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Introduction

In recent decades (90s-20), we have seen developing countries growing, at the same
time increase in trade openness, increase in internal migration, large aggregate TFP
growths

I Examples: Vietnam, Laos, Philippines, China and more

Part of aggregate economic development is shaped by the dynamics of the
distribution of economic activity in space

I Regions are different: exposed to trade, internal migration, local characteristics

In this study we want to understand/quantify the role of spatial growth on
aggregate economic activity



This paper

Develop a tractable dynamic spatial growth model to understand the role of trade, internal
migration and factor accumulation for the process of economic development

I The best global and local ideas contribute to the local stock of knowledge
I Global ideas diffuse more to locations that are relatively more exposed to international

trade
I Workers learn about local ideas and diffuse these ideas across space when they migrate

Embed diffusion of ideas process into a spatial framework with trade, forward looking
migration and endogenous capital accumulation

I Local stock of ideas characterized by a tractable system of difference equations
I Existence and uniqueness of the balanced growth path

Application: Study China’s aggregate and spatial development over the 90s and 00s
I Quantify the importance of our mechanisms for China’s growth
I Provide empirical evidence on ideas diffusion thru trade and migration
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Roadmap

Model
I Start describing the process of innovation and diffusion
I Production, factor demand, supply and trade
I Evolution to the local stock of knowledge with trade and migration
I Characterize the equilibrium properties of the model

Application
I Data
I Results
I Empirical evidence on ideas diffusion



Ideas diffusion

Single economy, continuum of varieties produced

For each variety, a large set of potential producers
I Producers have heterogeneous ideas/productivities to produce
I Denote by q the productivity of an idea to produce a variety

Between time t and t + 1, producers interact with other agents and get exposed to
new ideas

I The number of new ideas exposed and the productivity of them are stochastic
(randomness in usage of new ideas)

The productivity of a new idea is zq′ρ

I z is the original component; draw from exogenous distribution H(z)
I q′ is an insight drawn from external source distribution Gt(q′)
I ρ captures the contribution of the quality of insights from others to the productivity of

new ideas



Ideas diffusion
Assumption 1
a) Internal distribution H(z) of original ideas is Pareto

H(z) = 1−
(z

z̄

)−θ
,

z̄ is the lower bound of the support, θ > 1 is the shape parameter

b) Strength of ideas diffusion, ρ ∈ [0, 1)

c) Number of new ideas arriving between t and t + 1 follows a Poisson distribution with mean
Λt = αt z̄−θ

d) Source distribution has sufficiently thin tail

Let Ft(q) denote the fraction of varieties whose best producer has productivity no greater
than q

Frontier of knowledge



Ideas diffusion

Under Assumption 1, one can show (Proposition 1) that Ft(·) is Fréchet at any t ,

Ft(q) = exp
(
−Atq−θ

)
Scale parameter θ, location parameter At

The law of motion for the stock of knowledge is given by

At+1 = At + αt

∫ ∞

0
x ρθdGt(x)

Faster growth with arrival of new ideas αt and better insights (from source
distribution)

I Importantly, no need to specify the external source distribution yet



Production and trade structure
We now consider an economy with N locations indexed by i , and n

At i , distribution of productivity is Fréchet Fi ,t(q) = e−Ai ,tq−θ

I Use results from Eaton and Kortum (2002)

Production of an intermediate variety with efficiency q

yi ,t = qi ,t
(

Lξ
i ,tK

1−ξ
i ,t

)γ
M1−γ

i ,t ,

Li ,t , Ki ,t , and Mi ,t are the input demands γ is the input share, ξ labor shares
Unit price of input bundle is

xi ,t = B
(

w ξ
i ,tr

1−ξ
i ,t

)γ
P1−γ

i ,t

I Trade is costly, κin
F Cost of purchasing a variety with efficiency q from n given by

κinxn,t /q



Production and trade structure

Searching for the lowest cost supplier we obtain fraction of goods purchased in
location i from location n

λin,t =
An,t (κinxn,t)

