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Abstract 
 
This paper aims to provide a theoretical explanation for understanding the cross-country 
disparity of long-run economic growth rates based on the diversity in the initial 
conditions. In particular, it argues that the disparity in the inequality of human capital and 
income, as well as the industry structure of the economy prior to the emergence of 
endogenous growth, plays an important role in determining its long-run growth rate. The 
initial distribution of human capital and the share of agriculture characterize the initial 
state of the economy. I present a model of endogenous growth that generates cross-
country diversity of long-run growth rates of per capita income as functions of path 
dependent history of human capital distribution. The model’s predicted growth rate 
explains up to fifty-three percent of the observed variation in growth rates across 
countries. The results of the econometric estimation of the equilibrium restriction of the 
model on the data answer an important question regarding why two countries with the 
same average stock of human capital may have different total factor productivity (TFP). 
The results support the hypothesis that the diversity in the relative proportion of 
innovators due to differences in the historical distribution of human capital and the 
redistributive tax regimes induce significant heterogeneity in the level of TFP as well as 
its growth rates across countries. 
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1. Introduction  

While an enormous literature investigates cross-country disparities of per capita income, 

few papers have explored the observed disparities in long-run growth rates.  

Galor (2013) highlights the significance of parental investment in children’s human 

capital as a trigger for the emergence of perpetual economic growth in the subsequent 

periods. Increased stock of human capital from more educated individuals in the 

economy meant more frequent levels of technological growth and a faster rate of overall 

economic growth. 

However, the scarcity of endogenous growth models that are also empirically 

reasonable poses a challenge for explaining the disparities in the long-run growth rates.  

Consequently, a good fit of the cross-country data on long run growth rates by an 

equilibrium restriction from a general equilibrium model of endogenous growth should 

be worth reporting. This paper does just that. 

It combines the assumptions of no credit market, discrete occupational choice and a 

model of endogenous growth where the total factor productivity increases with the 

relative proportion of innovators to generate empirically reasonable cross-country 

diversity in long run growth rates. The model’s growth rates differ from country to 

country due to the difference in the intensity of innovation measured by the relative 

proportion of innovators implied by the historical distribution of human capital.  The key 

features of the model are similar to Bandyopadhyay (1993).  The model is also very 

similar to a vast body of literature on endogenous growth that ranges from Galor (1993) 

to Benabou (2002) with one important difference.  Unlike most other models, it 
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hypothesizes a special role of the occupation of the innovators in determining the total 

factor productivity.  

Under the above hypothesis and with no credit market assumption the long run 

outcome of the model turns out to be path dependant and the initial distribution of human 

capital plays a key role.  In particular, the human capital distribution and a redistributive 

tax and transfer scheme together determine the relative proportion of the innovators and 

hence the total factor productivity in the economy.  

The model applies the principle of comparative advantage to sort innovators as 

those whose human capital exceed a threshold determined by the overall distribution of 

human capital within the economy. Countries with relatively skewed distribution of 

human capital generate relatively low proportion of innovators and hence end up with 

low total factor productivity. At the same time countries with relatively large public 

welfare system accompanied by large redistributive tax-transfer scheme lowers the 

incentive for innovation.  Consequently, the interaction between the history specific 

inequality in the distribution of human capital and the policy of redistribution generate a 

significant amount of heterogeneity in the long-run growth rates across countries.  

Following the above intuition the model develops an equilibrium restriction on 

the long run growth rates as a function of initial distribution of human capital and the 

degree of redistributive tax and transfer. The qualitative nature of this restriction changes 

significantly once we omit the idiosyncratic hypothesis that the TFP of the model 

economy increases with the relative proportion of the innovators. The empirical exercise 

that I report in this paper supports the above hypothesis and rejects its alternative. The 
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estimated growth equation explains up to 53% of observed cross-country variation of 

growth rates. 

The rest of the paper is organized as follows.  In section 2, I lay out the model and 

its equilibrium restriction on the long run growth rates as a function of the path dependent 

distribution of human capital. Section 3 reports some calibration results and Section 4 

concludes.  

