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Policy Studies

Resource scarcity features prominent on the agendas of 
policymakers worldwide. Concerns are triggered by high 
prices of energy, food and commodities, as well as by 
fears about supply security of resources. Scarcity is a 
complex issue with physical, economic and geopolitical 
dimensions. This study explores a number of questions: 
What scarcities should we worry about? What is driving 
scarcity? What are the impacts? And, finally, which 
policies are conceivable for the European Union and the 
Netherlands to deal with resource scarcities?
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scarcity in a sea of plenty?

•	 Policy	attention	has	shifted	from	physical	to	economic	
and	political	dimensions	of	resource	scarcity.

The policy attention that is currently paid to resource 
scarcities is different from that of the past. In the past, 
such policy attention addressed physical depletion on a 
global level. Today, concerns about resource scarcity are 
mainly directed towards access to resources on a national 
level, as well as towards volatility of global market prices. 
The present situation regarding resource scarcity is also 
different because of current concerns about interactions 
between climate change, biodiversity loss and resources.

•	 The	nature	of,	and	driving	forces	behind	scarcities	vary	
greatly	between	the	different	resources.	Hence,	there	is	
no	one-fits-all	approach	to	resource	policies.

Food and water are resources that are essentially 
renewable, whereas fossil energy and mineral resources 
are not. Fossil fuel use is a causal factor related to climate 
change, whereas food production is endangered as a 
result of the effects of climate change. Some minerals are 
abundantly available and have many present-day uses, 
whereas others are far more scarce, concentrated in 
specific locations, and used for high-tech applications. 
Resource scarcities can affect subsistence levels in 
developing countries, whereas impacts in Europe and 
the Netherlands are far more limited. Resource policies, 
therefore, require tailor-made approaches adapted to the 
various resources and countries.

•	 Resource	scarcities	are	interconnected	and	show	
trade-offs.	An	integrated	framework	of	resource	
policies	is	therefore	necessary.

Biofuels can reduce fossil-fuel dependency, but because 
of land use competition they also can have negative 
effects on food production. Increasing food and mineral 
production may require larger inputs of energy and water. 
An increased use of renewable energy sources could 
involve increased use of metals and other minerals. 
Therefore, while a specific policy approach is required for 
each resource, an integrated framework of resource poli-
cies is needed that takes into account the trade-offs and 
interactions between resources.

•	 Present	European	and	Dutch	policies	do	not	fully	
address	all	key	resource	policy	objectives	with	the	use	of	
appropriate	indicators,	nor	do	they	pay	sufficient	
attention	to	trade-offs	between	objectives	and	to	
monitoring	requirements.

A stable and affordable resource supply are two of the 
key objectives of resource policies. Furthermore, the 
supply of resources should have the least detrimental 
effects on the environment and on the poorest people in 
developing countries. As there are trade-offs related to 
these four objectives, they cannot be maximised 
simultaneously. Understanding these trade-offs is 
important in formulating policies aimed at resource 
scarcities. The formulation of clear policy objectives of 
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resource policies, using appropriate indicators and 
recognising trade-off s between objectives, has not yet 
taken place in the Netherlands, nor at EU level. 
Appropriate indicators for security of supply are lacking, 
in particular, next to the integration of development 
concerns into resource policies.

•	 A	close	monitoring	of	resource	fl	ows	and	their	eff	 ects	is	
required	for	the	formulation	of	eff	 ective	resource	
policies.

Trade-off s between resources, interactions with climate 
change and biodiversity loss, the identifi cation of short-
term market developments as well as long-term trends, 
crisis management in combination with long-term  policies; 
resource policies require far more than statistical informa-
tion on individual resources only. An interface between 
short-term and long-term statistical information on the 
one hand and policy action on the other, for instance, 
 following the model of the European Energy Observatory, 
could improve upon this situation. On an international 
level, support for initiatives that promote transparency in 
international resource fl ows, such as the Joint Oil Data 
Initiative or the Extractive Industries Transparency 
Initiative, could improve access to crucial data, needed for 
the formulation of eff ective resource policies.

Introduction

In recent years, scarcity of resources again has been 
placed at the top of policy agendas worldwide, and not 
in the least on those of European and Dutch policymak-
ers. However, there are many uncertainties regarding the 
exact size and shape of resource scarcities, regarding in-
teractions, and regarding appropriate policies to address 
resource scarcities.

In this report, two main questions are examined:

(1)	 What	future	resource	scarcities	should	the	European		Union	
and	the	Netherlands	be	concerned	about?

(2)	 What	policy	strategies	are	available	to	the	European	
	Union	and	the	Netherlands	to	deal	with	these	resource	
scarcities?

Methodology
Answers to these questions are sought by looking in more 
detail into the key resources of energy, food, water and 
minerals, and the interactions between them, as well 
as the interactions with climate change and biodiversity 
loss.

Figure 1
Framework of the di�erent dimensions of scarcities 

Resource scarcity
Concerns about su�cient availability

at the right place in the right form

Physical dimension

For example:
• Depletion of reserves
• Insufficient renewable 
 production / stocks

For example:
• Malfunctioning markets
 (infrastructure and
 communication)
• Harmonisation of 
 production capacity 
 in relation to demand

For example:
• Trade barriers / export
 disruptions
• Conflicts

Economic dimension Political dimension

Functioning of markets and
production processes

Functioning of policy
Availability of

natural resources

Scarcity in a sea of plenty-9[CMYK].indd   9 15-2-2011   12:20:59



10 | Scarcity in a sea of plenty?

This report distinguishes between a physical, an 
economic and a political dimension of resource scarcity, 
focusing on physical depletion of resources, failing 
markets and geopolitical concerns (Figure 1). The report 
also examines four main objectives of resource policies. 
The first two are aimed at a secure and affordable supply 
of resources to customers; the third is to ensure an 
environmentally friendy supply, from source to end-
users, and the fourth relates to a fair supply, that is, with 
the least negative impacts on the poorest people within 
developing countries.

Concerns about current resource 
scarcities

Regarding the first research question, the following main 
observations have been made:

A changing world order, globalisation and 
interactions with climate change and biodiversity 
loss distinguish current scarcity concerns from 
previous ones
In the past, policy attention to resource scarcity 
addressed in particular the perceived global physical 
de pletion of resources. Presently, concerns about 
interactions between resource scarcities and climate 
change and biodiversity loss seem to prevail over overall 
physical resource depletion.
Further distinctive features of the current period of 
resource scarcity are globalisation of the world economy 
and a changing world order. Together these factors stress 
distributional aspects of resource scarcity: Whereas 
 previously OECD countries were the main party on the 
demand side, current scarcity concerns are characterised 
by increasing resource competition between OECD 
 countries and emerging economies. On the supply side, 
many resources are increasingly concentrated in non-
OECD countries, thus contributing to scarcity concerns in 
OECD countries.

Major concerns regarding resource scarcities are to 
be found less in the physical dimension…
Overall, it appears that the main scarcity concerns 
are currently not found in the physical exhaustion of 
 resources, as there still seem to be ample margins in 
terms of reserves and potential production capacity 
expansions in the decades to come.
• Energy reserves are likely to be sufficient to meet 

demand in the coming decades, although slow 
adjustments of supply to changes in demand might 
cause temporary bottlenecks, the shift towards coal 
and to unconventional oil and gas resources might 

increase future impacts on climate, and the use of 
biofuels might increase impacts on biodiversity.

• There is ample potential worldwide to increase the 
productivity of land for food production or to expand 
agricultural land areas, but pressure on land will 
increase due to competing claims from other possible 
land uses.

• Water is a renewable resource and at a global level one 
of the most abundantly available substances on earth. 
Locally, however, its actual availability to humans for 
agricultural, industrial and drinking water purposes 
strongly varies over time. One fifth of the world’s 
population currently lives in areas where physical water 
scarcity can occur – a proportion that is expected to 
increase in the future.

• At current production rates, reserves of most minerals 
will last for far more than a century. However, demand 
for minerals is likely to increase in the future, their 
extraction from locations with lower concentrations 
might increase environmental impacts, and reserves of 
some specific minerals might not be sufficient to meet 
the expected strongly rising demand in the future.

• Demand for resources will grow substantially in the 
coming decades, but in the longer term growth of 
demand is likely to slow down. The exception to this 
are some metals needed for high-tech energy 
solutions, for which demand might also rise steeply in 
the longer term.

… but rather in the economic and political 
dimension of resource scarcity
Economic and political considerations are main driving 
factors of current resource scarcity concerns.
• The concentration of fossil energy reserves, and in 

particular of oil and gas, in a limited number of 
countries increases fears in importing countries of the 
political misuse of market power. Also, competition on 
the demand side is rising as emerging economies 
increasingly rival OECD countries for fossil energy 
imports.

• Despite technical potential to increase food 
production, attempts to increase production have 
failed in recent decades, especially in sub-Saharan 
Africa, mainly because of insufficient infrastructure, 
ill-functioning markets and failing political governance.

• The major concern regarding water is the improvement 
and maintenance of infrastructure to deliver drinking 
water to households in developing countries. The 
appropriate establishment of institutions, including the 
proper pricing of water for all kinds of uses, can help to 
improve delivery.

• Reserves of some specific minerals that are necessary 
for raising food production (phosphate) or for 
alternatives to fossil fuels (some metals) are 
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concentrated in a limited number of countries, causing 
concerns about potential political abuses of market 
power.

Economic and political resource concerns are shaped 
substantially by a still growing demand for resources in 
the decades to come. Increasing wealth and population 
growth are two key drivers for this growing demand, 
particularly in emerging economies and developing 
countries. In OECD countries, on the other hand, demand 
growth will slow down over time. The main underlying 
drivers here are dematerialisation of the economy and a 
slow population growth.

Reasons for concern are also to be found in 
complex interactions between resources on the 
one hand, and between resources and climate 
change and biodiversity loss on the other
Two main relationships exist between demand for 
resources. First, resources can be inputs for the 
production processes of other resources (e.g. water and 
energy for food production). Second, final products of 
resources can substitute each other (e.g. certain metals 

are needed for car batteries that substitute the use of 
oil for transport; crops can be used for food or for fuel). 
Policy options intended to deal with the scarcity of one 
resource can therefore aggravate the scarcity of other 
resources.
A dual relationship also exists between resource use and 
climate change and biodiversity loss. On the one hand, 
resource use can contribute to climate change and bio-
diversity loss (e.g. fossil energy use contributes to climate 
change; increasing land use for agriculture can reduce 
biodiversity). On the other hand, climate change and 
biodiversity loss themselves can contribute to resource 
scarcity (e.g. climate change contributing to draughts in 
 certain areas; pests induced by biodiversity loss reducing 
agricultural yields).

Vulnerability to resource scarcity is particularly 
high for importing developing countries and poor 
households that spend most of their incomes on 
food and energy
In this report, two quantitative case studies were carried 
out regarding the vulnerability of developing countries to 
increasing world market prices for oil and food.

Table 1
Major concerns about resource scarcities

Dimension

Physical Economic Political

Energy – Sharply rising demand 
increases pressure on 
remaining fossil resources

– Concentration of oil and gas reserves 
in a limited number of countries 
causes concerns about potential 
political abuse of monopoly power

– Increasing competition between 
OECD countries and emerging 
economies about remaining fossil 
reserves

Food – Lack of production increase to 
cope with increasing demand

– Volatile demand for agricultural 
commodities due to the link 
between oil prices and bio-
energy demand

– Abrupt supply  shortages due to 
extreme weather events 

– Lack of access to markets/
incentives to farmers 
to increase production, 
particularly in developing 
countries

Minerals – Unexpected increase in 
demand for certain minerals 
due to the sudden rise of new 
high-tech applications 

– Concentration of some minerals in a 
limited number of countries causes 
concerns about potential political 
abuse

Water – Increasing demand increases 
pressure on freshwater 
resources

– Adverse impacts of climate 
change could decrease 
resources

– Non-existent or improperly 
functioning markets and 
lack of infrastructure limit  
access to safe water, in 
particular for the poorest in 
developing countries 

– Conflicts between parties in 
transboundary river basins limit 
access to water for downstream 
users
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It was found that vulnerability to increasing global oil 
prices, as a main signal of increasing energy scarcity, is 
likely to be the highest for the account balance of oil 
importing countries in sub-Saharan Africa, and for poor 
households in India and sub-Saharan Africa. Increasing oil 
prices in particular put a pressure on economic develop-
ment when economies are highly oil intensive and unable 
to exploit alternatives. Furthermore, high oil prices put a 
pressure on government budgets when oil products are 
subsidised. In contrast, when energy is not, or only partly, 
subsidised, increasing oil prices make it more difficult for 
poor households to shift from traditional fuels for cook-
ing and heating (coal and biomass) to modern oil-based 
energy sources (LPG and kerosene).
Vulnerability to food scarcity is also likely to be the high-
est in India and sub-Saharan Africa, due to a fast growing 
population and high existing levels of undernourishment. 
For both regions, increasing agricultural production 
becomes increasingly difficult as a result of projected 
impacts of climate change. In addition, as land in India is 
particularly scarce, expanding agricultural production 
there is only possible by increasing the production per 
hectare.

