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Abstract

Antonelli and Quatraro (2010) apply a specific methodology to identify the effects
of biased technological change on productivity growth. However, this method has been

criticized by Li and Ji (2014). This research note is a reply to their critique.
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1 Three compared models

This section describes three methods to measure total factor productivity (T'FP) devel-
oped in Solow (1957), Antonelli and Quatraro (2010) and Li and Ji (2014).

Solow (1957) assumes a generic aggregate production function of the form:

Y = F(K,L,t), (1)

where Y is the output; K is the capital input in physical units; L is the labor input in phys-
ical units and ¢ is the technical change i.e. “any kind of shift in the production function”
(Solow, 1957:312). However, after the contribution of Acemoglu (1998) it is become clear
that also a change of endowments of inputs affects the technological change. Therefore,
also in Solow (1957) the most general formulation of the total factor productivity (T'F P)
does not consider the baised technological change (BT'C). Although there may emerge
some inconsistencies between the claim text and equations (see footnote 2), they have a
minor and marginal role in the Solow (1957)’s analysis since BT'C' identification was not in
the propose of the empirical analysis. Moreover, before Acemoglu (1998)’s paper the BTC
definition has been offered by Hicks (1932). However, he refers to changes of techniques
and not of technologies (Salter 1960).

In further calculations, he implicitly assumes a Cobb-Douglas production function. In
this paper I set the same assumption. Solow assumes constant returns to scale, as in the
two models analyzed below. Let oy and (; define, respectively, the output elasticity of

capital and of labor at time ¢. So, az =1 — 3;. Solow’s T'F'P can thus be written as:

TFPS = Fy =y — K — 1, (2)

where lowercase letters refer to the logarithm of the corresponding uppercase letter vari-
ables, e.g. y; = In (Y;). The superscript S indicates that equation (2) is the T'F' P identified
by Solow. It is clear that the T'F' P exactly measures the neutral shift effect of technological
change.

Antonelli and Quatraro (2010), henceforth AQ (2010), criticized Solow’s method. In
particular, they point out that equation (2) does not take into account all the possible
effects of technological change. More specifically, they state that Solow’s methodology
does not consider the introduction of BT'C as a form of technological change. Indeed, only
when the output’s elasticity is kept constant can the difference between the historic output,
yt, and the actual theoretical output, k' + lf 9 measure the effects of the introduction of
BTC'. That is to say, according to AQ (2010), the correct TFP is:



TFP? = y — ko — 10
= y— ktat o ltﬁt +ktat +ltﬁt _ k?o _ ltﬁo
= Btk — kO 1) -1, (3)

where the superscript AQ indicates that the equation (3) is the TF P identified by AQ
(2010). The difference between (2) and (3) comes from a different definition of theoretical
output. If the new output of elasticity of the most abundant factor is higher (lower) than
the previous one then the TFPtAQ increases (decreases). Nevertheless, this does not derive
from the shift effect a la Solow, but from the biased effect of technology. So, I can write the
TFPtAQ as the sum of two effects: the shift effect, TF P, and the biased effect, BT C’tA Q,
that is the object of the AQ (2010) paper. Then:

TFP/? = TFP? + BTC{“. (4)

For this feature AQ (2010) call the TF PtAQ as the total-TFP.

Li and Ji (2014), henceforth LJ (2014), criticized AQ (2010) paper.! In particular,
they argued that TF P accounts for non-neutral shifts of the production function.> They
state that the correct TF'P is:

TFPF =y — kg — Iy
L e A T O T
= Bk kg1 -1 (5)

where the superscript L.J indicates that the equation (5) is the T'F'P identified by LJ

'This criticism also concerns Antonelli (2006, 2012) and Antonelli and Quatraro (2013). In particular,
LJ (2014) reject the AQ (2010) assumption that Solow considers only neutral shifts of the production
function.

?Probably Solow is unclear in the paper on this aspect but, as I show above, Solow assumes only neutral
displacements of the production function. However, the Solow paper may lead the reader to consolidate
their wrong interpretation. Below, there are some examples of the above statement. “The reader will note
that I have already drifted into the habit of calling the curve of Chart 2 AA/A instead of the more general
AF/F. In fact a scatter of AF/F against K/L (not shown) indicates no trace of a relationship. So I
may state as a formal conclusion that over the period 1909-49, shifts in the aggregate production function
netted out to be approximately neutral. Perhaps I should recall that I have defined neutrality to mean that
the shifts were pure scale changes, leaving marginal rates of substitution unchanged at given capital/labor
ratios” (Solow, 1957:316). “For comparison, Solomon Fabricant has estimated [...]. Not only he does
the usual choice of weights for computing an aggregate resource-input involve something analogous to my
assumption of competitive factor markets, but in addition [...] seem tacitly assume (a) that technical
change is neutral [...]” (Solow, 1957:317).



