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INTRODUCTION

The aim of this paper is to contribute to the
discussion about the role of the flow perspective
in the analysis of the development of society-
environment interactions. With industrialization,
the material flows in the world have grown enor-
mously, expanded geographically and become
more open and complex. Traditionally, emissions
have been strongly linked to earlier steps in ma-
terial flows {extraction- and raw-materials-inten-
sive industry), but during the last few decades
the emissions from industrial point-sources hawve
decreased radically in the Western industrialized
world. The result of industrial “clean-up” is a
shift towards the latter steps of societal material
flows; the relative importance of consumption
emissions has increazed. As indicated in studies
of the Rhine Basin, important prerequisites for
this development have been a dynamic economic
and institutional development with structural
changes and developing environmental aware-
ness and public opinion increasing pressure on
legislators, authorities and industry. Despite of-
ten radical emission reductions, problems with
acidification, autrophication, diffusion of persist-
ent organic chemicals and climate change still
persist on a regional and global level. During
the last decade, there has been an increasing em-
phasis on international and global environmen-
tal problems, and materials flow perspective has
experienced a major breakthrough. Waste mini-
mization, recycling, life-cycle analysis and en-
vironmental auditing have become major themes
in most European countries and have also started
to influence industry, The importance of the
consumer and his atitudes and actions and the
relationship between trade and environment are
often emphasized in this context, Modemn

challenges for environmental research no longer
concern discovery and confirmation of environ-
mental problems, but an improved understand-
ing of society, its change and relations 1o nature.
Among the relationships and contexts that are
necessary for environmental analysis of social
development, which have so far been hard to
grasp are the linkages between different areas of
knowledge and sectors, change in society and
nature, power relations, and spatial aspects such
as geopraphical context, flows in space and time,
and linkages between different scales and man-
agement slructures,

“Industrial Metabolism” studies (e.g. Ayres
and Simonis, 1994) have been based on a
flow perspective and have argued that such a
perspective is essential to the search for envi-
ronmentally sustainable societal development
paths and could serve as a basis for integration
in environmental research. An evaluation
(Anderberg, 1996) of the Rhine Basin Study,
conducted at the International Institute for Ap-
plied Systems Analysis (ILASA), is used for a
more peneral discussion of the limitations of
material flow studies. The Bhine Study is lim-
ited in its effort to connect to broad social change
related to economic and technological develop-
ment, and decision making. These limitations
stemn from the flow perspective and how it has
been used, and particularly from the focus on
single clements and the delimitation and
treatment of the region.

The time-geographical “process landscape,”
developed by Torsten Hagerstrand (1993}, pro-
vides an alternative framework for the analysis
of flows. It puts emphasis on the analysis of flows
in their context in time and space as well as on
the constraints of the flows and their institutional
context. This may offer guidance for addressing
the limitations of material-flow studies to evalu-
ate the social development and to create a basis

for analyzing development strategies.
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BACKGROUND

Recently, many studies of "industrial metabao-
lism” and “industrial ecology™ (eg Ayres and
Sumomis, 1994 ) have sought to improve analy-
sis of the hinkages between society and the
environment. These research effors have tried
not only to improve analysis of enussions, but
also to offer a more concrete framework for
analyzing technological change and p-nlith:al
strategies in a future perspective. In connection
with “indusirial metabolism™ studies, flow per-
spective has been presented as an integrative
approach that is able to improve study methods,
as well ag our ability to develop sustainable strat-
egies. The implications of this perspective are:
to change and decrease inflows and o improve
efficiency and recycling. They have been sum-
marized in the goal of “closing the loops™ and
have been widely accepted in environmental
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politics. For example, in Sweden, “flow think-
ing” has become a fundamental part of environ-
mental policy. The breakthrough of flow per-
spective 15 probably due to growing dissatisfac-
tion with convenbional strategies for environmen-
tal pridection; these strategies have not been com-
pletely successful in solving environmental prab-
lems, such as dealing with the growing “waste
mountain” or how o decrease diffuse consumer-
related emissions. In addition, the flow model 15
an excellent tool for illustrating conditions in a
clear way and it communicates very well with
the natural and ecological sciences.

For most materials, the flow through society
consists of five major steps: extraction of raw
materials, refining, products manufacturing, use
and disposal. These steps are shown in figure
with the example of the flows of zinc and cad-
mium connected (o the wse of zine in tires and
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galvanized surfaces. Through recycling, loops
back 1o earlier steps can oceur. This model is
very crude and needs to be adapred wo different
tyvpes of flows, but it can prove usctul for struc-
turing the use of materials and different pollu-
tion sources. The extraction step can, for exam-
ple. be mining or oil production as well as agri-
culure and forestry. The refining and products
manufaciuring are most often connected to
industnal activities and wsvally consist of sev-
eral steps. The use occurs in, e g households,
industry or agriculture, The disposal has tradi-
tionally been closely connected to the use, but
has become more and more centralized in the
industrialized world. In all steps, there are risks
for (or occur) losses to the environment. Losses
from the earlier steps in the flow, namely exirac-
tion and refining, can be called production emis-
sions and from the latler steps consumpiion emis-
sions {Anderberg et al., 1989). The transport
needed between different steps in the flows are
often relatively forgotten, even if transport emis-
sions can have a sigmificant impact (e.g. via emis-
sions from fuel combustion, corrosion of vehi-
cles, loading, discharging, cleaning or accidents).