The European Union and the Netherlands are less 
vulnerable to resource scarcities, but substantial 
concerns remain
With respect to vulnerability, the food supply situation 
is relatively robust in the EU. The EU is a main food 
exporter, and food shortages in the near future are 
unlikely – although concerns exist in specific areas, such 
as for phosphate (for fertilisers), soy and vegetable oils. 
Water scarcity gives rise to concerns in particular in the 
southern Member States of the EU, although intensive 
use of water contributes to water scarcity elsewhere as 
well.
Main resource scarcity concerns are therefore to be 
expected in the areas of energy and mineral resources, 
where import dependency of the EU is already high and is 
likely to increase further in the future. This is especially 
true for some specialised metals that are used in high-
tech energy applications that provide an alternative to 
current fossil-fuel use. Potential abuse of the monopoly 
power of a limited number of future suppliers is an area 
of particular concern; hence, most attention is paid here 
to the political dimension of resource scarcity.
If resource scarcities are expressed as price peaks, 
 however, these can to a certain extent be absorbed by 
European economies. Impacts of such price peaks might 
be dampened by declining resource intensity in the 
European Union and the Netherlands, and can even be 
positive, as analyses of the effects of the 2008 oil and 
food price spikes suggest.

EU and Dutch policies to deal with 
resource scarcities

The complex interactions between individual resource 
policies and their relationships with climate change and 
biodiversity loss have been increasingly recognised by 
policymakers at both the European and Dutch policy 
levels in recent years. This has resulted in the initiation 
of several new policies and institutional changes at both 
levels.

In this report, current policy developments in the EU and 
in the Netherlands were assessed against three require-
ments for future resource policies, based on the analysis 
made in this report: 1) Attention to trade-offs between 
policy objectives at a more strategic policy level, 
2)  attention to trade-offs between policy options at a 
more practical level, and 3) attention to coordination and 
monitoring, making sure that a coordinating body 
receives sufficient information in time to address both 
short-term crises and long-term policies, and that it has 
the legal and practical competences to act regarding all 
policy objectives formulated. Geopolitical aspects of 
resource policies for the EU and the Netherlands were 
also discussed.

Approaches to resource policies on a Dutch level 
are substantially different to those on a European 
Union level
There are substantial differences between the European 
Union and the Netherlands regarding the coordination 
of resource policies. The European Union applies a more 
top-down oriented approach with a strong coordination 
by DG Environment, whereas the Netherlands so far 
has made use of a relatively weak, temporary body with 
few legal responsibilities. Further, on a European level, 
new policies (‘Flagship Activities’) are at the centre of 
attention, while in the Netherlands, policy steering so 
far mainly takes place via the formulation of research 
 questions.

Present European and Dutch policies do not fully 
address all key resource policy objectives with 
appropriate indicators, nor do they pay attention 
to trade-offs between objectives and monitoring 
requirements
Resource policies initiated in recent years at the European 
and Dutch level do pay sufficient attention to interac-
tions between resource policy options and to monitor-
ing requirements, but no attention is paid to trade-offs 
between objectives. Clear objectives and indicators for 
achievement of these objectives are often lacking, in par-
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ticular regarding the political dimension of resource scar-
city. Attention in particular to development objectives 
in resource policies is often absent, despite announced 
intentions to integrate this objective into other policies, 
also clear indicators for security of supply are lacking.

The European Union and the Netherlands are 
relatively poorly equipped to deal with a situation 
of fierce resource nationalism
Finally, a geopolitical situation in which national interests 
in resource policies would become dominant would 
be the least desirable outcome for the EU and the 
Netherlands, as their ability to act in such a situation 
might be limited, compared to other main geopolitical 
players. Hence, robust resource policies of the EU and 
the Netherlands should in the first place be directed to 
preventing such a situation, and only in the second place 
to adap tation,  should such a situation occur.

Scarcity in a sea of plenty?

Resource scarcities are crucially dependent on definitions 
and on the determination of underlying causes. Is a 
resource scarce on a global basis because of physical 
depletion, is it just not available at a certain point in 
time to a determined group of consumers because 
of  market failures, or is a perceived scarcity in fact a 
concern of some resource importing countries relating 
to the  potential political abuse of market power by some 

exporting countries? Answering these questions, as well 
as a clear determination of objectives, will be crucial for 
the success ful implementation of future resource policies 
in the European Union and the Netherlands.

Furthermore, resource scarcities still have to deal with 
many uncertainties. Further research supporting resource 
policies is therefore required. Such research could 
involve, in particular, the establishment of scenarios in 
which each of the resource policy objectives described is 
maximised, and trade-offs with the other objectives are 
examined. Further research is also needed regarding the 
integration of development and resource policies, as 
intentions for such an integration have not yet 
materialised in practice. More detailed insight is also 
required regarding trade-offs between the implemen-
tation of individual resource policy options and other 
resources and with climate change and biodiversity loss.

Finally, it seems that resource scarcity has once again 
become a main policy topic, despite apparent technical 
possibilities for a sustained resource use in the decades 
to come. It therefore seems that scarcity is perceived in 
what might well be seen as a ‘sea of plenty’. The key 
challenge for future resource policies therefore will be to 
navigate carefully across this sea in order to fully exploit 
the potential benefits of resources, whilst minimising 
their possible adverse impacts. The anchor of such 
policies in the European Union and the Netherlands has 
been raised, and now the proper course needs to be set.
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1.1 Increasing resource scarcities?

A long series of events in recent years has spurred a 
growing feeling of unease in many countries about the 
increasing scarcity of natural resources, malfunctioning 
global markets and the political tensions that might be a 
consequence. Prospects for the future global availability 
of natural resources also seem dim. In the years to come 
the world population is expected to grow by an additional 
2.5 billion, passing 9 billion in around 2050. This growth is 
expected to be accompanied by annual economic growth 
of around 5%, most of which will take place in emerging 
economies such as China, India, Brazil and the Republic of 
South Africa (OECD, 2008a).

Increasing population and wealth are likely to result in a 
rising pressure on key natural resources such as energy, 
food, minerals and water. Problems might be aggravated 
by climate change and biodiversity loss. However, not all 
consequences will be felt equally everywhere. In develop-
ing countries, higher prices for basic commodities such as 
energy, food and water might hit people harder than in 
industrialised countries. Particularly those that are 
already poor might be affected most. For instance, the 
recent price peak in food caused an additional 75 million 
people to suffer from hunger in developing countries in 
2007 (FAO, 2008a).

While the problem of ‘increasing resource scarcities’ at 
first hand might appear straightforward, it turns out on 
close inspection to be very complex. What exactly is 

becoming ‘scarce’, to what extent, and for whom? What 
are the drivers for increasing resource scarcities that 
could be addressed by policies? And, perhaps even more 
importantly, how do resource scarcities interact with the 
availability of other resources, and with global 
environmental problems such as climate change and 
biodiversity loss? These are some of the key questions 
that need to be addressed to formulate appropriate 
policy responses for the future.

1.2  The European and Dutch policy 
context

Many policy measures have already been taken world-
wide in recent years to address resource scarcities. 
At a multilateral level, many conferences and research 
programmes have been devoted to the topic. The United 
Nations Food and Agriculture Organisation (FAO) for 
instance initiated a global food security conference in 
2010 and the United Nations Environment Programme 
(UNEP) has put resource scarcity firmly on its research 
agenda.

In the European Union and the Netherlands, the topic of 
resource scarcity has also resulted in several policy 
responses. At the European level, initiatives taken so far 
can be found for instance in the Common Agricultural 
Policy, the EU Sustainable Development Strategy, the 
Raw Materials Initiative and the Lisbon Strategy (Schaik 

An all-time oil-price peak of $ 147 on 9 July 2008; prices of food commodities such as vegetable oil, 
grains, dairy products and rice reach record levels in the first half of 2008; fears about the con-
tinuity of gas supplies to the European Union after two gas conflicts between Russia and the 
Ukraine in 2006 and 2009; rising corn prices in Mexico due to increased biofuel demand in the 
United States in 2007; Chinese export restrictions in 2008 on rare earth metals; commodity prices 
again on the way up after the world economic crisis of 2009.

introduction
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et al., 2010). As an overarching framework, a ‘Resource 
Efficient Europe’ has been listed as one of the seven 
‘Flagship Activities’ of the new Europe 2020 strategy 
(European Commission, 2010). In the Netherlands, the 
topic was addressed by a parliamentary resolution in 
November 2008 (Eerste Kamer, 2008). An inter-
disciplinary working group was formed consisting of 
represen tatives of several ministries and policy 
researchers from different institutes. The working group 
formulated a number of key research questions that are 
to be addressed in a research and advice trajectory by 
several institutes in 2010 and beyond (VROM, 2010).

Policy initiatives to address resource scarcities are there-
fore already underway. However, are the roads taken so 
far the right ones? What further measures are required 
for the future? And how can we prevent the creation of 
new problems by trying to solve individual parts of the 
puzzle? This is a second set of questions that needs to be 
answered when designing future resource policies.

1.3 This report

This report aims to help disentangle the complex web of 
‘increasing resource scarcities’. It provides recommen-
dations for future resource policies for policymakers in 
the European Union and the Netherlands by focusing on 
two key questions:

(1)	 What	future	resource	scarcities	should	the	European		Union	
and	the	Netherlands	be	concerned	about?

(2)	 What	policy	strategies	are	available	for	the	European	
Union	and	the	Netherlands	to	deal	with	these	resource	
scarcities?

These questions will be examined step by step in the 
report by taking a detailed look at the following key 
resources: energy, food, minerals and water. First, in 
Chapter 2 of this report a framework to analyse resource 
scarcities is developed. What is ‘resource scarcity’? Is it a 
new phenomenon or not? And can resource scarcity be 
measured objectively? The framework distinguishes 
between three dimensions of scarcity: physical, economic 
and political. This framework is used for the analysis in 
the subsequent chapters.

Chapter 3 examines to what extent the resources energy, 
food, minerals and water are actually scarce. For that 
 purpose, characteristic trends and policy responses 
regarding these resources are discussed and compared, 
also against the backdrop of climate change and 
biodiversity loss. Chapters 4 and 5 focus on who actually 
experiences resource scarcity and the impact of such 
scarcity on these people. Chapter 4 analyses 
vulnerabilities and the impacts of resource scarcities on 
developing countries based on the case studies of food 
and energy. Chapter 5 concentrates on likely effects in the 
European Union and the Netherlands.

Chapter 6 finally focuses on policies. It scrutinises the 
resource policies that have already been initiated at the 
European level and in the Netherlands. How are they 
organised? Do they address key elements of resource 
policies that were identified in the previous chapters? 
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2.1 Resource scarcity: an old problem

Scarcity is the concept of finite resources in a world of 
infinite needs and wants. As such, there have always been 
concerns about the availability of natural resources for 
human development. Saint Cyprian, writing in AD 300, 
already complained: The layers of marble are dug out in less 
quantity from the disemboweled and wearied mountains; the 
diminished quantities of gold and silver suggest the early exhaus-
tion of the metals, and the impoverished veins are straitened and 
decreased day by day (Saint Cyprean Ad Demetrianum 4-5, 
quoted in Tainter, 1990).

The modern scarcity debate began with Thomas Malthus 
in the 18th century (Malthus, 1798). He advanced the 
depressing theory that food production could not meet 
population increase and projected catastrophic conse-
quences. Malthus has however so far been proven wrong 
as he failed to note the concept of technological progress. 
Long-run growth and declining resource prices have 
shown that productivity growth has more than offset the 
diminishing returns from limited resources.

In the 1960s, Barnett and Morse made the case in Scarcity 
and Growth (1963) that resource scarcity did not yet, 
 probably would not soon, and conceivably might not ever 
halt economic growth. Market mechanisms were thought 
to be adequate to the task of allocating resources in an 
efficient and sustainable way. As a counterpart (see also 
Box 2.1), the Limits to Growth report in the early 1970s 
modeled the consequences of population growth and 

finite resource supplies and predicted economic collapse 
in the 21st century (Meadows et al., 1972).

From the 1970s onwards, views on resource scarcity were 
increasingly accompanied by a growing concern about an 
emerging new scarcity: the depletion of ecological assets 
and pollution as a consequence of resource use. Evidence 
of climate change and biodiversity loss, which became 
important policy issues from the 1990s onwards, showed 
the limits of the environment to absorb and neutralise 
the unprecedented waste streams of humanity. This 
other type of scarcity was labeled new scarcity by Simpson 
et al. (2005). Both climate and biodiversity provide global 
public goods. Everyone is affected by changes in climate 
and everyone may be affected by changes in ecological 
services that natural systems provide. Markets do not 
allocate public goods efficiently. This creates tremendous 
challenges for policies. By the end of the 20th century, 
concerns about the ability of earth systems to absorb the 
wastes resulting from the use of mineral products (new 
scarcity) had largely supplanted concerns about resource 
scarcity (old scarcity).

