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Economic Growth II 



Introducing technological progress 
 Solow model: Technological progress needed to explain 

sustained growth!  
 

 Technological progress A is labor augmenting,  

Y=F(K, AL) 
 A: efficiency of labor (=available technology) 
 AL: “effective labor” 

 

 When efficiency of labor increases: one worker 
produces more output! 

 
 Efficiency of labor (A) grows at the constant rate a.  
 Since L grows at rate n and A grows at rate a, AL grows at 

a+n 

 

3. Technological Progress 



Introducing technological progress 
 

How do we find our steady state in this case? 
 

 Redefine y=Y/AL and k=K/AL 
 Expressing our key variables in effective labor 
 Since AL grows at a + n, K has to increase by a + n to keep 

K/AL constant  
 

 We can then rewrite the capital accumulation equation as 
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3. Technological Progress 



Steady state with population growth and 
technological progress 

 Capital widening now also includes a. 
 Attention: watch the labels on x and y axis! 
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3. Technological Progress 

y=f(k) 



Golden Rule with technological progress 

 Golden rule: the steady state value of  the capital-effective 
labor ratio          maximizes consumption when the marginal 
product of capital net of depreciation equals the rate of 
total output, a + n 

 

 
 

 For k=K/AL to be constant in steady state: 

 i = (δ + a + n)k  

 K must be growing at a rate a+n and compensate for 
depreciation. 

 At what rate grows Y? Y/AL? Y/L? 
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3. Technological Progress 



Technologial progress 
 Y/AL = constant in steady state, but Y grows at a + n 

 

 Y/AL = constant in steady state, but Y/L increases with A! 

 A positive a implies that both K/L and Y/L increase over 
time with growth rate a! 

 

 

 Thus, technological progress brings about sustained 
growth in per capita income! 

 Faster technological progress leads to faster growth in 
GDP per capita/per worker. 

 

4. Explaining Kaldor’s stylized facts 



Trend growth rates of output and capital 

 Summary of growth rates in the steady state with 
population growth and technological progress 

time 

y=Y/AL  and  k=K/AL Growth rate = 0 

Y/L and K/L 
Growth rate = a 

Y and K and AL 

Growth rate = a+n 

4. Explaining Kaldor’s stylized facts 

Growth path 



Kaldor’s stylized facts 

 Fact 1: Output per capita (Y/L) and capital intensity (K/L) 
keep increasing 

 

 Fact 2: The capital output ratio (K/Y) is roughly constant 

 

 Fact 3: Hourly wages keep rising 

 

 Fact 4: The rate of return to capital is constant 

 

 Fact 5: The relative shares of GDP going to labor and 
capital are constant 

4. Explaining Kaldor’s stylized facts 



Explaining Kaldor’s stylized facts 

 Fact 1: Output per capita (Y/L) and capital intensity (K/L) 
keep increasing  
  ongoing technological progress continuously increases 

labor productivity  Y/L  because A 
  Steady state: K/AL = constant  K/L  if A 

 

 Fact 2: The capital output ratio (K/Y) is roughly constant 
  Steady state: K and Y both increase both at rate n+a  

 

 Fact 3: Hourly wages keep rising 
  Workers are paid according to their marginal product. So 

if labor productivity  because A  w 

4. Explaining Kaldor’s stylized facts 



Explaining Kaldor’s stylized facts 

 Fact 4: The rate of profits is constant 
 Productivity of K stays constant, technological progress 

increases only efficiency of labor  profit rate of K is 
constant 
 

 Fact 5: The relative shares of GDP going to labor and 
capital are constant 
  K and L receive income respective to their contribution to 

GDP. If their relative contribution stays constant  income 
shares are constant. 

