -0.066 0.074 0.087 0.084

Table : Decomposing changes in the log skill premium: 84-03

» Why are task & labor more important w/ occupations?

» Sectors aggregate over very different occupations

> = weaker worker-task CA
» = | impact on w(A)s of changes in task shifters, labor prod
» Similarly, why is capital more important w/ sectors?

» sectors more aggregated = w/in occupations, more similar
computer use across labor groups



Results: skill premium and task shifters
» We find first-order importance of task shifters on wages

» Alternative approach: “manpower requirements” index (MPRI)
***SHIFT-SHARE ANALYSIS?**** (see autor, katz, krueger
1998)

Freeman 75, Katz and Murphy 92, etc... [(EEEEE
» Decompose As in share of labor income for A into As in

v

1. share of total labor payments in each task o

2. share of payments within each task ¢ accruing to A

v

Standard finding: 1 very small relative to 2

v

Forms basis of consensus: only within “task” changes crucial
for explaining SBTC

v

Our data consistent with standard finding



Results: skill premium and task shifters
» We find first-order importance of task shifters on wages

» Alternative approach: “manpower requirements” index (MPRI)
***SHIFT-SHARE ANALYSIS?**** (see autor, katz, krueger
1998)

Freeman 75, Katz and Murphy 92, etc... [(EEEEE
» Decompose As in share of labor income for A into As in

v

1. share of total labor payments in each task o

2. share of payments within each task ¢ accruing to A

v

Standard finding: 1 very small relative to 2

v

Forms basis of consensus: only within “task” changes crucial
for explaining SBTC

v

Our data consistent with standard finding

» = MPRI not sufficient to infer importance of task shifters for
btw-group inequality



Results: five education groups

Sectors Occupations

Labor Labor Task Capital || Labor Labor Task Capital

Data || supply prod. shifters prod. supply prod. shifters prod.

HSG/HSD || 0.033 || -0.009 -0.059 0.018 0.086 -0.027 -0.020 0.039 0.051

SMC/HSD || 0.063 || -0.022 -0.106 0.038 0.156 -0.053 -0.049 0.077 0.010

CLG/HSD 0.177 || -0.041 -0.053 0.063 0.210 -0.091 0.013 0.126 0.139

GTC/HSD || 0.283 || -0.049 0.040 0.072 0.222 -0.105 0.105 0.142 0.146

Table : Decomposing changes log relative wages btw education groups: 84-03

» Conclusions for skill premium hold at more disaggregated level



Results: five education groups

Sectors Occupations

Labor Labor Task Capital || Labor Labor Task Capital

Data || supply prod. shifters prod. supply prod. shifters prod.

HSG/HSD || 0.033 || -0.009 -0.059 0.018 0.086 -0.027 -0.020 0.039 0.051

SMC/HSD || 0.063 || -0.022 -0.106 0.038 0.156 -0.053 -0.049 0.077 0.010

CLG/HSD || 0.177 || -0.041 -0.053 0.063 0.210 [|-0.091 0.013 0.126 0.139

GTC/HSD || 0.283 || -0.049 0.040 0.072 0.222 -0.105 0.105 0.142 0.146

Table : Decomposing changes log relative wages btw education groups: 84-03

» One important additional insight:

» labor productivity has U-shaped effect over full sample



Results: (male) wage polarization

0.12(-
0.1 = predicted
= labor only
0.08 = capital only
0.06~ -
0.04
0.02(-
ot
.
-0.02(-
0.04{~
~0.06~ ¢
Il Il Il Il Il Il Il
18 2 22 24 26 28 3

Figure : log w(A4) btw 89-03 (3rd degree polynomial fit) against log
wage levels in 1989 (males)



Results: gender gap

Sectors Occupations

Labor Labor Task Capital | Labor Labor Task Capital

Data supply prod. shifters prod. |supply prod. shifters prod.

’—0.127‘0.026 -0.058 -0.046 -0.049 | 0.018 -0.082 -0.049 -0.012

Table : Decomposing changes in log gender gap: 84-03

» Capital productivity substantial only in sectors

» females allocated to occupations intensive in computers
» if tasks=sectors = use computers more within task



Results: gender gap

Occupations

Labor Labor Task Capital

Data supply prod. shifters prod.