Resource scarcity became a policy topic again in the early 
21st century. Rapid economic development in, for 
 example, Asia and Brazil renewed concerns about 
resource availability. The most recent boom in commod-
ity prices has been the most marked of the past century in 
its magnitude and duration. With resources becoming 
limited and more concentrated the EU sees a growing 
dependency on imports of energy and strategically 

In this chapter, a framework is developed for analysing resource scarcities that is applied 
throughout the report. The chapter examines past thinking about resource scarcities (Section 2.1) 
and current trends (Section 2.2). It then introduces three dimensions of resource scarcities (Section 
2.3). Finally, the chapter discusses how to move from resource scarcity to policies (Section 2.4).

framework for analysing 
resource scarcities
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important raw materials which are increasingly affected 
by market distortions. More than in the past, Europe has 
to compete with new, emerging economies. Resources 
are more and more seen as strategic goods. This has 
added a geopolitical dimension to ‘old’ and ‘new’ 
scarcities.

2.2  Current trends causing resource 
scarcity

This section outlines some key drivers for the renewed 
policy attention for resource scarcities in recent years.

2.2.1 Growing demand
Population growth and economic growth are two key 
variables that drive increasing resource scarcities (see 
Figure 2.1). The UN projects the world population to 
increase to over nine billion in 2050 (UN, 2008). Most of 
this increase will occur in developing countries, especially 
in urban areas, while half of the world’s population 

already lives in urban areas. The urbanisation rate is 
expected to reach 69% in 2050 (UN, 2010). Urbanisation 
is one of the drivers in the shift of traditional biomass to 
modern  energy and of traditional diets to more Western 
diets with more meat (Ruijven, 2008; Pingali, 2004).

Regarding economic growth, the USDA (2008), based on 
projections of the World Bank and IMF, projects the 
global economy to be twice as large as in 2010, with the 
highest growth rates in emerging economies. Although 
the economic crisis lowered demand for industrial goods 
such as oil and metals in 2009, economic growth 
forecasts show a return to an increase from 2010 onwards 
(World Bank, 2010). While the projection expects an 
average 2% growth in GDP for the developed countries in 
2010/2011, GDP in developing countries is expected to 
grow by more than 5%.

Demand for (and supply of) commodities over the past 
35 years has been rising steadily. The quantity of energy 
consumed increased by an average of 2.2% a year during 
the period 1970–2005, that of metals and minerals by 

Box 2.1 Scarcity and growth, or limits to growth?
The reports of Barnett and Morse on the one hand and of Meadows et al. on the other express two fundamen-
tally different visions of resource scarcity. Resources are needed to fuel economic growth. Economically 
speaking, any positive price in a market is proof of scarcity. In markets, tensions between resource demand 
and supply are displayed as the price of the resource (a rising price indicates that the resource is becoming 
scarcer). Markets clear as prices equalise quantity supplied and quantity demanded. The economic principle 
of diminishing returns however implies that economies relying on fixed stocks of land and other resources 
are destined for stagnation. No matter how much capital and labour is involved, a fixed factor will ultimately 
decrease productivity. The way out is technological progress. The law of diminishing returns can be opposed 
by improvements in production (technological change). Knowledge allows us to do more with limited means. 
Knowledge is not subject to diminishing returns.

The main question is if and for how long the implications of diminishing returns can be suspended or controlled 
by extending our knowledge and innovation. This depends very much on world views: pessimists versus op-
timists. Barnett and Morse are optimistic about the capacity of markets to stimulate innovation and hence to 
ultimately prevent resource depletion. In their view, true resource exhaustion is unlikely not least because, as 
resources become scarcer, their prices rise, consumption declines, and alternatives that once may have been 
uneconomic are substituted for the scarce (and expensive) commodity.

Meadows et al. do not take into account effects of innovation at all, and therefore might be regarded as 
pessimists in this respect. In their view, it is a fallacy to believe that market mechanisms are adequate to the task 
of allocating resources in an efficient and sustainable way. Markets do not allocate non-rival goods efficiently. 
Too little knowledge is likely to be produced, as innovators often generate spillovers that others can appropriate 
and from which they can benefit. Too much pollution is likely to be produced as polluters generate waste that 
spills over into the public domain.

So far, humans have been quite adept at finding solutions to the problem of scarce natural resources, particularly 
in response to signals of increased scarcity. Technological progress has until now mitigated the scarcity of 
natural resources. However, resource amenities have become scarcer, and it is far from certain that technology 
alone can remedy them in the future (Krautkraemer, 2005).
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3.1%, and that of food by around 2.2%. However, demand 
for these commodities has grown less quickly than GDP, 
albeit more quickly than population (World Bank, 2008).

Demand growth for resources is likely to slow down in 
the longer term future. The demand for agricultural 
commodities will slow as population growth slows and as 
incomes in developing countries continue to rise. At a 
certain point, for example as high levels of food intake 
per person are att ained, demand for agricultural 
commodities responds less to income increases (the 
income elasticity of food decreases with rising incomes). 
For metals, a rise in the share of total output held by the 
less commodity- intensive service sector should slow 
demand in the long term.

Towards one world…
The world has become increasingly interconnected in 
recent decades. Growing transport and storing capacities 
have boosted trade: from 21% of GDP in 1970 to 52% of 
GDP in 2008 (World Bank, 2010b). Net migration between 
high and low income countries in 2005 has increased by 
700% since 1960 (World Bank, 2010d). In addition, inter-
net has enlarged the facility to share information all over 
the world. These developments imply that shocks in the 
supply of a commodity in one country or world region can 
be absorbed by the supply of other countries. However, it 
also implies that such a shock could have more and more 
impacts in other regions – although not all resources will 
be infl uenced similarly. For energy, there is a strong world 
market which interlinks all countries globally and strongly 

determines world energy prices. There is a similar world 
market for several agricultural commodities, although 
regional and local markets are more important. Water, on 
the other hand, has a local and regional character. How-
ever, the impact of climate change on water resources 
suggests that maintaining water availability at current 
levels also requires global action.

… but a multipolar world
The world might have become more interconnected, it 
is also characterised by a more complex world order. 
Aft er the fall of the Berlin Wall in 1989 the former bipolar 
Soviet–American world order vanished, to be replaced 
fi rst by a seemingly mono-polar world order dominated 
by the United States as a hegemon. However, the ‘End 
of History’ that was proclaimed (Fukuyama, 1992) only 
lasted for a couple of years. It was replaced by a much 
more diff use situation, in which the emerging powers of 
Brazil, Russia, India and in particular China gave rise to 
the coining of the present system as a ‘multipolar’ world 
order (Calleo, 2009). In this emerging new world order, 
the overall economic and political infl uence of the United 
States appears to decrease, while that of China is rapidly 
increasing (Subacchi, 2008). As a new equilibrium is not 
yet in sight, a growing potential for confl ict arises.

2.3 Dimensions of scarcities

In discussions about ‘resource scarcity’ it is oft en  unclear 
what is exactly meant by this term. Sometimes, the 

Figure 2.1 
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 physical depletion of non-renewable resources appears 
to be the focus. At other times, distributional aspects 
and high prices of resources seem to be the topic. On yet 
other occasions, the risks of becoming dependent on a 
limited number of countries for the supply of a resource 
are the actual theme.

In this report therefore, we distinguish between three 
dimensions, or groups of drivers, of scarcity (see 
Figure 2.2). In physical terms, scarcity is about global 
resource availability and demand: is there enough to 
meet everyone’s needs? In the economic dimension we 
focus on the distribution of resources and on the func-
tioning of markets: is a resource available at the right 
location and in the right form? The political dimension 
points at geopolitical actions that infl uence the 
 availability or aff ordability of resources in a certain place 
or country. Obviously, these three dimensions are highly 
interdependent.

This framework will be used in the remainder of this 
 document to analyse resource scarcities in more detail. 
Chapter 3 will discuss extensively the scarcities of the four 
resources energy, food, water and minerals in terms of 
the three dimensions identifi ed. These four resources 
include the most important consumption goods, 
 especially for poor people. These have all gained much 
political and social att ention recently because of the fear 
of physical depletion, impacts on hunger, poverty and 
climate change, and fears of the political misuse of 
 market power. The further analysis of food does not 

include fi sheries, because of the diff erent characteristics 
of the production process. Neither is scarcity of food 
equivalent to the scarcity of land. Scarcity of land, how-
ever, is included in the analysis as one of the drivers for 
food scarcity.

2.3.1 Physical dimension of scarcity
The physical dimension points at the availability of 
 resources as determined by physical and ecosystem 
characteristics. Two kinds of resources can be identifi ed 
in this respect: mineral resources such as fossil fuels 
or metals are fi nite resources and essentially non-
renewable. Resources such as food and water however 
are generally renewed on a yearly basis. In the case of 
non-renewables, a certain amount is available in the 
earth’s crust of which the total quantity is essentially 
unknown, but geologically expressed in diff erent grades 
of probability of being there. Research and innovation 
can increase the total amount of known reserves 
available for physical exploitation. In the case of food, the 
physical dimension is defi ned by the yearly production 
together with the available stock. Underlying reasons for 
shortfalls in availability can be long-term developments 
such as slowing productivity increase with respect to 
demand or short-term  developments such as adverse 
weather conditions causing sudden production shortfalls.

Many uncertainties exist in the long-term availability of 
resources. For renewables, short-term conditions 
( weather conditions) are hard to predict and 
developments determining long-term availability are 

Figure 2.2 
Framework of the di�erent dimensions of scarcities 
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highly uncertain, for example productivity increases in 
agriculture or the supply of freshwater from groundwater 
aquifers. The total availability of non-renewables in the 
earth’s crust is unknown and the enlargement of reserves 
is dependent on research and innovation. Also, geologists 
apply a wealth of diff erent defi nitions to resource 
reserves (see Box 2.2), despite att empts at harmonisation 
(UN-ECE, 1996). Transparency regarding the quantity of 
reserves can even be a political and strategic issue (IEA, 
2005). Furthermore, the economy has an eff ect on 
physical availability. The higher the price of a commodity, 
the more can be explored.

Although non-renewable in nature, many metals and 
other minerals are not lost forever. The continued 
increase in the use of metals during the 20th century has 
led to a substantial shift  from geological resource base to 
metal stocks in society. A recent assessment by the UNEP 
Resource Panel (UNEP, 2010) suggests large in-use stocks 
for certain metals. This opens up possibilities for 
re cycling (rich ‘anthropogenic mines’ that have the 

 potential to be tapped as sources of metal for the uses of 
modern society).

2.3.2 Economic dimension of resource scarcity
The economic dimension of resource scarcity focuses on 
the question whether the market functions appropriately. 
Is there enough at the right place at the right time to meet 
everyone’s needs? This concerns potential bott lenecks 
over the whole supply chain and can include problems 
ranging from insuffi  cient technical production capacities, 
to lack of infrastructures and transport capacities, to 
distributional inequalities at the end-user level.

Regarding food, for instance, there has been enough food 
available in recent years to properly feed the global 
population. However, while obesity is a problem in high 
income countries, people are starving in the developing 
world. As well as poverty, ill-functioning infrastructure is 
one of the underlying causes. Infrastructure is important 
in diff erent ways: in the sense of roads or ways to 
transport goods, but also in the sense of the diff usion of 

Box 2.2 Reserves and reserve base: what’s the diff erence?
Geologically, diff erent classes of reserves can be distinguished as elaborated in the McKelvey diagram 
( Figure 2.3). These classes depend on two variables: the probability of being present and the economic 
 extractability. The reserve base comprises all resources from speculative and non-economic to proved and 
 sub- economic. Reserves are only those resources that are proved and can be explored economically. However, 
several diff erent defi nitions of these terms exist with slight variations.

Figure 2.3
Probability and economic extractability of classes of reserves of non-renewable resources 
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 information from markets to producers or consumers. 
If producers do not know that demand for a product is 
increasing, why should they produce more? For water, the 
distribution at a regional scale or within the river basin is 
of major importance for access to drinking water. 
Regarding energy, bottlenecks in refinery capacity were 
one of the causes for the recent oil price spike. 
Speculation and unfavourable exchange rates are other 
aspects of ill-functioning markets that have been shown 
to be important in the recent oil, food and minerals price 
spikes.

2.3.3 Political dimension of resource scarcity
Natural resources are unevenly distributed over the 
world. If the world reserves of a certain resource are 
concentrated in a limited number of countries, this can 
give rise to political fears in import-dependent countries 
that their dependency might be misused politically by 
exporting countries, or that their dependency might lead 
to sudden supply disruptions. For exporting countries, 
export restrictions can be a way to show their political 
power or to attain political and strategic goals that are 
not related to the resource as such.

