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Abstract

Differences in productivity explain differences in per capita income. Productivity dy-
namics depends on the economy “s absorptive capacity and the productivity gap respect to
leading economies. We build a theoretical model of technology adoption that successfully
replicates the distribution of TFP gaps across developed and developing economies. The
model focuses on four factors that shape the absorptive capacity of a country and thus, its
possibility to catch-up with the leader, namely: quantity and quality of its stock of human
capital; microeconomic flexibility that favors the entry and exit of firms; and the overall
institutional environment that enhances/impedes R&D activities. For the calibration, the
US is considered the leading economy. Simulations of the model allow us to identify the
main bottlenecks faced by each country in its effort for catching-up. The major contribu-
tion of this work is to provide for each country an estimation of the productivity gain when
improving each of the factors explaining the absorptive capacity. Simulations conclude that
improving the quality of the education system and increasing the microeconomic flexibility
of the markets are top priorities for developing economies. These economies face further
problems to increase their level of productivity as they often have, simultaneously, other
factors determining productivity at a low level. On the other hand, developed countries
mainly have problems associated to microeconomic rigidities; though, these are not as se-
vere as in developing countries. Moreover, developed economies are favored by having the
other development factors at higher levels; for instance, quality and quantity of education.
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1 DMotivation

Differences in per capita income across the world have shaped the research agenda of economic
development area. The consensus today is that differences in total factor productivity (TFP)
seem to explain the largest fraction of per capita income gaps. The profession has been searching
for theories that explain these differences. When studying the process of productivity dynamics,
the adoption of advanced technologies appears as a natural vehicle to close these gaps. In this
type of model adoption is the engine of growth. The driving force of growth and income gaps
is the absorptive capacity of the economy, which is determined by the stock of human capital,

economic policies and quality of institutions.

While most of the literature focuses on explaining analytically the factors inducing more/less
adoption, there are fewer attempts to size the effects of these factors on TFP dynamics. This
paper attempts to fill this gap in the literature accomplishing two goals: First, building a simple
model that accounts for the underlying factors behind the TFP distribution across countries.
Second, measuring the contribution of each identified variable to explain the productivity gap
in a broad sample of developing and developed countries. The main goal here is to quantify for

every country the fraction of the gap that is explained by each of the factors mentioned above.

The analytical model of adoption builds upon four factors that explain the adoption absorptive
capacity of a country, namely: the stock of human capital, which depends on quantity and quality
of the education system, the institutional environment associated to technological adoption;
and the microeconomic flexibility of the economy. This last factor is related to all policies that
enhance the process of entry and exit of firms, thus facilitating the process of technology renewal.
We calibrate this model using the corresponding parameters of 33 countries; 11 developing and
22 developed economies, and we show that the proposed theoretical framework successfully
replicates the distribution of productivity gaps respect to the US. Then, we conduct two exercises
to assess the contribution of each factor in explaining the productivity gap with the US. The first
exercise assumes that all the economies are US like, that is to say, they have the same parameter
of a leading economy and, hence, the gap is equal to zero. Then we change one parameter to the
corresponding value for each economy and we count the effect of that change in the productivity
gap. We conduct this exercise for each parameter at the time. We also find that the sum of
all these effects is smaller than the gap to be closed as there is a complementarity effect that
arises when performing all policy reforms simultaneously. The second exercise starts with the
current situation of the country; that is, all parameters and variables are at their current level.

Consequently, the corresponding gap is the one observed in the data. Then, we change one



parameter at the time to the value of the leader’s and we quantify the change in the gap.

Both exercises show that challenges for developing and developed countries are different. De-
veloping countries have major differences in all development factors respect to the US, but they
need to put efforts mainly in improving their stock (quantity and quality) of human capital.
They do not only have considerably fewer years of schooling compared to the US, but they also
exhibit a poorer education system. These countries also show on average large microeconomic
rigidities that obstruct the process of entry and exit of firms and hence, the process of cre-
ative destruction. The model also generates complementarities between different policy actions.
These complementarities are especially relevant for developing countries, since they are lagged
in all areas of development. The policy implication of this fact is that policy improvements will

have larger effects when they are implemented together.

Developed countries, in contrast, show a different picture. Bottlenecks are less restrictive than
in the developing world. Nevertheless, microeconomic rigidities arise also in this group as a
main factor explaining TFP gaps; though this group performs better in this category than the
developing world. Moreover, this group tends to have better parameters in all other areas, which
reduce the negative effect of microeconomic rigidities on the TFP gap. In fact, many developed
countries perform better in some areas than the US. This is especially true for the quality of

the education system.