’—0.127‘0.018 -0.082 -0.049 -0.012

Table : Decomposing changes in the log gender gap: 84-03

» Labor productivity dominant force | gender gap
» of forces | gender gap, accounts for =~ 57%

» However, task shifters also important
> ... ~34%



Choose your own adventure
>

-
L )
r . . . o)
| 2l Alternative estimation |
r " 3
| Alternative parameter values |
r . ]
.



Conclusions

» Quantitative framework w/ many worker, equip, task types

» break open black box of changes in relative demand

» Estimate model: OLS with fixed effects in multiple years

» identify equip prod, task shifters from cross-sectional allocation

» explain most of the evolution of between-education inequality

» Impact of international trade in capital easily quantified

» small effect on U.S., but potentially very large elsewhere

» Ongoing work: Germany

» using data with allocation across multiple equipment types

» and, for 2006, share of hours allocated to computers



Alternative estimation overview

1. We assume we may not observe some characteristics,

> we observe only ng < njy and ny < nj

T(A,x,0)=05(1)8 (k)6 (o) x exp (i f BiiXi (A)Xj(0')>

i=1j=1
X exp <i B;i (k) X; ()L)) X exp ﬁ BL; (K')Xj(G)) 5 (A,x,0)
i=1 i—1

» 14: all interactions w/ unobserved characteristics

> constant across time
> a linear function of observed interactions



Alternative estimation overview

1. We assume we may not observe some characteristics,

2. allow for sampling error in allocations and wage,
" (A,x,0)=n(A,x,0)1u(4,K,0)

w' (1) =w(A)1(R)

where 1s are mean zero (conditional on observables) and i.i.d.

[ Details ]



Alternative estimation overview

1. We assume we may not observe some characteristics,

2. allow for sampling error in allocations and wage,
" (A,x,0)=n(A,x,0)1u(4,K,0)

w' (1) =w(A)1(R)

where 1s are mean zero (conditional on observables) and i.i.d.

[ Details ]

3. and assume (for consistency proofs)

np, Ny — o0
N(A,k,0) — o



Alternative estimation overview

» All estimating equations are identical except for 8 (1)

n(A,x,0)w(1)? /
In (n(l’,K,G)W(QL’)") =In6(A2)—Iné (1) +




Estimation results: fit of changes in wages

Correlation w(A)/w(A1) btw 84-03: 0.83 occupations & 0.95 in sectors
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Results: skill premium

’ H Sectors ‘ Occupations ‘

Total Labor Labor Task Capital Total Labor Labor Task Capital

predicted | supply prod. shifters prod. predicted | supply prod. shifters prod.

’84—03” 0.173 ‘—0.032 0.037 0.047 0.120 H 0.161 ‘—0.065 0.059 0.086 0.084‘

Table : Decomposing changes in the log skill premium

» Capital prod + task shifters dominant forces 1 skill premium
» of forces 1 skill premium, account for

> Sectors: (.047+.12)/(.047+.12+.037) ~ 82%
» Occupations (.086 +.084) / (.086 +.084 +.059) ~ 74%



Results: five education groups

Sectors Occupations
Total Labor Labor Task Capital Total Labor Labor Task Capital
Predicted | supply prod. shifters prod. Predicted | supply prod. shifters prod.
HSG/HSD 0.084 -0.010 -0.009 0.019 0.086 0.018 -0.027 -0.036 0.040 0.051
SMC/HSD 0.114 -0.023 -0.056 0.040 0.156 0.064 -0.053 -0.047 0.079 0.100
CLG/HSD 0.204 -0.042 -0.028 0.066 0.210 0.163 -0.090 0.002 0.126 0.139
GTC/HSD 0.328 -0.050 0.083 0.076 0.222 0.238 -0.103 0.065 0.141 0.146

Table : Decomposing changes log relative wages btw education groups: 84-03

» Conclusions are robust to alternative estimation

» task shifters, capital prod drive relative demand changes
» labor productivity has U-shaped effect over full sample




Alternative estimation details

1. We assume we may not observe some characteristics,

> we observe only ng < njy and ny < nj
ny,

T(4,x,0)=38"(1)8 (k)8 (c) x exp (Z f Bi:Xi (A)Xj(0')>

i=1j=1
ny no
xexp| Y Bri(K)Xi(A) | xexp | Y Bsi (k)X (0) | 13(, K, 0)
i=1 =1
» 14: all interactions w/ unobserved characteristics
13(4,x,0) =15(4, K)13(k, 0)15(1, 0)
» with 1} constant across t and

