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Aims:

1. To exchange, learn, and discuss new research on technology and global change across 
different perspectives and topics.

2. To provide a forum for in-person interaction and debate among editors of, and 
contributors to, a focus issue of Environmental Research Letters on technology and 
global change.

3. To celebrate the scholarship and scientific contributions of Arnulf Grübler in the field of 
technology and global change research.
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Table 4.1: Five important technology clusters, 1750–2000.

1750–1820 1800–1870 1850–1940 1920–2000 1980–

Dominant
cluster
E Water, wind, Wood, feed, Coal Oil, electricity Gas, electricity

feed, wood coal

T Turnpikes Canals Railways, steamships, Roads, telephone, Roads, air transport,
telegraph radio & TV multimedia comm.

M Iron Iron, Steel Petrochemicals, plastics, Alloys,
puddling steel steel, aluminum speciality materials

I Castings Stationary steam, Heavy machinery, Process plants, Environmental technologies,
mechanization chemicals NC machinery, disassembly & recycling,

structural materials consumer goods, drugs consumer services

C Textiles (wool, Textiles, Product diversification Durables, food industry, Leisure & vacation,
cotton), pottery chinaware (imports) tourism custom-made products

Emerging
cluster
E Coal, coke City gas Oil, electricity Gas, nuclear Hydrogen(?)

T Canals Mobile steam, Roads & cars, Air transport, telecom- Hypersonic aircraft(?),
telegraph telephone, radio munication, computers high-speed trains

M Puddling steel Mass produced steel Synthetics, “Custom-made” Recyclables &
aluminum materials, composites degradables

I Stationary steam, Coal chemicals, dyes, Fine chemicals, drugs, Electronics, Services (software),
mechan. equipm. structural materials durables information technology biotechnology

C Chinaware Illuminants Consumer durables, Leisure & recreation Integrated “packages”
refrigeration products, arts (products & services)

Abbreviations: E, Energy; T, Transport and communication; M, Materials; I, Industry; C, Consumer products; NC, numerically controlled.
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Figure 2.13: Spatial diffusion of railways in Europe, in 10 year isolines of ar-
eas covered by railway networks. Source: adapted from Godlund (1952:34).
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Figure 2.14: Spatial railway densities (in km railway lines per 100 km2

country area) as a function of the introduction date of railways. Source:
Grübler (1990a:98).
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Box 7.2: Transport and Communication:
Complementarity or Possible Substitution?

The advent of new communication technologies that combine features and commu-
nication styles of existing artifacts opens new frontiers for both quality and quantity
of interpersonal communication. The marriage of the telephone with the TV and of
both to video, computer animation, etc., in its first (and still crude and rudimentary)
form of multimedia PCs is often heralded as a possibility for substituting face-to-face
communication and thus travel. Let’s contrast this with a historical perspective.
The figure below shows the growth in total motorized mobility (from Figure 7.9)
and the growth of total communication with technology aids (i.e., the total number
of messages exchanged in the form of letters, faxes, telephone calls, etc.) for France
since 1800. Both indicators are renormalized to an index, where 1985 output levels
equal 100. (Source: Grübler, 1990a:256.)
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The surprising historical fact is that both motorized transport and communication
via technologies (i.e., excluding verbal exchanges, for which there are no available
estimates) grow at roughly the same, and exponential, rate. Both have increased by
about four orders of magnitude since the beginning of the 19th century. The invention
of the telephone does not seem to have resulted in less travel by railroads, bicycles
and later cars. We feel that the same may also apply for more recent communication
innovations. “Travel and communication are better seen as interrelated elements in
a social context which they help to create” (Albertson, 1977:43).

Box 7.2. Growth in total motorised mobility and total number of messages using 
communication technologies exchanged since 1800 in France, indexed to 100 in 1985.
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Figure 7.6: Relative shares of four different classes of consumer expendi-
tures aggregated from 66 consumption expenditures (USA, 1900–1990) based
on their dynamic behavior. These four categories account for a stable share
of 70% of total consumer expenditures. Jagged lines are historical data,
and smooth lines model estimates. Data are shown in fractional shares of
total consumption expenditures (excluding residual), logit [i.e., log(F/1-F)]
transformation. For an explanation of the categories see Table 7.2.

same simple multiple logistic substitution model first suggested by Marchetti
and Nakićenović (1979) for the description of competing technologies. The
dynamics of the four “competing” categories (and excluding the stable resid-
ual of 30%) are shown in Figure 7.6. The four categories are described in
Table 7.2.
The regularity of the structural change process, particularly since World

War II, is striking and suggests possibilities for forecasting. The most in-
teresting result is that the shares of consumption expenditures for Type 2
(domestic appliances) and Type 3 (motorized transport) items, after steadily
increasing after 1900 now appear to be saturating, and, based on the model’s
extrapolations, headed for long-term relative decline. This suggests that the
diffusion of the technologies and consumer products most characteristic of
the “mass production/consumption” cluster is indeed approaching satura-
tion in relative terms, at least in the USA. After more than seven decades

health, media, info

food & shoes

domestic appliances

motorised transport
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Figure 2.19: Resistance to US railways: January 1838. Source: Grübler
(1990a:105), courtesy of Metro-North Commuter Railroad, New York.
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Figure 2.20: Resistance to technology as a diffusion process: number of
threshing machines attacked during the Captain Swing movement in 1830.
Data source: Hobsbawn and Rudé (1968:Appendix III:1–24).
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Participants:

ERL Focus Issue - guest editors
ERL Focus Issue - authors of new research

Plus ...
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MONDAY

13.00 (symposium opens)

13.15 - 14.45 Session I. Transition

15.10 - 16:35 Session II. Acceleration

16.40 (walk over to Ashmolean)

17.00 - 18.15 Public Lecture

18.15 - Drinks, Museum Tour, Dinner

TUESDAY

09.00 - 10.30 Session III. Digitalisation

11.00 - 12.15 Framing & Synthesis Talk

13.15 - 14.45 Session IV. Demand

15.15 - 16.45 Session V. Innovation

17.00 (symposium closes)

18.00 - Pub, Oriel College Tour, Dinner 