 

2. The Model 

The model consists of a single perishable consumption good, variable human capital, raw 

labor.  The model resembles standard features of a large body of literature on income 

distribution and growth (for a see, e.g., Mookherjee and Ray, 2003). It has a continuum 

of infinitely lived dynasties with measure one and they differ as in Benabou (2002) only 

in terms of the initial adult’s endowment of human capital h≥0.  Some dynasties have 

zero initial endowment of human capital. They are the poor. Others have h*>0 units of 

human capital. They are the rich. The initial distribution µ  of human capital is given by  

 

 *)h()0( µµ = , 0hdH
*hh

>= ∫
≥

µ .      (1) 

 

For the empirical study, I focus on a stationary environment such that the relative 

proportion of the rich and poor is constant. The poor people specialize as workers as in 

Bertola (1993). The rich people study and innovate.  Competitive firms put together 

innovators and workers to generate output.  The setup here captures the insight that in an 

economy with any arbitrary distribution of human capital, the contribution of high skilled 
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individuals critically determines the pace of technology growth and hence, in turn, the 

long run growth rate of per capita income.  

I focus on the balanced growth path such that the output per capita, the wage rate 

and the human capital of each innovator grow at the same constant rateγ .  I examine, in 

particular, the relationship between the relative proportion i of innovators and the 

balanced growth rate γ  within that stationary environment.  The model I present here 

admits a continuum of such steady states. I identify the stationary long run growth rate of 

a country with a steady state of the model. Then I estimate the model’s equilibrium 

restriction on the data across those steady states. My objective is to concentrate on cross-

country disparities of long run growth rates rather than time series observations. 

Therefore, I ignore the analysis of a non-stationary equilibrium of the model implied by 

an arbitrary initial distribution of human capital.  Now I describe other features of the 

model. 

 

In every period a dynasty is represented by an adult and a child. The utility of the 

dynastical agent at date t=0 is given by, 

 

t
t

t cv ln
0

0 ∑=
∞

=
β , 0<β<1.       (2) 

 

There are two inputs, human capital h>0 and manual labor l>0. They can be combined to 

produce one final output q, which is an index of output from different industries, such as 
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real GDP. To summarize production techniques used in a wide distribution of industries, 

I use a standard neoclassical production function such as follows: 

 

 aa1 lh*TFPq −= ,         (3) 

 

where TFP>0 denotes the total factor productivity and 0<a<1 denotes the output 

elasticity of manual labor.  The value of “a” reflects underlying technology used and 

varies across different industries. For example, agriculture uses a technology which has a 

relatively low skill-bias compared to information, communication and technology (ICT).  

Consequently, a small increase in manual labor would contribute to a significantly larger 

increase in output in agriculture than in ICT. Given that insight, I assume that the value of 

output elasticity of manual labor in the production function for the whole economy 

reflects the relative share of industries such as agriculture with low skill bias to the total 

output in the economy.  In other words, a primarily agricultural country would have a 

relatively low value of “a” than an industrialized country.   

 

I hypothesize that the distribution of human capital plays a crucial role in determining the 

relative share output from industries with a large output elasticity of manual labor.  In 

particular, innovators who are also rich in human capital generate external effects that 

alter the distribution industry in a way to lower the relative share of output from 

industries with a low skill bias.  This idea corresponds to that of “skill-biased 

technological change” explored in the literature (see, e.g., Accemoglu, 2002).  Following 

the above hypothesis, I make a simple assumption that the output elasticity a of manual 
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labor decreases from one to zero as the relative proportion i of high human capital adults 

increases from zero to one, and represent it by a function a=a(i), where 

 

  ( )gi1)i(a −= , g>0.      (4) 

 

Following Lucas (1988) I assume that the TFP of a country increases with the average 

human capital H of the adults. However, different industries would likely to have 

different TFP. Consequently, if the output elasticity of manual labor decreases due to an 

increase in the increase in the relative proportion of innovators in the economy, the TFP 

for the whole economy may change for a given stock of average human capital. To 

capture that additional possibility of change I model TFP as a function of both H and i 

such that: 

 

 bHAiTFP θ= , A>0, .1b0, <≤∞<≤∞− θ     (5) 

 

If θ  equals zero then the TFP specification resembles Lucas (1988).  

