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" “Productivity isn’t everything, but in the long-run, it's almost
everything” (Krugman)

" Growth theory is an attempt to discover and model the
accumulation of ideas in a society

" Suppose we have

Y, = F(A, K, L)

Problem for a
competitive/neoclassical I , —
theory of growth! - CRS in capital K and
labor L (replication)
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Growth Theory Review

" Early growth theory models idea accumulation according to

A, = g(A)h(s,)

~ h(s,) is a function of the fraction of society’s resources invested
in idea generation s, (endogenous)

- g(A)) is the spillover function

* As you might imagine, a lot depends on the shape of g()
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An example: (modified) Romer 1990

" Suppose output is

N(1)
Y(1) = —([ x(v, D1 Pav)(LEYP
1-p5J,
1 p . Intermediates pr.oduced
- Demands for intermediates: x(v, t) = Px(V» 1) 7 Lt Wit constant marginl cost o

" Aggregation:

Y(1) = NtLtP Number of
1 — IB varieties

- Upshot: more varieties act like greater TFP A,
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N, = eV, L, function hy()
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Spillover linear in existing idea stock /V,

With two more equations (free entry and Euler equation), can characterize full dynamic
equilibrium

Growth depends on Growth inefficiently Growth rate varies
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An example: (modified) Romer 1990

" New ideas can be produced using labor for research

* If hire LtR units of labor for research, ideas evolve according to

P <1,
decreasing

N

" Different properties!
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" One view: proximity plays a key role

TABLE III
GEOGRAPHIC MATCHING FRA

1975 Originating cohort 1980 Originating cohort

Top Other Top Other
University corporate corporate University corporate corporate

Number of
citations 1759 1235 1050 2046 1614 1210
Matching by country
Overall citation
matching
percentage . 68.7 71.7
Citations exclud-
J affe ing self-cites 629 695
) Controls . 63.1 66.3

t-statistic -0.1 1.61

Trajtenberg & Mascingby st
Henderson,

percentage . 18.9 15.4

QJ E 1 9 9 3 Citations exclud-
ing self-cites 6.8 10.7

Controls A 6.8 6.4
t-statistic = 0.09 3.50

Matching by SMSA

Overall citation

matching

percentage X 16.9 13.3 12.6
Citations exclud-

ing self-cites X 4.5 8.7 6.9
Controls K 1.3 1.2 1.1
t-statistic g 4.80 8.24 9.57

Number of citations is less than in Table I because of missing geographic data for some patents. The
t-statistic tests equality of the citation proportion excluding self-cites and the control proportion. See text for
details.
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Jaffe,
Trajtenberg &
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QJE 1993
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TABLE III
GEOGRAPHIC MATCHING FRACTIONS

1975 Originating cohort 1980 Originating cohort

Top Other Top Other
University corporate corporate University corporate corporate

Number of

citations 1210

1759 1235 1050 2046 1614

Matching by country

Overall citation
matching
percentage

Citations exclud-
ing self-cites

Controls

t-statistic

68.7 1.7

62.9 69.5
63.1 66.3
-0.1 1.61

Matching by state

Overall citation
matching
percentage

Citations exclud-
ing self-cites X 6.8 10.7

Controls A 6.8 6.4

t-statistic 0.09 3.50

Matching by SMSA

18.9 15.4

Overall citation
matching
percentage

Citations exclud-
ing self-cites X 4.5 8.7 6.9

Controls K 1.3 1.2 1.1

t-statistic 4.80 8.24 9.57

16.9 13.3 12.6

Number of citations is less than in Table I because of missing geographic data for some patents. The
t-statistic tests equality of the citation proportion excluding self-cites and the control proportion. See text for
details.

?