 

4. Explaining Kaldor’s stylized facts 



Outline - Economic Growth: theory and policy 

1. Convergence in the Solow model: Theory and reality 
 

2. The role of complementary inputs 
1. Human capital 

2. Public infrastructure 

3. Social infrastructure 

 

3. Endogenous growth 
1. Constant marginal productivity of capital 

2. The role of externalities 

3. The creation of knowledge 

 

4. Openess 

5. Summary 

 



Nominal GDP per capita, 2010 

 

 

Source: http://en.wikipedia.org/wiki/List_of_countries_by_GDP_(nominal)_per_capita 



 

Bron: UNEP/GRID-Arendal, Gross Domestic Product (GDP) average annual growth, 1990–2003, UNEP/GRID-Arendal Maps and Graphics Library, 

http://maps.grida.no/go/graphic/gross-domestic-product-gdp-average-annual-growth-1990-2003 

Average growth rate 1990 - 2003 
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Solow model and the Convergence Hypothesis 

 A country’s output per capita in the steady state is affected 
by 

 Saving rate, s 

 Population Growth, n 

 Level of technology, A 
 Note: a and δ are considered to be equal across countries 

 

 Implications 

 If s, n and A are similar across countries  convergence to the 
same steady state should occur  same Y/L 

 In the steady state in all countries Y/L grows at a 

 If a country has a capital stock below the steady state level  
grows faster until it reaches the steady state  catch up 

 

1. The Convergence Hypothesis 



Same steady state for similar countries 

y=Y/AL 
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1. The Convergence Hypothesis 

y=f(k) 

k1 



Convergence Hypothesis 
 

 Convergence hypothesis: 

  Basic idea: If a country starts out with a low level of k (below 
the steady state) capital accumulation should occur faster 
than in advanced economies (closer or at the steady state)  
 K has higher marginal productivity 

 

The farther away from the steady state, the faster I grow 
(catching-up)  convergence to same steady state 

 

1. The Convergence Hypothesis 



Convergence hypothesis in reality 

Sources: Barro (1991); Summers and Heston (1991)  

23 OECD Countries (1960-97) 
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1. The Convergence Hypothesis 



Conditional convergence 

y=Y/AL 

0 

capital widening ( )a n k   

A 

k=K/AL 

y=f(k) 

kLow 

Slow*y 

kHigh 

Shigh*y 

Differences in f.ex. the saving rate lead to different steady 
states and different Y/L. 

1.1. Conditional Convergence 
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 Different production functions in two economies. 
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1.1. Conditional Convergence 



Conditional convergence 

 Conditional convergence:  

 Basic idea: countries with different production functions will 
converge to different steady states, characterized by different 
levels of capital and output per (effective) labor. 

 

What are the factors that might explain why production 
functions differ across countries? Why does productivity 
varies between countries? 

 

Missing inputs  

 Output depends also on other factors 

 Some of these factors can also increase productivity of L and 
K (just as A) 

 
 

1.1. Conditional Convergence 



Augmenting the Solow model 

 Adapt the Solow growth model by adding some additional 
production factors 

 

1. Human capital 

2. Public infrastructure 

3. Social infrastructure (Institutions) 

 

 

 

2. The role of complementary inputs 



Human capital 

),,( HLKAFY 

 Missing information when looking at total labor force: 
skill level of each worker 

 Better educated workers (H) tend to be more productive 
then unskilled workers (L) 

 

 Human capital: stock of knowledge, competencies, 
experience etc that determine the productive ability of 
the labor force. 

 Accumulated via schooling, learning on the job, … 
 

 The aggregate production function then becomes 

2.1. Human capital 



Human capital and real GDP per capita 
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2.1. Human capital 



Human capital and health 

 Growth trap? 

 Too poor to invest in schooling  no growth  no income 
to invest in schooling  

 

 Good health and high life expectancy increases human 
capital 

 If I work longer than it’s worth investing a few years in 
education 

 

 

 Causality? 
 Higher income  better health  

 

2.1. Human capital 



Life expectancy and real GDP per capita 

 

Source: Bloom, Canning, Graham and Svilla, (2000)  

2.1. Human capital 



Public infrastructure 

 Streets, public transports, internet contribute to output.  

 Include public capital KG in aggregate production 
function 

 

 

 Building and maintaining this infrastructure is often very 
costly.  Use is free (streets) or very cheap (public transport, 
internet)  improves productivity of labor 

 

 Difficult to evaluate the overall benefits of streets etc. 

 Financed by taxes.   
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2.2. Public infrastructure 



Public infrastructure 

 Question for governments: what is the optimal level of 
infrastructure investment?  

