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Abstract

Followed by a long period of divergence of income levels, new evidence shows that poorer countries
are converging to the income levels of richer economies. In a model where human capital is the en-
gine of growth, our results indicate that human capital is a very significant variable in explaining the
accumulation of physical capital and employment rates, and that its effects on GDP per capita have
been increasing from 1960 to 2015. We also show that the total variance of human capital can explain
a considerable part of the variance in per capita income across countries. While the residual variance
remains relatively constant across the sample, the variance of GDP per capita and the total variance of
human capital exhibit similar dynamics. According to our results, the total variance of human capital
explains 88% of the increase in the variance of GDP per capita between 1960 and 2000, and 56% of its
decrease between 2000 and 2015.
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JEL Classification: 126, O11, O15, O47.

1. Introduction

Whether poorer countries are converging to the income levels of richer countries has
captured the attention of researchers for a long time. For many years, no evidence
was found of unconditional convergence (Pritchett, 1997). However, new evidence
is found from the 2000s (e.g., Kremer et al., 2021). The standard deviation of GDP
per capita, which has been increasing for a long period of time, shows a reduction in
the dispersion from the 2000s. In this paper, we analyze whether human capital has
played a role in this process. Our results indicate that the divergence of income levels
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across countries and the convergence in recent years can be accounted for by the coun-
terbalancing effects of the convergence in the years of schooling and the divergence of
the aggregate returns to education.

O’Neill (1995) found that from 1967 to 1985 human capital convergence explained
income convergence among developed countries. However, despite the convergence
in educational levels, the increase in the skill premium led to divergence in income
levels in the least developed countries and in the world. We use data from the Penn
World Table 10 and Barro and Lee (2013) and extend the analysis to include the recent
period that shows convergence in income levels in a broad sample of countries. How-
ever, the dispersion of human capital is so small that it cannot explain the variation in
income per capita.

Early studies also found relative little contribution of human capital to cross-
country income differences (e.g. Hall and Jones, 1999; Klenow and Rodriguez-Clare,
1997). Improvements in the measurement of production inputs gave human capital a
larger role (Schoellman, 2012; Lagakos et al, 2018).2 In this literature the parameters of
the production function are calibrated based on micro evidence.

Motivated by the work of Lucas (1988, 1990), we move to an endogenous growth
model in which human capital is the main engine of growth. Human capital not only
influences income directly, but also can have an indirect effect through the accumula-
tion of other factors of production.? Instead of calibrating the parameters, we estimate
them in a standard production function and compute the decomposition of variances
and their evolution over time. In this framework, we decompose the variation in in-
come into the total variation in human capital, the direct and indirect effects, and the
variation in the orthogonal components of the other factors of production that are not
due to human capital. Interestingly, in this case, the variation in human capital can
account for most of the evolution of the variation in per capita GDP. 4

From 1960 to 1995, the increase in the variance in the returns to education out-

2 Recent contributions that assume imperfect substitution between skilled and unskilled workers dis-
play a large role of human capital if relative efficiency reflects the human capital and attributes of work-
ers (Jones, 2014, 2019) or a small role, if relative efficiency reflects differences in institutions, technology
and other environmental factors (Caselli and Ciccone, 2019)

3 Human capital can also have indirect effects on economic development through fertility rates, social
capital, industrial production or foreign trade (Guisan and Neira, 2006). Texeira and Quirés (2016) also
point to the interaction of human capital with the productive structure of countries as an alternative
indirect effect of human capital on economic growth.

* Gennaioli et al (2013) present a Lucas-Lucas model that incorporates the allocation of talent between
entrepreneurship and work (Lucas, 1978), and also human capital externalities (Lucas, 1988). In this
framework, they find that human capital is an essential determinant of regional development.



weighs the reduction in the variation in the quantity of schooling, so that the dis-
persion of total human capital increases and can account for the divergence pattern
observed in income levels. By the end of the 1990s and beginning of the 2000s, the
process reverses, and the reduction in the variation of schooling is larger than the in-
crease in the variation in the returns. As a result, the variation in total human capital
decreases and can also account for part of the reduction in the dispersion of per capita
GDP across countries from 2000 onward.