Other seminal empirical work:
Ellison Glaeser 1997 JPE

Arzaghi and Henderson 2006
Restud

De La Roca and Puga 2018 Restud
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Cross-Country Idea Diffusion

* At what level should we think about idea diffusion?
" Eaton Kortum 1999 IER: country level

" QOutput produced from

X(J) = L, () : _¢Knt(j )('b
1

In(Y) = J'

0

In (Zm<j>xm<j>>dj

where Z . is intermediate quality and X, is intermediate quantity

" Output freely traded (same price everywhere), intermediates
non-traded
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ldea production function

" Ideas are produced by hiring labor for research

- If there are L, , workers and share s,, are engaged in research,

then they produce ideas at rate amsfth

- New ideas are drawn from a fixed Pareto distribution with tail @

" Ideas for j with higher quality displace those of lower quality
(Bertrand style)

> ldeas can diffuse across countries with waiting time (7

Pl"[Tni < X] =1—-e ! Diffusion friction

UCSD 10 International Trade
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Productivity Frontier

* If the total stock of ideas is y,, it evolves

N

{

- —€, (1—S5) J

M = Z €ni J € aisSiSList
= —

" Some Kortum modeling magic: given the draws are Pareto, the
distribution of productivity in nis Frechet

0

H (Z) — e_luntz_ Scale
nt parameter
" Aggregate output is
Y nt — Antquzthr}t_¢ Ay = exp [ In(z)dH,(z) = e W/Qﬂnlt/g
|

In the limit, productivity grows with idea stock
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Balanced Growth Path

" On a BGP, growth rates the same everywhere and equal to g

"~ Assume the spillover function is

" Can show that this growth is the fixed point of

N
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Balanced Growth Path

" On a BGP, growth rates the same everywhere and equal to g

"~ Assume the spillover function is

" Can show that this growth is the fixed point of

N
g=a Cni :uiSBZ
i 2, Bt
i=1 €ni T 8 Uy l

* Your productivity ., depends on the frictions between you and other
productive, research intensive countries

UCSD 12 International Trade



Growth Decomposition

" Discipline idea flows with survey evidence on patents, calibrate
other parameters to match relative productivities and research
activity

TABLE 5
GROWTH DECOMPOSITION

Due to Research Performed in
Fraction of Productivity

Growth in Germany France U.K. Japan U.S.

Germany 0.16 (0.02)  0.08(0.01)  0.07(0.01) 027(0.02) 042 (0.04)
France 0.13 (0.01)  0.11(0.02)  0.07(0.01) 026 (0.02)  0.42 (0.04)
UK. 0.15(0.02) 007 (0.01)  0.13(0.02) 032 (0.04)  0.33 (0.06)
Japan 0.14 (0.02) 007 (0.01)  0.07 (0.01) 035 (0.05)  0.36 (0.05)
US. 0.10 (0.01)  0.05 (0.02)  0.05(0.01)  0.20 (0.03)  0.60 (0.06)
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Within-County |Idea Diffusion

" If technology diffuses across countries, it surely diffuses faster
within countries

" Within countries, people tend to move around

" They both respond to and influence the evolution of productivity
across space

" How can we think about the joint determination of growth and
migration?

Desmet, Nagy, Rossi-Hansberg 2018 JPE
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Technology

" Firms produce using land and labor

q;"(r) = ¢ (N (L (r)*

- ¢ (w) is a productivity shifter chosen by the firm, at isoleastic
cost C(¢h) = vgp®

’ Zt") (r) is a location and good-specific productivity shifter, drawn
each period

F(z,r) = e h"
" Correlation of z goes to 1 in small intervals

" Need 1 unit of land to produce
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Diffusion

" Remember that

F(Z, ’,.) — e—Tl(I’)z—e

- Diffusion function

l—y,
T(r) = §bt—1(”)9}/1 [WJTt—l(S)dS] T,_1(r)"
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Diffusion

" Remember that

F(z,r) = e” 1<

- Diffusion function
1—}’2
Tz(r) — ¢t—1(r)9yl [7] [Tt_l(S)dS] Tt—l(r)yz

" Technology shifter increases with local innovation, as well as
diffusing from all other locations

" Important: Firms know that they will make zero profits in all
periods, so innovation decision is not forward looking
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Equilibrium

" Three components of equilibrium:

1
u(r)e _
A7) 7

¢ u,(s)éds

1. Migration Module H(nL(r) =

-6
T,(r) [m c(r)¢(r, S)]
2. Trade MOdUIG n(r,s) = 2 w(r)L(r)H(r) = [ (s, )W, (s)H(s)L,(s)ds
I ¢ T(u) [mc,(u){ (u, s)du] S
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Equilibrium

