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1. Setting the Scene

The world-wide decay in environmental qudity conditions and the gradua depletion of
natural resources, sometimes referred to as the ‘new scarcity’, has been a dominant theme for
research and public policy during the latter part of the twentieth century. The globd interest in
environmental matters is partly caused by the increased pressures that a mounting population
and increased production exert on the earth’'s natura resource base. In addition, as persona
incomes rise and leisure time becomes more fredy avalable in the developed world, concern
with more immediate human needs has been accompanied by an interest in preservation and
conservation for future generations and for other regions of our world. We observe an
increasng interest in ‘qudity’ - next to ‘quantity’ - as an important condituent of individud
and collective wdfare.

It seems likdy that the issue of environmenta degradation will stay with us until far in the
next millennium. Alreedy Pao in his Kritiass was complaining about humaen activity which
had turned the landscape of Attica into a skeleton and a wastdland. We dso know about
environmenta regulaions in medievd European cities which amed to control the use of cod
burning or the noise annoyance caused by horse drawn cariages. And the early dage of the
Indudtrial Revolution demongrated an abundance of urban environmental quality degradation.
But in our era the sze and the intendty of resource use and of related environmenta decay
have taken such massve forms that the stability and sugtainability of many ecosystems .- both
locally and_globally - is threstened. This hes stimulated the launching of the concept of
sugtainable development in ressarch and policy making at the end of the 1980s as well asthe
international research on biodiversity loss and climate change risks during the 1990s.

Much of the ealy interest of the lagt century centred on public hedth in dense
agglomerations. As socio-medica  knowledge on how diseases spread developed, urban
authorities in particular sought to improve the locad environment by such measures as sewage
control and clean water supply to reduce the diffuson of germs and infection. This trend,
much later, lead to policies embodied in various initiatives of clear ar legidatiion to reduce
loca amospheric pollution that causes smog and other harmful effects. Wedthy societies,
and the better off within poorer societies, with the time and resources to expand, became
concerned with the built environment and with shaping nature in ways that they found
aestheticdly pleasng. Over the centuries this has led to specific patterns of landscapes in the
countryside and the provison of parks and gardens in urban areas. This has crested a genera
concern on qudity of life, in addition its dependence on resources and environment.

The resource and environment base of our earth is a complex system that comprises an
enormous diversty of forms composed of biotic and non-biotic components. Essentidly, the
resource and environment base is made up of three main interrelated classes:

- biotic resources emerging from soil or water (such as vegetation and anima populations);
- abiotic resources with productive or consumptive nature (such as minerds and energy);
- environmental components needed for our wellbeing (such as clean water or fresh air).



Traditiondly, resources can be subdivided into renewables (which may be replenished
with or without human intervention) and non-renewables (which cannot be reproduced within
a meaningful time horizon). Both types of resources can be depleted.

The man problem in environment and resource management is the interwoven nature of
the ‘new scarcity’ question. Resource use leads to pollution, and abatement of pollution
requires additional resource use. Clearly, technologicd innovation (eg., recycling) may hep
to dlevidte some of these problems, but with a risng population and rapidly risng
consumption and mohility leves it will be extremdy difficult to achieve a sudanable
devdopment over a time scde involving may human generations. Furthermore, resource and
environment issues may manifest themselves at local or regional scaes, but they are pat of a
globaly inteewoven ecosystem. Consequently, the ‘new scarcity’ has clear spatid and
tempora horizons which extend far beyond the current level of thinking and acting.

Againg this background, the concept of sustainable development has become ‘en vogue'.
Although this notion has dready a longer period of existence, it became a fashionable topic
after the publication of ‘Our Common Future by the World Commisson on Environment and
Devdopment (WCED) (dso known as the ‘Brundtiand Commisson’). The Commission
cdled atention for the need to consder our planet as an integrated socid, economic,
ecologicd and politicd sysem which needs collective initistives and actions in order to
ensure continuity under changing conditions. The report suggested that economic growth and
environmental protection can go together, which was subsequently tested by Duchin and
Lange (1994) usng a multisector-multiregion modd for the world. Ther concluson was
negative. In the next section we will give a concise historical record on the evolution of

environmentd thinking, to be followed in subsequent sections by a discusson of mgor
themes in resource and environment management.