The paper is related to the literature on income convergence across countries. For
many years, there was no evidence that poor countries unconditionally catch up to
the income levels of rich economies (Barro, 1991; Pritchett, 1997; Rodrik, 2013). New
evidence shows a change in the trend from the 2000s onward (Kremer et al., 2021;
Patel et al., 2021), suggesting that a process of unconditional convergence might have
started.’ Kremer et al. (2021) focuses mainly on unconditional beta convergence in
per capita GDP and its correlates. In our paper, we focus on sigma convergence in per
capita GDP and analyze the role of human capital in this process.

The structure of the paper is as follows. Section 2 computes the decomposition of
the variance of income levels into different components. Section 3 presents a reduced
version of the Lucas (1988) model and computes the variation in human capital taking
into account the direct and indirect effects on income levels. Section 4 summarizes the
conclusions reached.

2. Variance Decomposition

Following O’Neill (1995), we start with a log-linearization of a standard production
function of the form:

In(Yi) = ¢r + arIn(Ky) + BrIn(Lye) + veIn(Hy) + ey (1)

where aggregate GDP per capita (Y) in country i and year t depends on three factors
of production: human capital (H), physical capital per capita (K) and the number
of persons employed over total population (L). To differentiate between the role of
the quantity and the returns to education, we allow factor prices to vary over time.
We estimate equation (1) from 1960 to 2015 over a 5-year span and get the estimates

> Acemoglu and Molina (2021) argue that Kremer et al. (2021) findings could be biased due to the
omission of country fixed effects that account for unobserved determinants of per capita GDP across
countries.



of the elasticities in each period.® Using these estimates, we follow O"Neill’s (1995)
decomposition and compute how much of the variation in aggregate output can be
accounted for by the variation in the quantity and the returns to education.

The variation in total human capital (V1) across countries in year t is computed
as follows:

VT; = vari(¢ + v In(H;) + wIn(K) + BIn(L)) 2)

where the estimates of the returns to education and the average years of schooling
are allowed to vary, while the other components of the production function remain
constant. K and L are the averages of physical capital and the employment rate across
countries over time, and ¢, &, B are the average of the estimated parameters over time.

We calculate the variance of the quantity of education (V H;) in year t by keeping
the returns to education constant and only allowing H; to vary across countries:

VH; = vary(¢ +¥In(Hy) +aln(K) + BIn(L) (3)

Then, the variance of the returns to education (V P;) can be computed as the dif-
ference between the variance in total human capital and the variance in the quantity
of education:

® We use the average years of schooling of the population aged 15-64 as a measure of the quantity of
education (H), taken from Barro and Lee (2013). Aggregate output (Y), measured with real GDP per
capita at constant 2017 national prices, the stock of physical capital (K), proxied by the capital stock
per capita at constant 2017 national prices, and the employment rate (L), measured as the number of
persons employed divided by total population, are taken from the Penn World Table 10. Panel causality
tests show that causality runs from In Hj; to InYj;. In particular, in the first stage we have estimated the
long-run relationship between both variables (t-ratios in parenthesis):

ecCjy = lnY,-t — K&t — 1(3%92)5lnH1t

In the second stage, as in Granger (1988), we test the exclusion of ecj;_s5 in two error correction models:

AlnY; = 61 — 0.028ec;;_5 + 0.373AIn Yy _5 — 0.080AIn H; 5 + )
(4.94) (11.8) (1.57)

where the exogeneity of InYj; is rejected at the 0.1% significance level, and

AlnHy; = 63 + 0.004eci;_5 + 0.011AIn Yj;_5 + 0.560AIn Hy_5 + 1,
(1.36) (0.64) (20.0)

where the exogeneity of InY}; is accepted at the 17.3% significance level. This result is robust to the
inclusion of additional lags and is consistent with the evidence that In H;;_; is statistically significant in
explaining InYj; for j = 5,...,55, whereas the opposite is not the case, that is, lagged human capital is
more predictive of actual GDP per capita than lagged income of current human capital.