The aim of this paper is to contribute to the
discussion about the role of flow-perspective in
linking society and nature in environmental re-
search. Flow perspective is used for an over-
view of environmental change, particularly in
Western industrialized countries, and the roles
of economic and institutional development in this
context are discussed. The Rhine Basin, which
has been the focus for an “industrial metabolism™
study at [IASA (International Institute for Ap-
plied Systems Analysis), is used as an example.
Some major modern challenges for environmen-
tal management and research are outlined. Fi-
nally, starting off from an evaluation of the Bhine
Study (Anderberg, 1996), flow perspective and
“indusirial metabolism” studies are discussed in
relation to these modern challenges,

THE DEVELOPMENT OF SOCIETAL
FLOWS

The industrial revolution has brought about
dramatic changes of human use of natural re-
sources and impact on the environment, Popu-
lation growth, urbanization, increased produc-
tion and consumption, intensification of agricul-

ture and accelerated landscape ransformation
have radically increased the pressure on the
natural environment in all parts of the world. Al-
though the physical changes of the landscape in
all parts of the world have been greater than ever,
the most important effect of indusirial develop-
ment is probably the gradual change of the
hiogeochemical environment. The flows of ma-
terials have grown enommously with industnali-
zation and modemization of agriculture and for-
estry. Intensification of agriculture and diffusion
of mobile urban lifestyles characterized by high
consumption of energy, water and all kinds of
goods, have made societal flows much more open
with increased losses to the environment.
Through the development of transport and trade,
societal flows have expanded gecgraphically.
The flows have also become more complex with
the development and increased use of more com-
posite products, perhaps most important inmu-
merable synthetic products, which are not easily
degradable in nature.

Traditionally, there has been a strong
relationship among economic development, high
population density and environmental damage.
The regional pollution load has been directly
connected to regional economic specialization
{type and quantity of industry and agriculture ,
population density, consumption level and urban
development, The dominating sources in the tra-
ditional immision landscape {Lohm et al., 1994)
have been connected to the earlier steps in the
material flows: mining, oil exploitation and raw-
materials intensive industries, e.g. iron and steel,
non-ferrous metal refining, pulp and paper, pet-
rochemical and chemical indusiry, which proc-
e35 large volumes of impure raw-matenals using
large amounts of energy. Indusirial point-source
emissions have gradually been complemented by
increasing loads from rural and wrban areas
connected to intensification of agriculture, in-
creasing transport and consumption and devel-
opment of paved areas and water supply and
SEWET SYSIEmS.

The environment has been put under extreme
pressure over a long time period in densely popu-
lated and early industrialized regions in Europe,
North America and Japan. Nowhere have physi-
cal and chemical changes {of which several are
irreversible) been as important as in these areas.
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However, during the last few decades the trend
of increasing pollution has been broken in most
OECD [Organization for Economic Cooperation
and Development] countries. This development
15 related to important industrial and societal
change. Increasing environmental awareness,
particularly in the most wealthy countries, has
led to radical development of regulations and
investment in pollution control by both industry
and public authorities. The most polluting in-
dustries have stagnated, production has in many
cases decreased and efficiency in the use of ma-
terials and energy has increased. These trends
have often been related to the development of
the “post-industrial™ society, in material flow
terms characterized by trends of decarbonization
and dematerialization (Grubler, 1994; Simonis,
1994).

THE RHINE EXAMPLE

The Rhine Basin provides an example of
dramatic reduction of many types of pollution as
a consequence of such a trend-shift. The radical
decrease of heavy metal emissions to the river
that occurred in the 1970s and 1980s (Fig. 2)
was primarily related to a reduction of industrial
point-source emissions (Stighani and Anderberg,
1994; Stigliani et al,, 1993). The development
in the Rhine is relatively extreme concerning
heavy metals, but there are similarities in sev-
eral other basing in Northwest Europe and the
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Mortheast of the USA. A common trait is that
industrial pollutants have decreased radically,
while nutrient loads have only been marginally
affected. The result of the industrial “cleanup”

15 a shift towards the latter steps of the societal

material flows— the relative importance of con-

sumption emissions has increased, This reduc-
tion was primarily caused by:

* A gradual development of wastewater treat-
ment. Especially the introduction of chemi-
cal treatment in industry in the 1970s and
1980= had a significant effect. In Germany
it was closely connected to the introduction
of more siringent legislation.

*  Changes and improvement of processes, e.g.
introduction of closed systems and recycling
and reuse of waste products such as gypsum
from phosphate fertilizer plants, which was
used for construction.

*  Reduced and changed production in impor-
tant branches such as the iron and steel in-
dustry. Structural development led o the
closing of old, inefficient, heavily polluting
plants, that were replaced with larger, newer
plants with modem technology and emis-
sions contral.

