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Introduction

Large debate on what drives differentials in productivity across economies

Hard to address with aggregate data

– observables reflect only partially the contribution to productivity

– no info on the role of the heterogeneity of determinants
micro literature using firm level data highlights role of dispersion in:
firms’ productivity, managerial talent, innovation

– role of interaction of heterogeneous workers and firms

This paper: Novel approach using matched employer-employee data
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Accounting for productivity differentials

Differentials in productivity might be due to differences in

1 workers’ skills

2 firms’ specific technologies

3 how efficiently skills and technologies are matched

4 institutional factors specific to each economy

What is the contribution of each determinant?
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Main idea

Problem: separately identify contribution to productivity due to each determinant

I estimate

1 skills by comparing wages of workers in the same firm and same economy
and comparing co-workers of movers in different firms and economies

2 technologies by comparing output per worker of firms with the same
workforce’ skills and in the same economy

3 mismatch between skills and technologies after measuring their joint
contribution to production in the same economy

4 economy-specific institutions by comparing the output per worker of firms
with the same workforce’s skills and same technology but with plants in
more economies
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Strategy

ESTIMATION

Separately identify the contribution to productivity due to each determinant ...
... with a measure that allows comparisons across economies

Rank globally workers according to their skills

Rank globally firms according to their technologies

Use rankings as inputs in a model of the production function to estimate
complementarities between skills and technologies, and institutions

CONTERFACTUAL ANALYSIS

Evaluate change in differentials if one determinant at a time equal across economies
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Application

Study a single country with large productivity differentials across regions

Italy is a good lab to study output per worker differentials
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Contributions and Related Literature

Growth accounting
Mankiw et al. (92), Hall and Jones (99), Acemoglu et al. (05), Caselli (05,16)

Assortative matching
Shimer and Smith (00), Atakan (06), Abowd et al. (99), Card et al. (2013), Iranzo et al.
(08), Eeckhout and Kircher (11), Hagedorn et al. (17), Bonhomme et al. (15), Bartolucci
et al. (15), Lopes de Melo (13), Bagger and Lentz (14), Lise et al. (16), Borovickova
and Shimer (17)

Misallocation
Misallocation in production: Restuccia and Rogerson (08,13,17), Hsieh and Klenow (09);
Bartelsman et al. (13), Buera et al. (11), Midrigan and Xu (14)
Misallocation of talent: Jovanovic (14), Hsieh et al. (16)

Contribution

New framework to decompose the drivers of productivity gaps with MEE

Novel result on the impact of suboptimal allocation of skills on productivity
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Preview of Results

Contribution to productivity differentials across Italian regions:

1 similar workers’ skills : negligible contribution

2 differences in firms’ technologies account for ∼ 60% of differentials

3 similar mismatch of skills and technologies: negligible contribution

– with respect to optimal assignment: ∼ 20% productivity loss
– but mismatch is homogeneous across regions

4 differences in region-specific factors account for ∼ 35% of differentials
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Environment

Workers: i = 1, ...,N Firms: f = 1, ...,F Regions: r = 1, ...,R

Each worker i is characterized by a skill xi

Each firm f is characterized by a technology yf

Types xi -s and yf -s are – constant in time

– independent on location

Firms – hire Nf workers

– can have plants in more than one region
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Production

– CES production function. Output of a match (i , f ) in region r :

Yifr = Ar [λx
ρ
i + (1− λ)yρf ]

1
ρ

The location affects output by the Hicks-neutral region specific factor Ar

λ determines the relative importance of skill and technology in production
ρ measures the degree of substitution between skill and technology

– Multiple matches per firm.
Each firm has Nfr workers in each r . Denote their set with Nfr

Observable output of a firm f :

Yf =
R∑

r=1

1(Nfr>0)

(
Ar ·

∑
i∈Nrf

[λxρi + (1− λ)yρf ]
1
ρ

)
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Why does productivity differ across regions?

Denote the set of firms f in region r with Fr

From accounting, the observable output of a region r is Yr =
∑

f∈Fr

Yfr

Therefore,

Yr

Nr
=

1

Nr

∑
f∈Fr

(
Ar ·

∑
i∈Nfr

[λxρi + (1− λ)yρf ]
1
ρ

)

Differentials in output per worker across regions are determined by:

1 different skills (xi -s)

2 different technologies (yf -s)

3 different mismatch of skills and technologies (depending on ρ)

4 different region specific factors (Ar -s)
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Wages

Assume: wages are strictly monotonic in the skill type

if x1 > x2 ⇒ Ar [λx
ρ
1 + (1− λ)yρf ]

1
ρ > Ar [λx

ρ
2 + (1− λ)yρf ]

1
ρ

⇒ w1(x1, yf ,Ar ) > w2(x2, yf ,Ar )
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Strategy: Outline

Steps:

1. Global ranking of workers

2. Global ranking of firms

3. Estimate the production function
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Step 1: Use wages to retrieve skills

RANKING WORKERS WITHIN-PLANT

Compute a residual wage after first stage regressions for age and tenure

Take the average residual wage of each worker in a plant

Within a plant the ranking of wages reflects the ranking of skills
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Step 1: Use transitions to retrieve skills
Based on Hagedorn, Law and Manovskii (17)