VP =VT;— VH, (4)

The residual variance, which includes the variance of the other factors of produc-
tion and the unobserved variation, is calculated as the difference between the variance
of the aggregate output (VY;) and the variance of total human capital:

VR, =VY; — VT, 5)

We find that in 1960, the variance of the average years of schooling (VT) ac-
counted for about 60% of the variation in VY. Since then, the dispersion of the years of
schooling has reduced over time, and its variance has tended to zero in recent years.
The decreasing trend in the variance of the average years of schooling cannot explain
the increasing trend in the dispersion of per capita income from 1960 to 2000. We use
the estimates of the returns to education from equation (1) and compute the decom-
position of the variation in income levels into the components in equations (2)-(5). We
tind the variance of the quantity (V H) and the price (V P) of education follow different
trends. Evidence also shows that both variances are small in quantitative terms and
cannot account for the variation in per capita income (VY) over the years.

3. Direct and Indirect Effects of Human capital

Following Lucas (1988, 1990), we move to an endogenous growth model in which the
main driver of growth is human capital, which also determines the accumulation of
physical capital.

Consider the following production function in per capita terms,

y = k*(eh)' " (6)

where 0 < a < 1, y, k and h are, respectively, output, physical and human capital
per capita, and e is time devoted to producing goods and services. Human capital is
accumulated according to the following equation:

Ah=(1—e)ph )

where ¢ represents the efficiency in the accumulation of human capital. The accumu-
lation of physical capital is determined by

Ak =sy— (n+d)k 8)
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where s is the saving rate, n population growth and J the depreciation rate. We assume
that these rates are exogenous and constant.
In the balanced growth path (denoted by an asterisk) in which y*/k* is constant
and both variables grow at the same rate, it is clear that
Ay*  Ak* Al
— = —_—— ]_ —

Now assume that there is perfect mobility of physical capital and that economies

a and b are identical except in their levels of human capital. These assumptions imply
that the returns to physical capital must be the same in both countries, that is,

B ehg 1—« B B ehb 1—u
g =« (E) ==« (H) (10)

Therefore, the level of physical capital will be higher in the country with the
higher human capital. According to this result, human capital has a direct effect on
output per capita, given by its elasticity in the production function, and an indirect
effect, through the accumulation of physical capital. We have tested this hypothesis in
our sample of countries and the results broadly confirm it. In all 5-year periods from
1960 to 2019 the elasticity of physical capital to human capital is greater than 1.0 and
statistically significant at 1%, and the share of the variance of k explained by & ranges
from 51% in 1960-64 to 66% in 2010-14.

In order to estimate the direct and indirect effects of human capital through the
elasticity of H () in the production function, we follow two steps. First, we regress
each factor of production on In(Hj;). Then, we use the residuals from these regressions
to estimate equation (1), that is, in the second step we use the variations in the factors
of production that are not explained by the variation in human capital. The left-hand
side of Figure 1 plots the estimates of 7 in equation (1), using the orthogonal compo-
nents of physical capital and the employment rate. The figure shows that y displays
an increasing trend over the years. The estimate is three times higher in 2015 than in
1960, increasing from 0.91 in 1960 to 2.81 in 2015.

The right hand side of the figure shows the evolution of the variances in equations
(2)-(5). When the direct and indirect effects of human capital are taken into account,
the total variance of human capital (VT) can explain a considerable part of the varia-
tion in income per capita across countries (VY). Whereas the residual variance (VR)
remains relatively constant, VT and VY exhibit similar dynamics. From 1965 to 1995,
the increase in the variance of VT (due to the higher contribution of the variance of
the returns to education, VP) explains the rise of VY. From 1995 onward, the situation
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Figure 1: Estimates of gamma and variance decomposition, direct and indirect effects.

reverses.