This paper continues the strand in the literature that focuses on TFP differences as the main
factor explaining per capita income differences (Knight et al, 1993; Islam, 1995; Klenow and
Rodriguez-Clare, 1997; Hall and Jones, 1999; Casselli, 2004 among others). Within the model for
TFP, there are several papers that stress the importance of the mentioned factors as promoters
or inhibitors of TFP improvement. For instance, Acemoglu (2009), and the references therein,
largely discusses the role of institutions in promoting the adoption activity. There is also a
large bulk of empirical and theoretical literature that emphasizes the effects of misallocation
of resources on the average productivity of the economy (see, for instance, Hopenhayn, 1992,
Parente and Prescott 2000, Lagos 2006, Banerjee and Duflo 2005, Jeong and Townsend 2007,
Restuccia and Rogerson 2008, Hsieh and Klenow, 2009, Bartelsman et al., 2008).

This paper is organized as follows: After this introduction, the next section outlines the an-
alytical model and discusses the main mechanisms under analysis. The third section presents
the simulations and the contrast with the data. Here, we discuss the main estimations and the
general performance of the proposed model. The fourth section uses the model to disentangle

the relative weight of each channel in explaining the TFP gap in every economy. We also derive



general lessons for the broader group of developing and developed countries. Section 5 presents

some concluding remarks.

2 The analytical model

The model follows closely Howitt (2000). Consider one small and open economy out of J
countries. This economy trades only the final consumption good and is open to capital flows.
The economy is composed of two types of sectors: An homogenous and competitive final goods
sector and an intermediate sector producing different qualities of inputs. The intermediate sector
comprises a continuum of monopolies producing the productive inputs and R&D firms trying

to improve the technologies embedded in these inputs.

Every firm is aware of the technologies available elsewhere. This awareness, however, does not
imply that technologies can be implemented or mastered for free. Everyone using a technology
has to have attained it through costly R&D. Technologies are general, and not rival. Techno-
logical progress results from the efforts made to adopt the technological frontier. This frontier
grows exogenously at the constant rate g. Technology adoption requires human capital to be

performed. We assume that human capital is heterogenous at the world level.

There is also a continuum of households that live infinitely. Households derive utility from the
consumption of the final good only and supply inelastically their endowment of labor. There is
no population growth. The framework used ensures that there is no aggregate risk. We further
assume that markets are complete and that there is perfect access to foreign capitals. Under
this setting, consumption and production decisions are independent. Optimal financial wealth
allocation, in contrast, implies some arbitrage conditions that are used to derive some equilib-
rium relations.! Moreover, the complete development path of an economy can be characterized
by studying the productive and R&D decisions and by exploiting the mentioned arbitrage con-
ditions. All decisions are made at the disaggregate level and follow the Schumpeterian growth
literature. We start presenting the firms’ problem in the final and in the intermediate production

sectors.

n particular, net return on physical capital, return on foreign bonds, and expected return on stocks are all
equal in equilibrium.



2.1 Producers

Consider the economic structure of one benchmark country j. The final goods sector is com-
petitive. The representative firm in this sector produces a perishable good Y; using labor flows
L and inputs x;; according to equation (1). Input ¢ embeds a productivity level of A;;. The
higher the productivity embedded in inputs z;;, the higher the quantity of Y; that one unit of

T;; generates.

1
Y, = Ll—a/o Ayasdi (1)

The intermediate sector comprises two types of firms: a monopoly and an R&D firm. Monopoly ¢
produces intermediate input . Inputs differ in the productivity that they provide. The monopoly
in sector ¢ produces input ¢ with the following technology: z;(t) = K;(t)/A;(t). Physical capital
requirements to produce one unit of x;(¢) depend on the technology level embedded in x;(t).
The higher A;(¢), the more physical capital is needed to embed this technology in z;(¢). Firm i
sells inputs ¢ to the final goods firm at the monopoly price p;(¢) and pays for the use of capital its
competitive rental price r(t). The firm chooses optimally the amount x;(¢) = L (ozz/r(t))l/(l_a)
which only depends on two aggregate variables: the rental price of capital and the total flow

of labor.2

Perfect access to foreign capital ensures that r(t) = rp + J in equilibrium. The
world is in steady state so that rp is constant. Optimal z;(¢) is independent of the level
of technology embedded in the input. Therefore, every sector supplies an equal amount of
inputs. Monopolists’ profits, in contrast, depend on the technology embedded in input x;(t)

and correspond to A;(t)7(t) as defined in equation (2).

Aymy, where m = a(1—a) (o?/(rp + 5))0/(1_a) L (2)

The flow m; is equal across sectors as it depends only on aggregate variables. Moreover, it is
constant. Differences in monopolists’ profits are solely explained by differences in the produc-
tivity provided by the input. R&D firm ¢ is outside the market and it is investing in R&D to

improve the technology in sector i.

20ptimal amount of z;; = arg max|[p;ixir — 7K;t].
Tt



2.2 The R&D Market

Every sector comprises an R&D firm that is investing to improve the current technology in use in
sector i. Success is stochastic. Thus, the monopoly duration is also stochastic. When the R&D
firm produces this improvement, the previous monopoly stops producing and starts engaging in

R&D activities.