E [In3(, )| 27°0).J] = %(x) 2°°()). j = {A, 0}
E[In13(A,0)|2°(A0)] =y2°(A,0)




Alternative estimation details

1. We assume we may not observe some characteristics

2. allow for sampling error,
n*(A,x,0)=n(A,x,0)1(4,K,0)
w* (L) =w(d)1(A)
where

Ellny (A,x,0)|2°,A,k,6] =0
Ellni(1)|2°,A]=0

and t; is i.i.d. for j=1,2 and 13 is independent of 1,
l |




Identification: CA

Step 1: Comparative advantage (e.g. labor capital)

> )4 haS a CA (relative to A3) Wlth K1 (relative to x2) |f
» A uses ki relatively more within tasks

» Specifically, we have

n(z,;q,o)/n(zl,xl,o) B <T()L,K1) T(xl,xz))"
n(A,k2,0)/ w(h1,k2,0) \T (A, k) T (A1, k1)




Identification: CA

Step 1: Comparative advantage (e.g. labor capital)

> 2« haS a CA (relative to A3) Wlth K1 (relative to x2) |f

» A uses ki relatively more within tasks

» Specifically, we have

n(z,;q,o)/ 7 (M, K1,0) _ (T()L,Kl) T(xl,xz))"

T(A,k2,0)/ ®(A1,k2,0)  \T(A Kk2) T (A1, K1)
» Hence
m*(A,k1,0) /7w (A,K1,0)\ v, _ e
(e Free)) = L 04X .
where “..." contains (only) error terms =

E[B;(2) = (Br(k2) + 1 (%2))|27°(2), 4, k2] = 0

7,.(k2): projection of unobservable interactions onto observable

[ tdentification CA ]



Robustness
Alternative values for
» 6 1= less dispersion in &

» =7 elasticity of @ with respect to p(0),r(x), T (1,k,0)
» = elasticity of w ...

Sectors Occupations

Labor Labor Task Capital || Labor Labor Task Capital

value of 6 || Data supply prod. shifters prod. supply prod. shifters prod.

6=2 0.180 | -0.047 -0.017 0.066 0.179 -0.094 0.030 0.123 0.119
6=29 0.180 | -0.034 0.038 0.048 0.128 -0.069 0.068 0.092 0.088
6=3.1 0.180 | -0.032 0.046 0.045 0.121 -0.066 0.074 0.087 0.084
6=33 0.180 | -0.030 0.054 0.043 0.114 -0.062 0.079 0.083 0.079
6=4 0.180 | -0.025 0.074 0.036 0.095 -0.053 0.095 0.070 0.067

Table : Skill premium decomposition for alternative values of 6: 84-03



Robustness

Alternative values for p

Sectors Occupations

Labor Labor Task Capital | Labor Labor Task Capital

value of p Data supply prod. shifters prod. |supply prod. shifters prod.

p=1/2 0.180 | -0.037 0.045 0.056 0.116 |-0.078 0.071 0.122 0.061
p=1 0.180 | -0.032 0.046 0.045 0.121 | -0.066 0.074 0.087 0.084
p=2 0.180 | -0.025 0.048 0.031 0.127 | -0.050 0.078 0.043 0.110

Table : Skill premium decomposition for alternative values of p: 84-03

» |p = effect of task 1, capital |, labor unchanged




Robustness

Alternative values for p

Sectors Occupations

Labor Labor Task Capital | Labor Labor Task Capital

value of p Data supply prod. shifters prod. |supply prod. shifters prod.

p=1/2 0.180 | -0.037 0.045 0.056 0.116 |-0.078 0.071 0.122 0.061
p=1 0.180 | -0.032 0.046 0.045 0.121 | -0.066 0.074 0.087 0.084
p=2 0.180 | -0.025 0.048 0.031 0.127 | -0.050 0.078 0.043 0.110

Table : Skill premium decomposition for alternative values of p: 84-03

» |p = effect of task 1, capital |, labor unchanged
» labor + capital growth biased towards particular (similar) os
» if p is low, these tasks should shrink
» = fall (rise) in effect of capital prod (labor supply)