2. Back to the Roots

The stientific andyds of the physicd conditions of our earth has dready a higory of many
centuries, as is witnessed by the body of knowledge collected in such disciplines as biology,
physica geography, archaeology and chemidry. It is surprisng that the socid sciences were
latecomers in sudying issues of environmental qudity and nature. Of course, there are early
examples of socid science research on environmental and resource issues, for ingtance, by
nineteenth century scientists like Mdthus and Marx. But it lasted until the 1960s and 1970s
before the urgency of environmental degradation and resource depletion had become o0
widely recognized that various socid science disciplines started to develop a pathway for
environmental research. This does not mean that in some disciplines never any atention had
been given to resource and environment issues. On the contrary, in particular in economics we
observe a long-ganding interest in resource scarcity, in reaion to agriculturd land use and
minerd use. The Physocrat thinking in economics even advocated that nature - in particular,
land and water - were the rea sources of economic wedth. But this early interest in resource
use was manly ingigated by the (podtive) productive contribution of physica resources for
economic efficiency. Only a few economids in the fird pat of the twentieth century-..
recognized the ‘unpriced scarcity’ nature of the environment and of many resources (notably



Marshdl and Pigou). They introduced the concept of ‘externdities, which meant that the
socid vaue of various goods and services, including nature and the environment, is not or not
insufficiently reflected in market prices, so that a socidly undesrable use of these goods and
sarvices will result. This may be the result of myopic behaviour of sdfish people or of the
public good nature of various resources that are not controlled by property rights or proper
regulations.

The red interest in environmental issues sarted essentidly in the 1970s when the growing
recognition of a worldwide environmenta decay and of severe resource depletion (in
combination with a populaion exploson) recaeived an unexpected but welcome support in the
ol crigs This sudden event was complemented by the Firs Report to the Club of Rome
(“The limits to growth”), which was based on a scenario andyss with a sysems dynamics
modd of the World. Although the scientific contents of the latter study left much to be desired
-~ as a result of conservative information on resource availability and insufficient
incorporation of negative behavioura and technologicd feedback mechanisms = it created a
shock effect among socid scientists. This gave rise to an intensve debate between growth
optimigts and pessmists (Day and Townsend 1993).

This dso marked the beginning of the socid science interest in environmental sciences.
Economists congtructed abstract models of economic growth and resource use (Dasgupta and
Hed 1979) and developed a theory of environmenta policy for correcting environmenta
externdities (Baumol and Oates 1988). Economists and psychologists began to invedtigate
how people vaue environmentd change, environmental policy and ecosystemn management,
usng daed preference and reveded preference methods (Hanley and Spash 1993).
Demographers darted to investigate the relaionship between resource scarcity, population
growth and migration. Decidon theorids tried to develop new tools for policy-making that
were more tuned to the often qudlitative and unpriced nature of environmenta goods (such as
multicriteria  and multi-objective  decison tools). Many disciplines worked together in
integrated modelling and assessment, addressing both ecosystems and globa scaes (climate).
Findly, datidicians got involved in the formidable task to develop new datistical data that
would map out and monitor energy use, environmenta deterioration and the like. So in some
twenty-five years time here has been an explosve interedt among socid scientig in
environment and resource iSSUes.

It should be noted that there are many ways for a smultaneous anayticd treatment of
economics and environment. Since the 1960s a grest many attempts has been made to link the
economy to the ecology (Costanza et al. 1997). An important contribution to the integration
of economics and ecology began smply with a reflection on the principles of the materids
balance for resources (extracted or collected, transformed, consumed and emitted) and on the
need to take account of an economic viewpoint of such processes (Ayres et a. 1999). Severd
attempts have adso been made to build economic and socid accounting systems that could
incorporate the measurement of economic welfare and performance together with the
measurement of environmentd indicators and performances. The integration of economics
with ecology has aso been approached from the viewpoint of land-use — where economic and-.,
ecologicd processes have the most disuptive effects = and of urban environments.  In



addition, the interaction between economics and ecology has next been dedt with for
Stuations with globd risks and uncertainties.

In the past decade one can observe an avaanche of publications on environmental issues,
not only in popular journds but dso in academic publication channds (journas, books).
Most of these publications demonstrate dearly the multidisciplinay nature of environmentd
sciences, which caused researchers from various disciplines to cooperate, with more or less
success. Especidly the fidd of ‘ecological economics (and its journd with the same title) has
shown the need for multidisciplinary thinking, even in environmental and resource
€CoNoMics.