 Too low  harmful to growth 

 Too much  waste of tax money  

 

2.2. Public infrastructure 

Source: www.labkultur.tv/en/blog/rotterdam-builds-new-central-station 



Public investment spending, 2004 (% of GDP) 
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2.2. Public infrastructure 



Social infrastructure 
 Institutions (or « Soft factors »): legal system, tax system, 

democracy, property rights, human rights… 

 key role in explaining cross-country differences in growth 

 improve directly and indirectly the effectiveness of workers 
 

Why do institutions matter? 
 

 I only invest (in education and physical capital) if I am 
confident that I will reap the benefits of my investment. 

 

 Well defined and enforced property rights guarantee returns 
on investment  necessary for growth 

 
 

 

 

 

 

 

2.3. Social infrastructure 



Economic growth under socialism vs. W. Europe 
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2.3. Social infrastructure 



Rule of law and growth 
« When governments screw up, they screw up big time » 

Xavier Sala-i-Martin, Catalan macroeconomist 

 

Source: Easterly  (1999)  

2.3. Social infrastructure 



Introducing endogeneous growth 

 So far: 

 Growth in per capita GDP is exogenous and is driven by 
technological progress 

 technological progress has been assumed to be exogenous  
 i.e. it just happens 

 we did not explain how innovation occurred. 
 

Endogenous growth theory rejects the idea of exogenous 
technological change  attempts to explain why growth 
can vary across economies in the long run  

 

Key element: constant instead of diminishing marginal 
product of capital 

 

3. Endogenous growth 



Steady state with diminishing MPK 
 Intersection of the saving schedule and the capital widening 

line occurs because the saving schedule is curved.  

 Its curvature comes from the production function which has 
diminishing returns to capital.  
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3.1. Endogenous growth – constant MPK 



Endogenous growth: constant MPK 
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3.1. Endogenous growth – constant MPK 



Constant returns to scale 

 Solow growth model:  

 assumed decreasing marginal product of capital. 
 

 Endogenous growth model:  

 Constant marginal product of capital 
 imagine that technological improvement in capital races along just fast 

enough to offset the diminishing marginal productivity of capital. 

 i.e. technological progress shifts the production function outward 
faster then we can go to the new steady state. 

 Slope of production function always exceeds the capital 
widening line 

No steady state capital stock possible  K/L and Y/L never 
stop growing! 

 

 

 

3.1. Endogenous growth – constant MPK 



The role of externalities 

 Externalities: Effect of an individual’s activity on the 
productivity of the economy without the individual feeling 
these effects himself. 

 Activities that affect the welfare of economic agents who are 
not undertaking these activities directly. 

 Actions of individuals affect the welfare (productivity) of 
others in ways that are not mediated by the market.  

 

 Examples: 

 Negative externalities: loud music, pollution, cigarette 
smoke… 

 Positive externalities: vaccination, road safety, technological 
spillovers, education 

 

 

 

 

 

 

 

3. 2. Endogenous growth – the role of externalities 



The role of externalities 

 When there are enough externalities arising through the 
accumulation of…  

 Physical capital 

 Public capital  

 Human capital 

 

 …then we could be in a situation of endogenous growth.  

 Individuals perceive diminishing returns to their investment, 
but can increase the productivity of the whole economy so 
that the aggregate economy is characterized by constant 
returns to scale. 

 

3. 2. Endogenous growth – the role of externalities 



Constant returns and externalities 

Marginal returns to physical and human capital are 
decreasing  cannot explain differences in growth rates 

 

But education might have positive externalities: might 
make my co-workers more productive, without me being 
rewarded for that.  

Social returns > individual returns 

 

 

The presence of externalities might make the marginal 
returns to human capital no longer decreasing, but 
constant in the aggregate economy 

3. 2. Endogenous growth – the role of externalities 



The creation of new technology 

 So far: technological progress has been assumed to be 
exogenous and for free 

 

 Actually,  technological progress is mostly knowledge that 
results from (expensive) research and development 

 

 Problem: knowledge is a public good  everybody can 
have free access to it  

 

« If I have seen further it is by standing on the shoulders of 
giants »  

Isaac Newton 

 

 

3. 3. Endogenous growth – knowledge 



A taxonomy of goods 
 Knowledge is a typical good with positive externalities. 