Robustness

Alternative values for p

Sectors Occupations

Labor Labor Task Capital | Labor Labor Task Capital

value of p Data supply prod. shifters prod. |supply prod. shifters prod.

p=1/2 0.180 | -0.037 0.045 0.056 0.116 |-0.078 0.071 0.122 0.061
p=1 0.180 | -0.032 0.046 0.045 0.121 | -0.066 0.074 0.087 0.084
p=2 0.180 | -0.025 0.048 0.031 0.127 | -0.050 0.078 0.043 0.110

Table : Skill premium decomposition for alternative values of p: 84-03

» |p = effect of task 1, capital |, labor unchanged
» labor + capital growth biased towards particular (similar) os
» if p is low, these tasks should shrink
» = fall (rise) in effect of capital prod (labor supply)
» to match observed ¢ shares: counteracting changes in ¢ prod

» = rise in effect of task shifters




Alternative environment

» Output of worker @ € Q(1) in o with k(A, k,0) units of k¥
[T (A.0)e(@,0)] VK (2,0)

where

0()-17 8(A)-1
K(A,0)=|Y. T(A,x,0)k(A,k,0) ¢@

K
» YT (A, x,0)=1

» £(w,0) distributed Frechet with parameter 6 (1)

[ Environment ]



Two standard frameworks
» Nest two standard frameworks to study btw-group inequality

» CES model (“canonical model”); e.g. Goldin and Katz 2010
p_

p-1 p—1|p-1
Y = [AlL(/ll)p +A2L(A2)P}

> Nested CES model; e.g. Krusell et al. 2000
P

o1 p=17p-1
Y= AL(4) P +A (L(;Lg)l_a(cz) K(K)“(02)> p

» Strong restrictions on production functions at the level of
(A,K,0), at aggregate level yields rich interactions btw
workers types and btw worker and capital types

» see e.g. Jones (2005)

_ Environment



Decomposition: our approach

» Labor supplies: feed in L (1)

: Our approach :



Decomposition: our approach

» Labor supplies: feed in L (1)
» Labor-specific productivities: feed in 8 (1)

: Our approach :



Decomposition: our approach
» Labor supplies: feed in L (1)
» Labor-specific productivities: feed in &’ (1)
» Capital-specific “productivities”: feed in S(K')

S(K'): (8/(1()?(1()%)6 N S(KQ) _ <3’(K2)

S(rk1)  \ &' (k1)



Decomposition: our approach

> Labor supplies: feed in L(A)
» Labor-specific productivities: feed in 8 (1)
» Capital-specific “productivities”: feed in 3(1{)
5(x) = (8 () Py % ) o O 02) _ ((9(2) (a(xz)
o (K) = (6 (k) P(x) ) = S(x) <3/(K1) (k1)
» Task-shifters:



Decomposition: our approach

» Labor supplies: feed in L (1)
» Labor-specific productivities: feed in &’ (1)
» Capital-specific “productivities”: feed in 3(1{)
~ ~ —o 9
S — (8 ()7 ()% ) o 0(r2) _ [0"(K2) (@(@))ﬁ
S(K)_(S ()7() ) é’c‘AS(wq) (8/(;(1) g (k1) )
» Task-shifters:

» Goods mkt clearing =

. . 1\ (p-1)(1-a)
fifc) (d'(a1) [ 6(0) \’ (o)
fi(o1) 5 (c) \ é(o1) ¢(o1)

» { (o) (= income in & in t') a function of estimates

» Substitute out fi (o) from system using above expression

[ Our approach |



Decomposition: our approach

Labor supplies: feed in L(A)
Labor-specific productivities: feed in &’ (1)

v

v

v

Capital-specific “productivities”: feed in 3(1{)

5(x)= (3’(K)F(1c)%)9 N S(k2) _ <3’(K2) (2(@))1%)9

S(kr)  \ & (k)
Task-shifters:
» Goods mkt clearing =

. . 1\ (p-1)(1-a)
fifc) (d'(a1) [ 6(0) \’ (o)
fi(o1) 5 (c) \ é(o1) ¢(o1)

» { (o) (= income in & in t') a function of estimates

v

» Substitute out fi (o) from system using above expression
» §'(0) enters system as p(0) = ﬁ(c)ﬁg’(o)
> Solution of system depends on & (o), not fi (o) or &' (o)

[ Our approach |



German data

» Qualification and Working Conditions in Germany (2006):

» “How much of your total work time do you spend on computers?”’

