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Motivation

Workers might face frictions to move across jobs
» Due to costs, education, licenses, preferences, ...

» Workers do not move only following wages.

But our workhorse models don’t allow for this
» Growth accounting: no labor mobility frictions.

» General equilibrium: either perfect mobility or perfect immobility.

This paper
» What is the impact of labor mobility frictions on aggregate growth and inequality?



What we do

Provide a simple model of growth accounting with mobility frictions
» Non-parametric, CRS production, homothetic demand.
> Aggregate output and welfare decline in mobility frictions.

» Characterized exactly by a change in the Theil index of wages.

Identify the impact of these frictions on growth and inequality in general equillibrium
» Multiple sectors, occupations, and input-output linkages.
» Shocks: shifts in labor productivity and mobility frictions.

» Channels: non-parametric first-order; parametric exact characterization.



Quantification on US data (1980-2019)

Growth accounting
» Change in inequality contributes up to 10-16% of decadal GDP growth.

» Wages decreases in previously 'important’ sectors (with large income shares).

General equilibrium
» Simulate productivity/frictions shocks to all sectors on calibrated model.
» Workers' reallocation accounts for up to 40% of the change in real GDP.

> A inequality differs by up to 20 p.p. between low and high frictions settings.
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Growth accounting with mobility frictions



Setup
Aggregate output (real GDP) is given by

Y =zF(l, ... by, K) with Y " =L
teT

» z: Hicks-neutral productivity.
» F(-): non-parametric CRS production function with diminishing returns.

» “Tasks’ t are generic for now (e.g. occupation, industry,...).

Key: Exogenous frictions to how /i, ..., I7 is allocated across labor types (e.g. mobility costs).

» Perfect mobility: w; = w for all t € 7.
» Perfect immobility: w; for all t € T.



Aggregate growth decomposition

First-order change in aggregate output dinY around an initial equilibrium (P =1)

rK tht
dinY =dInz + <Y>dInK—|—Z<Y> dinl,

teT

This is the classical growth accounting equation, with multiple labor types t € T.
Re-arranging and plugging in wages
. rK wl wl tht Wi
dinY = dinz -+ (Y> dinK + <Y> dinl — <Y> Yy < m) dln (W)

A Technology teT
A Capital A Aggregate labor

Reallocation

where w =3, ’Ifwt is the average wage.



Aggregate growth decomposition (cont'd)

/
dinY = dinz +OxdlnK+ ©OudinL -0,> (xt d|n($)
~—~— —_—— —_—— wl w
A Technology A Capital A Aggregate labor teT

Reallocation
where O = K and ©, = %L
Y L Y-
Intuition: a decrease in (w;/W) between task-specific marginal productivity w; and the
average marginal productivity w reflects a decline in the misallocation of workers.

Note:

> Aggregate labor supply effect d In L and reallocation effect dIn (%).
» For w;/w = 0, impact of reallocation = 0 (perfect mobility).
» For wy/w = 0, impact of reallocation > 0.



Wage inequality as a Theil index

wele

Theil index for income shares ot

(e (e (2)

maximum entropy observed entropy
Z ( Wely ) ( Wi )

The Theil index is the entropy of wage ratios with labor income shares as weights.

The impact of mobility frictions is exactly characterized by the Theil index

— . Wt/t
dinY = dinz +O0xdinK+ ©,dInL eLZ<WL>d| (W>

A Technology A Capital A Aggregate labor teT
A Theil index




Growth versus welfare
HH member h chooses which task t to work in based on wage and preferences

uh = max{gOTWL e #’brWT}

where ¢! is a preference shifter for h supplying labor type t, from a Frechet distribution:

Gwexp{Z@(pt_“} k>1, ¢¢>0, VteT

teT

¢+ (location): absolute attractiveness of each t. High ¢+ — type t is more attractive.
Kk (shape): relative attractiveness. High xk— larger reallocation after shock.

Welfare vs output growth:

: L
dinU=dIn (Zqﬁtwj/”) =dlIn Y+Z<Lt>dln@t—dlnL

teT teT

Welfare and growth are both independent of workers’ decisions related to preferences.