  

 
 

Rival 

 

 

Non-rival 

 
  

  

  

Excludable 
  

  

 

  

  

Most 

conventionally 

marketed private 

goods. 

  

Police protection, 

patented inventions, 

copyrighted material, 

subscription cable TV 

  

  

Nonexcludable 
  

 

  

Parking spaces, 

public tennis courts, 

beaches, park 

benches, congested 

highways. 

 National defence, 

good weather, 

radio/television 

programming, 

internet, knowledge. 
 

3. 3. Endogenous growth – knowledge 



The role of knowledge in growth 

 Characteristics of knowledge: 

 Knowledge is non-rival: person X using knowledge doesn’t 
keep others from using it  everybody can benefit from my 
invention  no decreasing returns to it 

 

 We reformulate the production function: Y=AK 

 K: Knowledge 

One extra unit of K leads to A extra units of output 
irrespective the size of K = constant returns to K 

Then accumulation of knowledge could be the secret 
behind endless growth. 

3. 3. Endogenous growth – knowledge 



Protection of knowledge 

 But: 

 If knowledge is non-excludable, it is very likely that there will 
be underinvestment in the “production” of knowledge.  
 Example: As a private businessman I will not spend a lot of money to 

develop a new drug if the benefits from the drug will be freely available 
to others 

 

 Two solutions: 

 Public intervention in the production of basic knowledge is 
thus desirable 

 Protection of innovations (patents, intellectual property 
rights…)  

What is the optimal level of intervention? 

 

3. 3. Endogenous growth – knowledge 



Protection of knowledge 

 Public intervention 

 If  under provision of innovations: Public intervention in the 
production of basic knowledge is thus desirable 

What is the optimal level of intervention? 

 

 Transforming innovations into new production processes 
requires skills 

 

 Lack of human capital might mean that a country will not 
be able to take advantage of new discoveries  possibility 
of poverty traps 

 

 

3. 3. Endogenous growth – knowledge 



Patents 

 Patents 
 grant the inventor the exclusive economic rights on the 

product he has developed 
 

 Advantage: 
 Monopoly rights over a certain period of time  incentive to 

invest in R&D 
 

 Disadvantages:  
 Monopoly rights  charge a price for the product which is 

higher than the marginal cost of production  
 

 Tensions (think about the availability of new medicines in 
poor developing countries) 

3. 3. Endogenous growth – knowledge 



How does technology evolve? 

1. Randomly:  technology evolves randomly 

 

2. Schumpeter: “Creative destruction”  

 Big discoveries tend to occur in waves 

1. When growth slows some entrepreneur takes more risk 
and invests more in R&D.  

2. More research will then lead to more innovation 

3. Profits increase  new firms enter the market more 
competition, reducing profits and willingness to invest in 
new R&D goes down 

4. Growth slows down, more investment in R&D … 

 

3. 3. Endogenous growth – knowledge 



Trade openness and growth 
 Government can open the country to international trade 

 Frankel and Romer (1999): strong causal link between trade 
openness and growth 

 

 Worldwide competition  

 only the efficient firms survive because they can sell cheap 
goods  countries can specialize in goods they have an 
advantage  more efficient allocation of resources  growth 

 encourages  firms to adapt new technologies to stay 
competitive  more efficient  growth 

 

 Exports and multinational companies 

  flow of ideas across borders and bring new technology  
knowledge diffuses via labor turn-over  growth 

4. Trade openess and growth 



Summary of effects on growth 

Factor: 

Effect on  

average annual  

growth rate 

Initial per capita GDP [+1%]  -2.5          

Education [+1 year]  0.4          

Life expectancy [+1 year]  0.8          

Fertility rate [+50%]  -0.6          

Government consumption [+10% to ratio]  -0.6          

Rule of law [+0.1 increase]  0.2          

Investment [10% ratio]  0.8          

5. Summary 



Inequality and growth 

 The presence of growth suggests that the average citizen 
of a country sees its overall standard of living improve 
over time. 

 

By no means this implies that all individual will be better 
off. Some will gain, some will loose. 

 

 Kutznets (1955) has identified a hump shaped 
relationship between growth and inequality, which is still 
believed to hold. 

5. Summary 



Inequality and growth: The Kuznets Curve 
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5. Summary 