@ . 3]
_ Comparative Advantage ,



German data

» Qualification and Working Conditions in Germany (2006):

» “How much of your total work time do you spend on computers?”’

» We construct @ in Germany two ways:

[ X (%) | us [DE [DE33 |
Age 0.004 |0.014
Female -0.139 | -0.078

Education ||-0.664 |-0.584
Education? || 0.015 |0.020

Table : Estimated worker-capital interactions

» share of hours for each worker (DE)




German data

» Qualification and Working Conditions in Germany (2006):

» “How much of your total work time do you spend on computers?”’

» We construct @ in Germany two ways:

[ X (%) | us [DE [DE33 |
Age 0.004 |0.014 |0.029
Female -0.139 [ -0.078 | -0.023

Education ||-0.664 |-0.584 | -0.493
Education? || 0.015 |0.020 | 0.015

Table : Estimated worker-capital interactions

» share of hours for each worker (DE)
» worker uses computers iff share of hours > 33% (DE33)




Computer use

’ H Data H Sectors H Occupations ‘

’ H 84 89 93 97 03 H 84 89 93 97 03 H 84 89 93 97 03 ‘

All H 25.1 36.6 46.3 50.5 57.0 H 28.1 39.1 494 530 588 H 26.8 372 47.1 504 599
Gender

Men 21.6 31.3 40.6 445 51.6 ||24.0 339 435 469 526|243 33.8 429 459 550
Women 30.6 442 54.4 59.0 64.3 (|342 46.6 575 613 67.1]|30.7 42.0 529 565 664
Education

HSD 5.2 7.3 104 12.2 159 47 78 113 126 153 43 70 99 109 152
HSG 19.5 28.2 33.9 36.2 40.5|| 19.8 292 379 40.8 46.1 18.0 263 34.1 363 459
SMC 32,5 45.8 53.3 56.6 59.5(|356 48.1 58.1 61.1 665 [|32.6 444 542 570 66.6
CLG 42,6 58.3 70.3 75.8 83.4 507 63.7 724 751 792|496 622 714 741 812
GTC 42,6 584 71.3 79.1 87.8||538 66.7 750 77.6 815 || 543 66.6 754 78.0 844

Table : The probability of using a computer for several worker categories

> In general do well year-by-year, group-by-group | |




Equipment allocation across sectors

>

>

Do not use data on allocation of non-computer equip

BEA: detailed estimates for private nonresidential fixed assets
by detailed industry and by detailed asset type

» imperfect data & not disaggregated across workers

In data and model:

1. construct ratio of share of value of computers in o relative to
share of value of non-computer equipment in &

2. calculate correlation between these ratios for each year

Median of correlation across years: 0.76

Model’s predictions on equipment allocation line up
reasonably well with limited available data




System in changes

» Express the system of equations in changes:

wage equation

task-market clearing equation
allocation equation

rental rate equation

v VvV VY

Proposition: Along a BGP, given

1. known values of all w(A)L(A) and m(A,x,0) in period t

2. p,a(o), and 6 (1)

3. changes in technology and/or factor supply from t to t' >t
system = changes in relative wages btw any worker types



Manpower requirement index: our formulation

It(A) = A's share of total labor income
L;(A) = A’s share of total hours

Wi (A) = A's wage relative to weighted avg
{t(c) = total labor income in &

It(A,06) = A's share of labor income in &

> Accounting =

» MPRI: importance of task shifts given by

Y1 (2,0)8L(0) /#(2)AL(2)




International equipment trade

» Equipment trade shapes relative capital stocks...
» Eaton and Kortum 2001

» ... and, therefore, between-group inequality
» Burstein, Cravino, Vogel 2013 and Parro 2013



International equipment trade

» Equipment trade shapes relative capital stocks...
» Eaton and Kortum 2001

v

. and, therefore, between-group inequality
» Burstein, Cravino, Vogel 2013 and Parro 2013

