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» Conventional economic wisdom: Industrial specialization is beneficial
¥ Specialization = Concentration of economic activity across industries

e Inter-regional trade gains from comparative advantages
e Intra-regional productivity gains from knowledge spillovers and agglomeration

= Historically: Once-thriving highly specialized industrial hubs often face severe declines

e Well-known examples: Rustbelt (US), Rhine-ruhr area (Germany), Birmingham (UK)
e Long-lasting crises and declines

« Were these regions unlucky, or is specializing systematically detrimental?

e This paper: Role of regional industrial specialization in explaining economic fortunes

1. How does regional industrial specialization affect growth?
2. What is the optimal regional industrial specialization?
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Empirics: Document three empirical facts about US regional growth since 1950
1. Highly specialized regions are richer in the short-run but have lower long-run growth
2. Regional specialization co-moves with relative regional income
3. Specialization at the region-industry level is highly persistent

Theory: Formalize trade-o [hetween benefits and risks of specialization

e Benefit: Specialization raises productivity and income (agglomeration)
* Risks: Exposure to industry shocks & long + costly re-allocation (adjustment costs)
e Additional financial amplification & propagation of shocks (financial friction)

= Define constrained-e Lcieht (socially optimal) degree of specialization

Quantification: Measure relevance of specialization for long-run growth
« E [cieht regional specialization in 1950 raises welfare by 1.2-2.8 percent
e Investment amplification mechanism accounts for  41% of specialization e [edt on growth
2
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The contribution of this paper

1. Regional growth:
[Solow (1956), Baumol (1986), Barro and Sala-i-Martin (1991), Autor & Dorn (2013), Giannone (2022),
Eckert & Peters (2023), Comin et al (2021), Gaubert et al (2020), Caselli et al (2016)]

Contribution:
e Specialization trade-off: Relative income today vs. long-run growth

2. Industrial Specialization:
[Jacobs (1961, 1970), Imbs & Waczarg (2003), Gaubert et al (2018), Glaeser (2019), Franck & Galor
(2021), Nagy (2023), Walsh (2023), Bartelme, Costinot, Donaldson & Rodriguez-Clare (2024)]

Contribution:
e Incorporating risk of over-specialization
e Assessing welfare implications of regional industrial specialization
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e Three data sources:

1. US Population Census (1950-2020):

= Decennial representative sample of income, work, industry, demography and location

« Baseline sample: Earnings of employed individuals, 15-60 years old [Heathcote et al (2023)]
2. County Business Patterns (1950-2020):

= County-industry aggregates: population, employment, income, output
3. US Housing Census (1970-2020):

« County-level decennial sample of housing & land units, types & value

e Measuring Specialization = concentration of economic activity across industries

e Baseline: Gini on county-level income shares by 3-digit industry [Imbs & Wacziarg (2003)]
¥ Gini = 1: maximal specialization (all income generated in one industry)

e Robustness: other measures (HHI, max share), other variables (employment, value added)

4
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= Define
e r for commuting zone r = f1,..., 7229

Y, as dependent variable

Giniy 1950 as 1950 Gini on income p.c. by 3-digit industry
Y, =a+ B Gini, 1950 +7" Z +er

Z, including a set of control variables:

= 1950 log income p.c. [Barro & Sala-i-Martin (1992]

e 1950 population [Eckert, Ganapati & Walsh (2024)]

* 1950 share of high-skilled workers [Autor & Dorn (2013)]

e 1950 old-age dependency ratio [Autor, Dorn & Hanson (2019)]

* 1950 share of female workers [Fosso, Bergholt, Furlanetto (2025)]
= Dummy for rustbelt state [Alder, Lagakos, Ohanian (2023)]



Fact 1: The specialization trade-o [

= Define
e r for commuting zone r = f1,..., 7229

Y, as dependent variable
Giniy 1950 as 1950 Gini on income p.c. by 3-digit industry

Y,=a+pB Giniiigso+7 Z +6 & +e

Z, including a set of control variables

g, as shift-share predicted growth from structural change [Borusyak et al (2025)]

/

n Us

8r = E Si,r,1950 &
i=1

with
* S; 1950 as 1950 income share in industry i
« g° as 1950-2020 US growth in industry i
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Fact 1: The specialization trade-o [_aFter controls

Highly specialized regions are richer in the short-run and have lower long-run growth.