*  Aboliton of direct abuse of the river as waste
dump, One of the findings of the Rhine
Smdy was that a large part of the cadmium
emissions could not be explained by direct
emisgions from production processes, but by
the fact that sludges from zine refineries used
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to be dumped into the river. This practice
was abandoned in the early 19805 and the
sludges were sold to a cadmium refining
plant.

Furthermore, improvernent of air quality with
decreasing deposition and sulphur concentration
also led to reduction of diffuse emissions from
urban and agricultural areas, but diffuse and
municipal emissions have by far not decreased
as much as the industrial emissions.

Ome finds behind these developments particu-
larly a strengthening environmental legislation,
especially at the state and federal level in Ger-
many. This legislation has been used by compe-
tent and well-motivated environmental authori-
ties, primarily at the local and regional level. One
can also find a certain influence of EC legisla-
tion, but it 5 almost impossible to find any
darect mnfluence from the International
Commussion for the Protection of the Rhine
(ICPR), at least until the end of the 19808, even
though this organization is often praised for its
achievements ( Bernauer and Moser, 1996). The
ICPR has primarily been concerned with
evaluating the situation, mobilizing public opin-
ion for cleaning up the river and ensuring that
representatives from the different countries
present their plans to improve the situation. But
binding agreements were not reached until after
the Sandoz accident in 1986, when the Rhine
Action Plan [IKSE {Internationale Kommission
Zurn Schutze des Rheins gegen Verunreinigung;
Crerman for the International Commission for
Protection of Rhine against Pollution),
1987] was introduced. This plan has the goal of
cutting emissions in the different nations by
half between 1985 and 1995 and ensuring a
stable salmon population before the end of the
century.

Important prerequisites for this positive de-
velopment have definitely been a dynamic in-
dustrial development with important structural
changes and investment in modemn technology
and emissions control and a radical development
of environmental awareness and public opinion.
An interesting observation in the Rhine Basin is
that competitive branches seem to have had a
relatively parallel development of ermission re-

duction, while large differences can be found
between France and Germany in the area of mu-
nicipal wastewater treatment and emissions as
well as i less competitive industrics such as the
Alsacian potash mines. These mines have im-
portant salt emissions that have long posed a
problem for use of the Rhine water, especially in
the Metherlands. This problem must be regarded
as a major failure for international cooperation.
It was origin of the initiatives which led to the
creation of the Rhine Convention; but in 1990
the salt emissions were 35-40 percent higher than
in the 1930s, when it first got attention, Afrer
decades of negotiations an agreement was
finally reached in 1991, which concluded that
the other Bhine countries pay the highly unprof-
itable French state-owned company half a
ballion francs 1o reduce 115 emission {Bernauer,
1995).

The importance of active public opinion and
motivation in administration and industry can
probably not be exaggerated. The development
of Germany can hardly be understood without
taking the dramatic increase of environmental
awareness since the end of the 19705 into ac-
count. Since then, public authorities and indus-
try work under increasing pressure from differ-
ent environmental organizations that very
critically evaluate their activities. In this con-
text, the activities of the Ehine Commission have
probably been important. They have helped the
Rhine problem to gain a central position in the
environmental debate, particularly in Germany.
The cleanup of the Rhine has become a key chal-
lenge o both environmental politics and indus-
trv. The emission inventories of the ICPR have
also been important.

Besides illustrating the dramatic decreases of
industrial pollution and the changes of emission
patterns towards the latter steps of the material
flows, this example indicates the imporiance of
both dynamic economic development and the
development of environmental awareness. A to-
tally oppeosite siteation has generally been found
in Eastern Europe, where large heavily polluting
industries have been put under neither economic
nor public pressure to increase efficiency and
reduce pollution,
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THE RELATIONSHIP BET\\;EEN
ECONOMIC DEVELOPMENT AND
ENVIRONMENT

Catside the QECD countries pollution loads
have generally not decreased. The most envi-
ronmentally damaging industrial activities are not
widespread, but where they occur, the local and
regional cffects are often severe and there 15 stll
a distinct relationship between production and
pollution. This is particularly the case of the
industrial regions of Eastern Europe, East Asia
and Latin America and around oil fields in, e.g
the Gulf of Persia, the Gulf of Mexico, Veneruela,
Migena, Indonesia and Siberia. The pressure on
many coastal areas in the south has also increased
as a consequence of dramatic, uncontrolled big
oty growth and development of tourism con-
nected to a certain introduction of Northern con-
sumption patierns {for rich people and tourists ),
but without sufficient investment in waste treat-
ment. Intensification of agriculiure with increas-
ing use of artificial fertilizers and pesticides and
curting of forests, in, e.g. Indonesia, the Himala-
yas and the Amazon, have greatly influenced
erozion and nun-off with often dramatic effects
in cstuaries.