3. A Short Account of Core Topics

In this section we will offer a concise overview of mgor topics in the area of management and
economics of environment and resources. These issues are covered in detall in van den Bergh
(1999). A very readable introduction is Kahn (1998), while a thorough treatment is provided
by Perman et al. (1999).

A mgor focd point with dreedy a long tradition is - as mentioned above - natural
resource management, for both renewable and non-renewable resources (Clark 1990;
Dasgupta and Heal 1979). Quedtions andyzed in this context concern optima extraction of
non-renewable resources under competitive conditions (such as the wdl-known Hotelling
ceke-egting choice dilemma). In the literature on these issues much atention is given to the
(as yet uncetain) options offered by technologicad innovetions and to the dHatidtical
uncertainty in estimating the resource stock (0 far dl edtimates gopeared to be rather
consarvative). This relaes to the problem that the correct way of measuring resource scarcity
is subject to debate, and has given rise to a range of scarcity indicators. From a management
perspective, much attention has adso been devoted to the implications of limited competition
(eg., monopolisic and oligopolistic market forms). Also renewable resources have gained
much interest, in paticular in the agriculturd, fishery and forestry sector. Important issues
here are uncertainty, re-investment rules and multiple-use conditions amongst others. Findly,
in recent years we have obsarved an intendfied interest in two particularly important
resources with a wide societd and globa coverage, viz. water and energy. These two
resources are important concerns in both the developed and the developing world, not only
because of their immediate far reaching implications of emerging scarcity but aso because of
the changing markets of these goods towards more deregulation and privetization.

A recurrent theme in environmental and resource economics is the economic valuation
and evaluation of environmental goods, such as clean air or water. The main problem here is
the non-priced nature of many environmental goods, so that the environment runs the risk to
be forgotten in any cod-benefit analyss for plan or project evaduation. The question is then
whether it is possble to restore a missng market, eg., by introducing shadow prices via
taxation schemes or otherwise on an atificid market, or to edict regulations to ensure a least
a minimum respect for environmenta goods, eg., in the foom of sandards. Although from a
market theory perspective shadow prices (including taxes and subsidies) are often regarded as-.
superior, in practice many forms of dandard detting have emerged, as they are more



unambiguous and better testable. In the literature a wide variety of vauation approaches has
been proposed. These can be categorized as. travel cost methods (based on reveded
preference gpproaches usng generdized travel costs), the contingent vauaion methods
(based on date preferences, i.e. experimental surveys or questionnaires), and hedonic pricing
methods (based on reveded preferences related to property vaues). A prominent question in
vauation theory is the rdiability of the various price edimates. Vaious condgderaions are
relevant in this respect: the drategic contents of responses to interviews or survey
questionnaires, the didinction between use and nonuse vaues, the choice between
‘willingness to pay’ and ‘willingness to accept compensation’” measures and scde and
double-counting issues (Hanley and Spash 1993; Turner e al. 1999). Recently, benefits
transfer and meta-andyss are used to avoid having to undertaken costly new vauation
sudies. For environmenta policy purposes dso various adjusted approaches have been
developed, such as socid cost-benefit andyss and multi-criteria evaduation methods. These
methods have been widely applied. Nevertheless, their application faces various cavests, in
particular problems associated with choosing a correct socia rate of discount, incorporating
spatid or tempord equity issues, and addressng problems where only quditative or fuzzy
information is avalabdle.