.o Coeff: 0.805*** (0.0833) 20 . Coeff: -0.188* (0.0901)

20

Residualized 1950 relative income p.c.
(=]

Residualized 1950-2020 income growth

-10
—-20 -15 .
0.2 —0.1 0.0 0.1 0.2 —0.2 -0.1 0.0 0.1 0.2
Residualized 1950 Industrial specialization Residualized 1950 Industrial specialization
Figure 1: 1950 Income level Figure 2: 1950-2020 Growth

» Regression table
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e Goals:

1. Characterize dynamic relationship between specialization and income
2. Observe how regions move in distribution

» Key point: dynamics can be highly non-linear [Imbs & Wacziarg (2003)]
e Define non-parametric locally weighted regression:

e | as single observation: Commuting Zone  Year
e y; as Gini on income p.c. by 3-digit industry
e X; as per capita income
yi = a(xi) + B(xi)xi + €
with
o (a(x), B(x) = argmina, 5 32 wi(xi)(yi (o + %))
e weights wj(x;) choice of kernel (tricube, rectangular, Gaussian)
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Fact 3: Specialization at the region-industry level is highly persistent

e Define

e Revealed Comparative Advantage (RCA): RCA;,; = "f/YUS [Morris-Levenson & Prato (2021)]
¥ Measure how much a region is relatively specialized in one industry i

RankRCA;;: Rank region-industries by RCA

0yt as region-year FE

7i¢ as industry-year FE

h as horizon

logRankRCA,; , ; = a + B4 l0gRankRCA; , , 4 + drt + Vit + €irt

e Coe [cedt g, Rank-rank elasticity of RCA (persistence measure)

» Further details 9
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—
S

—— All industries
- Tradable industries

o
o0

—-= Non-tradable industries

e e
EN N

e
[}

Persistence (Rank-rank elsaticity of LQ)

o
=

10 20 30 40 50 60 70
Horizon (years)

e E[edt size: 1%" 1950 tradable ranking = 0.57%" 2020 tradable ranking 0
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e Key take-aways:

1. Highly specialized regions are richer initially and have lower long-run growth
2. Regional specialization co-moves with regional income
3. Specialization at region-industry level is highly persistent

e Extensions and Robustness:
e Specialization across tradable industries matters most * Role of tradability
e Specialization trade-off at different time horizons * Horizons
e Specialization trade-off by different industries * Industries

Persistence measures * Persistence

« Next: Model
1. Formalize specialization trade-off
2. Quantify role of specialization for long-run growth

3. Assess welfare under optimal specialization
11
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e One production factor: capital k

e Multiple industries i = f1, ..., /g producing single final good ¢
e Stochastic productivity: Z;
¥ Uncertain industry-specific returns
e Agglomeration: z; = Z; kf" with & O [Bartelme et al (2024)]
¥ Greater specialization = greater income
e Convex capital adjustment costs: ®;(kj ¢, ki ¢+1)
¥ Persistence of specialization

e Financial amplification & propagation of shocks
e Investment is debt-financed ( 70% of industrial loans are collateralized) [Gan (2007)]
e Borrowing against collateral: market value of current capital stock
e Financial amplification of shock to specialized industry: Credit crunch: investment + growth #
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Individual problem

 Individuals solve 1
Eo > Bfu(c)
t=0
subject to

R:

b
Ct + s q: Z Kity1 = Z [zi e (kie) + qekie  Pi(kie, kiey1)] + by
b
o 0q; Z ki,t

R:

with
e k; as capital in industry i = f1, ..., /g
e g as price of capital
®;(ki ¢, kit+1) as capital adjustment costs

0 as collateral fraction
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Individual problem

 Individuals solve 1
Eo Z ﬁtU(Ct)
t=0
subject to

b
Ct + S op Z Kit+1 = Z [zi ¢ (kie) + qekie  Pi(kie, kiey1)] + by

R
bt 1
R, 0q: Z ki,t

e Two key decisions:
1. Portfolio allocation: Allocate capital k across industries i 2 f1, ..., /g

2. Consumption vs saving: Borrow to invest in k

13
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e Define:

e Git=q: ¢2(kit, kir+1) as marginal capital price (net of adjustment costs)
e 77 0 as Lagrange multiplier on the collateral constraint

» Key optimality conditions:

Portfolio allocation:  §; ;u’(c;) = BEt[ (Ct+1)(§,-7t+1+zi7t+1f0(k,-’t+1))+ 0qrr1mt41 ]8/