» Consumption and equipment goods are traded

» gravity model within each

» no task trade: final good produced combining domestic o

» Previous estimates unaffected

v

Decompose estimated changes in capital productivity into
domestic and foreign channels



International equipment trade

» Final good used to produce n's consumption and capital goods

Ynt=0qnt(C)Yn:t(C) +qut (%) Yot ()

» For consumption (similarly investment):

Yn,t (C) — Zdni,t (C) Cni,t

n(<€)
n(c)_)1 n(€)-1
_ n(C
Cn>t - Z Cin,t
1

» Law of motion for capital x is

Kn,t+1 (k) = (1 — depp (K)) Kn,t (K) + In,t ()

» Utility of the representative household given by Y7o tn ¢ (Cn ¢)



International equipment trade

» Autarkic task markets=-trade only affects w (1) through r(x)



International equipment trade

» Autarkic task markets=-trade only affects w (1) through r(x)
» Relative to baseline, the only change to system is
(K)l/(n(K)*l)

§nn
(k) Gn(K) g, () (10)D)

where
Pnn,t (K) /nn7t (K)

T Y Pint (K) line ()

is domestic absorption share in k

Snn,t (K)



Trade counterfactuals
> Wy (A) = change in wage moving to autarky at time t

> Proposition: calculate W, (1) by substituting
Snn (K) = Spn ¢ (K‘)_l into system of equations



Trade counterfactuals
> Wy (A) = change in wage moving to autarky at time t

> Proposition: calculate W, (1) by substituting
Snn (K) = Spn ¢ (K‘)_l into system of equations

» Corollary: Differential effects of changes in primitives btw t

and t’ on wages in n, relative to effects of same changes in
o . WA (M)
primitives if n were in autarky: WA )

n,t/




Trade counterfactuals
> vT/,’f}t (A) = change in wage moving to autarky at time t
> Proposition: calculate W, (1) by substituting
Snn (K) = Spn ¢ (K‘)_l into system of equations

» Corollary: Differential effects of changes in primitives btw t

and t’ on wages in n, relative to effects of same changes in

primitives if n were in autarky: e (1)
. Wﬁt’(l)

» Only need values for n (k) and spn+ (k) for U.S. in 84, 03
» equipment trade elasticity = 4.5 Parro (2013)
» = 1n(x)=55
» Spn.t (K) constructed using OECD’s STAN

> k1 : Office, Accounting, and Computing Machinery

> ko : Machinery and Equipment (less k1) + Transport
> = Spn,84 (x1) =0.796 and Snn,84 (x2) = 0.830

> = Spn,03 (k1) =0.256 and spp 03 (k2) = 0.650



Trade results

’ Model Year || HSG/HSD SMC/HSD CLG/HSD GTC/HSD | Skill premium
84 -0.000 -0.001 -0.002 -0.002 -0.001
Sectors
03 -0.022 -0.036 -0.045 -0.047 -0.023
84 -0.000 -0.001 -0.001 -0.001 -0.001
Occupations
03 -0.012 -0.020 -0.025 -0.026 -0.013

Table : Impact on log relative wages of moving to autarky in 84 and 03

» = Differential effects of changes in primitives btw 84 — 03 on
U.S. wages, relative to effects of same changes in primitives if
U.S. were in autarky:

» sectors: 2.2%
» occupations: 1.2%

> While small, change in (3u, (k1)/ 8nn (162))Y (1971 relatively
small in U.S.

» = potentially large effects in other countries




What is the pattern of CA?

Additional restrictions NOT imposed in our exercise

» To show more clearly what is the pattern of CA...

» ... impose T(A,k,0)=1(4,0)7(A,x)7(K,0) with
T(A,x,0) —exp<ifBUX )>
i=1j

X exp (Z, Bai(x)Xi (A > X exp Zﬁoj )>

X(A) and X(0): vectors of worker and task characteristics



What is the pattern of CA?

Additional restrictions NOT imposed in our exercise
» To show more clearly what is the pattern of CA...