2.2.1 R&D’s decision problem

R&D firms engage in R&D activities to improve the current technology embedded in input 4 to
get monopoly profits (equation 2). The R&D firm chooses the amount to invest by considering
profits and expenses in R&D. The technology improvement depends on the resources invested

by the R&D firm and on the adoption capacity that exists in the economy.

We assume that investment in R&D only affects the probability of success® defined as n [,
where n;; = I;;/ Ay, that is R&D resources I;; scaled by the complexity of the aimed technology
Ay and $3, the productivity of R&D (equation, 4). The R&D firm chooses the amount I;; to
invest by considering the expected profits W;; equation (3) that it will get if (it is successful)
and the expenses in R&D.

The present value of a successful R&D firm W;; is given by equation (3) which corresponds to
the profits of the monopoly for as long as it remains producing. According to equation (2), time
t’s profits are given by the term A m;, where A;; is the level of technology that a successful
R&D firm achieves. This technology level is constant for the whole period in which the firm
remains as the monopoly. The firm discounts its flows at the cost of capital r; if it remains in
the market (with probability 1 — ¢,) The displacement rate ¢, corresponds to the probability

that the rival firm obtains an improved technology in the future.

oo —r

Atﬂ't 1_¢t)
Wir = Aywiy Z 14 7)1 (3)
t

Although risk is idiosyncratic, there is no aggregate risk and firms maximize the expected net

benefit from R&D as in equation (4). Parameter 7 comprises all subsidies/taxes imposed to the

3 Assuming that R&D investment only affects the probability of success and not the technology improvement
simplifies the discussion of the mechanisms and makes the model more tractable. The cost is that the framework
does not allow analyzing how the technology improvement in a particular sector is affected by the resources
invested. However, resources invested in every sector affect the average technology improvement of the economy
(section 4 discusses implications for aggregate relations).



R&D resources involved. The maximization problem corresponds to:

x (Lie/ AuB) Wi

1,1 4
ma Tir t(1+7) (4)

FOC : pwyy = (1+7)(1+m) (5)

Note, that if 7 is constant, w;; has to be constant too. Moreover, as there is no aggregate risk,
in equilibrium the cost of capital is equal to the constant risk-free rate rg. As a consequence,

from equation (3), we obtain that the displacement rate ¢, has to be constant as well.

7T(].+7"B)
wt:w:i
B+ ¢

(6)

In a symmetric equilibrium, the displacement rate corresponds to the probability of success ng.

Thus, replacing equation (6) in the FOC, we can obtain the optimal amount of R&D resources

invested as in the following equation:*
™ B
T e B g
I,;t = Zitn (8)
B
= - 9
nB ixn '® (9)

Effective R&D investment depends positively on the flow of profits that the R&D firm obtains
and on the country’s productivity parameter 5. As expected, it depends negatively on both, the
interest rate rp and the tax rate 7. Finally, the larger the expected technology improvement

A;i, the more resources I;; are invested in R&D.

The displacement rate (and so the probability of success) nf is key for our empirical exercises.
This rate corresponds to the rate of creative destruction and defines the entry and exit of firms.
A healthy rate of entry and allows firms to remain competitive in the world market. This rate
depends positively on expected profits m and R&D productivity S and negatively on taxes and
on the cost of capital. In a broader setting, this rate depends on all regulations, taxes, subsidies
that affect the entry and exit of firms and is associated to microeconomic conditions of the

economy.

4Interior solutions and probability bounded in the range [0, 1] require rg(t)/m(t) < 8 < (1 +rp(t))/7(t).



The technology improvement A; We assume that R&D comprises mainly an adoption
activity. Adoption corresponds to the copy of existing technologies. If successful, the R&D firm

can accomplish the technology level A;;, which is defined as:

Ay = Ay—1 + nBX (Him1/HP 1) (Amaxi—1 — Ai—1) (10)
y>0

A€ 0,1]

Adoption depends on the technology gap (Amaxt — Ait), where Apax: is the technology frontier.
Adoption also depends on barriers, policies, institutions, or incentives to copy foreign technolo-
gies.” Parameter A comprises all institutional effects reflecting the kind of barriers emphasized
by Parente and Prescott (1994). It fluctuates in the range [0, 1]. We will refer to A as the adop-
tion barriers’ parameter. No barriers to adopt new technologies implies a value for A equal to one
and, conversely, maximum barriers imply a A = 0. The value of this parameter can vary across
countries. The term (H;/H;)” accounts for the role of human capital needed in the adoption
activity. Adopting a new technology is not an automatic process in the sense that it requires
human capital to be performed. We assume further that the relevant stock of human capital
does not only depend on its absolute stock, but on the complexity of the targeted technology,
which we assume is the technological frontier. As a proxy of the human capital needed to fully
copy this technology we use the stock of human capital of the countries that are systematically
moving the technological frontier. This stock is denoted by the variable H*and corresponds to

the stock of human capital of the stand-in leading economy.