−θ

∑N
h=1 Ah,t (κihxh,t)

−θ

Price index is given by

Pi ,t =

(
N

∑
n=1

An,t (κinxn,t)
−θ

)−1/θ



Goods and factor demand

Total expenditure on goods at i

Xi ,t = (1− γ)
N

∑
n=1

λni ,tXn,t + wi ,tLi ,t + ri ,tKi ,t

Labor demand

wi ,tLi ,t = ξγ
N

∑
n=1

λni ,tXn,t ,

Capital demand

ri ,tKi ,t = (1− ξ)γ
N

∑
n=1

λni ,tXn,t ,



Factor supply - capital accumulation

Landowners, log utility, see Kleinman, Liu and Redding (2021), Moll (2014) have access to
an investment technology in local capital (capital structures)

I In each location, atomistic landowners with log utility

max
{Ci ,t ,Ki ,t+1}∞

t=0

U =
∞

∑
t=0

βt log (Ci ,t) ,

s.t. ri ,tKi ,t = Pi ,t (Ci ,t + Ki ,t+1 − (1− δ)Ki ,t) ,

I Policy functions given by

Ci ,t = (1− β) (ri ,t /Pi ,t + (1− δ))Ki ,t ,
Ki ,t+1 = β (ri ,t /Pi ,t + (1− δ))Ki ,t ,

Ki ,0 = given.

Capital accumulation shapes part of the spatial distribution of economic activity



Households’ dynamic labor supply decision
Value of household at time t is given by

vi ,t = log(wi ,t /Pi ,t) + max
{n}Nn=1

{βEt [vn,t+1]−min + νεn,t}

I min mobility costs, εn,t amenity shocks Type I EV with dispersion ν

Aggregation: Vi ,t+1 ≡ Et [vi ,t+1], expected value of the HH (over εi ,t )

Vi ,t = log (wi ,t /Pi ,t) + νlog
(

N
∑
n=1

exp (βVn,t+1 −min)
1/ν

)

µin,t =
exp (βVn,t+1 −min)

1/ν

∑N
l=1 exp (βVl ,t+1 −mil )

1/ν

Evolution of the distribution of labor across markets

Li ,t+1 =
N
∑
n=1

µni ,tLn,t



Trade and migration with ideas

Consider the case where producers in location i obtain new insights from two sources

q = zqρ`
` qρm

m ,

They represent two different sources of (independent) ideas
I Sellers - ideas from producers in other locations are embedded in imported intermediate

varieties
I Migrants - carry insights around as they arrive in a new location

ρ`, ρm capture the learning intensity from both types of insights; with ρ` + ρm < 1
We now can obtain that the local stock of knowledge evolves over time as

An,t+1 − An,t = αt

∫ ∞

0

∫ ∞

0

(
qρ`
` qρm

m
)θ

dGn,t(q`, qm)



Trade and migration with ideas

Assume q` insights from people, qm insights from goods (Buera and Oberfield, 2020)
At the end of t , when a household from i decides to move to n, she carries an insight q′`

I a draw from frontier distribution of i , Fi ,t(q`)
At time t , in n, when a new idea arrive, producers randomly meet others currently living in
n, and the insight from this person is the insight component of the new idea. Hence,

Gn,t(q′`) =
N
∑
i=1

sin,tFi ,t(q′`)

where sin,t =
µin,tLi ,t

∑N
h=1 µhn,tLh,t

is the share of workers in location n that arrived from i at the end of

period t



Trade and migration with ideas

The evolution of the stock of knowledge at each location is given by

An,t+1 − An,t = αt Γρ

[
N
∑
i=1

sin,t (Ai ,t)
ρ`

]
︸ ︷︷ ︸

people

[
N
∑
i=1

λni ,t

(
Ai ,t
λni ,t

)ρm
]

︸ ︷︷ ︸
goods

.

where Γρ is a constant

Assumption 3 Assume αt has constant growth rate gα, namely,

αt = α0(1 + gα)
t .