\/

Three components of equilibrium:

1
u(r)e _
A7) 7

1. Migration Module H(nL(r) =

-0
T(r) [m c(r)g(r, S)]

¢ u,(s)éds

J T(w) [mc,(ux(u, s)du]

2. Trade Module 7(r,s) =
3. Growth Module 7(7)
7,_1(7)
UCSD

= 451_1(’”)67/1 [’7[

19

_ w(DL(DH(r) = [

7,1 (7)

S

7, (s, Yw,(s)H(s)L,(s)ds
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Equilibrium

" Three components of equilibrium:

ut(r)é _

1. Migration Module H(nL(r) = Static

g u,(s)éds

T,(r) [m e, (NC(r, s)] ” Static

2. Trade MOdUIG m(r,s) = 2 WI(F)LZ(I’)H(I’) = [ 77;(59 V)Wt(S)H(S)Lt(S)dS
I ¢ T(u) [mc,(u){ (u, s)du] S

S
3. Growth Module 7(1) _ qbt_l(l”)e“ [ﬂ[ 7 1( )ds

I—y,
] Dynamic
7,1 (1) 7,1 (1)
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Equilibrium

" Three components of equilibrium:

1. Migration Module

2. Trade Module

3. Growth Module

UCSD

These two modules
collapse to two integral
equations a la. AA‘14

1
u(r)e _
A7) 7

H(r)L(r) = 1
¢ us)ads

Static

Static

w(r)L(r)H(r) = [ 7, (s, Yw,(s)H(s)L,(s)ds
S

-0
T(r) [m c(r)g(r, S)]

r(r,s) =

—0
J T(w) [mq(u)c(u, s)du]

7(1)

7,1 (1)

1=y,
= ¢,_, (N [ﬂj 1) ds] Dynamic

7,1 (7)
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Upshot: Can solve for dynamic evolution

" Diffusion process too complicated to say much, has to be solved
numerically

" Innovation stronger in higher density locations, but diffusion
ensures a BGP eventually obtains

" In the long-run, populated places have the highest levels of
technology (Africa and Asia!)

" Loosening migration frictions across countries lets people take
better advantage of favorable amenities and trade geography
(productivity follows people)
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Rich set of counterfactuals and exercises

F1G. 3.—Equilibrium keeping migratory restrictions unchanged (period 600). A, Popula-

tion density. B, Productivity: [7,(r)L,(r)*]"’. C, Utility: w,(r). D, Real income per capita: y,(r).
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Dynamic Spatial Models

- What governs the choice of where ideas are implemented?

- Does this choice matter for workers?
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Dynamic Spatial Models

- What governs the choice of where ideas are implemented?
* Does this choice matter for workers?

- Significant variation in medium-run city growth rates:
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Dynamic Spatial Models

- What governs the choice of where ideas are implemented?
* Does this choice matter for workers?

- Significant variation in medium-run city growth rates:
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Importance of Entry for Local Growth

Figure 18: Entrant Contributions to 10-Year Employment Growth
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Establishment lifecycle invariant across space

p—
-

—
52
S’
9]
-—
4]
[«
-
. i
<
=

15 20 25 30 35
Age (Years)

UCSD 25 International Trade



Location Choice and spatial inefficiency

- Upshot: dynamic location choice major component of city growth

- However, firms may not internalize the effects their startup
decisions have on the local economy

- Result: dynamic spatial misallocation
-+ Booming cities grow too slow, dying cities persist too long

-+ Missed in static/SS models, long run steady state allocation is
efficient. But fundamentals are constantly changing.
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Core ldea

- Think of a simple setting, where final output in a location is
aassembled from the output of local firms
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Core ldea (2)
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Core ldea (2)

. Capitalists can create new firms locally by using ¢ units of the
final good

. Flow budget constraint for total wealth A, :

A'j,t =mN,—6A;, - C;,

. Total assets are A;, = ¢gN;, (free entry), so local firm base
evolves according to

. |
Nj,t = (”tN t 5Nj,t§bE — C]t)
Pk
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Core |ldea (3)
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- Competitive Euler equation:

C. |
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G v H

. No guarantee the rate of profit 7, is equal to the social return SR; ,
with complementarities

+ Two reasons: firms raise labor demand, induce more people to
move to j (not present in aggregate models)

- Also directly raise demand for other firms
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Simplest case

Core ldea (3) 1
2-0
e = ;N]{’[ L
- Competitive Euler equation: 1 e
C SR = o — left_let
1
R, e — [Jl},t—é_p]

Cj,t 4

. No guarantee the rate of profit 7, is equal to the social return SR; ,
with complementarities

+ Two reasons: firms raise labor demand, induce more people to
move to j (not present in aggregate models)

- Also directly raise demand for other firms
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Main Paper

-+ Generally, growth of cities experiencing a shock to fundamentals is
too slow.

- Midwest misery in part because South not creating jobs fast
enough

- Embed this insight into a quantitative dynamic model with

- Heterogenous firm dynamics
- Land investment and housing capital

- Think about the mobility gains from optimal policy
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Urban Macroeconomics
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Urban Macroeconomics

- We've said less about my 2nd question: how does the
macroeconomy affect the spatial distribution?

- Eckert Ganapati Walsh (2020): “Skilled Scalable Services: The
New Urban Bias in Economic Growth’

- 2 big biases in recent growth:
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Urban Macroeconomics

- We've said less about my 2nd question: how does the
macroeconomy affect the spatial distribution?

- Eckert Ganapati Walsh (2020): “Skilled Scalable Services: The
New Urban Bias in Economic Growth’

- 2 big biases in recent growth:
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Urban Bias
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Urban Bias coming from Services

FIGURE 1: THE NEW URBAN BIAS
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Bias coming from Services

FIGURE 3: SKILLED SCALABLE SERVICES WAGE GROWTH

Relative to Decile 1
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Urban Bias coming from Services

FIGURE 4: SKILLED SCALABLE SERVICES SKILL DEEPENING
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Urban Bias coming from Services

FIGURE 5: SKILLED SCALABLE SERVICES ICT CAPITAL ADOPTION
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Our explanation
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Our explanation

- Falling ICT prices at the macro level particularly important for SSS

- |CT allows them to increase their scale, and increases their use of
skilled workers

- SSS firms have a comparative advantage in dense cities, so
iInvestment faster there

- Build model of heterogenous firms, fixed costs and non-homethetic
production

- Trace spatial effects of aggregate price decline
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Steepening Wage Gradient

FIGURE 7: URBAN-BIASED WAGE GROWTH IN EQUILIBRIUM

(A) Before Price Decline (B) After Price Decline

Initial urban
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Quantitative Wage Gradients

FIGURE 9: WAGES IN THE MODEL IN 1980 AND 2015
ACROSS COMMUTING ZONES BY EDUCATION GROUP AND SECTOR
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Other cool papers in this area:

- Arkolakis Peters Lee 2020 “European Immigrants and the Rise of
the United States to the Technological Frontier

- Eckert Peters 2019 “Spatial Structural Change”

-+ Duranton Puga 2019 “Urban growth and its aggregate
implications”

- Davis, Fisher, Whited 2014, “Macroeconomic Implications of
Agglomeration”

- Nagy 2020, “Hinterlands, city formation and growth: Evidence from
the U.S. westward expansion”
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https://arkolakis.com/wp-content/uploads/ImmigrantsALP_NBER_20200706.pdf
https://arkolakis.com/wp-content/uploads/ImmigrantsALP_NBER_20200706.pdf
https://arkolakis.com/wp-content/uploads/ImmigrantsALP_NBER_20200706.pdf
https://www.dropbox.com/s/5d2v2jrt80yyluh/CityLocation.pdf?dl=0
https://www.dropbox.com/s/5d2v2jrt80yyluh/CityLocation.pdf?dl=0
https://www.dropbox.com/s/5d2v2jrt80yyluh/CityLocation.pdf?dl=0

Back to the future

" Spatial growth is about two questions:

1. How does the spatial distribution of economic activity affect the
macroeconomy?

2. How does the macroeconomy affect the spatial distribution of
economic activity?
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