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Technological spillovers and growth

Consider the Mankiw-Romer-Weil (1992) production function:

Yi = AiK
α
i H

β
i L

1−α−β
i , (1)

where Yi is the GDP of region i , Ai the technological progress, Ki the
stock of physical capital, Hi the stock of human capital, and Li the
number of worker.
GDP per worker yi ≡ Yi/Li is therefore:

yi = Aik
α
i h

β
i , (2)

where ki ≡ Ki/Li and hi ≡ Hi/Li .
Expressing Eq. (2) in growth rates (e.g., gyi ≡ ∆yi/yi ):

log (1 + gyi ) = log (1 + gAi
) + α log (1 + gki ) + β log (1 + ghi ) (3)

Differential GDP per worker growth among regions is expressed as
heterogeneity in gAi

, gki , and ghi .
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Growth Rate of Technology and Technology Diffusion

Growth rate of technology gAi

Romer, 1986: local learning by doing and uniform diffusion of knowledge:

Ai = ϕ (ki ,K ) , (4)

where ki is regional knowledge and K aggregate knowledge and they are
proxied by the level of physical capital per worker.
Ertur and Koch, 2007: local learning by doing and local diffusion of technology:

Ai = A0 (1 + g)t kθi ΠR
j=1A

ρwij

j , (5)

where ρ measures the intensity of spatial technological spillovers and wij the
proximity between region i and region j .

Ertur and Koch, 2011: local diffusion of technology and local absorptive
capacity :

Ȧit = λ

R∏
j=1

(
Ajt

Ait

)ρiwij

sR&D
it (Amax

it − Ait) , (6)

where ρi measures the absorptive capacity of region i of taking technology from
abroad, Amax

it is proxy for technological frontier, and sR&D
it the share of income

invested in R&D.
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Growth Rate of Technology and Technology Diffusion

Growth rate of technology gAi
(cont.)

Consider the following general formulation:

Ai = Ωik
θ
i ΠR

j=1A
λA
i wij

j ΠR
j=1k

λk
i wij

j . (7)

where Ωi is a region specific effect. Solving for the level of technological progress:

log A =

(
α

α + θ

)[
I−
(
αλA − λk

α + θ

)
W

]
×

×

[
log Ω +

(
θ + λkW

α

)
(log y − log h)

]
, (8)

where A, λA, λk , y, h are 1× R vectors.

Therefore, the growth rate of technological progress is:

log (1 + gAM ) ≡ GAM = GΩM + θGkM + λAWGAM + λkWGkM . (9)
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Physical Capital Mobility

Growth rate of capital gki

In an open economy the growth rate of physical capital gki depends on the
inflows an outflows of capital, which can be modelled as:

K̇i =
N∑
j=1

ηk

(
+
ri ,

−
rj ,

+

Ki ,
+

Kj ,
−
r̄ ,

−
dk
ij

)
, (10)

where N is the number of regions, rj is the return on physical capital of
region j , r̄ the international reference return on capital, and dk

ij is a measures
of the frictions in the capital flows from region j to region i .
Assume that:

the marginal rule of determination of real return on physical capital holds,
i.e.:

ri =
∂yi
∂ki

= αAik
α−1
i hβi . (11)
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Physical Capital Mobility

Convergence process of ri

From Eq. (10) it is possible to take an approximation of the convergence process
of ri to r̄ as the following:

ri =
(
1− φk

)
log ri,−τ + φk log r̄ + ηi , (12)

where:

τ > 0 is the time lag in the convergence process;

φk ∈ (0, 1) is the parameter measuring the frictions in capital mobility of
region i (φk = 1 no frictions);

ηi is a random component reflecting idiosyncratic shocks to region i .