 

The workers receive a competitive wage rate w for their raw labor and the innovators 

receive a competitive rental price r for their human capital such that  

 

 a1)l/h(aTFPw −=        (6) 
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 a)l/h(TFP)a1(r −−=        (7) 

 

The adult makes a discrete occupational choice between innovation and work. Let I be an 

indicator function such that if I=1 the adult is an innovator. Then the adult’s income y as 

a function of her human capital h is given by,  

 

 w)I1(Irh)h(y −+=        (8) 

 

The government imposes a proportional income tax rate 10 <<τ on the rich and 

transfers a lump-sum benefit z to the poor such that the disposable income y~  is given by, 

 

  z)h(y)h(y~ += , if 0h = ; )h(y)1()h(y~ τ−= , if h>h*.  (9) 

 

The government’s budget constraint holds. 

 

 rH)i1(z τ=−         (10) 

 

The adult her disposal between consumption c and expenditure on schooling s such that 

 

y~sc ≤+ ,  y~'s'c ≤+ ,       (11) 
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where the prime symbol indicate next period. Due to the intergenerational persistence the 

next period’s human capital h′  within the dynasty evolves as follows: 

 

 ,10,sh)1(h <<+−=′ δδ    t=0, 1, 2, …..  (12) 

 

The recursive dynamic problem of individual optimization is given by the following 

Bellman equation: 

=)H,i;h(V  

))}1(H,i);sh)1((y~(V)s)h(y~{ln(Max
}1,0{I,0s

γδβ ++−+−
∈≥

   (13) 

subject to (1)-(12)  

 

At equilibrium a dynastical agent with h units of human capital takes three aggregate 

state variables i, H, and γ  and policy parameter τ  as given and chooses two decision 

rules, one for schooling and the other for occupational choice that satisfy the Bellman 

equation given by (13). The first order condition of the above exercise implies that there 

is a critical threshold h(i, H)>0 such that the optimal decision rules are given by 

 

Schooling: h)1)1r)1((()h(s δδτβ +−−+−= , if and only if h>h(i, H). 

  = 0, otherwise.        (14) 

 

Occupation: I(h)=1, if h≥ x, and I(h)=0, if h≤ x, where 
r
wx = .   (15)  
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The above two decision rules imply the following consistency conditions for the model 

economy: 

 

)x(HhdH
xh

≡= ∫
≥

µ , )x(1)h(di
xh

µµ −== ∫
≥

, g))x(i1(a −= = g)x(µ , (16) 

 

)x(r)x(H)x())x(1(A))x(1(r
gg )x(b)x(g =−−= −µµθ µµµ , (17) 

 

δγ −= )x(e , where )1)(1()x(r)1()x(e βδτβ −−−−= ,  (18) 

 

and the following fixed point is satisfied. 

)x())x(1(

hd)x(
x xh

µα

µα

−
=

∫
≥ .       (19) 

 

This completes the definition of the equilibrium for the model economy.   

 

Lemma 1: There is a unique real number x*>0 that satisfies (19).  

 

Lemma 2: If g*)x(b µ≠  then 0=γ  and the model’s equilibrium reduces to one with 

no endogenous growth such as Solow (1956).  
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The empirical exercise that I do later requires an endogenous growth model and hence I 

assume g*)x(b µ=  for the rest of paper.  

 

Let us denote the initial proportion )0(1 µ−  of high human capital adults by Hµ  such 

that in a stationary equilibrium: Hi µ= . 

 

Lemma 3: Given H>0, there is a lower bound Lµ >0 such that if Hµ < Lµ  then the low 

human capital adults would have incentive to borrow and invest in schooling to turn the 

future adults of her dynasty into innovators. 

 

Lemma 4: Given H>0, there is an upper bound Uµ >0 and a critical threshold 

)H,(h Uµ >0 such that if Hµ > Uµ  then some high human capital adults with 

h< )H,(h Hµ  would have no incentive to invest in schooling. 

 

Lemma 5: The strictly concave utility function implies that LU µµ > . 

 

Proposition 1: If the initial distribution of human capital is such that 

UHL0 µµµ <<<  and )H,(h*h Hµ>  then the equilibrium of this model describe 

a unique balanced growth path. 

