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Endogenous growth

In exogenous growth models only technology A drives growth in the long run
We assumed that A grows at some rate g over time, where does it come from?

Think of A as ideas of how to combine inputs efficiently:
more / better ideas, higher output per worker

Economics of ideas are different from economics of goods and services:
- ldeas are non-rival: | can use the idea of calculus at the same time as you
- ldeas are (generally) non-exclusive: | cannot stop you from using calculus

That sounds like public goods! But someone needs to invent them in the first place:
- ldeas have high fixed costs: it took a lot of effort to invent calculus or a new drug
- ldeas carry low / zero marginal costs: it costs nothing for you to use calculus now,
it costs very little to produce one more pill of a drug

This implies that ideas have increasing returns to scale



Endogenous growth

Increasing returns to scale implies that the average cost of the idea
(or good that embodies the idea) is higher than the marginal cost
of reproducing the idea (or good that embodies the idea)

So ideas (or the goods embodying them) will only be produced
if someone can charge more than marginal cost

There must be imperfect competition

We'll learn the following endogenous growth models:
- Increasing product variety (horizontal innovation)
« Increasing product quality (vertical innovation)
- Capital accumulation and innovation

- International technology transfer



Endogenous growth

All models will share the same structure of the economy:
+ Households
« Firms
+ Perfectly competitive final goods producers

+ Monopolistic intermediate goods producers (M such firms)
- Research and development with free entry



Households’ utility maximization problem
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Expanded Lagranian
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Euler equation
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Increasing product variety (horizontal innovation)




Increasing product variety (horizontal innovation)

Based on Romer (1990) Endogenous Technological Change

Assume constant population / number of workers L
The number of intermediate good types M grows over time
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http://www.jstor.org/stable/2937632

Intermediate goods producers (monopolists)

One unit of intermediate good is produced from one unit of final good
The marginal cost of production in the intermediate goods sector is equal to 1
Profit maximization problem
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Plug in the inverse demand function
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Intermediate goods producers (monopolists)

Optimal price and production level
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Research and development (R&D)

Developing a new variety of intermediate good requires using 1/5 units of final good
Parameter n measures the productivity of the R&D sector

Let R denote the amount of resources devoted to R&D,
then the number of varieties increases by

AMy1 = My — My =R,

Free entry condition results in equalization of R&D cost of inventing a single
intermediate type with the benefits of “selling” a patent for V

- =V=— = r=nD=ndL



General Equilibrium and the BGP growth rate

We can now plug the interest rate into the Euler equation to get the BGP growth rate

«_T—p_mndL—p
g = g B g

BGP growth rate increases with
- the productivity of the R&D sector as measured by the parameter n
- firm profitability d (depending on market structure, here a function of «)
- the size of the economy as measured by labor supply L

and decreases with
- the rate of time preference p
« the degree of risk aversion o

n



Increasing product quality (vertical innovation)




Increasing product quality (vertical innovation)

Based on Aghion and Howitt (1992) A Model of Growth Through Creative Destruction

This time the number of intermediate good types M is constant,
but their quality increases over time. Again assume constant population L

Final goods production function
M

Y, = L'~ Z (A} x,)
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where A;; is the quality level of i-th itermediate good at period ¢

Profit maximization problem
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Intermediate goods producers (monopolists)

Profit maximization problem
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Pits Tit
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Plug in the inverse demand function
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where z;; is the probability of being replaced by a successful innovator
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Research and development (R&D)

A successful innovator replaces the monopolist in an industry 4
and increases the quality of the intermediate good by 1 + ¢, where ¢ > 0

A;,t+1 =(1+q) Ay
Success probability z;; depends on R&D resources R;;, adjusted by the target quality
zig = NRi[A] 111

If successful, the innovator will gain ownership of a firm with quality level A},
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General Equilibrium

Final goods production function
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where A is the aggregate productivity (in the increasing variety model A = M)
Dynamics of aggregate quality / productivity (in expectation)
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General Equilibrium

Solve the system of equations

og=r—p Euler equation
r=mndL —z R&D free entry
z2=g/q Expected productivity dynamics
Solution
og=ndL—g/qg—p — (o+1/q)g=ndL—p
_ndL—p
o+ 1/q

dL — L
=1 P and T:7p—|—aqnd
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BGP growth rate

_ndL—p
o+1/q

*

BGP growth rate increases with
- the productivity of the R&D sector as measured by the parameter n
- firm profitability d (depending on market structure, here a function of «)
- the size of the economy as measured by labor supply L
- the size of the innovative step ¢

and decreases with
- the rate of time preference p
« the degree of risk aversion o

Since in the data we do not observe “strong” scale effects (economies with larger L
don’t grow faster), we will eliminate them going forward



Capital accumulation and innovation




Capital accumulation and innovation

Based on Aghion and Howitt (1999) The Economics of Growth, chapter 5.4

This time we allow for population change at some rate n

Intermediate goods are interpreted as capital transformed into particular “machines”
We allow for both (simplified) horizontal and vertical innovation

Horizontal innovation is random: each worker invents a new machine with probablity 1
and existing types stop being produced with probability ¢ (disruptive innovation)