Fiaschi-Parenti-other The Economics of European Regions 03/12/2019 6 / 12



Labour Mobility

Growth rate of human capital ghi

In an open economy the growth rate of human capital ghi depends on migration,
In an open economy the growth rate of physical capital gki depends on the
inflows an outflows of human capital, which can be modelled as:

Ḣi =
N∑
j=1

ηh

(
+
ei ,

−
ej ,

+

Hi ,
+

Hj ,
−
ē ,

−
dh
ij

)
, (13)

where ej is the return on human capital of region j , w̄ the international
reference return on capital, and dh

ij is a measures of the frictions in the human
capital flows from region j to region i .
Assume that :

the marginal rule of determination of return on human capital holds, i.e.:

ei =
∂yi
∂hi

= βAik
α
i h

β−1
i . (14)
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Labour Mobility

Convergence process of ei

From Eq. (13) it is possible to take an approximation of the convergence process
of ei to ē as the following:

ei = (1− φe) log ei−τ + φe log ē + εi , (15)

where:

τ > 0 is the time lag in the convergence process;

φe ∈ (0, 1) is the parameter measuring the frictions in labour mobility of
region i ;

εi is a random component reflecting idiosyncratic shocks to region i .

Key issue

What about regional labour markets? We can have a ēi ...

Fiaschi-Parenti-other The Economics of European Regions 03/12/2019 8 / 12



Labour Mobility Aggregate Behaviour

Aggregate behaviour of R small economies

Assume the existence of an aggregate production function such that:

ȳ = Āk̄αh̄β , (16)

where Ā, k̄, and h̄ are the average technological progress, physical and
human capital per worker.

Also assume that:

r̄ =
∂ȳ

∂k̄
, (17)

and

ē =
∂ȳ

∂h̄
. (18)
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Labour Mobility Aggregate Behaviour

Aggregate behaviour of R small economies (cont.)

Then, the deviation of capital growth rate of region i with respect to the average
growth rate, gkM

i
≈ gk i − ḡk follows:

log
(

1 + gkM
i

)
= γ0 log

(
1 + gAM

i

)
+ γ1 log (1 + gr̄ ) +

+ γ2 logAM
i−τ + γ3 log yM

i−τ + γ4 log hMi−τ + η̃i , (19)

while deviation of human capital growth rate, ghMi ≈ ghi − ḡh:

log
(

1 + ghMi

)
= δ0 log

(
1 + gAM

i

)
+ δ1 log (1 + gr̄ ) +

+ δ2 logAM
i−τ + δ3 log yM

i−τ + δ4 log hMi−τ + ε̃i , (20)

where gAM
i
≈ gAi − ḡA, the elements of γ and δ are complex function of α, β, φk ,

φk , and η̃i and ε̃i are linear transformation of ηi and εi .
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Labour Mobility Aggregate Behaviour

The growth rate of GDP per worker gyi

Taking all together, we get:

GyM = c + λWGyM + µ0yM
−τ + µ1λWyM

−τ + µ2hM
−τ + µ3λWhM

−τ + e,

where c collects fixed and time effects (e.g. log (1 + gr̄ ), GΩM , ...), λ is a
(linear) function of λA and λk , the elements of µ are function of γ and δ.

Taking the standard approximation log (1 + x) ≈ x :

gyM ≈ c + λWgyM + µ0yM
−τ + µ1λWyM

−τ + µ2hM
−τ + µ3λWhM

−τ + e, (21)

At the end we get an econometric model very similar to a Spatial Durbin
Model, but with fixed and time effects and possibly spatial autocorrelated
errors, and, more importantly, with λ as a vector of coefficients reflecting
regional absorbing capacities.
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Labour Mobility Aggregate Behaviour

Econometric model

Inspired by theoretical model we estimate the following econometric model for the
(relative) growth of GDP per worker:

gyM ,it = ci + dt + λ(1 + δACi )WigyM ,t + µ0 log yM
it−τ +

+ µ1λ(1 + δACi )Wi log yM
t−τ + µ2 log hMit−τ + (22)

+ µ3λ(1 + δACi )Wi log hM
t−τ + εit .

The estimation of this model is not standard for the presence of λ(1 + δACi ).
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