To evaluate the relationship in quantitative terms, Table 1 displays the values of
the changes in the variances in two distinct periods: the period when the dispersion
of income levels increases, from 1960 to 2000; and the one in which the variance de-
creases, from 2000 to 2015. We compute the difference between the variances in the
last year and in the first year (e.g., VY2000 — V' Y1960)-

During the first period, the variance of the returns to education (VP) in column
(4) increases markedly (1.865) and is even larger in absolute terms than the reduction
in the variance of the quantity of education (-1.389) in column (3), so that the total
variation in human capital (0.476 in column (2)) can mostly explain the increase in the
variance of per capita income across countries (0.544). VT explains about 88% of the
variation in VY.

During the period 2000-2015, the process reverses. The increase in the variance
of the returns to education slows down (0.261 in column (4)) and is lower than the
reduction in the variance of the quantity of education (-0.388 in column (3)). As a
result, the total variance of human capital decreases (-0.127) and can explain about
56% of the reduction in the dispersion of income levels (-0.226).

The results are robust to alternative measures of education. De la Fuente and
Domenech (2006) and Cohen and Soto (2007) point that Barro and Lee’s data on years
of schooling are noisy and are subject to some breaks over time and measurement
errors. We check the robustness of the results with the years of schooling estimated
by Cohen and Leker (2014) and our findings hold. We have also checked that the
results are not driven by atypical observations. Following Temple (1998) we have used



Table 1: Change in the variances in different periods
AVY AVT AVH AV P AVR

(1) (2) (3) (4) (5)
1960-2000 ~ 0.544 0476 -1.389  1.865  0.067

2000-2015 -0.226 -0.127 -0.388 0.261 -0.098
Note: The change is computed as the difference between the

corresponding variance in the last and in the first year in each
period.

Iterated Weighted Least Squares, which weights the observations based on outliers
with residuals 2.5 times the standard deviation. The findings reveal the results are
robust to the presence of outliers.

4. Conclusions

Based on the endogenous growth model of Lucas (1988 and 1990), in this paper we
have proposed a method to decompose the variance of GDP per capita in a large sam-
ple of countries from 1960 to 2015 between the contribution of human capital (taking
also into account its indirect effects on the accumulation of physical capital and the em-
ployment rate) and the contribution of the orthogonal components to human capital.
Our results show that the total variance of human capital can explain a considerable
part of the variance in per capita income across countries. While the residual variance
remains relatively constant across the sample, the variance of GDP per capita and the
total variance of human capital exhibit similar dynamics. According to our results, the
total variance of human capital explains 88% of the increase in the variance of GDP per
capita between 1960 and 2000, and 56% of its decrease between 2000 and 2015.

The evidence found in this paper suggests that the efforts in the less developed
countries to raise education levels are a necessary condition and should be a priority,
not only to increase the growth rates of these economies, but also to accelerate the
convergence process in income levels towards the richer countries. Our results indi-
cate that human capital is a very significant variable in explaining the accumulation
of physical capital and employment rates, and that its effects on GDP per capita have
been increasing from 1960 to 2015.

We leave for future work two extensions of our analysis. First, in this paper,
we consider the quantity but not the quality of human capital, which could be more
appropriate as an explanatory variable in our empirical analysis, as shown by de la



Fuente and Domenech (2024). Second, the analysis is made in a broad sample of coun-
tries with different levels of development. However, the role of human capital in the
convergence process might differ between poorer and richer economies. A further
analysis of these issues will be addressed in future research.

References

Acemoglu, D., and Molina, C. A. (2021): "Converging to Converge? A Comment." National Bureau of
Economic Research, WP No. w28992.

Barro, R.J. (1991): "Economic growth in a cross section of countries." Quarterly Journal of Economics, 106
(2), 407-443.

Barro, R. and J-W Lee (2013): "A New Dataset of Educational Attainment in the World, 1950-2010."
Journal of Development Economics, 104, 184-198.

Caselli, F. and A. Ciccone (2019): "The Human Capital Stock: A Generalized Approach:Comment.”
American Economic Review, 109 (3), 1155-74.

Cohen, D. and L. Leker (2014): “Health and Education: Another Look with the Proper Data", mimeo
Paris School of Economics.