We now define the equilibrium of the dynamic spatial growth model



Equilibrium

Equilibrium Given an initial distribution of the stock of knowledge {Ai ,0}N
i=1, factor endowments

{Li ,0, Ki ,0}N
i=1, fundamentals {α0, mn,, κin}N,N

i=1,n=1 , parameters and elasticities (ρ`, ρm, θ, ν, γ, ξ, β), the
sequential competitive equilibrium of the dynamic multi-country trade growth model is characterized by a
sequence of values, factor prices, goods prices, labor allocations, capital stocks, and stock of knowledge,{

Vi ,t , wi ,t , ri ,t , Pi ,t , Li ,t , Ki ,t , Ai ,t
}N,∞

i=1,t=0, that satisfy equilibrium conditions (1-7)



Equilibrium

Balanced Growth Path (BGP). Along the balanced growth path all equilibrium variables growth at a

constant rate, the stock of knowledge 1 + gA = (1 + gα)
1

(1−ρl−ρm) , capital stock 1 + gk = (1 + gA)
1

θξγ , and

values 1 + gv = (1 + gA)
1

θξγ(1−β) .

Proposition 2: Existence and uniqueness of BGP (up to scale)
Sketch of proof. Use results from Allen and Arkolakis (2021) and Kleinman et. al. (2022),
show that the spectral radius of the matrix of elasticities of the nonlinear system at the BGP is
equal to 1

6 Eigenvalues

Eigenvalues = (1, 1, −b ±
√

b2 − 4ac
2a , 0, ρ` + ρm)

where a = β + ν + θγνξ, b = −ν(1 + β− γξ(1 + θ(1− β))), c = β(ν− 1− γξν(1 + θ))
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Equilibrium
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Quantitative application: Sources of the China shock



Sources of the China shock

During the 1990s and far into the 2000s, China underwent a considerable economic transformation
During this time, China experienced fast economic growth, sustained capital accumulation,
shifts in the spatial relocation of inputs and production, an increasing role in product
markets, and trade openness
Recent literature has studied the effects of the China shock on economic outcomes across the
world

I Caliendo and Parro (2022) - forthcoming ARE
How important was international trade (access to cheaper intermediate goods) for China’s
development?
How important was internal migration for China’s development?

Use our spatial growth model to study: How China would have developed absent of the changes
to trade and migration that occurred after the 90’s



Data source

Model for the year 1990, with 30 provinces and one rest-of the world

I Migration: five-years mobility rates across provinces in China from the 1 percent sample
of the 1990 Census from IPUMS

F Condition on Hukou status Model with Hukou

I Exports and imports between provinces and RoW, and production and employment
from the China compendium of statistics

Elasticities/parameters: 5-year discount factor β = 0.86, trade elasticity θ = 4.55, we set the
dispersion of taste shocks 1/ν = 0.15, gα = 0.013 from the 90’s (Great moderation) in the
U.S., γ = 0.38 and ξ = 0.54, values from the year 1990 EORA world’s aggregates



Internal migration in China

Figure: Mobility across provinces in China (1985-1990)

Note: 1990 Census from IPUMS. The left axis show the origin and the right axis show the destination provinces. Scale 1 = 10,000.



Stock of knowledge
We obtain the initial province level stock of knowledge as

An,1990 = Bλnn,1990

(
realGDPn,1990

Lξ
n,1990K1−ξ

n,1990

)θγ
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Elasticities/parameters

Let Θ ≡ (α0, ρm, ρl )
′ set of parameters that we want to estimate

I Moment conditions or orthogonality conditions as gN
(
Θ̂
)
≡ (1/N) h

(
vt , Θ̂

)
I h

(
vt , Θ̂

)
is a vector of moment conditions and vt ≡ (λin,t , sni ,t , Ai ,t , Ai ,t+1)

′

Θ̂ = arg min : gN
(
Θ̂
)′WgN

(
Θ̂
)