Change in US wage inequality (1980-2019)

dI(©)=-6,3 (%) dln (%)

teT

4% 1

3%

2% A

1%

0%

1980-1990  1990-2000  2000-2007  2007-2019
Years




Contribution of occupations to inequality changes

Fraction of aggregate reallocation due to specific occupation t:
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General equilibrium: non-parametric



Overview
Context
» From the GA, we now can measure efficiency losses from labor mobility frictions.

» But what are the channels through which aggregate growth and inequality can occur?

General equilibrium framework
» Economy with multiple sectors i € N, occupations o € O, and factors L and K.
» Arbitrary elasticities of intermediates, factors, and occupations.

Production
» Sectors produce outputs using CRS technology on factors and inputs.

» Perfect competition.

Households
» Households consume with identical preferences.

» Choose labor and leisure subject to labor mobility frictions..



Production

Output for sector i, with constant returns to scale:

vi=F( {Zot}oco {lotoco kir {Xihien )
———

input-specific shifters factor quantities input quantities

Pricing for output / at marginal costs:

pi = fi ({Zio .t} oeo » 2K {Wio Yoco » 1+ {Pj Hien)



Consumption

Total labor supply is determined by an aggregate utility function

U = c - h(L)
~ —~—

consumption  gigutility from working

Identical homothetic preferences:
Y=C(a, ,cn)

budget constrained is pinned down by w;,/j, for workers in occupation o and sector i.



Equilibrium

Equilibrium is defined by:
> capital{ki} ey, and labor {/io};cpr oco. intermediate goods {xi}; ;v
> rent r, wages {Wio};crroco and goods prices {pj};c
» output {yi};car and consumption levels {c¢;};c -

Determined jointly by the following conditions:
1. Firms maximize profits, equal to zero;
2. Workers maximize utility;

3. Labor, capital and goods markets clear:
L=3"3"h; K=Y ki Vi= ety X
o i i j

Given a vector of productivity shocks {z,-o7L},.eN voco and capital supply K.



Shocks

Impact of labor productivity shocks {dInz, ;} on equilibrium outcomes
» Micro: prices {p;, wjo, r} and quantities {/;, ,k;, x;;} for all i,j € N and o € O.
» Macro: real GDP Y, inequality /.

(Also results for shocks to mobility frictions in the paper)

Non-parametric vs parametric
» Non-parametric: up to first order.
» Parametric: full effects with nested CES.



Aggregate growth

The first-order impact of labor productivity shocks on growth is:

dinY = ZZ@;O7Ldlnz,~o7L+ZZ@Ld7n|2.LLdlnz,-o)L

direct effect aggregate labor

- Z Z Z Z Ojp.L dI;| W;F:o/r/)d Inzjo,1

reallocation

Intuition

» Direct effect: a Harrod-neutral productivity shock affects real GDP proportional to its
income share, ©, ; (Hulten, 1978).

> Aggregate labor: change in aggregate labor supply dIn L, weighted by ©;.

» Reallocation: across sectors/occupations j, p from changes in i, 0, weighted by ©j, ;.



Wages

The effect of input-specific productivity shocks on wages is:

dinwp,  din©,;  dinfp  dlnGDP

dlIn Zijo,L dlIn Zio,L dlIn Zio,L dInz,-o7L
~— —_——  —

Labor demand  Labor supply Aggregate

Intuition:
» Labor demand: firms and consumers update choices, affect sector sizes and labor
allocation through the networked economy.

» Labor supply: an increase in labor supply in a sector decreases wages in that sector.

» Aggregate: common shifter for all wages (only channel in Cobb Douglas economies!).
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General equilibrium: parametric examples



Production and consumption

Production: firms produce following a sector-specific nested CES technology

n
o—

1 1 n—1
Yi = ,JL[- —l—w, Kk + Zwu X;; with L; = (Z <W’O7L> ! (Zio’L/,'o)n"l>

wj L

where o > 0: elasticity of substitution between factors and intermediate goods
and n > 0: elasticity between occupations.

Consumption: households have identical preferences across goods:

p—1
(/6 U )
N

where v;: preference shifter, and p > 0: elasticity of substitution across goods.



Labor preferences and frictions
Worker allocation: each household h draws a vector of preferences go,'{), drawn from a nested
joint Fréchet distribution G:

G ~ exp Z Vo (Z bio (Spio)_ﬂ) )

ocO ieN

with upper tier (v, A) and lower tier (¢, ) location and dispersion parameters.
Share of workers specializing in occupation o in equilibrium is given by:

® Iy Vowg‘
° L w

1
where w = (Y- co Vows) > is the wage index.

