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Technological spillovers and growth

Consider the Mankiw-Romer-Weil (1992) production function:
Y; = AKSH] L0, (1)

where Y; is the GDP of region i, A; the technological progress, K; the
stock of physical capital, H; the stock of human capital, and L; the
number of worker.

GDP per worker y; = Y;/L; is therefore:

yi:Aikiah,@v (2)

where k; = K;/L; and h; = H;/L;.
Expressing Eq. (2) in growth rates (e.g., g,, = Ayi/yi):

log (14 g,) = log (1 + ga;) + alog (14 gx) + Blog (1 + &) (3)

Differential GDP per worker growth among regions is expressed as
heterogeneity in ga,, gk, and gp,.
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Growth rate of technology ga,

Romer, 1986: /ocal learning by doing and uniform diffusion of knowledge:
Ai:@(kivK)a (4)
where k; is regional knowledge and K aggregate knowledge and they are

proxied by the level of physical capital per worker.
Ertur and Koch, 2007: /ocal learning by doing and local diffusion of technology:

A=A (1+g) kML AT, (5)
where p measures the intensity of spatial technological spillovers and wj; the

proximity between region i and region j.

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

] R A piWij
A= ATT (22) " oo (ap = ). (6)
=1 M
where p; measures the absorptive capacity of region i of taking technology from
R&D

abroad, A7® is proxy for technological frontier, and s;*" the share of income
invested in R&D.
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Growth rate of technology ga. (cont.)

Consider the following general formulation:
O R Mw; Py
Ai = Qik{ M AZE K (7)

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

an () (-
log Q + (9—1—;\k\N> (logy — log h)] ) (8)

where A, M2, 2k y, h are 1 x R vectors.

X

Therefore, the growth rate of technological progress is:

log (1 + gam) = Gam = Gam + 0Ggm + AW Gam + AW Gym. (9)
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Growth rate of capital gy

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

N —
K/ an <rlarj7 i F d ) (10)

where N is the number of regions, r; is the return on physical capital of
region j, 7 the international reference return on capital, and d,f is a measures
of the frictions in the capital flows from region j to region /.

Assume that:

X+

@ the marginal rule of determination of real return on physical capital holds,

ie.
Oy a—1,8
= G = oAk (11)
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Physical Capital Mobility

Convergence process of r;

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

ri=(1- qﬁ") log r;—r + ¢* log F + n;, (12)
where:

@ 7 > 0 is the time lag in the convergence process;

@ ¢* € (0,1) is the parameter measuring the frictions in capital mobility of
region i (¢* = 1 no frictions);

@ 7; is a random component reflecting idiosyncratic shocks to region /.
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Labour Mobility

Growth rate of human capital gy,

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

Lo -
H Zn (ehe_n i _/7e_ad:>7 (13)

where g; is the return on human capital of region j, w the international
reference return on capital, and d,-j? 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.:

dy;
Oh;

e = — = BAKFH L (14)
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Labour Mobility

Convergence process of ¢;

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

e =(1—¢°)logei_, + ¢°logé + ¢, (15)
where:

@ 7 > 0 is the time lag in the convergence process;

@ ¢° € (0,1) is the parameter measuring the frictions in labour mobility of
region i;

@ ¢; is a random component reflecting idiosyncratic shocks to region /.

Key issue

@ What about regional labour markets? We can have a g;...
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[ELLITRVLIAA  Aggregate Behaviour

Aggregate behaviour of R small economies

@ Assume the existence of an aggregate production function such that:
7 — AR°RP, (16)

where A, k, and h are the average technological progress, physical and
human capital per worker.

@ Also assume that:

__ Oy

== 17

=2, (17)
and 95

= y

= —=. 18

&=oF (18)
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[ELLITRVLIAA  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, g,v ~ gii — 8k follows:

log (1 + gk,M) = olog (1 + gA,M) +mlog(l+gr)+
+ 2log A +slogy . +yaloght! +ii;,  (19)
while deviation of human capital growth rate, gym =~ gy — gh:
log (1 + ghlgw) = Jplog (1 + gA,M) + 91 log (1 4 g7) +
+ drlog A,-AfT + 03 Iogy,-"i’T + d4log h,-AfT + €, (20)

where gau ~ ga — Ba, the elements of v and J are complex function of a, 3, ¢,
¢, and 7j; and & are linear transformation of 7; and e;.
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Agaregate Behaviour
The growth rate of GDP per worker g,

Taking all together, we get:
Gym =c+AWGym + uoyf’,r + ul)\Wyﬂ_ + uzhﬁ”_,_ + /L3)\WI1A_/’T + e,

where ¢ collects fixed and time effects (e.g. log (1 + g7), Ggwm, ...), Ais a
(linear) function of A and Ak, the elements of y are function of v and 4.

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

gm~c+ AWgym + uoyﬂ_ + ,ul)\Wyﬁ/’_,_ + /I,Qh’\_/’_’_ + ;L3)\Wh"_/’_,_ +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 A as a vector of coefficients reflecting
regional absorbing capacities.
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[ELLITRVLIAA  Aggregate Behaviour

Econometric model

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

gmie = G+ dit+ M1+ 0AC)Wigym , + pologyi! , +
+ A1+ 6AG)W;logyM,  + uolog h¥ _ + (22)
+ A1+ 0AC)W;loghM,__ + €.

The estimation of this model is not standard for the presence of A(1 + JAG;).
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