I Estimates for the period 1990-2000, using five moment conditions : 1) average change in
fundamental TFP, 2) average growth rate in fundamental TFP, 3) variance in the time
changes in fundamental TFP, 4) covariance between the initial fundamental TFP and the
change in fundamental TFP, 5) covariance between the initial fundamental TFP and the
growth rate in fundamental TFP

I Estimate ρl = 0.2, ρm = 0.61, and α0 = 0.18



Quantifications

Structural diff-in-diff - Dynamic Hat Algebra (CDP 2019)

Initial year 1990
I Baseline economy

F Solve for evolution of the Chinese economy with 1990 fundamentals
F Do not impose the Chinese economy is on a balance growth path

I Counterfactual economy

F Head-Ries index to infer changes in trade and internal migration costs
F How observed changes in international trade costs from 1990-2010 contributed to

growth
F How observed changes in international migration costs from 1990-2000 contributed

to growth



Spatial distribution of economic activity
Data: GDP Shares in 1990

< 0.7%
0.7−1.7%
1.7−2.1%
2.1−2.7%
2.7−3.7%
3.7−5.2%
5.2−8.3%
8.3−10%
> 10%

Data: GDP Shares in 2010

< 0.7%
0.7−1.7%
1.7−2.1%
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3.7−5.2%
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8.3−10%
> 10%

Model: GDP Shares in 2010

< 0.7%
0.7−1.7%
1.7−2.1%
2.1−2.7%
2.7−3.7%
3.7−5.2%
5.2−8.3%
8.3−10%
> 10%



Aggregate growth (Baseline Economy)

Table: Annual GDP Growth Rate

90-95 90-00 90-05 90-10 90-15 90-20

Actual GDP growth 12.3% 10.4% 10.2% 10.5% 9.9% 9.3%

With fundamentals at 1990 10.6% 10.1% 9.6% 9.2% 8.9% 8.6%

W/o ideas from people (ρl = 0 ) 8.7% 8.0% 7.4% 6.9% 6.5% 6.2%

W/o ideas from goods (ρm = 0 ) 6.4% 5.4% 4.7% 4.1% 3.7% 3.4%

W/o capital accumulation 5.0% 4.9% 4.7% 4.6% 4.5% 4.5%
Source: World Development Indicators and own calculations



Spatial growth and contribution

Annual GDP growth rate: 1990 - 1995
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Spatial growth and contribution

Annual GDP growth rate: 1990 - 2000
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Spatial growth and contribution

Annual GDP growth rate: 1990 - 2005
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Spatial growth and contribution

Annual GDP growth rate: 1990 - 2010
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Spatial growth and contribution

Annual GDP growth rate: 1990 - 2015
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Contribution to Growth: 1990 - 2015
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Spatial growth and contribution

Annual GDP growth rate: 1990 - 2020
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Contribution to Growth: 1990 - 2020
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Real GDP growth versus initial conditions
a) Real GDP growth versus initial stock of knowledge
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b) Real GDP growth initial trade openness c) Real GDP growth versus initial mobility



Findings and further quantifications

Initial conditions seem to be important to understand and quantify the process of
spatial development across economies

I Trade, migration, and capital accumulation interact in non-obvious ways

As China joins the WTO, how do provinces more exposed to trade developed
relative to the less exposed?

I Include observed reduction in trade costs

Because of Hukou, return migration might foster ideas flows back
I Include observed reduction in internal migration costs (“Hukou”)