Politically motivated scarcities (‘supply disruptions’) can 
occur from one moment to another and end just as 
abruptly. In recent years, several examples of scarcities 
caused by political reasons have occurred. Russia, as the 
most important gas supplier to the European Union, 
suddenly cut its supply to the Ukraine in 2006 and 2009, 
which also impacted on the gas supply to the European 
Union. Another example was the decision of several 
 governments to increase export tariffs or to impose an 
export ban on food products such as rice and grains 
 during the food crisis of 2008. In 2009, the Chinese 
government imposed export restrictions on rare earth 
 metals, required for example for high-tech energy 
applications in the European Union.

2.4  From resource scarcity to policy 
objectives

Increasing scarcity of resources can have major impacts: 
decreasing availability of resources, either gradually 
through physical exhaustion or abruptly as a result of 
politically motivated disruptions, and/or increasing prices 
are the two prominent ones. But also environmental 
 degradation, including climate change and biodiversity 
loss, and negative impacts particularly on the poorest in 
developing countries can be the result of increasing ex-
ploitation of resources. This section explores how to get 
from the notion of resource scarcity to resource policies.

Affordability and availability of resources are two major 
policy objectives for preventing resource scarcity. 
However, resource policies as such, and in particular 
those of the European Union (EU) and the Netherlands, 
have a wider scope than only preventing scarcity. The 
objective is not only to make resources available at all 
moments to all end-users in the Netherlands and the EU, 
it also has to be done in an environmentally sound way, 
without excessive pollution, greenhouse gas emissions or 
biodiversity loss. Furthermore, policies of the 
Netherlands and the EU seek to improve the living condi-
tions of the poor in developing countries in particular. As 
many resources are imported from developing countries, 
minimising the negative impacts of resource extraction, 
production and use on developing countries needs to be 
regarded as an additional objective of integrated resource 
policies. In this report, we therefore focus on four policy 
objectives, two of which are the subject of resource scar-
city policies in a narrow sense (affordable and available) 
and two of which fall within the scope of wider resource 
policies:
•  Affordable: supply of resources to end-users (in the 

Netherlands and the EU) at affordable prices;
• Security of supply: a physically uninterrupted supply 

to customers (in the Netherlands and the EU);
• Environmentally friendly: an environmentally sound 

supply of resources from source to Dutch and European 
end-users (in the Netherlands and the EU);

• Fair: preventing negative external impacts of the 
affordable, available and sustainable supply of 
resources to end-users (in the Netherlands and the EU), 
in particular on the poorest in developing countries.

Scarcity has both short- and long-term effects, hence 
policies can focus on either the short or the long term. 
Emergency response policies in the case of political crises, 
measures against speculation in the case of price spikes 
or food aid to developing countries are examples of 
policy measures that are directed primarily at the short 
term. Research and innovation policies, substitution of 
resource use by more environmentally sound alternatives 
or measures to improve production efficiency are clearly 
more directed at the long term. However, the two types 
of policy interventions are closely related. Short-term 
events such as political crises, price spikes and natural 
disasters are often the initiator for combined policy 
packages consisting of both short- and long-term policy 
measures.

Since scarcity of resources can express itself not only as 
being unavailable as a resource, but also as being too 
expensive, no single indicator can capture all aspects of 
resource scarcity. To quantify the impact of future devel-
opments on scarcity in developing countries (Chapter 4) 
as well as in the European Union and the Netherlands 
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(Chapter 5), we use price levels and import dependency as 
two indicators that approximate affordability and 
 availability of resources. Price does not take into account 
the political risk adequately and some resources – water, 
biodiversity and land – are not properly priced. Import 
dependency is not necessarily a problem, but can 
 contribute to the fear of supply disruptions.

Furthermore, it has to be noted that there are objective 
as well as subjective uncertainties regarding resource 
scarcities. Potentially objectively determinable uncertain-
ties are for instance the amount of reserves of a resource 
in the earth’s crust, or the total available food for 
 consumption. Subjective uncertainties are for instance 

which price level of resources is considered a trigger for 
policy intervention, or what concentration of resources in 
which countries is considered a policy risk that needs 
intervention.

The degree of priority given to each of the four general 
resource policy objectives identified above is also part of 
the subjective realm of politics. Often, more fundamental 
visions concerning the role of the market versus the role 
of the state, or the role of multilateral action versus 
bilateral action, determine these priorities. Chapter 6 
 elaborates on the interactions between policy objectives 
and the priorities that can be set.
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3.1 Energy

Although renewable energy sources are experiencing 
fast growth rates, the present energy supply consists for 
80% of fossil fuels (IEA, 2009). Continuing with presently 
announced national policies in the business-as-usual 
scenario of the International Energy Agency, in 2030 the 
world energy supply still might consist for 80% of fossil 
fuels, albeit – even taking the current global recession 
into account – at a 40% higher demand. Discussing the 
scarcity of energy therefore in the first place involves 
a closer look at fossil fuels. An important indicator of 
energy scarcity are prices. As causal factors for price 
 development, physical, economic and political factors 
play a role, as suggested by a oil price developments from 
1970 to 2010 (Figure 3.1)

3.1.1 Physical dimension of energy scarcity
In recent years there have been two main views on the 
physical scarcity of fossil energy, mainly differing in speed 
of depletion of fossil reserves and urgency of response. 
The mainstream view is expressed for instance in the BP 
Statistical Review of World Energy and the International 
Energy Agency (BP, 2009; IEA, 2009). In this view, based 
on current proved reserves and present production rates, 
the depletion of conventional oil reserves would take 
some 40 years, that of gas reserves some 60 years and 
that of coal reserves far more than 100 years. However, 
this ‘Reserves-to-Production ratio’ (R/P ratio) does not 
take into account new reserves to be discovered, the 
upgrading of probable or inferred reserves to proven 

This chapter examines to what extent the resources energy, food, minerals and water are ‘scarce’ 
exactly. Sections 3.1 to 3.4 examine the physical, economic and political dimensions of resource 
scarcity for these vital resources individually, as well as the policy options that are currently 
applied to deal with these scarcities. Section 3.5 then explores the interactions between resources 
and Section 3.6 compares the major concerns regarding scarcity of the four resources in the future. 
Section 3.7 finally provides some main conclusions.

to what extent are energy, 
food, minerals and water 
scarce?

reserves or an increase in the recovery factor (currently 
35%). Neither does this R/P ratio account for changes in 
production rates, and for non-conventional resources 
such as oil sands, oil shales and unconventional gas. 
Including these sources and developments can strongly 
increase the number of years that global fossil fuel 
 reserves can still be used (see Box 3.1).

Exploitation costs of the different fossil resources 
 however differ largely, as demonstrated by the example 
of oil – with typical costs of $ 10–40 per barrel for 
 conventional sources, $ 10–80 per barrel for enhanced oil 
recovery and $ 50–100 per barrel for oil shales (IEA, 2008) 
(see Figure 3.2).

An alternative view on the physical scarcity of fossil 
energy and in particular the scarcity of oil that has 
received much attention in recent years is given by the 
prota gonists of ‘peak oil’ theories. In this view, which is 
based on the work of the geographer M. King Hubbert 
dating back to the 1950s, depletion will take place at a 
much faster rate than assumed by mainstream 
calculations (cf. Campbell and Laherrère, 1998). However, 
peak oil  theories are controversial. The main criticism is 
that, at a global level, geological factors are not leading 
factors for scarcity, but rather global demand as well as 
the development of new exploration and production 
technologies. Expanding Hubbert’s ideas from a local to a 
global scale is therefore, according to critics, assumed to 
overstretch the model assumptions (Lynch, 2009).
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largely from a tightening of market conditions, as 
demand (particularly for middle distillates) outstripped 
the growth in installed crude-production and oil-refi ning 
capacity, and from growing expectations of continuing 
supply-side constraints in the future’. This was also 
strengthened by political reasons (see Section 3.1.3). The 
IEA concludes that market fundamentals have had a key 
role in the price peak, although speculation may have 
amplifi ed the eff ect of the crisis. Other analyses broadly 
support the IEA conclusions, although the weight given to 
diff erent factors varies (ITF, 2008; European Commission, 
2008; World Bank, 2009).

3.1.3 Political dimension of energy scarcity
Markets have recently become tighter. One of the ways 
this is expressed is in more competitors on the demand 
side and less suppliers. These developments increase 
the risk of occurrence of political drivers of scarcity. On 
the demand side, the OECD countries, which have been 
the main fossil fuel importing block in recent decades, is 
increasingly meeting the emerging economies as a new 
competitor. Just over 90% of the increase in world prima-
ry energy demand between 2007 and 2030 is projected to 
come from non-OECD countries, of which China and India 
in particular stand out as having very high growth rates 
(IEA, 2009). Unease about the growing share of  emerging 

3.1.2 Economic dimension of energy scarcity
The exceptionally high and sudden oil price peak in 2008 
cannot only be explained by a sudden rise in physical 
scarcity of oil. Rather, economic and political factors 
played an important role. According to the International 
Energy Agency (IEA, 2008), ‘the recent shock has resulted 
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Box 3.1 The dynamics of fossil fuel reserves: 
gas reserves in the United States
Gas reserves in the United States have increased 
substantially in recent years, even despite high 
consumption rates. This is mainly due to the 
development of new technologies that have 
made it possible to add previously uneconomic 
unconventional shale gas resources into proved 
reserves. According to the Energy Information 
Administration, ‘total U.S. proved reserves of 
dry natural gas rose by 6.9 trillion cubic feet (Tcf) 
from 2007 to 2008. That increase was on top of 
production of 20.5 Tcf and refl ects another strong 
year of net proved reserve additions of natural gas 
in the United States. Natural gas proved reserves 
are now at their highest level since EIA began 
reporting them in 1977’ (EIA, 2009).
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economies in world demand has triggered political 
 concerns in OECD countries, resulting for instance in the 
 political prevention of the intended record take-over 
of the US energy fi rm Unocal by a Chinese state energy 
company (Klare, 2008) or in the close watch on growing 
Chinese energy investments in Africa (Percival, 2009).
On the supply side, world reserves of in particular oil and 
gas are more and more concentrated in a very limited 
number of countries that export their resources to the 
rest of the world. More than half of world gas reserves are 
concentrated in just three countries: Iran, Qatar and 
Russia (IEA, 2009), and more than three quarters of the 
conventional oil reserves are located in the OPEC 
countries (BP, 2009). Depletion of reserves elsewhere will 
increase the dependency of importing countries on the 
remaining reserves in these countries. Importing 
countries fear that their increasing dependency might be 
abused by exporters for direct or indirect political 
blackmailing, or in a worst case might even lead to 
sudden supply disruptions and open confl ict. In the short 
term, the political dimension of scarcity will probably 
lead to increasing prices on the world market, as in the 
past (Figure 3.2). Main examples of such supply 
disruptions are the 1974 oil crisis and the recent Russian–
Ukrainian gas crisis. Whereas the former for instance led 
to a renewed interest in energy effi  ciency and to the 
foundation of the International Energy Agency as a 
counterpart to oil-importing countries of the OPEC, the 
latt er caused ‘ security of supply’ to rise to the top of 
European policy agendas in recent years.

3.1.4  Present policy options to deal with energy 
scarcity

There are a large number of potential policy options 
available to deal with the scarcity of fossil fuels. Many 

of these are already applied. Table 3.1 gives an overview 
of some of the key policy options to deal with energy 
 scarcity.

Two fundamental directions to be taken to address the 
physical dimension of energy scarcity are expanding the 
resource base and addressing demand growth 
fundamentals. This can be done either by increasing 
exploration, by reducing demand or by stimulating the 
substitution of fossil energy with renewable energy 
sources. A wealth of more detailed policy options can be 
found behind each of the three key policy options, as 
there are many individual exploration technologies, 
renewable energy technologies – each in a diff erent stage 
of implementation – as well as a variety of social-cultural 
and technical energy demand reduction options. Each of 
the individual policy options in turn can be stimulated by 
various policy instruments, varying from information and 
fi nancial incentives to direct regulation.

The policy options to deal with the physical dimension 
also help to improve the functioning of markets, in other 
words, to address the economic dimension of energy 
scarcity. Other key options here are stimulating market 
functioning by multilateral agreements, in particular via 
the World Trade Organisation (WTO), improving physical 
infrastructure and interconnections, investments in 
production, conversion and transport capacity, and 
reducing the perverse price regulation of fossils and 
substitutes (e.g. reducing subsidies for fossils or 
introducing carbon taxes).