Figure 3 shows the present “conventional
wisdom” view of the relationship between
economic wealth and development. According
to this view, pollution is increasing with

Pollution
T
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industrialization and rising economic wealth up
1o a certain point, then it starts decreasing
as a result of rising environmental awareness,
increasing efficiency, introduction of clean
technology and decreasing importance of heavy
industrial production. The parable 15 most ofien
refermed to as the environmental Kuznets curve,
It has been supported empirically by Grossman
and Krueger { 1995), wha, e.g. found a breaking
point for sulfur dioxide emissions at a GNP of
abowr 5000 US dollar per capita. The advanced
industrial regions are presently moving down-
hill, while the poorest OECD countries like Por-
tugal and Greece are close to the summit, Other
regions are still on the uphill side, where the Far
East is moving rapidly upwards, while Eastern
Europe got stuck close to the summit and the
agrarian regions still climb only slowly.

This crude mode] does not take important fac-
tors like population density, culture and societal
organization into account, and its relevance, can
{and should) of course be questioned. The de-
velopment of different regions are almost impos.
sible to compare, because of major geograph-
cal and historical differences. The industrial
revolution in the NICs [Mew Industrial {or Newly
Indusirializing ) Countries] in Asia, takes place
under totally different circumstances i terms
of, e.g technology and trade than the indusirial
revolution once did in Europe, Japan and Maorth
America. In large areas of the world, radical
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economic changes, also connected to indusmial
grawth, have ocourred without a significant in-
crease of economic wealth, but with increasing
pollution.

But there is definitely evidence that support
the basic ideas. Development of industry has
generally brought a radical increase of pollution.
An improvement of the situation has only been
observed in the richest parts of the world. The
socialist Eastern Europe never achieved the eco-
nomic welfare or level of investment “necessary”
for making a trend-shift in terms of pollution.
Dwring the last few years there has been indica-
tion that the MICs, e.g. Hong Kong, Tarwan,
Singapore and South Korea, where economic
welfare has increased substantially, also seem to
be approaching the turming point in terms of
pollution and have started development of stricter
environmental regulations,

However, the generality claims, redu-ctionism
and implicit determinism of these theories are
very questionable. [f only sufficiently high eco-
nomic growih s realized, environmental prob-
lems will more or less be solved awtomatically.
Thas is to overlook other important factors for
environmental, e.g. connected to institutional
development, which for example have been nec-
essary prerequisites for improvements in West-
em Europe (where many environmental problems
still persist). It is also interesting to note how
the research of Grossman and Knueger has been
used by GATT-WTO to legitimize liberalization
and non-interventionist approaches concerning
envirenmental 1ssues [ Damian et al., 1996). The
questions— “Is it really necessary o pass the
summit?” or “Would it not be possible for
developing countries to cut the summit and
introduce the modern clean technologies di-
rectly? — that are raised in connection to this
model (e.g. by Simonis, 1994; Stigliani, 1993)
are also important, even if they often seem based
on false premises. Even though it might be rare
with modemn envirormental contrels in the Third
World, industrial technology is hardly totally
ohsolete, and transnational companies in particu-
lar should not have much incentive to invest in
technology on the level of the 19505 or 1960s.
In amy case il is interesting that economic devel-
apment is not only connected o increasing envi-
ronmental stress, but together with technologi-

cal and institutional development, it also seems
to be a major prerequisite for improving of the
situation. More sophisticated analysis of the
particular local and regional situation is neces-
sary 1o be able 1o evaluate the situation and the
development in & more useful way, This should
include an analysis of societal flows and the dy-
namics of activities of particular importance w
regional pollution.

THE MODERN CHALLENGES

In countries, like Sweden, Germany and the
USA, the local environmental siluation i in-
dustral regions has improved considerably dur-
ing the last decades. But this improvement,
which has primarily been caused by radical re-
duction of industrial point-source emissions has
created a new situation. Problems with acidifi-
cation, eutrophication, diffusion of persistent
chemical and climate change still persist on a
regional and global level, but the pollution
sources connected to these problems are not so
easy to control. The “marginal benefit™ of fur-
ther end-of-pipe pollution control has decreased
radically. The dominating sources are either
widespread and diffuse, connected to differem
steps in the use of various materials {fossil fu-
els, metals, organic chemicals) in society and
not only in connection to production {even if
industry is probably also a major source of dif-
fuse emissions), or they are located in foreign
countries, £ g Eastern Europe. One can see the
recent developments in environmental debate
and politics in the most developed couniries as
a result of this new situation.

The materials flow perspective has expen.
enced & major breakthrough in countries like
Germany, Sweden and the Netherlands., What
was considered fairly new and radical in the end
of the 1980s (e.g. Anderberg etal.. 1989} iz now
conventional wisdom. Goals like “closing the
loops” and minimizing waste with reuse and re-
eyeling of materials and life-cycle analysis and
environmental auditing are major themes in most
European countries, The importance of the con-
sumer 15 often emphasized in this context.
Environmental concern is considered impor-
tant, not only for more or less possibly influenc.
ing the development of legislation, environmen-
tal authorities or companies’ imvesimenis in
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pollution control, but also for active participa-
tion in, e.g. recycling and conscious choice of
environmentally benign products and avoidance
of the opposite. Low-waste technologies, life-
evcle analysis and recycling of products seem to
experience a breakthrough in major industries
like the chemical or electrical industry (Nelson,
1994; Paton, 1994). In Germany, the major
chemical corporations now advertise that, by in-
roducing low-waste technologies, they are cut-
ting their emissions radically and at the same time
making a profit (Die Welt 811, 1994). Consum-
ers, mobilized by environmental groups, have
definitely been an important factor behind this
development. Large companies are held respon-
sible in Germany for their total product flows,
and companies like IKEA [Ingvar Kamprad
Engaryd Apunnaryd; The Swedish Furniture
Company] has been subject to criticism and
boycotts because of the use of certain chemicals
and poor working conditions by their subcon-
tractors, particularly in Poland,

