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Technological Change: Dynamic,
Cumulative, Systemic and Uncertain

e Incremental — gradual (continuous)
and cumulative improvements

e Abrupt — radical, discontinuous and
disruptive as “gales of creative
destruction”
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Price of Passenger Transport
(per passenger-kilometer-hour)
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France — Mobility by Travel Mode

(passenger-kilometers per day per person)
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Growth of Interconnectivity

Internet and Precursors: Number of Hosts
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Virus Attacks and Network Growth
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The Outbreak of Code Red Worm
A Spatial Diffusion Animation

Source: David Moore, CAIDA, 2001.
http://www.caida.org/analysis/security/code-red/newframes-small-log.gif




Diffusion in Space and Time
A Simple Conceptual Diffusion Model

Adoption intensity (k)

Distance (x)
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+ 1769 Watt patents low-pressure steam engine --
invention

* 1824 Stevenson builds first locomotive plant --
(innovation)




USA — Growth of Infrastructures
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Car Prices and Diffusion
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USA — Number of Horses and Cars
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USA — Horses vs. Cars for Road Transport
(fractional share F in total fleet; linear plot and logit transform)
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UK — Replacement within Vehicle Fleets
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Aero Engines Best Performance
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Energy Efficiency (%) and Emissions (g/km) for
Horses, and Early and Contemporary Automaobiles
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US — Merchant Vessels

Merchant Vessels
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US — Car Fleet Emissions Control

US Car Fleet Emission Control Systems
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FSU — Transport in Coal Mines
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US — Steel Production Methods

US Steel Production
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World — Primary Energy

World Primary Energy
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US — Media Substitution

RIAA US Sales Revenues
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Vision of a Sailing Railway

Monorail using sails proposed by Henry R. Palmer in 1828
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Technological Uncertainties:
Learning rates (push) and market growth (pull)

Nuclear Reactors France 1977-2000

mean leaming rate
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An “Endogenous” TC Approach

The objective is to explore:

e Uncertain technology characteristics
as well as learning rates

e Sequential resolution of uncertainty
with one deterministic demand

e Ensembles with different systems
costs, development paths and
technology portfolios

Nakicenovic #34 [TU® 2009

“soft” links (imperfect substitution in RD&D)

Gritsevkyi&Nakicenovic 35 IIASA 2000

Energy Scenarios with Technological Uncertainty
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Spatial Heterogeneity

e New emphasis in technology studies

e Spatial diffusion and heterogeneity in
adoption environment

e Spatially explicit scenarios (downscaling
and modeling)

e Urbanization

Nakicenovic #37 [TU® 2009

Global Population
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Global Final Energy
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Capital Stock in PPP
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Internet
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Cumulative percent of global consumption
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Global Disparities
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