2.2.2 The aggregate equilibrium

Summing up the sectoral equilibrium for every economy, we get the aggregate equilibrium. As
there is no aggregate risk, every period a fraction n;3; of the R&D is successful. The law of

motion of the average productivity A; of every country j evolves as:

At,j = At—laj +n_]6] I:)\_] (Ht—l,j/H:_l)ﬂy (Amaxt—l - Ait—l)] .] = la 273‘] (11)

SFor example, access to internet and to communication systems, economic and legal regulations, adoption-
related policies (e.g. opportunities to attend seminars and congresses) and all variables that affect the overall
efficiency of the adoption activity.



Regarding the stock of human capital, we assume that it is constant and heterogenous at the
world level so that H; ; = H; , j = 1,2,3...J. Finally, adding up all the sectors we obtained

the following neoclassical representation for the aggregate production function:

Yij =K (A,;L) "

2.2.3 The steady state

The steady state is characterized by the solution of equation (11). Stating it in terms of the
technology frontier, we obtain the following solution for the relative average productivity of

country j.
A, BN (H; /H*)"
= 2%} _ njﬂ] j( J/ ) = j: 172’3J (12)
Amaxtaj [g + n_jﬂjAj (HJ/H*) }

Assyj

*
Ay
Amaxt

The leading economy, on the other hand, presents the following solution o}, =

%, so that the ratio between economy j and the stand-in leading economy * is given
by: y
Gssyj _ njﬁj)‘j (H]/H*) [g"_n*ﬁ*)‘*] (13)
azs n* A" lg+n;8;)\; (H;/H*)]

This ratio is increasing in the rate of entry and exit of firms in economy j, the stock of human
capital in economy j and in the degree of openness of the economy regarding adoption activities
and decreasing in the corresponding factors of the leading economy. The effect of the tech-
nological frontier’s growth rate is ambiguous. If the leading economy has a higher absorptive
capacity than country j, then an increase in g enlarges the TFP difference between leading and
non-leading economies. The contrary happens if the leading economy has worse parameters.
As the non-leading economy usually exhibits worse parameters than the leader, an increase in
the growth rate of the technology frontier tends to amplify the differences between leading and

non-leading countries.

Empirical evaluation

Our main goal is to disentangle the relative weight of each of the four factors in explaining the
existing per capita income differences. To accomplish this task, we first calibrate the parame-

ters for the economies in the sample and then we perform some simulation exercises to study



the effects of each factor on average productivity. We compare all economies to a benchmark
economy: the US. Thus, TFP is measured relative to the TFP of the US in steady state. A
value of 1 denotes that the country reaches the same TFP level than the US in steady state.
Equivalently, a TFP gap of 0 denotes no gap with the US in steady state. Table 1 presents the

country sample.

2.3 Calibration parameters

In this setup, the aggregate production function can be written as a Cobb-Douglas production
function with constant returns to scale in physical capital and labor, where the capital and labor
shares are assumed to be equal across countries. We assign a value of 0.35 to the capital share of
output o (Gollin, 2002); 0.02 to the discount rate p®, and 0.03 to the depreciation rate §. These
values are widely used in neoclassical growth models. We assume, that the growth rate of the
technological frontier ¢ is 2.2%, the average per capita US growth rate for the years 1960-2006."

All other parameters are country specific. Table 2 present the values for all parameters.

The institutional parameter A corresponds to the entire institutional framework that enhances
or impedes the transfer and copy of new technologies. We calibrate it using the KEI indicator
related to the innovation capacity of the country. The World Bank constructs various KEI

indicators which measure the capacity of an economy to diffuse and produce knowledge.

The rate of creative destruction, in turn, is proxied by the entry rates of firms reported by
the World Bank for the year 2005 or the data available at the nearest date. In our robustness

exercise we also calibrate this variable with the exit rate of firms.

In the analytical model, the stock of human capital is constant but shows heterogeneity across
countries. For our calibration, we assume that this stock corresponds to the interaction of two
variables: quantity and quality of education. As for the quantity of education, we use the
average years of schooling (g;) as reported by Barro and Lee (2010). As for the quality for the
education system we use the marginal return of an additional year of education of an immigrant
in the US (1;) as calculated by Schoellman (2010). The measure of this return in the US allows

cleaning to some extent the effect of country-specific effects on returns. Nevertheless, we are

6 Gourinchas and Parker, 2002; Cagetti, 2003; and Laibson et al. (2007) estimate discount rates for the US in
the range of 0.01 to 0.09. We choose 0.02 in order to obtain a plausible risk-free interest rate.