The share of workers with occupation o supplying their labor to sector i is equal
1

K =
to:d;, = I,’—;’ = L’:/’VH’O where I, = >~ i and w, = (E jqﬁjowjf;) ",
o



Example 1: horizontal economy with fixed factors

Setup: Each HH supplies labor to one sector i, which uses only labor. Output sold to FD.
Results:

» Only HH h supplying labor in sector i is affected by
changes in sales of i.

» Wage inequality depends only on p.

» Only a scale effect, no substitution effect:

-1
o (2)- () (2
Wo P 221
» Only final demand elasticity p matters as
production in each sector only uses labor.




Example 2: roundabout economy with fixed factors

Setup: Each HH supplies its labor type to only one sector. Output is sold to itself and to FD.
Results:

14 e » Two labor types {A, B} (e.g skilled/unskilled).
x » Wage inequality depends only on o.
» Only a substitution effect, no scale effect:

P dIn(W1A> :<0_1)dln <21A7L>
WiB o Z1B,L

» There is only one final good, HH do not choose
between different goods, their choices do not affect

income inequality.
5 B




Example 3: horizontal economy with mobility frictions

Setup: Each HH supplies its labor type to only one sector. Output is sold to itself and to FD.

Results:
o (2)- () (2)
wo p+K Z2|
If K =0, back to fixed factors.
If kK — oo, perfect mobility & no inequality.




General solution for any equilibrium network

d'In wi dln (Wﬁ) dln W¢ dln p;
— P —(p—)——L 4 (1-—p)—— —(1—
dinzep (=0 dinzep +( n)dlnzsp,,_ ( U)dlnzspL
Labor demand
din ( (,,)
—(1—p i, Oxi,
Z © N ze s ZS,,L Z 9; U)Z Ko T zept

Labor demand

dInwj _Z lio\ dInwjo N danOS—Z lj din W7
d|n25p7L " dansp[_ d|nZsp7[_ ; L dInzsp7L

Labor supply
jo,L dlIn Fjo
+espL—eLzz( L) o

Aggregate channel
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Quantification for the US



Data and calibration

Data: IPUMS census data 1980-2019
» 10 major occupations and 13 major sectors
» BEA input-output data for 2007

Calibration:
Description Parameter Value Literature
Input elasticity o 05 [Atalay, 2017];
n 0.5  [Oberfield and Raval, 2021]
Final demand elasticity p 0.9 [Herrendorf et al., 2013];
[Oberfield and Raval, 2021]
Sectoral mobility elasticity K 1.4  [Galle and Lorentzen, 2023]




Imperfect workers’ mobility matters for growth
The impact of a 10% productivity shock to an occupation on GDP

154
=
E
2
2 104 "
o Decomposition
8 B Hulten effect
- M Misallocation effect
Q
['4
R 54

@ & > > . .
,bo\\o : é‘\& & &Q'Q @;\\o &° \0(@ 9’5}0 é\a ’b\\o
i S & & &8 & e f &
& S &8 & &8 o & )
\ & > & S ] © N
& & N W S < &
& & I\ Na N
& N N &
& NG o{\\
S 53
&

Occupations



Imperfect workers' mobility matters for inequality
Differences in wage inequality can vary a lot across friction values
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Conclusion
Labor mobility frictions hamper aggregate growth
» Due to misallocation of workers across occupations and sectors.
» Theil index as exact inequality measure from economic principles.

Frictions can affect growth and inequality through various channels
» Growth accounting with labor mobility frictions.
» GE framework of output growth and inequality.
» General non-parametric results up to first order and parametric exact characterizations.

Growth accounting results
» Change in inequality contributes up to 10-16% of decadal GDP growth.
» Wages decreases in previously 'important’ sectors (with large income shares).

General equilibrium
» Workers' reallocation accounts for up to 40% of the change in real GDP.
» A inequality differs by up to 20 p.p. between low and high frictions settings.