RANKING WORKERS WITHIN-PLANT

PLANT	1
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Step 1: Use transitions to retrieve skills
Based on Hagedorn, Law and Manovskii (17)

RANKING WORKERS WITHIN-PLANT

average
residual
wage

PLANT	1
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Step 1: Use transitions to retrieve skills
Based on Hagedorn, Law and Manovskii (17)

RANKING WORKERS GLOBALLY

A

B

PLANT	1 PLANT	2
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Step 1: Use transitions to retrieve skills
Based on Hagedorn, Law and Manovskii (17)

RANKING WORKERS GLOBALLY

only worked in	plant 1
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Step 1: Use transitions to retrieve skills
Based on Hagedorn, Law and Manovskii (17)

RANKING WORKERS GLOBALLY
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Step 1: Use transitions to retrieve skills
Based on Hagedorn, Law and Manovskii (17)

RANKING WORKERS GLOBALLY

Workers move across plants

Given mover B, his coworker A in plant 1 and his coworker C in plant 2

if in plant 1 : rank χA > χB

and in plant 2 : rank χB > χC

then: rank χA > χC

The estimated global ranking is more precise with more transitions

Inconsistencies between within-plant rankings are possible

w(xA, y1, r) > w(xB , y1, r) and w(xA, y2, r) < w(xB , y2, r)

Pick the rank minimizing pairwise inconsistencies (Kemeny-Young method)
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Step 2: Ranking firms

Bin workers and compute firm-level statistics of the distribution of ranks,
Xft , at each time t

FE regression of value added per worker

(
Yft

Nft

)
=

R∑
r=1

κfrt + βXft + ιf + ωXftιf + εft ,

ιf : firm fixed effect κftr : region effect εft ∼ iidN (0, 1)

The position of ι̂f in the ordered set of firm FE reflects the rank γf of the
firm technology
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Step 3: Production function estimation

Obtain xi and yf by normalizing the ranks χi and γf in an interval (0,1)

Value added per worker is observed at the firm level. Here,(̂
Yf

Nf

)
= η

R∑
r=1

(
1r · Ar ·

1

Nrf
·
∑
i∈Nfr

(λ · (xi )ρ + (1− λ) · (yf )ρ)
1
ρ

)
alternative

Production function parameters are estimated by minimizing the distance

min
∑
f

[
Yf

Nf
−
(̂
Yf

Nf

)]2
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Data

Representative panel of firms with value added info

Bank of Italy survey of manufacturing firms with ≥50 employees (91-97)

productivity differences in manufacturing reflect ∼ 89% of total differences

firms with plants in more regions: 32% ( 61% of workers)

Working history of all the workers in these firms

administrative (social security) info on employment spells

mobility of workers:

– across firms: 69%
– across regions: 13%
– largest connected set: 98% of observations

regional productivity firms’ productivity wages

Here: 1,324 firms, >20 millions records (80-97), 1,341,994 individuals (91-97)
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Skills and technologies across regions
Statistics of ranks by area, x ∈ (0, 100) and y ∈ (0, 100)

REGION OF THE JOB
WORKERS mean sd skewness p25 p75 N (%) JSDNE BCNE

North West 51.25 29.07 -0.03 26 76 44.6 0.040 0.983
North East 50.03 28.83 0.01 25 75 24.2 0 1
Center 49.05 27.78 0.06 26 71 14.7 0.071 0.981
South 48.42 29.31 0.13 22 72 13.4 0.105 0.962
Islands 54.53 29.52 -0.20 28 82 3.1 0.173 0.934

FIRMS mean sd skewness p25 p75 N (%) JSDNE BCNE

North West 52.74 27.90 -0.01 29 77 35.67 0.223 0.968
North East 52.12 27.35 -0.09 29 75 23.92 0 1
Center 50.26 29.02 -0.01 23 76 20.67 0.298 0.954
South 40.87 32.61 0.42 11 64 12.68 0.530 0.926
Islands 25.16 29.74 1.29 4 31 7.06 0.812 0.847

Distance measures with respect to NE. Jensen-Shannon divergence: 0 < JSNE < 2
Bhattacharyya coefficient of distribution overlap 0 < BCNE < 1
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Allocations: rank correlation

Correlation between the ranks of the workers and the ranks of the firms:

Italy North West North East Center South Islands
0.1468 0.1713 0.1358 0.1421 0.1346 0.1447

others
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Allocations: across regions
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Production function

(̂
Yf

Nf

)
= η

R∑
r=1

(
1r · Ar ·

1

Nrf
·
∑
i∈Nfr

(λ · (χi )
ρ + (1− λ) · (γf )ρ)

1
ρ

)

Parameters Estimate s.e. Y /N (euros) % (Y /N)NE

λ 0.669 (0.032)

R-Sq. 0.126
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Production function

(̂
Yf

Nf

)
= η

R∑
r=1

(
1r · Ar ·

1

Nrf
·
∑
i∈Nfr

(λ · (χi )
ρ + (1− λ) · (γf )ρ)