"Calculation based on Maddison (2009). Averages for the years 1820-2006, 1900-2006 and 1960-2006 corre-
spond to 1.84%, 2.08% and 2.21%, respectively. We choose the latter value as the US has shown a relatively
constant GDP growth rate in this period.

10



aware that there may be selection bias as this variable measure only the returns of the people

that left their countries. The formulation for H; can be written as:

Hj =exp(qjv;)  j=,1,2,3..0

Finally, we need an estimate for parameter . This parameter defines how intense the adoption
activity uses human capital to copy new technologies. As there is no previous reference about
the value of this parameter, we estimate the following equation by non-linear least squares. As

a proxy for the technological frontier, we take the TFP level of the US.

Ap=Ar 1+ 0N (he1/hi_1)" (Ape—1 — A1) + e (14)

We use a cross section for 70 countries. Data for total factor productivity correspond to Solow
residuals for the years 2004 and 2005. We estimate the previous equation with four different
KEI indices that serve as proxies for the institutional environment that governs the adoption
activity. We also check with different measures for human capital such as the stock resulting
from education spending and a quality variable proxied by international tests. Results do not

differ significantly.

KI KI KI KEI

Innovation Regulations Infrastructure  Global

v | 185k 14755 1.74%%% 1.63%%%
(0.51) (0.51) (0.56) (0.50)
N 70 70 70 70

Standard errors in parenthesis. *** Denote significance at 1%

Estimates fluctuate in the range 1.5-1.9. We choose the value of 1.5 for our calibrations.

3 Discussion

3.1 Calibration

In this section, we calibrate the parameters for the 33 economies to obtain the corresponding

TFP values in steady state. Because of data availability, we restrict our analysis to a sample

11



22 developed countries and 11 developing countries. Figure 1 exhibits the distribution of the

relative TFP across countries estimated by the model and the actual values of the ratio.

The mean squared error of the estimated values in the sample is 1.8%. Moreover, we perform a
Kolmogorov-Smirnov test to test the null hypothesis that both series are drawn from the same
distribution and we cannot reject the null hypothesis. The probability associated to the null

hypothesis is 27%.

Table 3 present the TFP ("Model") implied by the model for each economy and compares them
with the actual data ("Actual"). The calibrated values correspond to the calibrated TFP value
of country j in steady state relative to the calibrated TFP of the US in steady state. Actual
values correspond to the actual TFP ratios between country j and the US estimated as a residual
from Solow regressions for each country. Note, that actual measures are not steady state values
since countries are still transiting to the steady state. However, this actual measure is the best

proxy that we have at hand for comparing the results of the model.

As expected, developed countries show higher TFP in steady state relative to their developing
counterpart. The former group reaches in steady state an 80% of the TFP of the US, while
the second group reaches a 50% of this benchmark level. Variance is also higher in this second
group as country parameters are more disperse in this group. The model produces a reasonable

fit of the data, which leave us confident to perform policy exercises.

As a robustness check, we compute the implied income per worker that the model produces and
compares it with the actual data for per worker income. For this purpose, we re-write per capita

income ratios in the following way.

i (A)( Ki/Y; ) . Y A(K)l—a
= , where y = — = —
Yus Aus Kys/Yus V=1 Y

We made the calculations with the single value of oo = 1/3 and use the K/L data from Calderén

(2010). We present the results separately for developing and developed countries in tables 4
and 5. Although the implied values are more disperse than with the TFP measure, implied per

capita income ratios are, in general, relatively close to the actual data.

In summary, a simple model of technological change makes a good match of the empirical
distribution of relative TFP. The four factors that we identify as key variables in explaining the

absorption capacity of the economies explain a large fraction of the TFP gaps across economies.

12



Now, the natural question is which one of these factors matters most for development in each

economy. This is what we address next.

4 Disentangling TFP gaps

The main goal of this section is to identify bottlenecks that impede that economies can opt to
higher per capita income through adopting better technologies. For this task, we perform two
exercises that we named as i) top down and ii) bottom up, respectively. We proceed to explain

both exercises and discuss the results.

4.1 Exercise 1: Top down

In this exercise, we start assuming that all economies share the same parameters as the US.
As a consequence, there is no technology gap between any country and the US. Afterwards, we
evaluate the impact on TFP of turning one parameter at the time to its actual level. This allows
us to determine the contribution of each parameter in explaining the gap. Finally, we compute
the overall effect of turning all four parameters to their actual level. In this case, we obtain the
TFP gaps that were described in the previous section. We compare the sum of the individual

effects with the total effect.

We present the results for developing and developed countries in figures 2 and 3, respectively.
The vertical axis measures productivity gaps with the US. Each rectangle measure the contribu-
tion of each factor in explaining the current technology gap if the country had all the parameters

at the US level, but the parameter that is being evaluated.