Policy options that address the physical and economic 
dimensions can also help to deal with the political dimen-
sion of energy scarcity, for example preventing politically 
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motivated supply disruptions or market distortions. 
Other specific options in this dimension are multilateral 
or bilateral actions intended to improve access to foreign 
energy sources and the formulation of crisis response 
policies (for example the build-up of emergency stocks in 
particular for oil and gas).

Most of these policy options are directed specifically at 
the long or the short term. Typical long-term options are 
in particular research and development, stimulating the 
implementation of new technologies and improving 
physical infrastructure and interconnections. Crisis 
response policies on the other hand are a typical example 
of a policy option directed at the short term.

3.2 Food

The price boom of 2008/2009 suddenly put the scarcity 
of food on the agenda again. For years, agricultural 
productivity had increased faster than demand for 
agricultural commodities. These trends caused long-term 
decreasing nominal food prices on the world market. The 
driving forces behind the price hike have been analysed 
by several institutions (Banse et al., 2008; FAO, 2008b; 
Mitchell, 2008; OECD, 2008b). Figure 3.3 shows us the 
range of driving factors and the timescale over which 
they were present. The factors differ in their origin; they 
are due to the physical scarcity, economic or political 
dimension of scarcity. We will elaborate on the causes 
of global or  regional food scarcities along these lines, 
pointing to long-term and short-term developments in 
our  framework.

3.2.1 Physical dimension of food scarcity
Long-term and short-term drivers play a role in the 
 physical scarcity of food. In Figure 3.3 we see that the 
long-term driving factors in the food price hike of 2008 

were growth in agricultural demand and slowing growth 
in agricultural production. One of the reasons for the 
declining production increase that has been highlighted 
is the decreased attention for public investments in 
agri cultural R&D. On the demand side, the increasing 
consumption of meat products in developing countries 
has doubled, and in East and Southeast Asia has even 
increased almost fourfold since 1980 (FAO, 2009a). The 
import of cereals, however, by China and India has been 
trending downwards since 1980 (FAO, 2009b).

Another driver that enhanced physical scarcity in the 
2008 price peak was adverse weather that caused 
production shortfalls in major exporting countries (FAO, 
2008b). In the decades before, stocks had been sufficient 
to solve the inadequate supply of food products. Since 
1995, global stocks have declined, on average by 3.4% per 
year as demand exceeded supply (FAO, 2008b). In the 
same period agricultural trade policies focused on 
de clining market distorting policies, including declining 
stocks. Lastly, the announcement of biofuel energy 
policies in the developed world increased the demand for 
maize, cereals and oil crops in these regions. These 
factors together made the world cereal market tight, 
which caused physical scarcity of food in individual 
countries.

Since demand is projected to increase in future decades, 
a tighter market is expected in the near future. A tighter 
market increases the possibility of physical scarcity. 
Important uncertainties are productivity increase on the 
production side and diet change on the demand side. 
Projections of population growth towards 2030 are more 
robust, since the major driving forces for this growth are 
already in place. In addition to these developments, the 
demand for biofuels will put an extra pressure on the 
market, depending on the implementation of policies and 
the crude oil price.

Table 3.1 
Key policy options for dealing with energy scarcity

Scarcity dimension Key policy options

Physical
Expand the resource base and reduce demand 
growth fundamentals

– Increase domestic exploration of fossil reserves
– Encourage demand reduction by energy saving, energy efficiency
– Stimulate substitutes/renewable energy sources: research and development, 

stimulate implementation of new technologies

Economic
Improve functioning of markets

– Options under ‘physical dimension’
– Improve functioning of national and international markets/stimulate 

competition: WTO, improve physical infrastructure and interconnections, 
stimulate investments in production/conversion/transport

– Reduce perverse price regulation of fossils and substitutes

Political
Prevent politically motivated supply disruptions and 
market distortions

– Options under ‘physical dimension’ and ‘economic dimension’
– Improve access to foreign energy sources via multilateral and bilateral relations
– Crisis response policies, e.g. oil and gas emergency stocks
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In theory, the potential to increase food production is 
enormous. Physically, yields could be increased in large 
parts of the world and there are large areas that are 
suitable for agriculture but that are not yet in use. 
However, most of these areas are currently used by 
marginal population groups or as natural areas. Food 
production can also be enlarged by increasing the 
production per hectare (see Box 3.2). In the past decades, 
increasing production per hectare went together with 
increasing pressure on the biophysical system, due to 
increasing inputs, for example water, which can be 
regionally scarce. More intensive agriculture 
(monocultures and high productive animal systems) are 
also increasingly vulnerable to pests and diseases. This 

development, together with the expected growth in 
extreme weather events due to  climate change, could 
increase the risk of a more volatile annual production.

3.2.2 Economic dimension of food scarcity
In the build-up towards the last price peak,  several 
 drivers were present that can be defi ned as the economic 
scarcity of food, such as the  escalating crude oil price, the 
devaluation of the dollar and rising input costs. Due to 
the ongoing growth in trade of agricultural products and 
the increasing use of energy for agricultural production, 
energy prices and exchange rates have become more and 
more important. The use of food crops for bio-energy 
even strengthens the link between energy and food. 

Figure 3.3
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Box 3.2 Scarcity of land
Scarcity of food and scarcity of land are oft en linked to each other. Land is needed to produce food and other 
agricultural products. However, land can be partly substituted by other inputs, such as labour and fertiliser, to 
obtain higher yields per hectare and therefore scarcity of land does not directly imply increasing scarcity of food 
(see for example production in the Netherlands). On the other hand, to grow agricultural commodities (food, 
biomass or feed) some land, or space, is needed for each kilogram.

The phenomenon of land ‘lease’ or land ‘grabbing’ has recently gained a lot of att ention. Since the period of 
old colonialism, national governments have had the sovereignty to govern over the land within the country’s 
border. Leasing the land to other nations restricts these possibilities. Although the total amount of hectares 
leased is in most cases insignifi cant in comparison with the total area of a country, the area can be one of the 
most productive or accessible parts in a region and thus of major importance for feeding the local population 
(Cotula et al., 2009).
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 Another aspect in the short term is the forward market in 
agricultural commodities. Tight stocks at the beginning 
of the season tend to put upward pressure on prices (FAO, 
2008b).

Other elements that play a role in economic scarcity in 
the longer term are the functioning of markets and 
infrastructure. Access to markets is of crucial importance 
to farmers: not only physical access, but also the trans-
mission of information from the market, for example 
prices or crucial information about demand. In such a 
way, farmers can adapt their production in the coming 
season to the demand of consumers. Ill-functioning 
markets are the most evident in Africa, where at the same 
time urbanisation is going on at full speed. This 
development even enlarges the gap between the largest 
consumer markets (the urban areas) and production 
(rural) areas. Another case of dysfunctional markets 
occurs when governments give subsidies on food. This 
depresses the market prices of food, which hinders 
farmers in producing more or investing in inputs as the 
price they get for their products is still low.

Expected developments that will affect economic scarcity 
are the increasing link between energy and food 
production, for example the fact that more and more 
fertiliser and energy will be used in agricultural 
production, and the ongoing urbanisation (the urban 
population is expected to reach 69% in 2050 (UN, 2007)). 
Until now, changes in food demand of the urban 
population in developing, especially African, countries 
have hardly been transmitted into changing production, 
due to poor  infrastructure and information exchanges. 
Therefore, a major part of the food consumed in the big 
cities has so far been imported. Major investments are 
needed to bend this trend. Current information 
technology could play a major role in bridging this gap.

3.2.3 Political dimension of food scarcity
During the price peak in 2008, political choices proved 
to be the last straw. Both on the side of exporters and 
the side of importers, adverse trade policies were imple-
mented which increased the price of staple food on the 
world market even more. Important export countries, 
such as Argentina and Thailand, imposed export bans, 
whereas major importing countries started a kind of 
panic buying. These reactions may have negative impacts 
in the longer term: incentives to expand domestic food 
supplies are lowered and supplies to the world market are 
further restricted, which pushes prices even higher (FAO, 
2009b).

Regional political scarcity can be due to conflicts, which 
increase the risk of food supply instability tremendously. 
People in most of the countries in which the global 
 hunger index increased between 1990 and 2009 live in a 
politically unstable situation (Von Grebmer et al., 2009).

3.2.4  Present policy options to deal with food 
scarcity

Policy options to deal with food scarcity could be 
 arranged along two lines, also called the twin track 
approach in FAO documents. The first line is to keep 
food affordable at any moment for the poorest group of 
consumers, which mainly implies short-term prevention 
of scarcity. The second line is to increase production and 
ameliorate the functioning of markets to decrease the 
structural risk for scarcity of food. Both lines involve the 
physical, economic and political dimension.

A certain amount of food stocks are needed to keep food 
affordable. This is an old policy measure that has received 
negative attention in recent decades, because stock 
policies were blamed for lowering the price on the world 
market. The profound believe in liberalism and well- 

Table 3.2 
Key policy options for dealing with food scarcity

Scarcity dimension Key policy options

Physical
Expand production, reduce demand 
growth and prevent supply 
disruptions 

– Investments in productivity (also of non-profitable crops/tropical crops)
– Investments in capacity building/production systems that are resilient to climatic 

circumstances
– Stimulate efficient consumption
– Keep stocks at certain level

Economic
Improve functioning of markets

– Keep stocks at certain level to avoid negative signals on the financial markets and to keep food 
affordable for consumers

– Subsidies for sustainable production systems for farmers, instead of consumer subsidies
– Investments in infrastructure and accessibility of (local) markets

Political
Prevent politically motivated supply 
disruptions and market distortions

– Options under ‘physical dimension’ and ‘economic dimension’
– Extended trade arrangements to prevent abruptly applied import or export bans
– Prevention of conflicts
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functioning markets did enhance arrangements that 
stocks should be minimised. However, due to the 
dependence on natural/climatic circumstances of food 
production, stocks are necessary as an insurance against 
short-term food deficits, though at an appropriate level 
and only to serve this goal (not as a result of a policy that 
guarantees prices for farmers). Trade could also function 
as a buffer to increase regional food supply. Therefore, 
the extension of trade arrangements to prevent abruptly 
applied trade barriers could decrease the risk of the 
physical dimension of scarcity at the regional level.

Increased production needs a range of policy options that 
focus on driving forces in the physical dimension as well 
as in the economic dimension. These options range from 
investments in productivity increases for crops that are 
used as food crops by poor people, to amelioration of 
infrastructure and access to inputs for farmers and capac-
ity building of farmers, to giving farmers the opportunity 
to react to markets and new developments. Consumer 
price subsidies keep market prices low and therefore give 
a negative incentive to farmers with respect to increasing 
production. They can also be expensive in the long run. 
Income transfers are less distortionary and can be better 
targeted at the poor income groups. However, subsidies 
on inputs such as fertiliser or seeds could enhance the 
sub-optimal use of these inputs (FAO, 2009b).

The physical dimension of food scarcity risk could also be 
decreased by stimulating efficient food consumption and 
less meat consumption. The impact of this could be two-
sided: a decrease in the food price could increase the 
affordability of food for poor people and therefore 

decrease poverty, or it could increase consumption per 
person which could counteract the positive impacts of 
such policy options.

Lastly, the options that affect the political dimension 
could help prevent adverse political action in the case of 
perceived food shortages. Free trade and conflict preven-
tion are the most important options in this respect.

3.3 Minerals

Modern societies are highly dependent on mineral 
 resources. Society’s dependence on minerals has resulted 
in periodic concerns about the adequacy of mineral 
supplies to continue to support the economy. Charcoal 
became scarce in Western Europe, especially in England, 
by the 17th century. Sperm whales, the preferred source 
of lamp oil and tallow for candles became scarce in the 
mid-19th century. Natural fertilisers – guano and nitrate 
deposits from the west coast of South America – were 
also largely exhausted by the end of the 19th century 
(Ayres, 2001). Concerns were recently triggered by the 
spectacular commodity boom in 2007/2008. ‘Strategic’ 
minerals and metals have also drawn much attention 
 because of an increase in export restrictions. These 
 metals and minerals are of particular interest for a 
number of reasons: they are generally geographically 
concentrated in a few countries, many are used in the 
production of high-technology goods in strategic sectors 
and there are few substitutes for these raw materials 
given the present state of technology. Examples are rare 
earth elements (REEs) and platinum group metals (PGMs).

Box 3.3 Rare earth elements
The rare earth elements (REEs) are a relatively abundant group of 17 elements: lanthanum (La), cerium (Ce), pra-
seodymium (Pr), neodymium (Nd), promethium (Pm), samarium (Sm), europium (Eu), gadolinium (Gd), terbium 
(Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu) and yttrium (Y).