During the last decade, there has also been an
important development of international
environmental cooperation with increasing
emphasis on international global environmental
problems. But agreements, outside of the EU,
remain fairly weak and without much possibility
for controlling achievements or installing sanc-
tions to countries that do not comply. The rela-
tion between trade and environmental degrada-
tion has also received increasing attention in this
context, mostly in connection with the direct in-
fluence of international trade and especially
transnational corporations on deforestation in,
.. Southeast Asia, Latin America and the Hima-
layas. The debare on international trade and en-
vironment has so far been rather polarized
{Williams, 1993; Soderbaum, 1994} between
those (environmentalists) who consider that
intermational trade is inherently bad for the
environment and those (liberals), who empha-
size the beneficial sides of trade, e.g. that it
encourages efficiency also in environmental
terms, Research on the relationship between in-
ternational rade and environment, even if it has
increased during the last few years (e g. Thomas,
1993; Bengisson <t al., 1994) and is still fairly
undeveloped, seems to indicate that it is not an
area where one can draw such simplified
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conclusions, It is filled with myths like the
industrial flight hypothesis, i.e. that pollution
producers flee from countries with stringent
environmental standards; this howewver, seems to
be only a marginal phenomenon (Williams,
1993), Protectionism seems definitely to lead to
stagnation and very limited environmental im-
provement. Free rade and competition can of-
ten have beneficial effects, but these also depend
strongly on institutional seming, and there is defi-
nitely very much in the development in Europe
and the world, characterized by increasing trade
liberalization, that is highly questionable from
an environmental point of view. A major future
challenge is definitely to be able to combine the
goals of free trade and sustainable development.

The modern situation poses very demanding
challenges to environmental research. These
challenges no longer concemn discovery and con-
firmation of environmental problems, but an
improved understanding of society, its change
and relations to nature. Research on areas con-
necting society and nature is fairly undeveloped,
particularly the society’s use of natural resources
and the way in which this use has developedasa
consequence of changes in consumption and pro-
duction systems, development of new technol-
ogy, and political actions. We lack knowledge
and understanding of central areas and ability to
handle the complex linkages between society and
nature in a changing world. Also problematic is
the lack of analysis of environmental problems
(particularly in industrialized countries) from a
power perspective (who can influence what,
when, how and why?), which leads to an exag-
gerated belief in the influence of politicians and
consumers, There is an urgent need for more
coherence in these areas. Among the relation-
shipz and contexts that are necessary for an en-
vironmental analysis of the social development,
but which so far have been hard to grasp, are the
linkages between different areas of knowledge
and sectors, societal and environmental change,
and geographical aspects such as extension, dif-
fusion, spatial flows, and spatial context, and
linkages between different scales and manage-
ment structures.

The challenge here is to develop perspectives
and methods that tmprove the picture of how
gocietal activities and resource use and pollution
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are linked, A common framework of reference
must be consimcted for studies with different
emphazis in a way that these can be linked and
together contribute to the development of a more
complete picture. This framework could differ
in detail and geographical scale, but for such a
framework to be relevant it must be able to han-
dle relationships between emissions and environ-
mental effects as well as their linkages to politi-
cal and administrative structures and economic.
social and technological change. Several effonts
have been made to develop a common frame-
work of reference for studies of nature and soci-
ety, Itis, however, rare that all desirable aspects
are dealt with. Investigations have attempted (o
describe the use and emizsions of substances and
analyze different ecological problems and risks.
Another example is environmental futures smd-
1es, where scenanos form a common framework
for the analysis of environmental effects and
possible political actions. Recent “industrial
metabolism” studies (see, e g Ayres and Simonis,
1994) have analyzed material flows in society
and nature, and can be considered a response to
the problems encountered in emission estima-
tions and environmental futures studies.

FURTHER DEVELOPMENT OF THE
“INDUSTRIAL METABOLISM™
APFROACH

Flow perspective has, in connection with in-
dustrial metabolism studies, been deemed as a
useful framework for integrating analysis of na-
ture and society, analyzing technological change
and environmental effects and improving the
bazis for emission estimations, environmental
actions and developmental strategies in an envi-
ronmentally sustainable direction. The implica-
tions of flow perspective to change and minimize
flows and increase efficiency and recycling ex-
perienced a remarkable breakthrough in environ-
mental political debate as the goal “close the
loops” implies. This breakthrough is probably
connected o prowing dissatisfaction with con-
wentional environmental protection strategies that
have not been suecessful in handling problems
related to the growing waste mountain and dif-
fuse consumer-related emissions. The flow
maodel is also an excellent tool to illustrate and
summarize complicated matters coherently and