Expected marginal benefit of capital Collateral value

Consumption-savings: u'(c;) = BRE:[u (Ct+1)]+m
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Production and agglomeration

e Multiple industries i 2 fi, ..., Ig produce single tradable good ¢

e Productivity processes (AR1):
Zie=pZir 1+ p)pir+er withe, N(O, U,-2)

e Agglomeration:

R &i
Zit = Zjt k,'7t

with intra-industry agglomeration &; O [Bartelme et al (2024)]
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The role of specialization: Intuition

Static E [edts:
e Increase in productivity and income through agglomeration
* Increase in exposure to industry-specific shock
O Amplification: Becoming borrowing constraint lowers consumption smoothing
Dynamic E [edts: In response to an adverse shock to the specialized industry
e Adjustment takes long and is costly through convex adj. costs
) Propagation: Lower investment further reduces capital reallocation
Financial amplification: Exacerbates static and dynamic e [edts of adverse shocks

« Price of capital g co-moves with industry productivities
e Degree of co-movement depends on specialization
e Large declines in capital price tighten borrowing constraint

» Further details 16
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= Functional forms:
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[ Ut|||ty U(C) = W

e Production function: f(k;) = k

e Adjustment costs: ¢(k, k") = 2(&  1)%k
» Key parameters set independently:

1. Industry-specific agglomeration: [Bartelme et al (2024)]

2. Industry-specific adj. costs: [Hall (2004) and Groth (2010)]

3. Tightness of collateral constraint (loan-to-value ratio): [Graham et al (2015)]
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Calibration

e Calibrate to annual frequency using U.S. Census and BEA data
= Functional forms:
S T

[ Ut|||ty U(C) = W

e Production function: f(k;) = k

e Adjustment costs: ¢(k, k") = 2(&  1)%k
» Key parameters set independently:

1. Industry-specific agglomeration: [Bartelme et al (2024)]

2. Industry-specific adj. costs: [Hall (2004) and Groth (2010)]

3. Tightness of collateral constraint (loan-to-value ratio): [Graham et al (2015)]

e Key parameters set by simulation:
1. 1950 fixed capital stock: Matching 1950 income shares
2. Discount factor: Matching U.S. NFA position = 25% of GDP
3. TFP process parameters: Matching Std. and autoc. of U.S. industry TFP

» Calibration table 17
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3. Assess welfare improvement under optimal policy
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Quantitative Analysis

e Three goals:

1. Rationalize specialization trade-off
2. Understand role of financial amplifier
3. Assess welfare improvement under optimal policy

e Three experiments: (for today)

1. Show impulse response to transitory productivity shock ¥ Understand amplification
2. Simulate economies with different initial specialization ¥ Replicate specialization trade-off
3. Define planner allocation ¥ Show welfare improvement

e Further experiments: (in paper)

e Simulate Dayton vs. Rochester under planner allocation
e Show map of regional mis-specialization

18



IRF to a 2SD adverse productivity shock to one industry
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IRF to a 2SD adverse productivity shock to one indu

e b’ Constrained
_50 == b'tUnconstrained

= k's Constrained
=1 === k't Unconstrained

w—— C; Constrained
== = C; Unconstrained

= (¢ Constrained
== = ¢ Unconstrained

+15
Time Period 19
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Specialization and relative income

« Exercise: Simulate economies with diLerknt initial specialization
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Planner problem

e Planner solves 1
Eo Z,Btu(ct)
=0
subject to
b
ct + ,;tl = Z [zief (ki) Pilkie, kier1)] + bt

bt+1
Tt th

atUO(Ct) = BE: {UO(Ct+1)(CNIt+1 + Zi 41 fo(ki,tﬂ)) +0qe11me+1| 81

Zki’tzk 8t

_s & g
Zie = Zip kiy 8i
' » Planner solution 21



The Planner’s agglomeration - specialization trade-o [
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The Planner’s agglomeration - specialization trade-o [

= The Planner accounts for two GE e [edts:
1. Agglomeration ¥ specialization
2. Effect of capital allocation and borrowing on capital price ¥ diversification
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The Planner’s agglomeration - specialization trade-o [

= The Planner accounts for two GE e [edts:
1. Agglomeration ¥ specialization
2. Effect of capital allocation and borrowing on capital price ¥ diversification
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Conclusion

e Three empirical take-aways:

1. Highly specialized regions are richer initially and have lower long-run growth
2. Regional specialization co-moves with regional income
3. Specialization at region-industry level is highly persistent

e Theory of regional industrial specialization

e Static vs dynamic effects of specialization
e Assess optimal degree of specialization

e Quantifying the impact of industrial specialization

23



Thank you very much!
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Appendix



Topcoding income

e Topcoding: Recode/ cut income above certain theshold
e In individual-level income survey
e Prevent identification of individuals in sample

* Problem: manipulates income distribution for high earners

* Regression approach (following Heathcote et al, 2023):
e Assume underlying distribution of income is Pareto

e Forecast the mean top-coded income by extrapolating Pareto density fitted to upper end of
non-top-coded income

e Following algorithm by David Domeij



Fact 2: Controls



Fact 2: Controls

| 1950-2020 Growth | 1950 Income level
| @ | ® *
Total Specialization -0.188* -0.021 0.805***  0.780***
(0.0901)  (0.13) | (0.0833)  (0.153)
Tradable Specialization -0.154%** 0.152%**
(0.04) (0.0418)
Non-trad. Specialization 0.433 -0.244
(0.274) (0.334)
log income p.c. -0.864***  -0.863***
(0.0353)  (0.0353)
High-skill share 1.185** 1.204** | 6.009***  6.160***
(0.407) (0.446) | (0.397) (0.44)
Old-age dependency 0.0183***  0.0177** | -0.00834 -0.007
(0.00537)  (0.00553) | (0.00503)  (0.00554)
Female share 0.983***  (.951*** 0.014 -0.0445
(0.169)  (0.187) | (0.155)  (0.194)
Population 169.8***  158.5%** | 128.9*%**  136.8***
(36.16)  (33.73) | (21.75)  (24.01)
Rustbelt 0.0264 0.00368 0.126***  0.149***
(0.0198)  (0.0218) | (0.0153)  (0.0189)
N 722 722 722 722
adj. R-sq 0.532 0.549 0.433 0.408

» Return
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Fact 2: Specialization trade-o [_alver di Lerent horizons

Income pc growth

10-year  20-year 30-year 40-year 50-year 60-year 70-year
(€] @ ®) ()] ) ) @)
Trad. Specialization (t-10) | 0.00152
(-0.025)
Trad. Specialization (t-20) -0.0747%**
(-0.0209)
Trad. Specialization (t-30) -0.106***
(-0.0254)
Trad. Specialization (t-40) -0.162%**
(-0.0293)
Trad. Specialization (t-50) -0.1420**
(-0.0147)
Trad. Specialization (t-60) -0.152**
(-0.0347)
Trad. Specialization (t-70) -0.154%***
(-0.04)
N 3528 3563 2842 2123 1403 1007 722
adj. R-sq 0.101 0.113 0.152 0.219 0.308 0.403 0.549

» Return



Decentralized Competitive Equilibrium

e Individual problem:

V(z, b, ka, kg, B) = max u(c)+ BEV(Z, B, kY, k%, BY)

c,b’ k) kg
bO 0 0 0 0
st e+ 5 +a(z B)Z(k,- ki) = f(z, k%) + F(K)) + b Zg ki, k9
bO
E Qq(z, B)(kA—I—kB)
B"=T(z,B)

* Market clearing:

km+ko=K=1 8 t2(0,7)



Decentralized optimality conditions

A= d(c) (1)
A = BRE[N] +1(z, b, k) (2)
b(z.b.k) gtz b, k) (3)

R
d(e)(q+ g(k k') az(K)™ 1) = BE[d'(c(Z, B, K))(a(", ', k")
ai(k' k(2" b, k"))
+ 07;(20, bg, /(O)q(zo7 b, ko))} (4)
dle)a+aK kK K) oK K)* ) =pE[(c(Z b K)) (b K)
a(K K. K k(b KY))
+ (2, b, K)q(2, b, K))] (5)



Decentralized optimality conditions cont.