Cohen, D. and M. Soto (2007): "Growth and Human Capital: Good Data, Good Results." Journal of
Economic Growth, 12(1), 51-76.

de la Fuente, A. and R. Doménech (2006): "Human Capital in Growth Regressions: How Much Differ-
ence Does Data Quality Make." Journal of the European Economic Association, 4(1), 1-36.

de La Fuente, A., and R. Doménech (2024): "Cross-country data on skills and the quality of schooling:
A selective survey." Journal of Economic Surveys, 38(1), 3-26.

Gennaioli, N., R.L. Porta, FL. de Silanes and A. Shleifer (2013): "Human Capital and Regional Devel-
opment."Quarterly Journal of Economics, vol. 128(1), 105-164.

Granger, C. W. (1988): "Some recent development in a concept of causality." Journal of Econometrics,
39(1-2), 199-211.

Guisan, M.C. and I. Neira (2006): "Direct and indirect effects of human capital on World development,
1960-2004." Applied Econometrics and International Development, 6(1), 17-34.

Jones, B. F. (2014): “The Human Capital Stock: A Generalized Approach.” American Economic Review,
104 (11), 3752-77.

Jones, B. F. (2019): “The Human Capital Stock: A Generalized Approach: Reply.” American Economic
Review, 109 (3), 1175-95.

Hall, R. E., and Ch. L Jones (1999): “Why Do Some Countries Produce So Much More Output Per
Worker than Others?” Quarterly Journal of Economics 114 (1): 83-116.

Klenow, P. J., and A. Rodriguez-Clare (1997): “The Neoclassical Revival in Growth Economics: Has It
Gone Too Far?” NBER Macroeconomics Annual, Vol. 12, 73-103. Cambridge, MA: MIT Press.

Kremer, M., Willis, J., and You, Y. (2021): "Converging to Convergence." NBER Macroeconomic Annual,
36.

Lagakos, D., B. Moll, T. Porzio, N. Qian, T. Schoellman (2018): "Life Cycle Wage Growth across Coun-
tries. Journal of Political Economy, 126(2), 797-849.

Lucas, Robert E. (1988): "On the Mechanics of Economic Development,” Journal of Monetary Economics,
22,3-32.

Lucas, R. E. (1990): "Why Doesn’t Capital Flow from Rich to Poor Countries?" American Economic Review,
80(2), 92-96.

O'NEeill, D. (1995): "Education and Income Growth: Implications for Cross-Country Inequality." Journal



of Political Economy, 103(6), 1289-1301.

Patel, D., ]. Sandefur, and A. Subramanian (2021): "The New Era of Unconditional Convergence." Journal
of Development Economics, 152, 102687 .

Pritchett, L. (1997): "Divergence, big time." Journal of Economic Perspectives, 11 (3), 3-17.

Rodrik, D. (2013): "Unconditional Convergence in Manufacturing." Quarterly Journal of Economics, 128
(1), 165-204.

Schoellman, T. (2012): “Education Quality and Development Accounting.” Review of Economic Studies
79 (1), 388-417.

Teixeira A.A.C. and A.S.S. Queiréns (2016): “Economic growth, human capital and structural change:
A dynamic panel data analysis.” Research Policy 45, 1636-1648.

Temple, J. R. (1998): "Robustness tests of the augmented Solow model." Journal of Applied Econometrics,
13(4), 361-375.

10



BBVA

Research

Working Papers

2024
24/07 A. Castell6-Climent and R. Doménech: Convergence in Human Capital and Income.

24/06 J. Andrés, J.E. Bosca, R. Doménecha and J. Ferria: TheWelfare Effects of Degrowth as a
Decarbonization Strategy.

24/05 Angel de la Fuente: Las finanzas autondmicas en 2023 y entre 2003 y 2023.

24/04 Angel de la Fuente y Pep Ruiz: Series largas de VAB y empleo regional por sectores, 1955-2022.
Actualizaciéon de RegData-Sect hasta 2022.

24/03 Angel de la Fuente: Series largas de algunos agregados econémicos y demograficos regionales:
Actualizacion de RegData hasta 2022.

24/02 J. Andrés, E. Bandrés, R. Doménecha and M.D. Gadea: SocialWelfare and Government Size.