it communicates well with the natural scientihic
world view. After a growing siream of studies
and initiatives based on a material low perspec-
tive, the introduction of this perspective seems
completed. Geographical scale, methods, data
sources, study objects, and analyses of the flows
and emissions vary in studies of societal mate-
ral flows. Most studies focus on determining
total flows in a region in one particular year, but
during some projects also try o ideatify the his-
torical development and the geographical distri-
bution of the Mlows and emissions in the region.
The studies are often preliminary and presenta-
tions spend considerable amount of effort argu-
ing for the advantages, implication, and poten-
tial of their approach. Efforts are seldom made
1o discuss difficulties, uncertainties, and con-
straints of the studies. The difficultics encoun-
tered in these studies are rather obvious. Statis-
tics and other relevant information about differ-
ent activities do not adapt very well to the needs
of this type of study. The challenge is now to
develop perspectives and methods so that they
can contribute o improving analysis of the mod-
ern situation, To find out the shortcomings of
the studies, it 1= definitely necessary to include
critical evaluations of the performed studies and
the flow perspective as it 15 used in industrial
metabolism and related studies such as life-cy-
cle analysis. A recent study (Anderberg, 1996)
has made an attempt to provide a critical analy-
si5 of the Rhine Study as a starting point for a
maore general assessment of the limitations of the
“indusinal metabolism™ or societal material flow
studies. The results and discussion of this study
are summarized below, The discussion consid-
ers the work of Torsten Hagerstrand, who has
developed an alternative framework,

EVALUATION OF THE RHINE STUDY

[n many ways, the Rhine Study is a unique
pioneering effort. The project has ried to analyze
how the flows of three heavy metals (cadmium,
lead and zinc) have changed between the early
19502 and the late 19805 in the Rhine Hiver
Basin, one of the most industrialized regions in
the world. The study places more emphasis on
the location of different activities and emissions
than other industnal metabolism studies. The
presentation of results focuses on emissions and



196

their development, but attention is also given (o
environmental effects and the risks connected to
long-term accumulation of chemicals in agricul-
tural soils (“Chemical Time Bombs,” see, e.g.
Stighiani et al., 1991). In this study as in other
industrial metabolism studies, flow analysis is
considered an important instrument for evaluat-
ing environmental impact of social activities.
Historical perspectives are also emphasized.
Amnalysis shows that in recent decades emissions
to both air and water have decreased dramati-
cally. The decreases are related primarily to
improved pollution control at the industrial point
sources, but they are also related to decreased
consumption of some uses of metals (such as lead
in gasoline and cadmium for surface treatment),
as well a5 stagnation of some industries and struc-
tural change (new processes, concentration of
production and consumption) connected to large
flows such as coal, steel and phosphates, where
heavy metals are present as trace elements. A
large part of emissions have been connected to
inadvertent flows of the metals. Itis only in con-
nection with lead emissions to air (primarily car
exhaust) and zinc emissions to water, where the
intentional use of the metals have been responsi-
ble for the major part of the emissions. Emis-
sion-control development has lead 1w a redirec-
tion of Mows from air and water to solid waste,
which iz deposited, incinerated or used in some
way, e sewage sludge in agriculture, Studies
of the historical development of uses and emis-
sions have been used as a basis for construction
of future scenanos of materials use and emis-
sions and for analysis of risks connected to ac-
cumulation in agricultural soils. Further studies
analyze the canses behind the emission reduc-
tions that have been occurring in the Rhine
Basin since the 19505,

The challenge to find perspectives for com-
mon framework for the study of interaction be-
tween society and the environment was the basis
for the evaluation. This analytical framework
should be able to consider pollution as well as
decision-making processes and different forms
of economic, social and technological change,
that are of relevance in this context.

The most valuable aspect of the study is to
test the methodology of material flow analysis
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in a large region. Such a study can definitely
contribute to an improved overview of the flows,
emissions, and environmental effects of society,
The analysis of the Rhine Basin give a certain
view of the vanation in ime and space of emis-
sions and flows. The study provides a certain
basis for an environmental assessment system for
evaluating the environmental effects of produc-
tion and consumption, risks connected to accu-
mulation of pollutants and effects of economic
and technological change and political actions.
But it needs to be emphasized that this study is
only the first step toward such goals. The study
provides an opportunity for evaluating difficul-
ties that are connected to studies based on mate-
nial flow perspective. Statistics are far from ideal
and available information aboul ermission sources
is seldom sufficient far making generalizations.
Therefore the study must be regarded as prelim:-
nary. The smdy is severcly limited in its effort
to connect o broad social change related to eco-
normic and technological development and deci-
sion making. Mo effort has been made to reveal
structures that direct and change the flows and
emissions. The analysis of heavy metal emis-
sions is rather isolated and not linked to the total
environmental impact of socicty or the develop-
ment of different activities, uses, products, in-
frastructures, and institutions.