High-technology and environmental applications of REEs have grown dramatically in diversity and importance 
over the past 40 years. LCDs used in computer monitors and televisions employ europium as the red phosphor; 
no substitute is known. Ceriumoxide is uniquely suited as a polishing agent for glass. Permanent magnet 
technology has been revolutionised by alloys containing Nd, Sm, Gd, Dy or Pr. Environmental applications of 
REEs have increased markedly over the past 30 years, such as the widespread adoption of new energy-efficient 
fluorescent lamps (using Y, La, Ce, Eu, Gd and Tb) for lighting. As many of these applications are highly specific, 
in that substitutes for the REE are inferior or unknown, REEs have acquired a level of technological significance 
much greater than expected from their relative obscurity. 

‘Rare’ earth element is a historical misnomer; persistence of the term reflects unfamiliarity rather than true 
 rarity. Although actually more abundant than many familiar industrial metals, the REEs have much less tendency 
to become concentrated in exploitable ore deposits. Consequently, most of the world’s supply comes from only 
a few sources.
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Scarcity has geological, economic and geopolitical 
aspects. Minerals cover a wide range of non-energy 
resources found in and on the earth’s crust. In this study 
we restrict ourselves to metallic minerals and selected 
non-metallic minerals, such as phosphate and fl uorspar. 
We do not address construction minerals such as gypsum 
or natural stone, which are widely available. In terms of 
volume, strategic metals may be negligible; their 
economic importance is much higher. The rare earths 
market (see Box 3.3) represented approximately $ 1.25 
billion in 2008 and market growth has been in the range 
of 8–11 % per year.

The recent price spikes had litt le to do with depletion of 
resources. In general, prices refl ect responses to 
accelerating or declining global demand, although supply 
disruptions have a role to play. For example, copper is 
among the few metals whose price remained elevated 
during the fi rst half of 2008, despite weak demand; 
numerous supply disruptions tied to strikes in Latin 
America and delays bringing on new capacity kept copper 
prices high (World Bank, 2009).

Figure 3.4 shows trends in world production and prices 
for a number of metals. Despite growing demand, prices 
do not show a rising trend. However, there are huge price 
fl uctuations over time. Volatile markets increase 
un certainty, making investment in the extraction of new 
reserves less att ractive and further adding to supply 
restrictions. Volatility on minerals markets tends to stem 

mainly from demand shocks, in contrast to agricultural 
markets. The duration of booms and busts in the metal, 
mineral and oil sectors tends to be longer than in agri-
cultural markets because of the longer lags between 
investing in new capacity and the eventual increase in 
supply. Hence, metals such as copper, lead and zinc have 
much higher price volatility than maize, soybeans and 
wheat.

Empirical data do not suggest increasing scarcity. Up to 
now, scarcities have not proven to be obstacles to 
economic growth; more oft en they have been stimulants 
to innovation. However, past successes are no guarantee 
of future success. The central question is: will the 
necessary mineral resources be available in time and at 
acceptable costs to meet burgeoning demand for current 
and emerging products and technologies?

3.3.1 Physical dimension of mineral scarcity
For most metals, global reserves are still much higher 
than current annual production (WWI, 2009). Figure 3.5 
shows the global reserves of a number of resources in 
terms of production in 2008. Energy commodities are 
added as illustration. Reserves of iron (Fe), for example, 
are almost 75 times as large as production in 2008. 
The statistically proven reserves for rare earths amount 
to 800 years, to 280 years for cobalt and to 190 years for 
the platinum group metals. Despite the huge resource 
estimates, there are concerns that minerals will have to 
be extracted in lower concentrations and from diffi  cult 

Figure 3.4
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locations, leading to higher energy consumption. 
An energy crisis can then lead to a resource crisis and vice 
versa (Diederen, 2009).

It should be noted that this static metric – relating known 
reserves to current production – is fl awed. Demand and 
therefore production is not stable over time. For base 
metals such as iron, copper and others, growth in 
demand can be expected to slow. Population growth is 
slowing and the commodity intensity of economies is 
expected to decline as a result of a further shift  towards 
services. However, for certain rare metals such as gallium, 
indium and tantalum, demand may increase sharply as a 
result of new technologies (Fraunhofer, 2009; EU, 2008b). 
This demand may lead to scarcity in the future, although 
possible substitutions still need to be specifi cally 
explored. Another powerful indication that the static 
metric is fl awed comes from historical reserve data for 
diff erent minerals: reserve fi gures have been stable or 
have even increased over time. The trends in the reserves 
series show increasing availability rather than increasing 
scarcity (Simon et al., 1994; Krautkraemer, 2005).

As well as primary production, recycling may form a 
signifi cant factor in the supply of metals. In 2007, the 
United States recycled 72 million metric tons of selected 
metals, an amount equivalent to only 52% of the 
apparent supply of those metals (USGS, 2009). Recycling 
provides additional benefi ts such as energy savings and 
reduced  volumes of waste (UNEP, 2010).

3.3.2 Economic dimension of mineral scarcity
Many minerals are found in a very limited number of 
countries. Figure 3.6 shows the Herfendahl index for a 
number of minerals. The Herfendahl index is a measure 
of the relative size of producers and an indicator of the 
amount of competition. The largest producing countries 
of various minerals hold more than three quarters of 
global reserves. Monopolistic producers may exert their 
market power, leading to high prices. Consolidation 
of ownership of minerals companies has given them 
increased pricing power. Market speculation may have 
driven up the prices of mineral commodities. These 
fundamental changes in commodity markets may explain 
why a rise in metal prices is not simply a cyclical or 
temporary phenomenon.

Figure 3.5
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Concentration of mineral production expressed by the 
Herfendahl index. The Herfendahl index is defi ned as the 
sum of the squares of the market shares of producing 
countries. It can range from 0 to 1.0, moving from a huge 
number of very producers to a single monopolistic 
producer. A high index generally indicates less 
competition and high market power. A few countries 
with approximately equally market power is indicated by 
a relatively low number (e.g. phosphate rock).

Commodity markets for energy, food and minerals are 
characterised by fl uctuating prices. This volatility is 
caused by slow adjustment between demand and supply 
(for example, it takes time to open a new mine). The 
turbulence of the markets in recent years was caused by 
the explosive take-off  of the Chinese economy and the 
associated boom triggered for raw materials which many 
market actors were not expecting. On the other hand, the 
market was misjudged because technological 
developments were not anticipated in time. One example 
is the electrical and electronics industry switching to 
lead-free solders which contain higher amounts of tin. 
This led to a sharp increase in demand for tin and tin 
prices.

3.3.3 Political dimension of mineral scarcity
High and volatile prices may be an economic reason for 
political concern. An increase in import dependency and 
a tendency in exporting countries to restrict trade add 

to the fear that countries are using minerals more and 
more as strategic goods. Mineral scarcity is seen in this 
perspective as a threat to national security. There are 
increasing concerns over securing supply. The Hague 
 Centre for Strategic Studies (HCSS) analysed the security 
implications of mineral scarcity and concluded that 
Europe’s policy response has been rather slow (HCSS, 
2010).

A mineral can be classifi ed as critical if it is both 
important in use and if it is subject to potential supply 
 restrictions (USGS, 2009). ‘Importance in use’ carries with 
it the concept that some minerals will be more 
fundamental for specifi c uses than other minerals, 
depending on the mineral’s chemical and physical 
properties. This is especially the case for ‘high-tech’ 
metals such as cobalt, platinum, rare earths and titanium. 
Such metals play an essential role in the development of 
innovative ‘environmental technologies’ for boosting 
energy effi  ciency and reducing greenhouse gas 
emissions. The supply risks  primarily relate to the fact 
that global production is concentrated in a handful of 
countries: China, Russia, the Democratic Republic of 
Congo and Brazil, some of which are considered 
politically instable. The greater the diffi  culty, expense, or 
time to fi nd a suitable substitute for a given mineral, the 
greater will be the impact of a  restriction in the mineral’s 
supply. The low recycling rates of these materials add to 

Figure 3.6
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their ‘criticality’. The EU is dependent on foreign supplies 
for a large number of metallic minerals.
An EU expert group recently identifi ed 14 raw materials 
regarded as ‘critical’ for EU high-tech and eco-industries 
(European Commission, 2010a and 2010b; see Box 3.4). 
In the US, the Research Council determined that platinum 
group metals, rare earth  elements, indium, manganese 
and niobium are currently highly critical, meaning they 
are diffi  cult or impossible to substitute, essential in their 
use, and have potentially at-risk supplies (NRC, 2008).

China, which is responsible for 95% of global rare earth 
production, plans to ban exports of some of them as of 
2015. World prices are now typically 20–40% higher than 
Chinese domestic prices. Beijing’s plans are a cause for 
concern among manufacturers of high-tech products, 
ranging from computers to electric car batt eries and wind 
turbines. Eff orts to bypass market power and import 
dependence have resulted in extraction from more 
expensive marginal reserves, while cheaper conventional 

sources remain underused. The European Union has 
asked the WTO to rule on a dispute with China over raw 
materials. China is accused of distorting competition and 
increasing global prices by sett ing trade restrictions to 
limit certain raw materials from leaving the country.

Export restrictions of all kinds exist among major 
exporters of metals and minerals. Export restrictions 
come in a variety of forms. One of the most common 
forms of export restriction is export taxes or duties. 
Export restrictions are used by policymakers to respond 
to a number of social, economic and political objectives. 
These include objectives such as environmental 
protection and promotion of domestic industries, 
revenue maximisation, and preservation of reserves for 
future use. There is consensus that export restrictions 
create economic ineffi  ciency by distorting resource 
allocation and can negatively aff ect the welfare of trade 
partners. Export restrictions can impact potential 
investments in mining facilities worldwide. In the case of 

Box 3.4 Minerals defi ned as critical by the European Union
A mineral is labelled “critical” by the Raw materials Supply Group (European Commission, 2010a and 2010b) 
when the risks of supply shortage and their impacts on the economy are higher than for most of the other 
minerals. In a recent study committ ed by the EU (Fraunhofer, 2009) the criticality of a mineral was based on an 
assessment of the supply risk and the economic importance to the EU economy. The supply risk is dependent 
on the level of concentration of production linked to political and economic stability. Economic importance of a 
mineral is measured by breaking down its main uses and att ributing to them the value added of the economic 
sector that has this mineral as input. Figure 3.7 shows the result for 41 selected minerals. Some minerals, e.g. 
iron, have a high economic importance, however, the supply risk is considered to be low. Others. like talc, are 
of limited importance and do not face supply risks. A group of 14 minerals can be characterized by both a high 
economic importance and a high supply risk. These 14 minerals - antimony, beryllium, cobalt, fl uorspar, gallium, 
germanium, graphite, indium, magnesium,  niobium, PGMs, rare earth elements, tantalum and tungsten - are 
considered to be critical to the EU.

Figure 3.7
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rare earths, the possibility of export restrictions being 
imposed makes industry participants assess the risk in 
the industry differently. As many of these raw materials 
are produced in a limited number of countries, export 
restrictions that are imposed in one country may 
motivate other countries to follow if importers massively 
move to buy their raw materials. The restrictions 
imposed by the first country then lose their effectiveness 
in limiting exports. This can in principle lead to 
retaliation.

3.3.4  Present policy options to deal with mineral 
scarcities

Policies to deal with scarcities of minerals can be shaped 
in many ways and can be applied at different points in 
the supply chain. For example, policies could focus on the 
prevention of potential disturbances to the supply or on 
the reduction of negative impacts of an actual disruption 
to the supply. Policies can have a national focus or can be 
targeted at the international/global level.

Policy measures should aim to improve access to primary 
resources and stress the need to increase recycling and 
promote research into substituting and improving the 
efficiency of materials. Recycling is a significant factor in 
the supply of many of the metals used in our society. It 
provides environmental benefits, such as energy savings, 
reduced volumes of waste, and reduced emissions 
associated with energy savings. In addition, recycling 
reduces the amount of virgin metals that must be mined 
to support our lifestyle. For example, less than 1% of the 
millions of cell phones discarded annually are recycled. 
When large numbers of cell phones become obsolete, 

large quantities of valuable metals end up either in 
storage or in landfills (USGS, 2006). By contrast, the 
recycling rate for aluminum is high, the principal source 
being recycled aluminum beverage cans. As demand for 
minerals is largely driven by downstream markets, it 
would seem logical that policies to influence resource use 
are targeted at the value chain and the end-user, and 
include developing alternative materials and optimising 
resource use.

Possible policy measures imply: efficient recovery 
infrastructure, product designs that simplify dismantling, 
and other changes needed to facilitate the growth of 
recycling.

Apart from the options mentioned above, a general 
policy measure would be to invest in more knowledge. 
The U.S. Geological Survey’s Minerals Information Team 
is the most comprehensive source for this sort of 
information, but the quantity and quality of its data are 
not sufficient because the agency lacks the resources, 
authority and autonomy of a principal statistical agency. 
Up to now the high level of interconnectedness and the 
impacts of raw material use in industrial sectors have not 
been systematically studied at all.