1
ρ

)

Parameters Estimate s.e. Y /N (euros) % (Y /N)NE

λ 0.669 (0.032)
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Production function

(̂
Yf

Nf

)
= η

R∑
r=1

(
1r · Ar ·

1

Nrf
·
∑
i∈Nfr

(λ · (χi )
ρ + (1− λ) · (γf )ρ)

1
ρ

)

Parameters Estimate s.e. Y /N (euros) % (Y /N)NE

λ 0.669 (0.032)
ρ -2.313 (0.897)
ANE/ANE 1 (0.072) 51,624 1
ANW /ANE 0.919 (0.067) 47,202 91.4
ACE/ANE 0.939 (0.075) 45,070 87.3
ASO/ANE 0.879 (0.082) 44,537 86.3
AIS/ANE 0.817 (0.099) 43,723 84.7

R-Sq. 0.126
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Complementarities

(̂
Yf

Nf

)
= η

R∑
r=1

(
1r · Ar ·

1

Nrf
·
∑
i∈Nfr

(λ · (χi )
ρ + (1− λ) · (γf )ρ)

1
ρ

)

Positive rank correlation: 0.147

Positive assortative matching: ρ = -2.313 , s.e. (0.897)

Sufficient conditions for PAM:

– ρ < 1, (Becker 73) in a frictionless assignment
(Atakan 06) frictions and costly search

– ρ < 0, (Shimer and Smith 00) with frictions

Literature:

Bagger and Lentz(14): Denmark, ρ = −2.045;
Lise et al.(16): France, High school: ρ = 0.938, College: ρ = −0.895.
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Importance of different channels

Change in aggregate labor productivity (%) if

1. give same region specific factor of NE to all the regions

NW: ⇑ 8.79 CE: ⇑ 6.49 SO: ⇑ 13.73 IS: ⇑ 22.36

2. give same distribution of skills of NE to all the regions

NW: ⇓ -0.11 CE: ⇑ 0.10 SO: ⇑ 0.48 IS: ⇓ -3.35

3. give same distribution of technologies of NE to all the regions

NW: ⇑ 15.07 CE: ⇑ 9.92 SO: ⇑ 23.52 IS: ⇑ 50.76

Contribution to differentials (%) NW CE SO IS
Regional factors 86.01 39.31 36.39 32.05
Skills -1.08 0.61 1.27 -4.80
Technologies 15.07 60.08 62.34 72.75
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Cost of mismatch

Change in aggregate labor productivity if firms and workers are matched optimally

Impose positive assortative matching

%∆NW %∆NE %∆CE %∆SO %∆IS

19.56 23.22 18.19 19.13 16.25

Allocation of skills has a large effect on productivity

Also in Hsieh et al. (2016)
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Cost of mismatch - Detail

Productivity gains from imposing perfect allocation by sector of activity:

%∆NW %∆NE %∆CE %∆SO %∆IS

Textiles and leather 19.81 33.09 32.12 27.02 1.66
Paper 10.55 2.27 10.58 10.81 16.24
Chemicals 10.58 9.98 14.92 12.08 8.77
Minerals 9.37 15.64 12.60 6.79 6.45
Metals 19.36 27.07 12.71 38.04 12.00
Machinery 15.71 19.43 10.80 9.70 13.64
Vehicles 9.03 3.06 11.68 17.01 1.27
Food 9.34 23.22 9.58 20.37 6.85

All 11.97 15.31 11.93 16.22 8.46
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Mobility of workers and firms

Are differentials amplified or reduced by mobility?

Reassign workers to their birthplace and firms to their headquarters

Change in aggregate labor productivity imposing to each region

1. the skill distribution of workers born in that region

2. the technology distribution of firms with headquarter in that region

%∆NW %∆NE %∆CE %∆SO %∆IS

No migration 0.63 -1.08 0.25 0.03 -3.83
No firm relocation 0.35 -0.79 -0.05 -0.18 -2.12
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Mobility: skill profile of migrants
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Conclusion

New strategy using MEE to identify the contribution to productivity
differentials of skills, technologies, mismatch and institutions

Productivity gaps in manufacturing across Italian regions mainly due to
differentials in technologies and institutions

Complementarities between skills and technologies: allocation matters for
aggregate productivity and the loss due to mismatch is high
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Step 3: Production function estimation
Alternative specification

Rank-to-type mapping

Once estimated a rank χi for each worker and a rank γf for each firm

xi = Φ−1(χi ) and yf = Ψ−1(γf )

where Φ ∼ Beta(αx , βx) and Ψ ∼ Beta(αy , βy )

Value added per worker can be observed at the firm level. Here,(̂
Yf

Nf

)
= η

R∑
r=1

(
1r · Ar ·

1

Nrf
·
∑
i∈Nfr

(λ · Φ−1(χi )
ρ

+ (1− λ) ·Ψ−1(γf )ρ)
1
ρ

)
Production function parameters are estimated by minimizing the distance

min
∑
f

[
Yf

Nf
−
(̂
Yf

Nf

)]2

back
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Allocations

back
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