Figure 2 comprises the exercise for developing countries. For instance, in the case of Colombia
(COL), one half of the technology gap between Colombia and the US is explained by a low stock
of human capital. The problem is not that Colombia ‘s average years of schooling are so low, but
that the quality of the education system, measure as the return of an additional year of schooling,
is very low. The second major problem of the Colombian economy is its relatively low rate of
creative destruction. In fact, the entry rate for this economy is 5% compared to the 13% in the
case of the US. Another interesting result is that having all values of the parameters below the
US generates an additional negative effect on the TFP gap. This is an effect due to interactions.
It accounts for the fact that having all parameters at low levels at the same time produce an

additional effect on the performance of the economy. For all developing countries under analysis,

13



there is a complementary negative effect of having simultaneously all the parameters below the

leader. Another intuition for this result is that policy reforms are subject to decreasing returns.

Developing countries have problems in all areas. However; if we had to make a rank, major

problems would be the low quality of the education system and the low microeconomic flexibility.

The picture for the developed countries is somewhat different. Figure 3 shows the results for
this group of countries. Coherent with the previous section, we see that this group shows TFP
gaps that are systematically lower than the gaps of developing countries. Contrary to the case
of the developing countries, we see that there are some rectangles in the negative region. This
happens when the corresponding country has a better parameter compared to the US and it is
mostly observed in the factor that measures the quality of the education system. For instance,
Denmark is a country that has a better education system relative to the US. This better schooling
environment acts as a factor that closes the TFP gap instead of opening it. Nevertheless, all
countries in the sample present a positive technology gap with the US. In this case, the low

microeconomic flexibility accounts for the largest fraction of the gap with the US.

As mentioned previously, the model generates a kind of complementarity among all factors.
This means that the effect of one policy depends on the value of all other parameters in the
model and also on the average technology gap of the country. On the one hand, this "top down"
measure tends to overestimate the effect of improving a parameter, due to the high level of all
other variables; but, on the other hand it tends to underestimate the effect as it considers a

smaller technology gap. The latter factor tends to compensate the former one.

Although this exercise allows for a cleaner comparison across countries, when evaluating the
potential effects of improving one policy parameter or variable it may be more reasonable to

start with the current state of the economy. This is the second exercise that we perform.

4.1.1 Exercise 2: Bottom up

In this second exercise, we start computing the current technology gap with the US. The goal
here is to quantify the effect of improving each parameter to the level of the US when maintaining

the rest of the parameters at their actual level. We repeat this exercise for each factor.

Results are presented for both groups of economies in tables 6 and 7 and figures 4 and 5. Each
column shows the effect on TFP gaps of turning the corresponding parameter at the level of the

US, keeping the other at the country’s level. Qualitatively, this bottom up evaluation provides

14



similar implications as the top down exercise for both types of countries Results are consistent
with the previous exercise. Again, developing countries show problems in all areas and mostly
regarding the quality of the education system and the flexibility for entering and exiting the
markets. For example, if Colombia improves these two variables simultaneously, the gap would
be 80% lower. This value is obtained under the assumption that both improvements take place
together. This value does not correspond to the simple addition of the effects showed in table

7, as there may be some additional effects of the interactions that have to be accounted for.

Developed countries, in contrast, are doing relatively well in all areas. The gains of improving
each area are considerable lower than in the developing world. The only exception corresponds
to the flexibility of the markets, where policies aiming to favor the process of creative destruction
could lead to significant TFP improvements in these economies. In line with the first exercise
("top down"), we observe that several economies have better education quality than the US".
Nevertheless, the contribution of education quantity and quality presents a large variance across
the developed world. In terms of the institutions related to the adoption activity, we observe

that these economies are relatively opened and favor technological transfers.

In summary, the developed world should continue improving the flexibility of their markets. In
contrast, the case of the developing world is more dramatic, since efforts should be made in all
areas. The fact that these economies have problems in almost all areas produces an additional

negative effect explained by the existence of complementarities between policies.

5 Concluding remarks

Technology adoption is a key vehicle for improving productivity in the economies. This is true
for developing and developed countries. However, this process is not automatic. It requires that
the economies posses the capacity for absorbing and implementing the technologies developed
elsewhere. We identify four factors that are essential for shaping this absorptive capacity: the
stock of human capital that is determined by the quantity of education and by the quality of the
educational system; the institutional environment (barriers, rule of law, property rights) that
favors or hinders the adoption activity and the microeconomic flexibility that permits the entry

of firms with high productivity and the exit of firms with low productivity.

Including these factors in an analytical model of technology adoption allows resembling the
distribution of TFP gaps (respect to the US) around the world. In fact, this model closely

replicates the TFP distribution for developing and developed countries. It also allows us to
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disentangle and quantify the relative weight of these factors in explaining the TFP gap of each

country with the benchmark economy.

