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Week 4: Endogenous growth.

Recap
• Stages of growth 

Descriptive, identified commonalities in growth path from 
institutions to technology.


• Harrod-Domar 
“Knife-edge” of the rate of capital investment necessary 
to sustain stable growth.


• Solow-Swan  
Diminishing returns to capital, implying convergence, and 
technology “shocks” coming from outside the model. 

Explanatory buckets
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Y = A Kα L(1-α)

Per capita view
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• Capital deepening  
 
 
 
 
 

y = A kα 

  tmata.com/papers/hope09-blackbox_solow.pdf 



• Neoclassical Exogenous Growth Models  
- technological improvements are the only source of long 
run growth and are un-modelled (exogenous) 


• Endogenous Growth Models  
- Tries to unpick technology as a potential growth engine 
- It is important to understand the economic forces 
underlying technological progress  
 
 
 

Next step Big ideas
1. Technological change — improvement in the instructions for 

mixing together raw materials — lies at the heart of economic 
growth. 


2. Technological change arises in large part because of intentional 
actions taken by people who respond to market incentives. Thus 
the model is one of endogenous rather than exogenous 
technological change. 


3. Instructions for working with raw materials are inherently 
different from other economic goods. Once the cost of 
creating a new set of instructions has been incurred, the 
instructions can be used over and over again at no additional 
cost.

Rivalry & excludability
• Knowledge is not a private good. 


• It is non-rivalrous (one firm using an idea does not exclude 
another firm, or country, using it)


• It is often non-excludable (once the idea is widely known it is 
often impossible to stop others using it, even with patent 
systems)


• Thus, there is no reason to believe that ideas have 
diminishing returns. 


• But! Recall Egyptian carpet manufacturers.

Why is this important for 
growth

• Non-rivalrous ‘goods’ can be accumulated without limit 
on a per capita basis. 


• “When this person dies, the skills are lost, but any non-
rival good that this person produces-a scientific law; a 
principle of mechanical, electrical, or chemical 
engineering; a mathematical result; software; a patent; a 
mechanical drawing; or a blueprint- lives on after the 
person is gone.”

Evidence?
• Output per hour worked in the United States today is 10 

times as valuable as output per hour worked 100 years 
ago. 
 
 
 
 
 
 
 
 



• “If it is true that growth rates are not negatively correlated 
with the level of per capita output or capital, then there 
should be no tendency for the dispersion in the (logarithm 
of the) level of per capita income to decrease over time. 
There should be no tendency toward convergence. 
This contradicts a widespread impression that 
convergence in this sense has been evident, especially 
since the Second World War.”

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.589.3348&rep=rep1&type=pdf 

New perspective

• In the Solow-Swan model, A was endogenous. 
Technology changes were independent of investment in 
capital, K, and total output.  
 
Y(t) = A K(t)α L(t)(1-α) 


• What if A itself is a function of the capital stock, K? What 
if capital accumulation embeds technology/knowledge 
improvements?

• Assume that the higher the capital stock the more the 
economy is able to use new knowledge/technologies, 
then something like the following captures this idea: 
 
A = B K(1-α)


• where B is a “learning factor” representing the spread of 
knowledge with capital accumulation. 


• Overall technology, A, has diminishing returns wrt capital, 
K. 

• Substitute our new endogenous technology 
 
Y(t) = [ B K (t)(1-α) ] K(t)α L(t)(1-α)  


• Then simplify to 
 
Y(t) = B K(t) L(t)(1-α)  


• And we are back to the AK model after we take the per 
capita version (divide both sides by L)


• y(t) = B k(t) 


• Where the growth rate comes from the level of investment 
out of Y (output) each year.

https://pubs.aeaweb.org/doi/pdfplus/10.1257/jep.8.1.55 



Evidence?
• Like Harrod and Domar’s AK model it predicts no 

convergence. 


• How would you even start to look? After all, the idea of 
“knowledge” is almost by definition something we can’t 
measure. 


• How should we try? Could we differentiate ‘knowledge’ 
from ‘human capital’?


• Many correlations with education and growth (can’t 
differentiate).

Human capital
• In contrast to general knowledge, human capital, or 

peoples’ skillsets, is rivalrous — each person can only use 
that skill themselves!


• Economist like to add a separate human capital term: 
 
Y(t) = A K (t)α [ H(t) L(t) ](1-α) 


• Which is another way to ‘save’ the neoclassical growth 
model from the empirical finding that convergence is not 
the norm. 