(2014).3 The main difference between (2) and (5) is, once again, in the different definition
of theoretical output. Similarly to AQ (2010), their proposal leads to two effects: the shift
effect and the biased effect.* Therefore, with the exception of superscripts, equation (4)
holds.

However, the decomposition presented in (5) is in contrast to the rest of the paper.
Indeed, if the first part of the paper shows that Solow’s method is applicable also in a non-
neutral technological contest, the second part of the paper seems to sustain the opposite
thesis. Indeed, the equation TF P/ = TFPS 4+ BTC[ is consistent with the idea of AQ
(2010).

2 Why the new method is wrong

Equations (3) and (5) show that Solow’s method does not calculate the BTC' effect on
TFP. However, the two models use two different definitions of T'F P, therefore there are
two possible formulations about the BT'C. In particular, AQ (2010) calculate the BTC

as follows:

BTCA? =TFP —TFPS. (6)

When BTC’;‘ “ina region is above (below) zero, then the direction of the technological
activity is right (wrong). This can be observed in equation (3). Assume that an input,
e.g. kg, has a relatively high value and that the corresponding elasticity of output, e.g. ay,
increases (decreases). Thus, under constant return to scale, the other output of elasticity,
e.g. [, decreases (increases). The biased effect therefore includes two opposite effects.
Indeed, the first effect (increase of o) implies an increase of efficiency of k; but the second
effect (reduction of 3,) implies the reduction in relative efficiency of I;. However, by k; > I,
the first effect is larger. Consequently, the biased effect amplifies (reduces) the total effect.
Therefore, the technological change is consistent with the factor endowment. Of course,
the reverse is true if the input has a relatively low value.
Using the same methodology, LJ (2014) calculate the biased effect through:

BrCl =TFPL —TFPP. (7)

Also in equation (7) the critical value is zero. When BT'C{” in a region is above (below)

zero, then the direction of the endowment factors is right (wrong). Then, the technology is

3However, a similar method has already been used by Bernard and Jones (1996).
'In reality, LJ (2014) do not write the TFPF7 with a logarithmic form; so they formulation would not
allow split the two effects as a sum.



appropriate whether the technology progress is in accordance with the factor endowment.
This can be observed in equation (5). Therefore, the biased effect amplifies (reduces) the
total effect. Of course, if the elasticity of the output has a relatively low value, the opposite
is true. Note that both wording and intuition of BTC}’ are symmetrical to the results in
AQ (2010). The only difference between (3) and (5) lies, as already mentioned above, in
the explanation of the biased effect.

The TFP calculated with the last methodology is hard to justify. Indeed, calculating
the change of production factors to analyze the change in technology is at best audacious.
In particular, there are several reasons for which the inputs increase endogenously and
only one of these reasons derives from technological change. The production factors, then,
vary not only if the technology changes, but also if the relative cost of factors and/or
the budget endowment is modified. So, it may happen that the technological activity
is characterized by the right directionality but factor endowment is characterized by the
opposite directionality (and vice versa). The methodology in LJ (2014) therefore only
measures the true biased direction if the factor’s budget and the costs are constant over
time. These problems do not occur in the methodology developed in AQ (2010).

In addition, even if the change of factors is exogenous, there is no reason to sustain
that the increase of a production factor leads to a reduction of the other factor.

As a final remark, the LJ (2014) method might be useful if the focus of the paper
is not on technological change but on how the direction of the technology influences the
variation of inputs. Indeed, L.J (2014) show how the inputs vary, but they do not provide

any information regarding the motivation for this change.

3 Conclusion

In this note, I show that the criticism of LJ (2014) probably derives from a misunder-
standing of Solow’s paper and it is unjustified. Indeed, after the contribution of Acemoglu
(1998), the Solow’s framework is insufficient to measure all technological effects on T'F P.
Nonetheless, the critique that emerge in LJ (2014) implicitly show how the factor endow-
ment changes within a region and if this variation is consistent with the technology in that
region. Therefore, using the idea underlying the paper of AQ (2010), LJ (2014) method
can to distinguish if the factors’ endowment increases by technological reason or by other

reasons.
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