Effects relative to baseline

a) Effects of reduction in trade cost vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 1995
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Difference from Baseline: Contribution to Growth 1990 - 1995
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b) Effects of reduction in Hukou vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 1995
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Difference from Baseline: Contribution to Growth 1990 - 1995
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Effects relative to baseline

a) Effects of reduction in trade cost vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2000
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Difference from Baseline: Contribution to Growth 1990 - 2000
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b) Effects of reduction in Hukou vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2000
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Difference from Baseline: Contribution to Growth 1990 - 2000
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Effects relative to baseline

a) Effects of reduction in trade cost vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2005
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Difference from Baseline: Contribution to Growth 1990 - 2005
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b) Effects of reduction in Hukou vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2005
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Difference from Baseline: Contribution to Growth 1990 - 2005
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Effects relative to baseline

a) Effects of reduction in trade cost vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2010
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Difference from Baseline: Contribution to Growth 1990 - 2010
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b) Effects of reduction in Hukou vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2010
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Difference from Baseline: Contribution to Growth 1990 - 2010
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Effects relative to baseline

a) Effects of reduction in trade cost vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2015
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Difference from Baseline: Contribution to Growth 1990 - 2015
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b) Effects of reduction in Hukou vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2015
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Difference from Baseline: Contribution to Growth 1990 - 2015
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Effects relative to baseline

a) Effects of reduction in trade cost vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2020
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Difference from Baseline: Contribution to Growth 1990 - 2020
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b) Effects of reduction in Hukou vs. baseline
Difference from Baseline: Annual GDP growth rate 1990 - 2020

S
ha

ng
ha

i
B

ei
jin

g
G

ua
ng

do
ng

Li
ao

ni
ng

T
ia

nj
in

H
ei

lo
ng

jia
ng

Z
he

jia
ng

F
uj

ia
n

Ji
lin

In
ne

r 
M

on
go

lia
Ji

an
gs

u
X

in
jia

ng
S

ha
nd

on
g

H
ub

ei
H

eb
ei

H
ai

na
n

Ji
an

gx
i

A
nh

ui
Y

un
na

n
S

ha
nx

i
H

un
an

Q
in

gh
ai

H
en

an
T

ib
et

G
ua

ng
xi

S
ha

an
xi

S
ic

hu
an

N
in

gx
ia

G
an

su
G

ui
zh

ou

-1

-0.5

0

0.5

1

pe
rc

en
ta

ge
 p

oi
nt

s

Difference from Baseline: Contribution to Growth 1990 - 2020
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Empirical Evidence of Ideas Diffusion

Provide reduced-form evidence of ideas diffusion from trade and migration
Use province-level patent data (China Statistics Yearbooks) as a proxy for the local
stock of knowledge
Measure of knowledge stock, An,t , cumulative approved patents at the province level
for each year over the period 1995-2010

I Compute the change in the stock of knowledge every five years from 1995 to 2010
I For the ROW: Google Patent from 1995-2010

Empirical specification:
log (An,t+1 − An,t) = τ + βm log λnn,t + βl log (migrationn,t) + τn + τt + εn,t .

Define log (migrationn,t) = log
[
∑N

i=1 sin,tAi ,t
]

I Expect βm < 0, βl > 0

We then separate immigration from natives, log (immigrationn,t) = log
[
∑N

i 6=n sin,tAi ,t
]



Empirical Evidence of Ideas Diffusion

a) Trade openness
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b) Internal migration
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Empirical Evidence of Ideas Diffusion
Table: Estimates of knowledge diffusion through trade and migration

log (An,t+1 − An,t )

(1) (2) (3)

log λnn,t -6.138*** -5.782**
(2.222) (2.296)

log (migrationn,t ) 0.353* 0.274*
(0.201) (0.153)

Constant 8.692*** 5.448** 5.960***
(0.113) (2.003) (1.535)

Observations 90 90 90
R-squared 0.544 0.473 0.564
Year FE X X X

Province FE X X X

Note: Robust standard errors in parentheses.