• Take the per capita version of human capital model 
 
Y/L(t) = A K/L(t)α [ H(t)/L L(t)/L ](1-α)   
 

y(t) = A k(t)α h(t) (1-α)  


• Which again looks like the AK model, but this time labour 
inputs are ‘augmented’ to account for changes in human 
capital.


• This approach is actually used in Australia’s growth 
accounting - called “quality adjusted hours worked” 

http://www.abs.gov.au/ausstats/abs@.nsf/mf/5260.0.55.002 

Evidence?
• Does “an amalgam of factors such as education, experience, training, 

intelligence, energy, work habits, trustworthiness, and initiative that 
affect the value of a worker's marginal product” somehow affect a 
country’s ability to use it capital - ideally want to hold physical 
capital constant and vary human capital and see growth effect. 


• Recall “Two Million Regressions” - no education variable was strongly 
correlated with growth.


• Studies are essentially limited to measurable proxies such as school 
enrolment, av. years of schooling, etc. 


• Cuba and Russia (many engineers) vs Asian Tiger (rapid 
industrialisation, low literacy, few engineers)

https://www.gla.ac.uk/media/media_22195_en.pdf 



http://www.ecostat.unical.it/aiello/didattica/economia_Crescita/CRESCITA/CRESCITA_Sala-i-
Martin-AER-1997.pdf 

Reflect
• We spoke in Wk 1 about a thought experiment - what if all the 

people in Germany were beamed to West Bengal state of India, 
and vice-versa. 


• Capital and labour (in terms of available work hours) would be 
the same. 


• All the different in output would come from the capital-specific 
knowledge held in the minds of the people. So perhaps there is 
some merit in the idea.


• By how then would it be possible to build capital equipment 
without the knowledge to use it? Isn’t it already implied that if 
capital equipment exists it can be used?

Globalisation
• How do the five elements of globalisation fit with 

endogenous growth theory?


• Trade - We already spoke about diffusion of knowledge (and 
Egypt carpet example)


• Cross-ownership of capital? Audi in China, Ford in Korea.


• Global institutions? What do you think?


• Migration?


• Culture?

Variations on a theme
• “Factors of production” approach, with capital, labour 

(but not land, which was a classical — 1800s — 
assumption in this tradition)


• Happens to be consistent with national accounting since 
these theoretical assumptions were the historical basis for 
the invention of national accounting. 


• Mostly we are stuck in the neo-classical world, sticking to 
the diminishing returns to capital assumption, and looking 
for ways to match the data without actually giving up the 
assumption!

Joan Robinsons’ warning

https://pubs.aeaweb.org/doi/pdfplus/10.1257/089533003321165010 



Growth accounting
• The benefit of these approaches, the AK model and the 

neo-classical models with both exogenous growth, and 
endogenous (tech/ideas and human cap), are that they fit 
the national accounting structures we have developed. 


• Updated growth theory → National accounting 


• Concentrating on A avoids difficult questions about what 
exactly K is — the qualitative characteristics of capital. Is 
building mines better than machines? What about roads 
vs rail?

Summary
• Data shows that the neo-classical prediction of convergence 

is the exception rather than the norm, as predicted. 


• Existing growth accounting data shows that the residual — 
neither labour nor measured capital — explains most of the 
observed growth. 


• Paul Romer says “hey, maybe the residual is something to do 
with knowledge and the smarts to use a stock of capital”


• Make the A term endogenous by making it a function of 
capital, K .

Summary
• Others, like Mankiw, think maybe rivalrous knowledge can be 

incorporated by augmenting L with human capital, H, more 
directly capturing the idea of ‘skills to use capital equipment”.


• Both approaches lead us back to the AK model (no diminishing 
returns to capital), which is just the Solow model with α = 1 
anyway. 


• Empirical evidence is not really robust for either approach, except 
for the macro fact that convergence is rare. 


• Neither helps clarify how to get more knowledge or human capital 
— we have to think outside the model for this. Neither questions 
what capital is or how its measured. 

Readings for Wk 5
• Should Industrial Policy in Developing Countries Conform to 

Comparative Advantage or Defy it? A Debate Between Justin 
Lin and Ha-Joon Chang. Development Policy Review, 2009, 
27 (5): 483-502 


• Deardorff, A. (1984). Testing trade theories and predicting 
trade flows. Chapter 10 of Handbook of International 
Economics. Section 6 only. 

• Optional - Reinert, E. S. (2007). How rich countries got rich 
and why poor countries stay poor. Chapter 4 - Globalization 
- The Arguments in Favour are also the Arguments 
Against.