24/01 J. Andrés, J.E. Bosca, R. Doménech and J. Ferri: Transitioning to net-zero: macroeconomic implications
and welfare assessment.

2023
23/08 Angel de la Fuente y Rafael Doménech: Renta per cépita y productividad en la OCDE de 1960 a 2022.

23/07 Angel de la Fuente: La evolucion de la financiacion de las comunidades auténomas de régimen coman,
2002-2021.

23/06 Angel de la Fuente: La liquidacion de 2021 del sistema de financiacion de las comunidades auténomas de
régimen comun.

23/05 Angel de la Fuente: Las finanzas autondémicas en 2022 y entre 2003 y 2022.

23/04 J. Andrés, J.M. Barrutiabengoa, J. Cubero and R. Doménech: Social Welfare and the Social Cost of
Carbon.

23/03 Angel de la Fuente y Pep Ruiz Aguirre: Series largas de VAB y empleo regional por sectores,
1955-2021.Actualizacion de RegData-Sect hasta 2021.

Working Paper 24/07 11



B BVA Creating Opportunities

Research

23/02 Gergely Buda, Vasco M. Carvalho, Giancarlo Corsetti, Jodo B. Duarte, Stephen Hansen, Afonso S.
Moura, Alvaro Ortiz, Tomasa Rodrigo, José V. Rodriguez Mora, Guilherme Alves da Silva: Short and Variable
Lags.

23/01 Angel de la Fuente: Series largas de algunos agregados econémicos y demograficos regionales:
actualizacion de RegData hasta 2021.

CLICK HERE TO ACCESS THE WORKING DOCUMENTS PUBLISHED IN
Spanish and English

Working Paper 24/07 12


https://www.bbvaresearch.com/document-type/documento-de-trabajo/
https://www.bbvaresearch.com/en/document-type/working-paper/

B BVA Creating Opportunities

Research

DISCLAIMER

The present document does not constitute an “Investment Recommendation”, as defined in Regulation (EU) No 596/2014 of the
European Parliament and of the Council of 16 April 2014 on market abuse (“MAR”). In particular, this document does not
constitute “Investment Research” nor “Marketing Material”, for the purposes of article 36 of the Regulation (EU) 2017/565 of 25
April 2016 supplementing Directive 2014/65/EU of the European Parliament and of the Council as regards organisational
requirements and operating conditions for investment firms and defined terms for the purposes of that Directive (MIFID II).

Readers should be aware that under no circumstances should they base their investment decisions on the information
contained in this document. Those persons or entities offering investment products to these potential investors are legally
required to provide the information needed for them to take an appropriate investment decision.

This document has been prepared by BBVA Research Department. It is provided for information purposes only and expresses
data or opinions regarding the date of issue of the report, prepared by BBVA or obtained from or based on sources we consider
to be reliable, and have not been independently verified by BBVA. Therefore, BBVA offers no warranty, either express or
implicit, regarding its accuracy, integrity or correctness.

This document and its contents are subject to changes without prior notice depending on variables such as the economic
context or market fluctuations. BBVA is not responsible for updating these contents or for giving notice of such changes.

BBVA accepts no liability for any loss, direct or indirect, that may result from the use of this document or its contents.

This document and its contents do not constitute an offer, invitation or solicitation to purchase, divest or enter into any interest in
financial assets or instruments. Neither shall this document nor its contents form the basis of any contract, commitment or
decision of any kind.

The content of this document is protected by intellectual property laws. Reproduction, transformation, distribution, public
communication, making available, extraction, reuse, forwarding or use of any nature by any means or process is prohibited,
except in cases where it is legally permitted or expressly authorised by BBVA on its website www.bbvaresearch.com.

ENQUIRIES TO:

BBVA Research: Azul Street. 4. La Vela Building — 4th and 5th floor. 28050 Madrid (Spain).
Tel.:+34 91 374 60 00 y +34 91 537 70 00 / Fax:+34 91 374 30 25

www.bbvaresearch.com


http://www.bbvaresearch.com/