Appendix

Quantification for the US



Appendix

Appendix to intro: /

Appendix to GA setup: change in Theil index

Appendix to GA results: composition correction

Appendix to GE setup: description variables and functions

Appendix to wage description: 3 channels

vVvvyVvyVvyy

Appendix to GE calibration: some key calibration results (different economies,
inequality-neutrality result,...)

v

Appendix to GE results: additional results not shown in slides



Aggregate growth frictions as a change in the Theil index

A change in the Theil index is then (keeping income shares weights fixed)

dl () = dQ(H) — dQ(O)

3n(2)ane- () o (5)
-3 () o (3)

Key result 1: The previously ad hoc Theil index arrives naturally from simple growth theory!

Key result 2: dInY/dI(©) = —©, is the semi-elasticity of real GDP with respect to income
inequality where ©; = wL/GDP is the total labor income share.



Result 1: Correction for composition effects

> We create demographic subgroups by education, age and gender

» We compute their respective labor share in each occupation in each period:
Wogt = Iogt/lot

> We take the average labor share across periods: wog = + 3~ wogt

> \We compute stable average wages:

* . ~% ~
Wor = E :WogWogtv Wy = E :WgWgt
g g



Production

» Dimensions: o € O labor types/occupations and i € A sectors.

» Qutput for sector i, with constant returns to scale:

Yi = FI( {Zio,L}oe(’) s ZK {Iio}oeo ) kI'a {XU}JEN )
——

-~

~
input-specific shifters factor quantities input quantities

» Pricing for output / at marginal costs:

pi = fi ({Zio,L}oeo yZK {Wio}oe(’) o0 {Pj}jGN)



Labor allocation
Workers are allocated across occupations o by maximizing a CRS allocation function:

L= G(Ila 7l(9)
where /, is the labor allocated to o.

Within each occupation, workers are allocated across sectors following G,(+)
lo = Go (ho,- s Ino)

where [, is the labor allocated to o in sector i.

Maximizing G(-) and G,(-) wrt. the HH budget constraint, gives the optimal
allocation across occupations and sectors as a function of wages and mobility costs:

/ /
E :go(W107"'7WNO); 2 :g(Wla"'aWO)
Iy L

which gives the following joint allocation per sector and occupation:

) (5 et e



Utility and consumption

Total labor supply is determined by an aggregate utility function
% =C—h(L)
where C is consumption and h(L) reflects the disutility from working.
On the consumption side, households share identical homothetic preferences:
Y=C(c, - ,cn)

where total income of the group of workers in occupation o and sector i is equal to wjolio,
which pins down the budget constraint of each household.



Input-output definitions

Matrix elements j — |
Tech coeffs: Q Lol

il = "piy,

Leontief inverse: W = (/ — Q)"

Labor share: Qj51 = %y’"
Capital share: Q; x = %

7 (4l
Final demand: T; = £55

Wiolio

Income share HH: ©j, | = &8

Use
1 N Final demand
1 Qi1 Qnr1, T;
Supply Q,‘j,/
N Qv Qnn Ty
Labor 1 Qi1 Qpr1t
: : Qio,1
NxO | QoL Qno,L
Capital Qi x Qpr k




The importance of sectors and HH in real GDP
Real GDP: Y =C

Supply centrality: The importance of sectors and HH for production is given by their direct
and indirect importance in the production of final demand:

Sectors: through their Domar weights ¥;:

) piyi B
vi GDP J Vi

N )) share Leontief inverse

— the importance of sector i as direct and indirect supplier to final demand.

Households: through their labor income shares ©j,

Wiolio
@IO L= GDP Z T wjl Qlo L

J FD share Leontief inverse labor share

— the importance of labor in o in sector i as direct and indirect supplier to final demand.



The importance of sectors and HH in real GDP (cont'd)

Generalized Domar weights: Importance of a sector i to any other downstream sector m
directly and indirectly through any j

Omi = Z Qi1 Vi
J
> i.e. O is a Domar weight, where the final demand is replaced by any sector m.

Demand centrality: Importance of a sector as a buyer to other sectors, and demand of labor
directly and indirectly through any j

E€m = Z Vo (Leontief multiplier)
J

Zmol = Z Vo L (multiplier for labor demand o in use of m)
J



Prices

By Sheppard’s lemma, we have that price changes are functions of the centrality

measures:
dinp; = ZZ—'oLud'”< ) > Zikjdinr

J

Zjo,L

Intuition: when a factor price wj, changes, it impacts sector i's price p; through i's direct
and indirect importance as a buyer of that factor through =, ;.