Another topic that makes up an indigpensable component of the study of the environment
and naturd resources is the geographical dimension. Many environmenta problems may
seem to be locd or regiona issues, but have a world-wide impact. This is caused by two
factors, viz. internationa (or interregiond) trade and the spatid diffuson of pollution (or the
oatid dimensgon of externdities in generd). For example, the high efficiency of the mesat
industry in Western Europe is co-determined by the importance of tapioca from Thailand
which leads to wide-spread environmental decay in the latter country. Phenomena like ozone
layer dedtruction, rise in ocean levels and desatification are other illudtrations of the
geographicaly interwoven nature of the environmental problem. As a result, cross-boundary
and globd environmental problems have provoked much scientific debete, not only on the
causes but aso on the policy responses (eg., internationa environmental agreements, trade
regulations etc.). Such issues play dso a recurrent role in negotiations on trade liberdization
in the context of the World Trade Organization (WTO). In a more theoreticd setting, dso
much atention is given to equilibrium-digorting effects of environmentd externdities in
international  trade. Issues investigated there ae the effects of impefect competition,
industrial specialization and interlinkages, consequences of unilateral environmental
regulations, trade in pollutants (eg., toxic maerids) and the podtion of Third World
countries. Cooperative and non-cooperative game drategies are inter dia dudies in the
context of globd waming, cliimae change, acid ran, dratospheric ozone and globa
biodiversty. And findly, from a geographicd perspective much atention has been pad to
point versus non-point source pollution problems, land use, urban environmental issues,
locational issues and transportation. In retrospect the spatid dimenson of resource and
environment issues have been addressed on various occasons and from different perspectives,
but there is certainly gill a broad research field in the geography of the environment.



Next, we will address in this section the problem of environmental and resource policy.
The frequent absence of markets for environmentad goods, i.e. a market falure, leads to a
distortion in the price system and hence to an inefficient allocation which causes
environmental decay, resource depletion and the acceptance of high environmental risks.
There has been a formidable range of publications on environment and resource policy, in
paticular on the choice of policy ingruments, on different taxation regimes, technicd and
product standards, subsidies, tradable permits, depost-refund systems, dimulating self-
regulation via covenants, and joint implementation. In economic theory efficiency has been
the dominant policy sdection criterion. However, in practice instrument choices will dso be
influenced by other criteria, such as effectiveness (rdaing to uncertainty, monitoring and
contral), equity (socid and politicad feadhility), sudtainability (ecosysem dability and
resource avalability) and international setting (agreements, laws and policy coordination).
Various topics have been discussed in relation to the choice of instruments of environmenta
policy: the impact of imperfect markets, the encouragement of technologica innovetion and
R&D, environmental tax reforms, and the role of transaction costs. Certain proposas for
environmenta tax revisons, or ‘ecotaxes in popular jargon, have been argued by some to
cregte a double dividend, that is, a beneficid outcome for both environment and employment.
In genera, however, economists are very sceptical about the exisgence of ‘win-win' (or ‘no-
regret’ or ‘low-fruit picking’) policies. This is patly rdaed to the ineviteble intraa and
intertempord  efficiency-equity trade-offs in policy andyds, which have received much
atention in the context of wdfare theory, rdating to both utilitarian principles and Rawlsan
theories of judice. Findly, in the past few years we have witnessed a large flow of scientific
contributions on international agreements and negotiations regarding transboundary or globa
environmental and resource issues. Harmonization of internationa regulations appears to be
dill a fidd fraught with many conflicts and divergent policy dSrategies.

As alagt topic, the scientific apparatus developed to come to grips with the complexity of
the new scarcity will be mentioned. Standard monodisciplinary approaches cannot aways be
aoplied in a gsraightforward manner, as dways multiple dimensons and disciplines have to be
taken into condderation. Examples range from lessons obtained from thermodynamic theory
to marketing principles being applied to eco-labeling. Mass baance knowledge is needed to
underteke life cycle andyss, and andogies of ecosystem models may be used in the context
of ‘industrid metabolism’. It is therefore no surprise that a uniform analyss framework has
not emerged. On the contrary, we observe a great diverdty of methods and models. Some
important classes are input-output and materias badance modds, optima control and
dynamic programming modes, patid and generd equilibium modes, policy evauation
methods such as codt-benefit and multi-criteria anadlyss, game theoretic models, resource
extraction modds, natura resource accounting methods, evolutionary and other dynamic
smulation gpproaches, meta-analysis; and experimental methods.

The previous overview has dso clearly highlighted the need for proper communication in
the environmental sciences. Progress - in terms of new insghts and impacts on policy « will
only be made if environment and resource issues are jointly anayzed from common themes in..,
research.



4. Towards a Sustainable Environment

Doomsday prophets have spent much time on building an imege of the world where
environmentd deterioration would herald gpocadyptic perspectives. It is surprisng to note that
in many pats of the world we have seen a recovery of threatened ecosystems and
environmentd quadity conditions as a result of active policy intervention, technologica
progress and behaviourd change. It seems as though economic growth is not necessarily at
odds with environmentd sugtandbility.

