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Increasing product variety (horizontal innovation)




Effects of increasing patent duration on certain antibiotic types

B. Difference in In(Patent Filings)

ITTJ\I

-2

LT 1

T
2005

T T T T T T T
2007 2009 2011 2013 2015 2017 2019
Year

Kong, Zhao (2025)


https://o-zhao.github.io/files/Zhao_JMP_latest.pdf

Increasing product quality (vertical innovation)




Productivity growth and measures of creation (individual sectors in USA)
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2025 Nobel Prize: Mokyr, Aghion, Howitt 2


https://www.nobelprize.org/uploads/2025/10/advanced-economicsciencesprize2025-1.pdf
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2025 Nobel Prize: Mokyr, Aghion, Howitt


https://www.nobelprize.org/uploads/2025/10/advanced-economicsciencesprize2025-1.pdf

Innovation and market segmentation




PC CPU performance ranking (2025)

Average FPS (Geomean), En uite 1080p - Windows 11 tomus HAT{ DWARE

ia RTX 4090 1920x1080 - PBO = Overclocked AMD - All OC Uses XMP/EXPO - UV = Undervolt

[

$699 - Ryzen 9 7950X3D PBO UV 235

5449 - Ryzen 7 7800X3D PBO UV 731
§77]

699 - Ryzen 9 7950160

$599 - Ryzen 9 7900X3D PBO UV
438 - Ryzen 7 7800X3D

$699 - Core i9-13900KS 6.0-5.7
599 - Ryzen 9 7900X3D

$580 - Core 19-13900K @ 5.6
$417 - Core i7-13700K @ 5.5
$319- Core i5-13600K @ 5.6
$699 - Core 19-13900KS

$580 - Core i9-13900K

3417 - Core i7-13700K

X30

ﬁﬁz

$549 - Ryzen 9 7900X PBO

319 - Core i5-13600K

$699 - Ryzen 9 7950X PRO
$229-Ryzen 5 5600X3D DDRS-
29 - Ryzen 5 5600/3D

569 - Ryzen 9 7950X

$229 - Ryzen 5 7600 PBO
$329-Ryzen 7 7700

$430 - Ryzen 9 7900X

$249 - Ryzen 5 7600X PBO

$409 - Core i7-12700K
~Ryzen s 7600
$210- Core /5-13400 DDR4-3600
289 Core
$210- Core i5-13400 DDR4
550 - Ryzen 9 5950X
$350 - Ryzen 9 5900X
$140 - Ryzen 5 5600 PBO
5190 -Ryzen 7 5700X
%189 - Core i5-12400
$145 - Ryzen 5 5600X

g
H

599 - Ryzen 5 5500

&

Tom’s Hardware


https://www.tomshardware.com/reviews/cpu-hierarchy,4312-2.html

PC CPU market shares
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https://www.cpubenchmark.net/market_share.html

Capital accumulation and innovation




Balanced Growth Path General Equilibrium

BGP growth rate ¢g* depends positively on &* (GG curve)
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Higher capital per effective labor k* means higher profits and lower interest rates

In turn k* depends negatively on g*: from the Euler equation we get
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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 7



Economic growth in the very long run

GDP per capita in England
Adjusted for inflation and measured in British Pounds in 2013 price
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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: A 1 and 7, 1),
only later we get industrial innovation (industrial revolution), 20th century is BGP



Malthusian trap

In the Malthusian Economy productivity produces people not prosperity

This figure depicts the partial regression line for the effect of land productivity on income per capita in the year 1500 CE, while controlling for the
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influence of land productivity, absolute latitude, access to waterways, and continental fixed effects.
The x- and y-axes plot the residuals obtained from regressing land productivity and income per capita, respectively, on the aforementioned set of covariates.
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Data source: Quamrul Ashraf and Oded Galor (2011) - Dynamics and Stagnation in the Malthusian Epoch. American Economic Review, 101(5): 2003-41

This is a data visualization from OurWorldinData.org. There you find more visualizations and research on how the world is changing.

Licensed under CC-BY-SA by the author Max Roser.

Our World in Data


https://ourworldindata.org/economic-growth

Steam Engines, &o.
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Patents awarded during the industrial revolution

Annual patents granted in Great Britain during the Industrial
Revolution
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https://ourworldindata.org/grapher/number-of-patents-through-the-industrial-revolution

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

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
Az t+1 = . .
Ay with probability 1 — z

Higher z translates to higher productivity growth
M

1 & 1 . 1L 1 <
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13



Proximity to technology frontier

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

Dynamics of proximity
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BGP proximity
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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 _ _
At At a* + ( Z) g tz i g
Before they converge to BGP, tech followers grow faster (“advantage of backwardness”)
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Domestic z = nd(k)¢ — r(k) — e does not determine growth rate,
but instead determines relative GDP per worker

Determinants of country “rank” in world GDP per worker distribution
- R&D productivity  (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) 5



Innovation activity in Europe
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European Innovation Scoreboard (2024) 16


https://projects.research-and-innovation.ec.europa.eu/en/statistics/performance-indicators/european-innovation-scoreboard/eis-2024#/eis?country_scope=all

Advanced economies grow together, but persistently differ in GDP levels

FRED -~/ — Constant GDP per capita for the United States
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https://fred.stlouisfed.org/graph/?g=1b2y0

	Increasing product variety (horizontal innovation)
	Increasing product quality (vertical innovation)
	Innovation and market segmentation
	Capital accumulation and innovation
	International technology transfer