A= d(c) (6)
A= 5RE[)\°] +n(z, b, k) (7)
bz, b, k) 0q(z, b, k) (8)

R
d(e)(q+ gk k') az(K)™ ) = BE[d'(c(Z, B, K))(q(", ', k")
ai(K' k(2" b k"))
+ (2, ', K)q(2", b, K))] (9)
BE[U(c(2, B, k")) (g(K", k(2, ', k"))
g(K KK k(P K))] =d()(az(K)* + oK K)* 1)
2k K)+ (K kKK k) (10)



Constrained-e Lcieht Equilibrium

= Planner problem:

V(z, b, k) = . max u(c) + BEV(Z, b, k')
Ne]
bo 0 0 0
st ct o =f(z,ky)+ (k) +b Zg ki, k9)
b
r "

d(c)(g+ gk k) az(k)* 1) = BE[d'(c(2, ', K))(a(2, b, K')
gi(K', k(2 b, K)))

+ (2", B, kg (2", b, K0))
BE[U(c(Z, B, k) (gn (K, k(2 ', k7))

gi(K KK k(P K))] =d(c)(az(K)* 1 (K k) 1)
gz(kak0)+g2(K k, K ko))



Constrained-e Lcieht optimality conditions

A=d'(e)  (E+Q)u(c) (q+ gk, k) az(K)* *

+&(K  kKK) ao(KK)> 1 (11)
A = BRE[N + £Qu + CAw] + n(z, b, k) (12)

_ n
£+¢ 20 (13)

Alaz(K)> 1 (K K)> 1
gk K)+ &K kK K)=BEN(gu(K, k(2 b', k"))
a(K KK k(2 k"))
+ EQpo + (Apo (14)



US labor markets become more specialized

Year Gini on income shares  Gini on employment shares

Mean CV  p90/pl0 Mean CV p90/p10

1950 0.46 0.162 1.55 0.45 0.152 1.50
1970 0.48 0.123 1.35 0.47 0.116 1.35
1990 0.47 0.089 1.23 0.46 0.082 1.26
2010 0.53 0.089 1.29 0.50 0.073 1.20
2020 0.53 0.089 1.24 0.51 0.068 1.20

Table 1: US Regional industrial specialization over time

» Return



Calibration

Parameter

Value

Source/Target

Parameters Set Independently

Risk Aversion

Fixed capital share
Adjustment Costs
Agglomeration Strength
Collateral Constraint
Gross Real Interest Rate

vy=5
a=0.12

®; 21[0.1,4]
& 2[0.1,0.29]
0 =0.35

R =1.02

Standard in literature

Avg. US GDP fixed investment share
Hall (2004); Groth (2010)

Bartelme et al. (2024)

US LTV ratio: Graham et al (2015)
Avg. US interest rate

Parameters Set by Simulation

1950 capital stock
1950 bond holdings
Discount Factor
TFP Process

ki 1050 2 [0.1,0.29]

b,"1950 2[ 067 Ol]

B =0.95

pi =2 [0.3,0.7],0; =2 [0.02,0.15]

Match income shares

Match income distribution
U.S. NFA = -25% of GDP
US industry TFP moments

» Return
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Planner solution and e Lciehcy

e Define:
e )\; as Lagrange multiplier on resource constraint
e 0;: as Lagrange multiplier on implementability constraint for industry i

« Key optimality conditions:

uOU(Ct)
u'(ce)

Relax collateral constraint by g

Marginal utility: A, = u’(c;)

0n¢qe u"(ct) Z 0idio(Kies Kijtr1)

Relax ICs at cost ¢

» Return



Planner solution and e Lciehcy

e Define:
e )\; as Lagrange multiplier on resource constraint
e 0;: as Lagrange multiplier on implementability constraint for industry i

« Key optimality conditions:

uOU(Ct)
u'(ce)

Relax collateral constraint by g

Marginal utility: A, = u’(c;)

0n¢qe u"(ct) Z 0idio(Kies Kijtr1)

Relax ICs at cost ¢

I
Portfolio allocation: \;¢7, = SE, [)\t+1(2,-,t+1(£i + a)kf;ﬁ ! Oiey1) + Z(SiIQ/",(H—l] +=
i—1

» Return



Planner solution and e Lciehcy

e Define:
e )\; as Lagrange multiplier on resource constraint
e 0;: as Lagrange multiplier on implementability constraint for industry i

« Key optimality conditions:

uOU(Ct)
u'(ce)

Relax collateral constraint by g

Marginal utility: A, = u’(c;)

0n¢qe u"(ct) Z 0idio(Kies Kijtr1)

Relax ICs at cost ¢

I
Portfolio allocation: \;¢7, = SE, [)\t+1(2,-,t+1(£i + a)kf;ﬁ ! Oiey1) + Z(SiIQ/",(H—l] +=
i—1

Consumption-savings: Ay = SR Et[)\tﬂ + Z 6,-th+1 } + ne

GE effects on prices » Return



Welfare under planner allocation
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