Environmentd sudtainability is often diginguished into wesk and drong sudanability.
‘Strong’ refers to the idea that every component of the environment and nature has to be
maintained, with ‘Deep ecology’ as its most extreme proponent. ‘Weak’ refers to a change that
makes some environmenta components worse off, provided that the overdl net baance is
dill pogtive. The didinction reates to ethicd podtions as well as views on the posshility of
subgtitution (as opposed to complementarity) between nature or environmenta goods and
services on the one hand and socio-economic artefacts on the other hand. The question of
weak and drong environmentd  sudtainability is dso co-determined by the degree of
disaggregation of the environmenta system under consideration, by the geographic scde at
which environmenta problems are studied, and by the time horizon.

The notion of sustainable development is related to the old debate on growth versus
environmenta protection (Day and Townsend 1993). In the context of endogenous growth
theory it seems plausble that economic progress may be accompanied by environmenta
quaity improvement, provided a sufficient part of public and private expenditures is dlocated
for environmental protection measures, for environmental investments and for environmental
R&D. This has inspired a debate on sustainable growth. Clearly, such a discusson can only
lead to conclusve answers if it is supported by empiricd facts. This discusson on the
‘decoupling’ or ‘ddinking’ hypothesis has laid the foundation for the so-cdled ‘environmentd
or green Kuznets curve, where the underlying assumption is that after a stage of
environmentd decay as a result of economic growth a new sage may st in during which
economic growth may support a more environmental benign development. This growth
optimism however, is thus fa not yet supported by sufficiently relidble datisica data,
dthough it is clear that there are many examples of environmental improvement in a growing
economy. But the green Kuznets curve does cetanly not hold for dl environmenta
indicators. A related important issue is the atempts to correct the conventiond measure of
welfare, GDP per capita, for environmenta decay. Although this would not lead to a perfect
indicator of welfare or progress, it could render a much better indicator for public and private
decison-making, notably by centrd banks, internationa financid inditutions, and financid
markets.

Jus as the academic interest in environmenta problems has evolved so has the
inditutiond setting in which they are addressed. There has been a movement away from
micro-policy making in the hands of city councils, regiond public bodies, and the like, to
macro-policy making, involving global agencies such as the United Nations and World Bark..,.



Indeed, one of the pressng issues of contemporary environmental debate is the appropriate
juridiction for different levels of government.

It is thus clear that the concept of sustainable development has been the source of much
cregtive environmenta research in the past years. But did it dso have effective implications
for environment and resource management?

5. Concluding remarks

Environmental andyss extends across virtudly dl academic disciplines. Indeed, many
disciplines such as economics and engineering have specific sub-areas of interest specificaly
devoted to environmental issues The multidisciplinary and transdisciplinary  nature  of
environmental research makes it difficult to keep track of the key literature.

In a few decades time, an overwheming amount of research efforts and research findings
on environment and resource issues can be observed. Environmentad science has become a
rapidly evolving fidd with a strong socid science component. Environmental and resource
economics has generated many indgghts about environmenta policy design, natura resource
management, development and growth policies, internationa trade and  environment,
transboundary pollution issues, and international agreements and policy coordination.

A rapidly evalving fidd is environmental busness management (sometimes referred to as
‘environmentd  management’, or ‘busness and the environment’). This brings together
scientific  indghts and busness expeiences. Many firms especidly larger ones, have
accepted the importance of environmentdly sustainable action and drategy, for various
reasons. It has not only led to many in-house adjusments (waste trestment, environmenta
accounting, internd organizetion), but aso to drategic decisons about ‘green marketing’,
eco-labeling, investments, and involvement of various stekeholders. So far, however, a close
link with the theoreticd and empirica literaiure in treditiond environmental and resource
economics is lacking. An fundamenta and long-standing question that their synergy could
resolve is how firms make decisons about environmentd management in complex and
internationa  dtuations, dominated by multiple stakeholders, rapidly changing markets, and
new information and communication technologies This could provide information on what
type of environmenta regulaion is mog effective and efficient in the long run.

In conclusion, resource and environmental economics has created a breadth and depth of
scientific indghts into the new scarcity. Both theoreticd and empiricad knowledge has been
generated in a surprisngly rapid pace. Its multidisciplinary orientation has offered a great
drength to this rativey young discipline to attack complex and topicd policy issues.
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