The resulting BGP level of employment per machine type is

e+n
(
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Final goods producers (perfectly competitive)

Production function
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where ¢ = L/M denotes employment per “machine” type
Profit maximization problem
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First Order Condition with respect to z;;
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Intermediate goods producers (monopolists)

This time the marginal cost of production is given by the rental rate of capital rf
Profit maximization problem

max Dy = (pit — rf) Tit = pur®ar — 71 Tit

Pit, Tit
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subject to  pi = a (Auly) xg

Plug in the inverse demand function
max Dy = a(A; tft)l C 22—k,
First Order Conditions
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Capital market equilibrium

Aggregate production of “machines” cannot exceed the accumulated capital K

M, 4 L 1 M, L
Zx” - Z (@®/rf) % Auly = (®/ry) T Ly - i, ZAit = (a®/r}) " ALy
=1 i=1

This time A is the simple average of industry-level product quality

Capital rental rate depends negatively on the level of capital per effective labor
k=K/(AL)
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Final goods production function becomes the familiar Cobb-Douglas one
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Research and development (R&D)

Maximal profit depends positively on k, via reduction of costs of production
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Vertical innovations lead to improvements of “machine” quality by ¢ and their
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Free entry condition equalizes the expected net benefits of R&D to 0
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Balanced Growth Path General Equilibrium

BGP growth rate ¢g* depends positively on k* (GG curve)

* * AL 7% TR\ €E+mn Tx\o—
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Higher capital per effective labor k* means higher profits and lower interest rates

In turn &* depends negatively on ¢*: from the Euler equation we get
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Higher population growth rate n can be beneficial in the long run through GG

KK curve
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Model dynamics

Transition dynamics Growth rates along the transition
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Whenever k < k*, the rate of growth of productivity is 0 < g < ¢*

Initially capital accumulation is the main driver of growth

Improvements in productivity become increasingly more important

and in the long run are the sole driver of GDP per worker growth 2%



Economic growth in the very long run

GDP per capita in England
Adjusted for inflation and measured in British Pounds in 2013 price
»
£20,000 “j
/
/
£10,000
/‘m J/
£5,000 M[/\vﬂ"
v
£2,000 Wﬂ
|
b | A i
£1,000 Wv’ﬂ WA "“'ﬂ"mwr WNMW Y
4 i
1270 1400 1500 1600 1700 1800 1900 2016

Adding the “minimal” consumption (Stone-Geary) makes convergence to BGP slow:
« slow capital accumulation
- slow increase in productivity (even stagnation), growing number of “brains”
- initial innovation “accidental” (scientific revolution: A1 and n 1),

only later we get industrial innovation (industrial revolution), 20th century is BGP ”
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Patents awarder during the industrial revolution

Number of patents awarded through the industrial revolution, 1700 to 1851
The annual number of patents awarded across all industries and sectors in England, Scotland and Ireland across the =
period of the Industrial Revolution (1700-1852).
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Source: Bottomley, S. (2014).
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International technology transfer




Advanced economies are innovation leaders
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International technology transfer

Based on Aghion and Howitt (1999) The Economics of Growth, chapter 7.2
For simplicity assume constant number of machines M

Assume two groups of countries: technology leaders and technology followers
- Technology leaders invent new technologies: their rate of growth
is explained by the previous model and is denoted with g
- Technology followers adopt / imitate the leading technologies

Probability of successful adoption / imitation of leading technology A is z
Ay with probability =z
A1 = . .
Ay with probability 1 — z

Higher z translates to higher productivity growth
M

M
1 1
A= 57 > Aip = i > [z +(1-2)
i=1

||M§

1 M
=1 i=1

At+1 = ZAt + (1 - Z) At 2



Proximity to technology frontier

Proximity to technology frontier a; = A;/A;

Dynamics of proximity
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A A A A
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BGP proximity
a*(14+g)=z2z+(1—-2)a"

a*(g+2) ==z

z
a® = <1

zZ+g
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Proximity to technology frontier and growth

BGP growth rate of technology followers is also g

At+1 — At ZAt + (1 — Z) At z _ _
" I S (-2 -l=g+z-z=7
Before they converge to BGP, tech followers grow faster (“advantage of backwardness”)
A—-A 1 1
= =——-1>—-1
a A at T a*

1
= = ——1 >_
gt = Zqt Z(a )_9

t
Domestic z = nd(k)¢ — r(k) does not determine growth rate, but relative GDP per worker
Determinants of country “rank” in world GDP per worker distribution
- R&D productivity n (quantity and quality of human capital, top universities)

- Firm profitability d (efficient bureaucratic and legal system, no corruption)
- Financing conditions r (efficient equity markets, access to venture capital funds)
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Innovation activity in the European Union
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Advanced economies grow together, but persistently differ in y

FRED -4/ — constant GDP per capita for the United States
— Constant GDP per capita for the United Kingdom
— Constant GDP per capita for Japan
— Constant GDP per capita for Germany
— Constant GDP per capita for France
— Constant GDP per capita for Italy
Constant GDP per capita for Spain
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