Shock 2: Impact of productivity shocks on wage inequality

dInwj, _ din®j, B dlinli n dIn GDP Vie N Yoeo
dinzg dinzg dinzsg dinzg
- N——

Labor demand channel  Labor supply channel  Aggregate channel

Labor demand channel

dlIn @io,L dlIn Qio,L dlIn 79,'
= +
dinzsg dinzg dinzg
N—— N——

labor use effect scale effect

Wio / i

» Change in income shares ©j,; from a change in labor use Qj,; = p—y" and/or a
change in market size dIn ;.

» Intuition: New equilibrium prices and wages. Firms and consumers update choices and
new labor shares and sector sizes result in equilibrium.



Shock 2: Impact of productivity shocks on wage inequality

dInwi, _ din®j, B dinl, dIn GDP Vie N Yoeo
dinzg dinzg dinzg dinzg
N—— —— N—_——

Labor demand channel  Labor supply channel  Aggregate channel

Labor supply channel

dlinli din(lio/1;) din(lo/L) dinlL
= + + —
dinzegp dinzeg dinzegp dinze
——

sectoral share  occupational share  Total labor supply

» Productivity shocks induce workers to move across sectors (with fixed v and ¢).
» Perfect immobility: no reallocation of workers, inducing large effects on income inequality.

» Perfect mobility: large reallocation, no wage inequality.



Shock 2: Impact of productivity shocks on wage inequality

Effect of input-specific productivity shocks z, 1, on wages wio:

dlInwj dIn©; dinly dIn GDP _
LWo _ Z1%kt _ fMl CNEEr VieNVoeO
dln Zsp,L dInzsp,L dlIn Zsp,L dln Zsp,L

—— —— ————

Labor demand channel  Labor supply channel  Aggregate channel

Aggregate channel

dIn GDP dinlL Qo) dInTjo
————— = Oy, + O——— -0, <J> Z

dlIn Zsp,L dInzsp,L @L dlIn Zsp,L

Productivity
Total labor supply

~
Inequality

» Impact of productivity changes on aggregate output.
» Qutput shifter: no impact on inequality.

» This is the only channel in Cobb-Douglas economies.



Parametric form

Worker allocation: each household h draws a vector of idiosyncratic frictions ¢% , drawn
from a nested joint Fréchet distribution G:

Grexp| Y vo <Z Pio (Soio)n> )

ocO ieN

with upper tier Frechet (v, \) and lower tier (¢, k) location and dispersion parameters.

In equilibrium, the share of workers specializing in occupation o is given by:

A
¢O:/£:VOW

]
L wA

1

where w = (-, vowg) > is the wage index of workers.

The share of workers with occupation o supplying their labor to sector i is equal
1

K
to:bjp = fo = L’;’W’O where o = ; lio and w, = (Zj ¢joWjZ> K
o



Data construction

] Description \ Parameter \ Data construction
Technical coefficient matrix Q BEA 13x13 matrix
divided by sectoral gross output
Leontief matrix v (1—a)t
Labor share of cost Q IPUMS average hourly wage multiplied
by the number of hours worked in the sector
Capital share of cost Qk Value-added per sector from BEA
data minus the labor share computed above




Data construction

’ Description ‘ Parameter ‘ Data construction
Final demand share T Simple share of total final demand
allocated to a specific sector in BEA data
Domar weight ) Gross output divided by GDP computed
as sum of value-added in BEA data
Labor income shares O, Q/L19
Capital income share Ok Q/K19




Full characterization of the productivity shocks

» Prices and wage indices are formulated as functions of wages

» \We obtain an equation of the form:
Adlnw =dInz

» where A is a 131 x 131 matrix, dInw is a 131-element vector of wages and capital cost
and where dInz is a 131-elements vector of productivity shocks

» where each cell of the matrix A is given by:



+(1—n)

dlnwd dIn p;

dinzs

—(1-0)

dinzs

]

1 dlIn (&)
+1’ﬁ(1 - p)zo:lgl,oip

Labor demand

dln( )
dinzep, +Zk: Ze""’ dinzep,

dInwj,

dlIn Zsp,L

Z /‘,70 dlIn Wijo i\
lo ) dinzep,

Labor demand

dlIn W?

3 (1) ek
L) dinzgpy

din W3
dInzspL

Labor supply
dinlj,

+@sp, @LZZ< JOL) d|nZsp,L

Aggregate channel




Change in hourly wages
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