 

By (17) and (18) the balanced growth rate γ: RH →µ  is given by:     
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=γ )1( τβ − a
HH )1(A)a1( µµθ −− 1)1( −−+ δβ ,  (20) 

 

and the Gini coefficient for the model economy is given by: 

 

 Gini = H)1)(a1( µτ −−− .     (21) 

 

Note under the hypothesis of the skill-biased technological change, i.e., when 

g
H )1(a µ−=  the income inequality changes ambiguously in response to an increase 

in the relative proportion of adults with high human capital.   

 

 
The Empirical Exercise 

I focus on 61 countries for which the data on the share of agriculture in GDP, Gini-

coefficient as well as proportion of adults with tertiary educational qualification are 

available. Data come from various sources.  Share of agriculture comes from the World 

Bank database. The per capita growth rate series are from the Summers and Heston Penn 

World Tables. An average per capita growth rate is computed for each country in the 

sample over the period 1960-2000.  The proportion of adults with tertiary qualification 

(referred as HQ) in 1985 is used as a proxy for the initial proportion Hµ of high human 

capital adults.  The series for HQ came from the data set constructed by Barro and Lee 

(2001).  The Appendix reports all our relevant data. 
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I proceed in three incremental steps. First, I abstract from the skill-biased technological 

change hypothesis and assume that the output elasticity of manual labor “a” to be 

independent of the relative proportion of innovators in the economy. After some 

manipulation of equation (20) I derive a log-linear restriction on the data and then I add 

an error term as follows:  

 

iHii errorLnInterceptLnZ ++= µθ , a
Hi

i
i

)1)(a1)(1(
)1(1Z

µτ

δβγ

−−−

−−+
=  (21) 

 

A Calibration Exercise 

I then organize the data based on the key assumptions of the model. In particular, the 

model allows homogenous preference and technology and hence I calibrate a common set 

of parameter values for all countries. For a given combination of parameters, the model 

admits a continuum of steady states.  I exploit this property of the model for the purpose 

of calibration.  

The average share of agriculture in GDP equals 0.1247. I argue that the low skill 

intensity in agriculture justifies the use of this statistic as a proxy for the parameter a, 

denoting the share low skill in the national technology. I calculate the baseline τ by 

plugging the world average Gini, and the world average proportion of educated people 

into equation (21). Using this procedure, the world redistributive tax rate τ is found to be 

43.45%.  Note that this procedure exactly replicates the average Gini in the sample.     

Setting the parameters at the baseline levels, I calculate the growth rates based on 

equation (20) using the proportion m of higher secondary educated people as a proxy 
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for Hµ .  The mean squared errors of the forecasts turn out to be .01%.  The correlation 

coefficient between m and the error of the forecast is 1.08% implying no obvious 

heteroscedasticity in the fitted relationship.  

The model growth rate now ranges from about 1.5% to nearly 3.25%.  It is 

noteworthy that we can achieve this in terms of a simple deterministic non-monotonic 

relationship between the growth rate and the proportion of innovators.  

 

A Ordinary Least Square Regression Exercise  

Using the log-linear equation (21) and the ordinary least squares (OLS) method, I regress 

Z_i on the proportion m of managers, measured by μ_Hi, to find the predicted outcome 

explains about 21% variations in the actual data with a high degree of significance.  
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SUMMARY OUTPUT

Regression Statistics
Multiple R 0.478775
R Square 0.229226
Adjusted R 0.214952
Standard E 0.05168
Observatio 56

ANOVA
df SS MS F ignificance F

Regression 1 0.042892 0.042892 16.05941 0.000189
Residual 54 0.144224 0.002671
Total 55 0.187116

Coefficientstandard Erro t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%
Intercept -0.755883 0.020233 -37.35897 2.9E-40 -0.796448 -0.715318 -0.796448 -0.715318
ln_m 0.025584 0.006384 4.00742 0.000189 0.012784 0.038383 0.012784 0.038383

    

 