Resource efficiency – or dematerialisation – seems a 
 silver bullet. However, there are two countervailing 
trends that are often forgotten. One is the ‘rebound 
effect’. As dematerialisation is accompanied by lower 
costs and real savings to consumers, demand for the 
products tends to increase. Secondly, indirect material 
consumption may be very large to bring about resource 

Box 3.5 Phosphorus
Phosphorus is an essential raw material in fertilizer and therefore agricultural production. It is a non-renewable 
resource for which there is as yet no substitute. It can be recycled, but this only occurs to a very limited degree. 
The expected growth of the world population to nine billion people by 2050 calls for a sharp increase in food 
production. On the basis of this prognosis and the economic growth of densely populated countries such as 
China and India, much more fertilizer is likely to be used in agriculture to increase productivity to an acceptable 
level. Demand for phosphate will also rise as a consequence of the increasing demand for and production of 
biofuels. That these factors can have a disruptive effect is already visible in the development of prices in 2008. 
The phosphate price increased by 700% over a period of 14 months, but then collapsed again.

Phosphate is largely extracted from phosphate ore, reserves of which are only found in a small number of coun-
tries, primarily Morocco, China, South Africa and the United States. With this restricted number of producing 
countries, phosphate scarcity is related to geopolitical relations. China – with more than three quarters of the 
total reserves – has imposed an export tariff of 135% on phosphate to secure supply for the domestic market. 
Some of the phosphate comes from the disputed Western Sahara, making supply uncertain. In total, phosphate 
from Morocco and the Western Sahara accounts for a third of the global supply of high quality phosphate ore. 
Various geological studies show that there are still considerable reserves of phosphate, which will certainly be 
sufficient for the coming decades. PBL scenarios even suggest that there will be no serious shortages through 
physical scarcity in the next century (Van Vuuren et al., 2010). The fertilizer industry, however, already has to 
contend with a decline in the quality of phosphate ore, partly due to increased radioactivity.
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efficiency, for example, miniaturisation in electronics is a 
complex manufacturing process, requiring large amounts 
of photoresists, acids, solvents and neutralisers.

Until recently, mineral scarcity was not on the EU agenda. 
In 2008 the European Commission (2008b) proposed a new 
strategy to address EU critical needs for raw materials. This 
Raw Materials Initiative tries to identify critical materials, 
identify and challenge trade restrictions,  promote recycling 
and resource efficiency and improve conditions for 
resource extraction within Europe.

Individual countries have a longer history in policymaking. 
The HCSS has examined the national mineral policies of 
several countries (HCSS, 2010). Four types of policies were 
identified: trade restrictions, technological development, 
proactive acquisition and development cooperation. The 
majority of mineral policies, with the exception of the US, 
China and Japan, do not focus on the issue of scarcity and 
security of supply. They concentrate on technological 
advancement and environmental sustainability. Countries 
that view minerals as a security issue focus on the 
identification and stockpiling of critical minerals.

3.4 Water

Water is one of the most abundantly available substances 
on earth. However, only 2.5% of the world’s water 

resources are freshwater, most of which is trapped (thus 
inaccessible) in polar ice caps, glaciers and deep aquifers, 
leaving only about 0.03% easily accessible to humans.  
Furthermore, the availability of this essential resource 
hugely varies with time and place. Although freshwater 
is a renewable resource, its availability is not unlimited; 
on the contrary, renewable freshwater is an increasingly 
scarce commodity. Agriculture (70%), industry (22%) and 
drinking water (8%) (UNESCO, 2003) are the main human 
applications of water.

Population growth, coupled with industrialisation and 
urbanisation, will result in an increasing demand for water. 
Access to water combined with adequate sanitation can 
prevent millions of deaths each year (WHO/UNICEF, 2004). 
Given the importance of water to sustainable develop ment 
and poverty alleviation, water scarcity currently receives 
renewed attention in development policies, as expressed 
for instance in the inclusion of water in the United Nations 
Millennium Development Goals. According to the WHO/
UNICEF Joint Monitoring Programme (2004), over 1.5 billion 
people in 2004 still needed access to an improved water 
supply to reach the Millennium Development Goal on 
access to water. The majority of these people live in Asia, 
the Pacific and sub-Saharan Africa.

3.4.1 Physical dimension of water scarcity
There are several indicators that measure water scarcity, 
each of which stresses different aspects of water resources 

Table 3.3 
Key policy options to deal with mineral scarcities

Scarcity dimension Key policy options

Physical
Expand the resource base 
and reduce demand growth 
fundamentals

– Build strategic reserves for critical minerals, e.g. rare earths, as a buffer against supply 
disruptions (long-term)

– Open/reopen mines, invest in exploration (not an option for the Netherlands, but may be an 
option for Europe)

– Bilateral agreements with supplying parties, establish strategic partnerships with important 
producer countries

– Improve recycling
– Improve resource efficiency
– Reduce resource intensity: encourage substitutes, focus R&D on substituting elements

Economic
Improve functioning of markets

Options under ‘physical dimension’
– Anti-trust legislation

Political
Prevent politically motivated supply 
disruptions and market distortions

– Options under ‘physical dimension’ and ‘economic dimension’
– Invest in global governance (liberalise world markets and collaborative governance, stabilise 

tight markets, prevent conflicts)
– Develop bilateral cooperation in the field of raw materials and work together on issues such as 

governance, infrastructure, investment and geological knowledge and skills
– Invest in development cooperation (development aid, transparency, good governance)
– Consider shaping a new EU-wide policy on foreign investment agreements to ‘better protect EU 

investments in raw materials abroad’
– Consider the merits of pursuing dispute settlement initiatives at WTO level ‘to include in such 

initiatives more raw materials important for EU industry’
– Proactive acquisition

Scarcity in a sea of plenty-9[CMYK].indd   38 15-2-2011   12:21:04



TH
RE
E

39To what extent are energy, food, minerals and water scarce? | 

(Rijsberman, 2006). Figure 3.8 shows a set of indicators 
developed by the International Water Management 
 Institute that distinguishes between physical and 
economic  water scarcity (IWMI, 2007). Physical scarcity 
occurs when there is not enough water to meet all 
demands, including environmental fl ows. Arid regions 
are most oft en asso ciated with physical water scarcity, 
but water scarcity also appears where water is apparently 
abundant, but when water resources are overcommitt ed 
to various users due to the overdevelopment of hydraulic 
infrastructure, most oft en for irrigation. In such cases 
there simply is not enough water to meet both human 
demands and environ mental fl ow needs. Examples 
are the South-Western part of the United States and 
Southern Europe.

Symptoms of physical water scarcity are severe 
environmental degradation (e.g. river desiccation and 
pollution), declining groundwater levels, and water 
allocations that favour some groups over others. A fi ft h of 
the world’s people, more than 1.2 billion, presently live in 
areas of physical water scarcity (IWMI, 2007). This 
number is expected to increase in the future due to a 
variety of factors, including economic growth, population 
growth, changes in lifestyles and diets, and expansion of 
irri gation systems needed for food production.

Water scarcity leads to migration to other areas with 
bett er living conditions and/or where usable water is still 
available in suffi  cient quantities (environmental 

 refugees). Large displacements of population can cause 
instability or confl ict in the host country, country of 
origin, or within a region. They entail even more 
depletion of water (and other scarce resources), over-
population, shortage of potable water and unsanitary 
conditions that can lead to disease epidemics. If 
sustainable systems are not put in place, water sources 
may be depleted and/or contaminated, which eventually 
could be a source of  serious friction with local host 
communities.

Half of the world’s people now live in cities and by 2050, 
that share is expected to go up to 70% (UN, 2007). This 
migration to cities also leads to an additional pressure on 
water resources because, as people migrate to cities, they 
oft en change to more water intensive diets, in particular 
characterised by higher meat consumption (Pingali, 
2004).

3.4.2 Economic dimension of water scarcity
The economic dimension of water scarcity is a major 
problem in developing countries in particular. It occurs 
especially due to investment constraints that hamper the 
development or maintenance of infrastructure. These 
constraints rise from an overall lack of good governance, 
monetary means, and possibly political and ethnic 
confl icts that allow the condition of unequal distribution 
of water to persist. Much of sub-Saharan Africa is 
characterised by economic water scarcity, and worldwide 
about 1.6 billion people live in water-scarce basins where 

Figure 3.8
Physical and economic water scarcity, 2025
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Source: International Water Management Institute (2007)
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human capacity or financial resources are likely to be 
insufficient to develop adequate water resources. An 
important symptom of economic water scarcity is scant 
infrastructure development, whether small or large scale, 
so that people have trouble obtaining enough water 
for agri culture or drinking. Even where infrastructure 
exists, the distribution of water may be inequitable or 
insufficient to meet growing demand.

3.4.3 Political dimension of water scarcity
Political scarcity of water is a regional topic that is 
geographically confined to river basins. The question as 
to who controls access to freshwater in a river basin, and 
who can influence water quantity and quality available 
to other riparian parties by means of dams, irrigation 
or pollution is often of high importance to regional 
development. Conflict over access to river water might 
occur in particular in the case of transboundary river 
basin areas in developing countries. As water becomes 
scarcer, tensions among different users may intensify, 
both at the national and international level. There 
are 270 river basins shared by two or more countries 
(Bakker, 2009). In the absence of strong institutions and 
agreements, changes within a basin, either of a physical 
or institutional nature, can lead to transboundary 
tensions. In particular when major projects proceed 
without regional collaboration, they can become a point 
of conflict, heightening regional instability. So far, no 
outright ‘water wars’ have been fought, but access to 
water is disputed in several transboundary river basins 
in developing countries, such as the Nile, Jordan, Tigris 
and Euphrates rivers. For example,  access to water at the 
Jordan River has been disputed for a long time between 
the Israelis and Palestinians, or at the Nile between Egypt 
and Ethiopia (Zeitoun and Warner, 2006).

3.4.4  Present policy options to deal with water 
scarcity

Water scarcity is mainly a problem in developing 
countries, in particular in sub-Saharan Africa and South 

Asia. Policies to manage water scarcity have to solve at 
least three main problems: reducing physical freshwater 
 scarcity mainly for agricultural purposes, securing access 
to drinking water and sanitation for the poor and a fair 
distribution of water to all riparian parties in river basins. 
This has to be realised in a time when population growth, 
economic growth, lifestyle and diet changes, climate 
change and variability and biodiversity loss increase 
pressure on water resources.

Policy options that counteract physical water scarcity are 
the preparation of national water management plans, 
attention to gender aspects of water demand, water-
efficient management practices in agriculture and climate 
change adaptation. Whereas the first three point directly 
at current physical water scarcity, the last should be taken 
into account to avoid future water scarcity. Attention to 
gender aspects could enhance water availability for 
domestic use, since women have different priorities than 
men: they often take care of water for domestic use, 
while men want irrigation water for cash crops. Increasing 
the role of women in control and access to water could 
increase the priority given to the domestic water supply 
in relation to irrigation water (UN Millennium Project, 
2005). Water-efficient management practices could 
decrease water demand for agricultural irrigation (major 
source of withdrawal) and at the same time increase 
production per crop (IWMI, 2007). To make these policy 
options effective, it is also necessary to invest in the 
capacity building and education of farmers.

Improving access to reliable water supplies is one of the 
key steps. This implies not only that the infrastructure has 
to be in place, but that it also has to be maintained. 
Therefore the focus should be on the service instead of 
the physical infrastructure. To overcome financial 
constraints in keeping the service working and meeting a 
growing demand for water, facilities should be priced. 
At the same time, access to the service for the poor 

Table 3.4 
Key policy options to deal with water scarcity

Scarcity dimension Key policy options

Physical
Expand the resource base 
and reduce demand growth 
fundamentals

– Preparation of national water management plans
– Attention to gender aspects of water demand
– Stimulate water-efficient management practices in  agriculture
– Climate change adaptation

Economic
Improve functioning of markets

– Focus on delivery of water services instead of physical infrastructure only
– Introduce pricing of facilities, whilst assuring that needs of poorest are met
– Capacity development and knowledge management

Political
Prevent politically motivated supply 
disruptions and market distortions

– Multilateral or bilateral coordination of water management
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should be assured, which requires targeted policy 
measures (UN Millennium Project, 2005).

To avoid a political scarcity of water, multilateral or 
 bilateral coordination of river basins is needed. This will 
become more important in the case of increased physical 
water scarcity.

3.5  Interactions aff ecting resource 
scarcities

Energy, food, mineral and water scarcities are described 
separately in the previous sections. However, scarcities 
of all resources share two fundamental underlying 
factors: population growth and increasing welfare. 
Both are especially pronounced in developing countries 
and part of the emerging economies. In addition to the 
increasing pressure on the individual resources, the 
interaction between resources as well as interactions 
between resources, climate change and biodiversity can 
aggravate scarcities.