These imitations stermn from the ow perspec-
tive and how it has been used. The analysis of
flows is rather limited and intended mostly as a
framework for estimating emissions. Conven-
tional flow models focus primarily on flows as
linkages, but do not encourage contexmal analy-
sis of different parts of flows, analysis of Mlows
in time or analysis of the interlinkages of differ-
ent elements. It 15 difficult to condwet a broad
analysis of the flows and their preconditions in
the Rhine Study becanse the focus in this study
is on single elements and because of the delimi-
tation and treatment of the region. This region
is inappropriate for studying international rela-
tions, For such an analysis national boundares
are necessary because of the organization of rade
statistics. The region serves primarily as a sum-
mary unit and the analysis becomes too one-di-
mensional, which makes it difficult to connect
the analysis 1o social, political, and economic
developments. This also makes the study and its
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analysis insufTicient as a basis for broader future
scenarios or histoncal studies of the social, eco-
nomic and political development of the Rhine
Basin, To evaluate social change and construct
scenarios thal can serve as frameworks for
analvzing and discussing strategies for societal
development, it 15 insufficient 10 focus only ona
few elements in society. It is also necessary to
analyze the physical, economic and social struc-
tures in society that influence the flows,

THE PROCESS LANDSCAPE

The “process landscape™ framework (Swed,
Forloppslandskapet), developed by Hagerstrand
{1993}, provides an allernative perspective for
the analysis of flows, It is based on the time-
peographical perspective and intended as an in-
tegrative framework for a more contextual analy-
sis in the study of society-environment interac-
tion. Its objective is to develop a dynamic view
on how different processes occur and interact in
the environment and to catch the forces {physi-
cal, biological. social or political) that form and
change these processes.

The starting-point is the entirety that is made
up of a part of landscape. This entirefy provides
an overview and a framework that can be used
for more detailed siudies, An important aspect
of this approach is thal attention is focused on
the way things in the process landscape coexist
in and compete for a limited arca of time, space
and encrgy. The challenge is to observe the rela-
tionships in time and in space between different
processes in the environment, When elements
are placed in their natural context, analysis can
focus on how the processes are linked to, infer-
act with and are limited by other processes and
phenomena. In this analysis it is necessary to
clarify the restrictions on different processes.
Hagerstrand uses primarily the time-geographi-
cal concepis for the analysis of the process land-
scape. He distinguishes between individual cor-
puscles (which inelude living creamires, objects
of nature like stones and cultural artifacts), which
maove in rajectorics, and amounts (such as gases,
water and grain), which move in flows. In a time-
space perspective everything is always moving.
If an object is immaobile m space it is still mov-
ing in time. The trajectories are not divisible, an
organism or an object cannot be in more than

one place at the same time, but the flows are as
divizible as their content allows. It should be
emphasized that the process landscape is no
connected o a certain scale of tme and space
and the level of detail and aggregation can he
flexible, even if Hagerstrand aims at avoiding
conventional simplifications, The approach
strives to see phenomena in a concrete setting so
as make peneralizations at high geographical lev-
els. The objective is to be able to make a de-
tailed analysis in the context of a comprehensive
perspective, making it possible to maintain an
overview and o systematically connect differ-
ent geographical scales, Hagerstrand connects
also the process landscape 1o an analysis of man-
agement. This analysis starts off from the mi-
cro-level and focuses on how the actors and ac-
tion af this level are contained in a hierarchical
net of domains. The goal is to identify the re-
sinctions for different actors.  Administrative
influence is dominantly exerted through defini-
tion of the boundanes for action. This view of
ihe trajectories and flows of the process land-
scape as a web, caught in a network of domains,
provides a framework to connect the actors and
institutions in society, their techmical eguipment
and the environmental setting, where both the
natural processes and human activities take
place.

Cne should observe that the Mlow perspective
1s ool incompatible with the process landscape;
the former is rather incorporated into the latter.
But the view of the flows differs from the con-
ventional flow perspective. Time and space are
the basis for the analytical framework, and this
definitely gives a different perspective on the
flows, which is impaortant for seeing them not only
as isolated flows, but as related to other proc-
esses elements and structures of socicty. The
conventional flow model is based on similarity;
the emphasis is put on adding similar activities
without taking into account their diverging con-
texts, The spatial dimension brings in the near-
ness aspect and spatial arrangement of activities,
while the temporal dimension emphasizes the
different time scales of various processes in the
landscape. The treatment of the region 15 also
quite different; instead of being a limited sum-
mation umnit, it is an arena for the sedy of interac-
tion. The management structure of the process



198

landscape is important o consider from the be-
ginning. This structure makes it possible (o in-
troduce a power perspective (who can do what
and when can they do it?). The objective is to
make a detailed analysis of the local context at
different steps in a material flow, while maintain-
ing the larger context. Itis necessary to know the
actors, siluations and arrangements involved to
be able to identify the constraints (physical, eco-
nomic, social or legal) for different actions. This
15 also important to be able to connect flow analy-
gis to human behavior and decision-making proc-
C55C5.