-1.10

-0.90

-0.70

-0.50
-6 -5 -4 -3 -2 -1 0

ln_m

Ln
_Z

i

Ln_Zi Predicted Ln_Zi

 
5. Conclusion 

This paper applies a new endogenous model of growth to understand cross-country 

disparity of long run growth rates and find the model empirically reasonable in multiple 

dimensions.  The model arises from a general equilibrium set up where the initial 

distribution of human capital persists in the steady state. The model provides a purely 

neoclassical explanation for how diversity in human capital distribution can lead to 

diversity in cross-country growth rates. The paper provides a clue to understanding the 

wide diversity in the long run growth rates that have perplexed the growth theorists for so 

long.  Both the calibration exercise and the regression exercise based on a theoretical 
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restriction on the data derived from the new model show that the model explain a 

significant fraction of the observed disparity in the growth rates. The key policy 

implication from this study suggest that to improve the long run growth rate of an 

economy its long run strategy involves growing the size of the skilled population that the 

economy can sustain in the long run.  Future studies can shed further light on this policy 

implication. 
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Appendix  
 
DATA 
Country Gini 1985 Average 

growth 
rate % 
(1961-
2014) 

%HQ 
(ages 15-
64, 2010) 

% Share of agriculture in 
GDP (2010) 

Australia 37.6 3.58 20.1 2.38 
Austria 23.1 2.86 10.8 1.43 
Belgium 26.2 2.74 20.7 0.85 
Brazil 61.8 4.47 6.6 4.84 
Cameroon 49 3.65 1.6 23.39 
Canada 32.8 3.32 26.1 1.52 
Chile 53.2 4.38 7.0 3.46 
China 31.4 8.46 2.6 9.62 
Colombia 51.2 4.38 18.8 7.10 
Costa Rica 47 4.85 15.8 7.18 
Denmark 31 2.34 18.0 1.40 
Ecuador 44.5 4.15 5.6 10.18 
Egypt, Arab Rep. 34 4.86 6.4 13.99 
Finland 30.8 2.96 12.9 2.73 
France 34.9 2.89 11.7 1.78 
Ghana 35.9 3.66 1.8 30.83 
Greece 39.9 2.92 27.8 3.27 
Guatemala 58.3 3.98 0 11.79 
Honduras 54.9 4.07 2.5 12.49 
India 38.1 5.36 5.3 18.21 
Indonesia 39 5.74 4.3 13.93 
Iran, Islamic 
Rep. 

42.9 4.46 14.4 6.86 

Italy 34.6 2.55 8.4 1.97 
Japan 35.9 3.90 24.4 1.18 
Kenya 57.3 4.78 4.0 27.83 
Malawi 59.9 4.39 0.2 29.61 
Malaysia 48 6.49 5.8 10.09 
Mexico 50.6 4.15 11.3 3.34 
Netherlands 29.1 2.91 18.2 1.91 
New Zealand 35.8 2.15 17.2 7.19 
Norway 31.4 3.29 14.6 1.76 
Panama 47.5 5.37 15.1 3.76 
Peru 49.3 3.81 13.6 7.21 
Philippines 46.1 4.28 6.0 12.31 
Portugal 36.8 3.37 3.6 2.19 
South Africa 51 3.24 0.3 2.63 
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Spain 31.8 3.53 18.0 2.55 
Sri Lanka 45.3 4.86 9.1 9.46 
Sweden 31.2 2.58 17.3 1.62 
Thailand 41.7 6.28 11.7 10.53 
Trinidad and 
Tobago 

41.7 3.28 6.9 0.65 

Turkey 44 4.59 6.2 9.46 
United Kingdom 27.1 2.46 17.0 0.74 
United States 37.3 3.21 27.5 1.16 
Uruguay 41.23 2.44 4.1 8.24 
Venezuela, RB 42.8 2.86 3.4 5.79 
  
 
Source: The series %HQ is the proportion of population with higher secondary education 
for which the data came from Barro and Lee (2013). The series for the average per capita 
growth rates of real GDP for the sample period 1960-2014 was computed from the latest 
Penn World Table 9. The share of agriculture in GDP for the year 1998 (for which data 
for all countries in our sample are available) came from the World Bank Development 
Indicators (2015).  Gini data from Forbes (2000) and Deininger and Squire (1996).  
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 The following chart is taken from Galor (2013) as an iconic image of the long run 

growth disparity. According Galor’s theory the accumulation of human capital and its 

transmission across generations played a major role in the pace of accumulation of 

knowledge. Economies which provided a more favourable conditions for the parents to 

investment in their children’s education enjoyed faster economic growth. 
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