» ... impose T(A,k,0)=1(4,0)7(A,x)7(K,0) with

7(A,x,0) = exp (i fﬁy%(@%’(“))

XeXp<iﬁ/li(K)Xi( >><eXP ZBC’J )>

X(A) and X(0): vectors of worker and task characteristics

» 7 task characteristics: (i) Analyzing data/information; (ii) Thinking
creatively; (iii) Guiding, directing, and motivating subordinates; (iv) Importance
of repeating the same tasks; (v) Pace determined by speed of equipment; (vi)
Manual dexterity; and (vii) Social Perceptiveness

» using O*NET

» Worker characteristics: age, gender, education, education?



What is the pattern of CA?

e.g., labor-equipment CA w/ additional restrictions NOT imposed in our exercise

» Labor x equipment CA identified within task

mt(A,Kk1,0) [ we(A1,K1,0) _ T(A,x1) T(A1,K2)
(A, k2,0)/ m(A1,k2,0)  T(A,x) T(A1,K1)

» Note: using 7;: (A, k,0) equivalent to using 7; (,k,0)...



What is the pattern of CA?

e.g., labor-equipment CA w/ additional restrictions NOT imposed in our exercise

» Labor x equipment CA identified within task

mt(A,Kk1,0) [ we(A1,K1,0) _ T(A,x1) T(A1,K2)
(A, k2,0)/ m(A1,k2,0)  T(A,x) T(A1,K1)

» Note: using 7;: (A, k,0) equivalent to using 7; (,k,0)...

» Together with specific functional form:

log ( ”t“”“"”/ "f(’“”“"’)) = 3 (B () — B (1)) (X () — X (1))

(A, x2,0)/ 7 (A1,K2,0) i=1




What is the pattern of CA?

e.g., labor-equipment CA w/ additional restrictions NOT imposed in our exercise

» Labor x equipment CA identified within task

mt(A,Kk1,0) [ we(A1,K1,0) _ T(A,x1) T(A1,K2)
(A, k2,0)/ m(A1,k2,0)  T(A,x) T(A1,K1)

» Note: using 7;: (A, k,0) equivalent to using 7; (,k,0)...

» Together with specific functional form:

log ( ”t“”“"”/ "f(’“”“"’)) = 3 (B () — B (1)) (X () — X (1))

(A, x2,0)/ 7 (A1,K2,0) i=1

» Similar strategies to identify two other types of CA



Estimation results: fit of CA (occupations)
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By ( )adjusted R? =

0.90

Bs ( )adjusted R2—082

=
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B adJusted R? =

0.78




Estimation results: labor-equipment CA

’ By (k1) ‘

’ X (A) H Sector Occupation ‘
Age -0.001 -0.004
Female 0.614 0.139
Education 0.861 0.664
Education? || -0.018 -0.015

Table : Estimated worker-capital interactions

» Two workers w/ same age, gender, occupation, and &:
» CLG is exp (% X4 — % X (162 - 122)) = 1.37 times more
productive with k3 (relative to k») than HSG



Estimation results: labor-equipment CA

’ By (k1) ‘

’ X (A) H Sector Occupation ‘
Age -0.001 -0.004
Female 0.614 0.139
Education 0.861 0.664
Education? || -0.018 -0.015

Table : Estimated worker-capital interactions

» Two workers w/ same age, gender, occupation, and &:

» CLG is exp (% X4 — % X (162 — 122)) = 1.37 times more
productive with k3 (relative to k») than HSG

> selection on unobservable €:
> if estimate CA using avg prod differences, find weaker CA

[ Germany |



Estimation results: labor-equipment CA

|

|

By (x1)

’ X (1) H Sector Occupation ‘
Age -0.001 -0.004
Female 0.614 0.139
Education 0.861 0.664
Education? || -0.018 -0.015

Table : Estimated worker-capital interactions

» Women use computers much more within sectors

» but largely driven by occupational composition

» difference much smaller within occupations



Estimation results: equipment-task CA

| Bo (1) |

| X (o) || Sector Occupation |
Analyzing data/information 0.582 0.457
Thinking creatively -0.036 0.336
Guiding, directing, motivating || -0.008 -0.076
Importance of repetition 0.917 0.639
Pace determined equipment -0.576 -0.277
Manual dexterity -0.366 -0.561
Social Perceptiveness -0.602 -0.390

Table : Estimated capital-task interactions

» Computers have a CA in tasks intensive in
» analyzing data/info

> repetition

r 1" eaui I " 1" Back fts
_ Computer use |, Equipment allocation across sectors | Back to results ,