Developing countries have problems in all areas (human capital, microeconomic flexibility and
institutions pro technology adoption). That explains the enormous gap in TFP and, conse-
quently, in per capita income with the US. It is also interesting to note that the fact that these
countries have an overall a poorer environment for adoption, relatively to the US, produces an
additional negative effect on the absorptive capacity of these economies. This result arises as a

consequence of the complementarities that exist between the different policies in a country.

The picture is much more positive for the developed world. As a result, productivity gaps with
the US are much lower. In all, problems of these countries are associated to the rigidities of
their markets. Obstacles in the process of entry and exit of firms explain the largest fraction
of their TFP gaps. It is also worth noting, that some of these economies tend to have better

quality of education than the US, which helps them in closing the gap.
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Developed Countries  Developing Countries
Austraia Argentina
Austria Bulgary
Belgium Brazil

Canada Chile

Denmark Colombia
Finland Czech Republic
France Hungary
Greece India

Ireland Israel

Island Mexico

Italy Polonia

Japan Romania

The Netherlands Slovak

New Zealand Slovenia
Portugal

Sweden

Switzerland

UK

USA

Table 1: Country Sample
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Country KEI KIIr KlInnov KIEd klIlct Entry Exit  Returns Years School

ARG 0.632 0.308 0.774 0.760 0.675 0.092 0.055 0.063 0.346
BGR 0.756  0.790 0.613 0.875 0763 0.127 0.001 0.049 9.851
BRA 0.683 0477 0.854 0.689 0.694 0.087 0.034 0.047 7.539
CHL 0.780 0.969 0.703 0.741 0.710 0.111 0.072 0.055 10.183
COL 0.577 0472 0.625 0.582 0.623 0.054 0.093 0.025 7.694
CZE 0.864 0.904 0.754 0942 0.872 0.061 0.011 0.046 12.130
GRC 0.804 0.754 0.747 0939 0.786 0.054 0.054 0.040 10.677
HUN 0.866 0.924 0.792 0.884 0.872 0.092 0.033 0.091 11.651
IND 0.454 0.387 0.840 0.253 0.282 0.053 -0.019 0.067 6.242
MEX 0.636 0.560 0.776 0.558 0.630 0.071 0.071 0.009 0.113
POL 0.839 0.827 0.812 0918 0.803 0.047 0.025 0.031 9.872
ROM 0.728 0.772 0.664 0.740 0.742 0.111 0.011 0.049 10.372
SVK 0.800 0.861 0.627 0.831 0.900 0.120 0.033 0.073 11.153
SVN 0.850 0.896 0.682 0951 0.892 0.088 0.042 0.072 8.928
AUS 0.987 0.958 0.913 1.109 0.982 0.143 0.121 0.080 12.119
AUT 0.960 1.030 0.847 0970 1.002 0.051 0.020 0.049 9.539
BEL 0.956 0.981 0.873 1.046 0.934 0.074 0.031 0.098 10.545
CAN 1.005 1.045 0.956 1.059 0.967 0.067 0.067 0.087 11.372
CHE 0.962 0972 0.903 0.87%6 1.096 0.062 0.047 0.098 9.876
DNK 1.016 1.063 0.859 1.119 1.043 0.133 0.045 0.069 10.057
FIN 0.996 1.030 0.864 1.118 0.989 0.078 0.054 0.057 0.974
FRA 0.943 0.848 0.958 1.032 0.935 0.105 0.070 0.077 10.533
GBR 1.010 1.022 0.978 0971 1.070 0.154 0.088 0.098 0.503
IRL 0.974 1.024 0.853 1.046 0.986 0.107 0.087 0.072 11.640
ISL 0.894 1.055 0.4%6 1.077 0.997 0.116 -0.009 0.071 10.734
ISR 0.851 0.912 0.854 0.785 0.854 0.121 0.094 0.075 11.325
ITA 0.884 0.732 0.921 0911 0973 0.127 0.080 0.039 9.506
JPN 0.940 0.864 0.993 0992 0.906 0.044 0.036 0.106 11.582
NLD 1.016 1.020 0.927 1.054 1.078 0.113 0.070 0.095 11.023
NZL 0.951 0.972 0776  1.119 0.958 0.163 0.052 0.091 12.693
PRT 0.823 0.931 0.707 0.795 0.867 0.064 -0.037 0.019 7.993
SWE 1.022 1.032 0.912 1.063 1.094 0.068 0.047 0.114 11.567
USA 1.000 1.000 1.000 1.000 1.000 0.131 0.111 0.093 12.201

Table 2: Parameters
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Developed countries Developing countries

Country M odéel Actual Country Model Actual
AUS 0.961 0.800 ARG 0.685 0.563
AUT 0.487 0.826 BGR 0.666 0.604
BEL 0.836 0.854 BRA 0.595 0.397
CAN 0.816 0.785 CHL 0.700 0.628
CHE 0.777 0.697 COL 0.315 0.391
DNK 0.849 0.810 CZE 0.545 0.589