Empirical Evidence of Ideas Diffusion
Table: Diffusion through trade and local and non-local knowledge

(1) (2) (3) (4)

log λnn,t -5.234** -5.200**
(2.412) (2.399)

log (immigrationn,t ) 0.133* 0.128*
(0.076) (0.070)

log An,t 0.655*** 0.549*** 0.703*** 0.596***
(0.211) (0.185) (0.218) (0.189)

Constant 3.121* 3.825** 2.012 2.753
(1.775) (1.548) (2.049) (1.724)

Observations 90 90 90 90
R-squared 0.537 0.610 0.550 0.622
Year FE X X X X

Province FE X X X X

IV



Conclusion

Understanding economic development requires understanding the process by which
countries accumulate factors of production, and the process by which countries can
increase the productivity of such factors

Aggregate economic development is shaped by the dynamics of the distribution of
economic activity in space

We present a dynamic spatial growth model to study spatial development

I Model can be used to study the effects of trade and migration on aggregate growth

I Tractable and easy to take to the data



Ideas diffusion

Proposition 1 Under Assumption 1, between t and t + 1, the probability that the best new idea
has productivity no greater than q, given by

F best new
t (q) = exp

(
−αtq−θ

∫ ∞

0
x ρθdGt(x)

)
.

Proposition 1 shows that the probability distribution of the best new ideas is Fréchet

I Scale parameter θ, location parameter αt
∫ ∞

0 xρθdGt(x)
I Importantly, no need to specify the external source distribution yet



Details

Probability that the best new idea has productivity no greater than q is

F best new
n,t (q)
= Pr [all new ideas are no greater than q]

=
∞

∑
s=0

Pr[# new ideas = s] · Pr [all new ideas are no greater than q |# new ideas = s]

=
∞

∑
s=0

(αn,t z̄−θ)se−(αn,t z̄−θ)

s !
· F new

n,t (q)s

=
∞

∑
s=0

[αn,t z̄−θF new
n,t (q)]s · e−(αn,t z̄−θ)F new

n,t (q)

s !︸ ︷︷ ︸
=1

·e−(αn,t z̄−θ)(1−F new
n,t (q))

= e−(αn,t z̄−θ)(1−F new
n,t (q)).



Hukou status

Individuals with different Hukou status that we discipline in the data
I Equilibrium conditions of the dynamic labor supply decisions of workers given by

V H
i ,t = log(ψH

i wi ,t /Pi ,t) + νlog
(

N
∑
n=1

exp
(

βV H
n,t+1 −mH

in,t

)1/ν
)

,

µH
in,t =

exp
(

βV H
n,t+1 −mH

in,t
)1/ν

∑N
g=1 exp

(
βV H

g ,t+1 −mH
ig ,t

)1/ν
,

Li ,t+1 = ∑
H

N

∑
n=1

µH
ni ,tLH

n,t

back



Empirical Evidence of Ideas Diffusion

Recall

An,t+1 − An,t = αtΓρ`,ρm

[
N

∑
i=1

sin,t (Ai ,t)
ρ`

] [
N

∑
i=1

λni ,t

(
Ai ,t
λni ,t

)ρm
]

.

Taking logs on both sides, we obtain

log (An,t+1 − An,t) = log (goodsn,t) + log (peoplen,t) + log αt + log Γρ`,ρm ,

where log (goodsn,t) = log
[
∑N

i=1 λni ,t
(

Ai ,t
λni ,t

)ρm]
and

log (peoplen,t) = log
[
∑N

i=1 sin,t (Ai ,t)
ρ`
]

.

Specification

log (An,t+1 − An,t) = log (goodsn,t) + log (peoplen,t) + τt + τ + εn,t ,



Empirical Evidence of Ideas Diffusion

IV - fix the shares of trade and migration at the pre-period (1985)
Now log (goods) is defined as

log
[

N

∑
i=1

λni ,1985

(
Ai ,t

λni ,1985

)ρm
]

,

Now log (peoplen,t) is defined as

log
[

N

∑
i=1

sin,1985 (Ai ,t)
ρ`

]



Empirical Evidence of Ideas Diffusion

Table: Diffusion through trade and migration on knowledge growth

Dept. Var: log (An,t+1 − An,t) IV

log (goodsn,t) 0.390**
(0.162)

log (peoplen,t) 5.055***
(0.300)

Constant -4.157***
(1.034)

Kleibergen-Paap rk Wald F statistic 87.54
Observations 87
R-squared 0.935
Year FE X

back



The end

Thanks!