The Process Landscape might inspire a way
out of some of the major shortcomings of con-
ventional flow studies. There are, however, still
very few studies that have been based on this
analytical framework. Lenntorp’s {1993) analy-
si5 of flows connected to construction of four
small houses in the Mordic countries 15 one of
these few studies. Anexample from this study is
given in figure 4, that shows the flows in time
and space in connection to the central vacuum
cleaner in the Norwegian house. This study can
be: described as a geographical life-cycle analy-
gis. It shows clearly the necessity to put flows
and life-cycles of products in a time-space con-
text, When only summarized flows in a limited
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region or in connection to lifé-cycles are
analyzed, the spatial arrangement of the flows,
which 15 a very important trait, is absent in the
analysis, The goal of getting closer to human
actions cannot be noticed in this example, but
the starting point in a specific house increases
the possibilities to connect this analysis to a study
of hurmnan actions and the frames of these.

To meet the challenges of the modem situa-
tion such as improving analysis of consumplion
and trade and to be able to get closer to human
behavior and decision-making, it is definitely
necessary 10 have a broader perspective where
not the least temporal and spatial aspects are
emphasized. Hagerstrand's “Process Landscape™
might prowvide some inspiration and guidance to

such efforts.
CONCLUSIONS

There are many challenges for modem social
research connected to environmental problems
and development. Flow perspective is a useful
and perhaps indispensable tool in this context.
It may improve the overview of different paris
of society's use of natural resources and improve
the analysis of emissions and other environmen-
tal impacis. Since flow perspective has a long
tradition 1n scienbific environmental research, it




MATERIAL FLOW ANALYSIS AND SUSTAINABLE DEVELOPMENT 199

can easily be combined with an assessment of
environmental conseguences, Related ideal
models such as closed material cveles may also
provide new ideas in connection with societal
planning and environmental policy and strat-
egpy. Even if statistics generally do not adapt
very well to this type of study and information
on different types of emissions is limited, rela-
tively uncertain and hard to generalize, conven-
tional flow studies can help to tnprove the over-
view of resource flows in various scales of
analysis

But for really contribuiing o improved un-
derstanding of rescurce flows and their change
it 15 necessary to develop studies and to keep limi-
tations of flow perspective in mind, The con-
ventional flow model, which 1s based on simi-
larity eriteria, focuses particularly on the flows
as linkages, This type of model seeks to estab-
lish consistency along these linkages, and the
contextual analysis of different parts of the flows
is not emphasized. In theory, flow perspective is
fairly comprehensive; however, the model is of-
ten used in a fairly abstract and narrow way. The
focal point is only on single elements in a region
and not on the wide confext of the flows: the
activities that dove them; their technological as-
pects; or how they are shaped and limited by their
physical, economic, social and institutional
frammes. It is, therefore, difficult to connect flow
analysis of single elements, such as heavy met-
als, to wider issues that have a far-reaching ef-
fect on the environment: spatial and temporal
aspects, economic and technological change, and
decigion making in politics, administration and
industry.

Flow analysis communicates well with envi-
ronmental impact analysis, but its linkage to a
wider analysis of society is more problematic,
To address this hmitation it 15 not sufficient to
focus Mows of single elements and to total them
at a certain level of aggregation. It is necessary
to analyze their context, especially the physical,
economic, technological, and societal structures
that influence, form and limat the flows, To m-
crease the relevance of material flow studies as
a tonl for analysis, it is necessary lo increasingly
focus on the geographical context of the Hows.
Analysis should incorporate the temporal and
spatial aspects of the flows, the infrastructures,

patterns of industry and setlement and the link-
ages to the institutional framework, To develop
and to improve understanding of the context of
flows, material flow studies such as the Rhine
Study need a clear objective and more flexibil-
ity to deal with the flows, the scales and the level
of detail. To contribute to the understanding of
so¢ial change and its relation to environmental
impacts, analysis must be broadened. Material
flows must be more explicitly intended for im-
proving the general understanding and knowl-
edige about the flows of materials in society and
their change. Flows must not be cul off from their
social context and other flows and processes. To
understand the development of products, indus-
tries, and transports, analysis must take place at
different levels, for example, the region in s
confext, indusirial branches, enterprises, facto-
ries and households. The importance of indus-
trial production and trade enterprises and house-
haolds should be emphasized in such an analysis,
WVariations in approach, methods and detail are
necessary, but it is important that analysis at dif-
ferent levels is concerned with the frames of the
flows and with questions of power (what and who
can influence?). The ultimate challenge s to
connect the international, even global, level
to the local level where the real actions rake
place.

To summarize, flow-based perspectives can
be used to improve communication and integra-
tion berween studies with different emphases that
increase our knowledge and understanding of
relationships berween sociery and mature in a
changing world. But this potential can hardly be
realized with only a conventional flow perspec-
tive, which often becomes too abstract and nar-
row and cannol easily be connected to the wider
context of the flows. Therefore, additional per-
spectives must be used to handle the temporal
and spatial aspects of the flows and their physi-
cal, economic and social frameworks. 3y plac-
ing emphasis on analysis of flows in their con-
text in time and space as well as on the constraints
of the flows and their institutional context the
time-gengraphical process landscape may offer
guidance for addressing the limitations of mate-
rial flow studies to evaluate social development
and for creating a basis for analvzing develop-
meni strategies.
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