FIN 0.661 0.740 GRC 0.450 0.631
FRA 0.860 0.837 HUN 0.874 0.636
GBR 0.977 0.853 IND 0.479 0.333
IRL 0.848 0.976 MEX 0.398 0.471
ISL 0.700 0.770 POL 0.387 0.488
ISR 0.880 0.803 ROM 0.660 0.387
ITA 0.733 0.789 SVK 0.791 0.494
JPN 0.809 0.662 SVN 0.659 0.695
NLD 0.941 0.770
NZL 0.999 0.694
PRT 0.372 0.575
SWE 0.920 0.820

Table 3: Model vs Actual

KIY Implied Y/L Actua Y/L
Country TFP ratio ratiow/r US ratiow/r US ratiow/r US  Implied/Actual
ARG 0.685 0.743 0.580 0.359 1.613
BGR 0.666 0.468 0.435 0.315 1.379
BRA 0.595 0.799 0.524 0.220 2.387
CHL 0.700 0.869 0.647 0.460 1.408
COL 0.315 0.551 0.226 0.177 1.272
CZE 0.545 0.992 0.542 0.447 1.214
GRC 0.450 1.098 0.474 0.522 0.908
HUN 0.874 0.922 0.834 0.483 1.729
IND 0.479 0.426 0.296 0.122 2.432
MEX 0.398 0.858 0.365 0.295 1.239
POL 0.387 0.894 0.364 0.318 1.143
ROM 0.660 0.796 0.581 0.211 2.753
SVK 0.791 0.995 0.789 0.342 2.304
SVN 0.659 0.989 0.655 0.573 1.144

Table 4: Implied (calibrated) and actual GDP per worker, developing countries
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KIY Implied Y/L  Actua Y/L
Country  TFPratio ratiow/r US ratiow/r US ratiow/r US Implied/Actual

AUS 0.961 1.193 0.961 0.781 1.230
AUT 0.487 1.211 0.487 0.827 0.589
BEL 0.836 1.172 0.836 0.855 0.978
CAN 0.816 1.157 0.816 0.748 1.092
CHE 0.777 1.543 0.777 0.724 1.073
DNK 0.849 1.177 0.849 0.790 1.075
FIN 0.661 1.230 0.661 0.706 0.937
FRA 0.860 1.190 0.860 0.835 1.030
GBR 0.977 0.912 0.977 0.750 1.303
IRL 0.848 0.798 0.848 0.858 0.988
ISL 0.700 1.076 0.700 0.698 1.003
ISR 0.880 1.037 0.880 0.731 1.205
ITA 0.733 1.209 0.733 0.771 0.951
JPN 0.809 1.591 0.809 0.681 1.189
NLD 0.941 1.132 0.941 0.718 1311
NZL 0.999 1.091 0.999 0.602 1.659
PRT 0.372 1.134 0.372 0.461 0.806
SWE 0.920 1.042 0.920 0.756 1.217

Figure 1: Table 5: Implied (calibrated) and actual GDP per worker, developed countries

Y ears school Quality Flex. Ingtitution

ARG 0.074 0.113 0.097 0.071

BGR 0.049 0.172 0.009 0.133
BRA 0.095 0.148 0.119 0.046
CHL 0.046 0.150 0.045 0.095
CoL 0.040 0.208 0.239 0.119
CZE 0.001 0.241 0.219 0.082
GRC 0.026 0.244 0.257 0.083
HUN 0.016 0.008 0.070 0.048
IND 0.173 0.070 0.257 0.050
MEX 0.011 0.326 0.171 0.069
POL 0.029 0.260 0.292 0.056
ROM 0.038 0.181 0.048 0.113
SVK 0.029 0.080 0.024 0.108
SVN 0.098 0.079 0.112 0.106

Table 6: Bottom Up, developing countries

24



Years school Quality Flex. Institution
AUS 0.002 0.037 -0.015 0.015
AUT 0.056 0.182 0.271 0.048
BEL 0.055 -0.019 0.118 0.031
CAN 0.026 0.025 0.142 0.011
CHE 0.083 -0.020 0.165 0.026
DNK 0.049 0.077 -0.002 0.034
FIN 0.054 0.146 0.142 0.041
FRA 0.042 0.054 0.049 0.010
GBR 0.054 -0.012 -0.027 0.004
IRL 0.014 0.078 0.045 0.036
ISL 0.043 0.095 0.033 0.177
ISR 0.021 0.061 0.017 0.033
ITA 0.042 0.183 0.008 0.022
JPN 0.024 -0.058 0.209 0.002
NLD 0.029 -0.006 0.027 0.014
NzZL I 0.005 -0.034 0.034
PRT 0.031 0.249 0.201 0.093
SWE 0.021 -0.079 0.105 0.018

Table 7: Bottom Up, developed countries
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