3.5.1 Interactions between resources
The previous sections already touched on interactions 
between energy, food, minerals or water. The products 
or production processes are linked and scarcity of one 
resource can result in a scarcity of another resource. Two 
main relationships between the four resources can be 
distinguished: 1) one resource is an input in the produc-
tion process of the other and 2) the fi nal products of the 
two resources are substitutes of each other. The input 

relationship can also be a competing claims relationship in 
case one resource is used as input for several other re-
sources, for example water or land.

Within the context of the scarcities described in this 
report, both relationships do occur (see Figure 3.9). 
The input relationship can directly increase the scarcity of 
both products: if energy becomes scarce (or more expen-
sive), agriculture has to deal with higher input prices for 
fertiliser and fuel (or it has to cope with less inputs imply-
ing less productive management), which increases prices 
or scarcity of food. On the other hand, if food production 
rises, the demand for energy is likely to increase as well, 
and the same development counts for water and phos-
phate. Water and energy are oft en used to mine energy 
and minerals. Shift ing to mines with lower quality ores or 
unconventional forms of energy (such as oil sands) 
increases the need for energy and water to produce the 
same amount of, for example, oil or phosphate.

Secondly, there is a ‘substitution’ relationship between, 
for example, energy crops and oil. Both products can be 
used for energy production. Large industries will 
probably look for the alternative should one of the two 
become scarcer or more expensive, which was one of the 
developments that took place in 2008. This can result in 
higher prices or a reduced availability of energy crops, 
which can also be used for food. The same relationship is 
hidden in the use of electricity instead of oil for 
transport. Electric cars need batt eries in which minerals 
such as lithium are used, which are not available in very 
large quantities and only at certain places in the world.

Figure 3.9
Relations between food, energy, minerals and water
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3.5.2  Relations between scarcities and biodiversity 
loss or climate change

Scarcities of the four resources are not only interrelated, 
they also have a causal or effect relationship with bio-
diversity loss and climate change, which can in turn affect 
a resource scarcity. Different time horizons play a role 
here: the current ways to avoid scarcity are by impacting 
the environment, whereas probable impacts of climate 
change or biodiversity loss will affect resource scarcity 
in the long term. Biodiversity loss and climate change 
are linked to resource scarcities because the production, 
the mining or the use of the resource has negative out-
puts that affect climate or biodiversity. For example, the 
increasing exploitation of unconventionals might come 
at a high environmental cost, particularly regarding the 
emission of greenhouse gases. Expanding the agricultural 
area in carbon rich areas increases CO2 emissions and in 
most cases affects biodiversity as well. Biodiversity is also 
affected if production per hectare is increased in an un-
sustainable way, for example through management that 
leaves little space for species other than the cultivated 
one or that emits lots of chemicals to the surroundings.

Biodiversity and agriculture (for energy or food crops) 
also have a competing claim relationship for water: 
increasing agricultural production using the same amount 
of water per product has negative impacts on bio-
diversity. Loss of biodiversity can in turn have negative 
impacts on future increases in crop productivity. This can 
be because the gene pools for genetic improvements to 
crops are more limited or because organisms such as bees 
are needed for pollination to produce vegetables and 
fruits, or because insects and other organisms can be 
used for sustainable pest management. Loss of bio-
diversity can also affect patterns of water supply (along 
river borders), although this is especially the case when 
whole ecosystems have been damaged. The exact 
impacts of climate change are uncertain, but expected 
changing precipitation patterns will affect agriculture and 
water supplies and more extreme weather events in 
 particular, such as long dry periods or heavy rainfall, will 
decrease the current productivity of crops immediately.

Table 3.5 
Major concerns about resource scarcities

Dimension

Physical Economic Political

Energy – Sharply rising demand 
increases pressure on 
remaining fossil resources

– Lagging behind of refinery 
capacities to fulfil demand

– Concentration of oil and gas reserves 
in a limited number of countries 
causes concerns about potential 
political abuse

– Increasing competition between 
OECD countries and emerging 
economies about remaining fossil 
reserves

Food – Lack of production increase to 
cope with increasing demand

– Volatile demand for agricultural 
commodities due to the link 
between oil prices and bio-
energy demand

– Abrupt supply shortages due to 
extreme weather events 

– Lack of access to markets/
incentives to farmers 
to increase production, 
particularly in developing 
countries

Minerals – Unexpected increase in 
demand for certain minerals 
due to the sudden rise of new 
high-tech applications 

– Concentration of some minerals in a 
limited number of countries causes 
concerns about potential political 
abuse

Water – Increasing demand increases 
pressure on freshwater 
resources

– Adverse impacts of climate 
change could decrease 
resources

– Non-existent or improperly 
functioning markets and 
inadequate infrastructure 
limit  access to safe drinking 
water in particular for 
the poorest people in 
developing countries 

– Conflicts between parties in 
transboundary river basins limit 
access to water for downstream 
users
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3.6  Major concerns about resource 
scarcities

Causes of scarcities in energy, food, mineral and water 
have been unravelled to the three dimensions in the 
previous chapters, and the most obvious/prominent 
policy options have been linked to these dimensions. 
Sections 3.1 to 3.4 elaborate on drivers of resource 
scarcity in all three dimensions. These drivers are 
summarised in Table 3.5, in which the major concerns 
about resource scarcities in the coming decades are 
listed.

For energy, a large increase in demand in the coming 
years is expected from emerging economies. This will 
lead to increasing pressure on remaining fossil-fuel 
reserves and in particular on oil and gas. Unconventional 
resources that can now be increasingly exploited 
economically, due to the development of new 
technologies, make the depletion of fossil fuels in the 
decades to come unlikely, although their exploitation 
comes at a higher environmental cost. In addition, as oil 
and gas reserves are concentrated in a few countries, 
fears in importing countries about the political abuse of 
the dependencies on exporting countries are increasing. 
This holds, in particular now that emerging economies 
increasingly compete with OECD countries for the 
remaining reserves. It is therefore the political dimension 
that presently dominates the debate about energy 
scarcity.

For food, the major concerns particularly relate to the 
lack of increase in productivity, due to the lack of infra-
structure and incentives for farmers to increase produc-
tion (economic dimension),  and the expected impacts of 
future climate change (physical dimension). Other con-
cerns reflect the risk of increasing volatility in demand 
and supply. Due to the strengthened link to energy prices, 
projections show an increasing demand for bio-energy 
crops, in the case of higher oil prices. However, more 
extreme weather events, due to climate change, could 
have major impacts on the supply side. The coincidence 
of these two effects had a major impact on food prices in 
2008. Hence, in the case of food, the political dimension 
seems to be subordinate to the other two dimensions of 
food scarcity, and in particular to the functioning of local 
markets, something which is presently most prominent in 
the food scarcity debate.

Concerns about minerals can be partly compared to those 
about energy, because both are non-renewable, strategic 
resources, the reserves of some of which are concentrat-
ed in a limited number of countries. Particularly regarding 
some metals, the political dimension of scarcity currently 

receives much attention, as, for example, reserves of rare 
earth metals or phosphate are concentrated in certain 
countries. With respect to the physical dimension, miner-
als differ from energy, in the sense that particularly their 
demand can grow sharply over short periods, due to their 
application in high-tech solutions, such as in technologies 
that mitigate energy scarcity (e.g. solar cells, car 
batteries).

Water scarcity is mainly a concern in developing coun-
tries. Increasing physical scarcity due to population 
growth, climate change and sometimes industrialisation, 
is a main concern here. The lack or poor functioning of 
markets also compounds the water problem. Hence, the 
creation of well-functioning markets seems crucial. Of 
lesser concern, although sometimes they receive quite 
some regional attention, are political conflicts that are 
potentially induced by large upstream infrastructural 
projects, such as dams and irrigation projects.

Comparing the four resources, it appears that all have to 
deal with increasing demand and therefore increasing 
pressure on the resource base, although this base seems 
to be sufficiently large to not lead to overall depletion, in 
the coming decades. In the short term, concerns about 
scarcities of food and water have their roots in the eco-
nomic dimension, whereas the concerns over non- 
renewable energy and minerals originate mainly from the 
political aspects of scarcity.

Major concerns with respect to interactions are the 
increasing links between resources, especially the link 
between energy and agriculture, which aggravate scar-
cities, should they occur. With respect to the interaction 
between scarcity and climate change or biodiversity, a 
major concern is the future effect of current methods that 
are applied to avoid scarcity. The most prominent cause-
and-effect relationship is that of increasing emissions and 
biodiversity loss, caused by the attempt to increase the 
physical resource base for energy, minerals and agri-
culture. In turn, the expected impacts on climate change 
and biodiversity will probably affect agricultural 
production and water supply, in the future.

3.7 Conclusions

In this chapter, the major drivers of increasing scarcities 
of energy, food, water and minerals have been discussed, 
also in terms of the physical, economic and political 
dimensions of scarcity. When talking about increasing 
scarcities, it is crucial to identify in more detail the 
exact effect that is observed, as well as the underlying 
reasons for the perceived increasing scarcities. This 
shows that  effects that are often generalised under the 
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same  heading of ‘increasing resource scarcities’ differ 
hugely according to resource. The framework of the three 
dimensions introduced in this chapter provides a first 
basis for adequate policy responses.

Overall, it appears that current, main scarcity concerns 
are not to be found in the physical dimension. For the 
decades to come, there still seem to be ample margins for 
reserve and production capacity expansion. Depending 
on the resource, most policy concerns currently are raised 
particularly over the economic and political dimensions 
of scarcity. Regarding food and water, the functioning of 
markets seems to be central to these concerns, whereas 
for energy and minerals, in particular the concentration 
of reserves in certain countries and increasing 
competition on the demand side, brings the political 
dimension of resource scarcity to the forefront.

Interactions between resources can aggravate scarcity 
problems. New technologies that substitute one resource 
with others (e.g. in the case of biofuels) increase the links 
between resources. Most of the simple possibilities for 
increasing the resource base of minerals, energy and 
food, have negative impacts on climate or biodiversity. 
Expected impacts of climate change and biodiversity loss, 
however, will probably affect the future resource base of 
water and food.

Dimensions of resource scarcities not only vary per 
resource, they also vary according to country or actor. 
Two important different perspectives, in this respect, are 
the development side of resource scarcities, and the 
European and Dutch perception of resource scarcities. 
These will be the subject of Chapters 4 and 5.

Scarcity in a sea of plenty-9[CMYK].indd   44 15-2-2011   12:21:06



Scarcity in a sea of plenty-9[CMYK].indd   45 15-2-2011   12:21:06



FO
U

R

46 | Scarcity in a sea of plenty?

4.1  Vulnerability of developing 
countries to food and energy 
scarcity

The current vulnerability of countries or regions to global 
oil and food price increases are presented in Table 4.1. 
Both the oil import dependency and food self-sufficiency 
relate to the dependence on import to fulfill national 
demand. Countries that are more dependent on the 
international market are therefore more vulnerable 
to global price increases. With respect to oil, current 
vulnerability is the highest for the oil importing countries 
of sub-Saharan Africa, India and South Africa, but China 
and other Asian countries also have a relatively large 
share of their GDP devoted to oil imports. For food, many 
countries in Asia are self-sufficient, while in Africa and the 
Middle East self-sufficiency is relatively low, hence their 
vulnerability to scarcity of food is higher.

Current impacts of food and oil scarcity are also 
presented in Table 4.1. For food, this is indicated by the 
prevalence of undernourishment, which refers to the 
fraction of the population that suffers from hunger. With 
respect to oil scarcity, the impacts are indicated by the 
fraction of the population that has access to modern 
energy sources for cooking and heating (LPG and 
kerosene, which are both oil-based fuels). Prevalence of 
undernourishment is especially high in sub-Saharan 
Africa and India, but also in other parts of Asia, especially 
Southeast Asia. Access to modern energy is the lowest in 

sub-Saharan Africa and India. Oil-exporting countries 
generally have higher levels of access to modern energy.

Future changes in the vulnerability to global oil and food 
price increases depend on a combination of factors, the 
most important of which are the expected increase in 
demand and the ability to increase production. The 
demand for oil and agricultural products is expected to 
increase in all regions, over the coming decades, due to 
population growth and economic developments (see 
Table 4.1). Although economic development and related 
energy and dietary shifts are difficult to predict, projected 
population growth is rather robust towards 2030. Even a 
very fast demographic transition in countries with 
expected high growth rates, for example, towards 
fertility levels that are comparable to those in developed 
countries, cannot bend this trend. Population growth 
towards 2030 is especially high in sub-Saharan Africa, but 
also in North Africa, the Middle East and Asia (except 
China). India will be confronted with the highest absolute 
increase in number of people, while growth rates for the 
Chinese population are expected to decrease up to 2030 
and subsequently to become negative. This implies that, 
up to 2030, the Chinese population will continue to 
increase only slightly, after which it will begin to  
decrease. The expectations with respect to economic 
growth are highest for China and India. An economic crisis 
such as the current one could, to some extent, change 
these expectations. However, projected growth in world 
GDP in the coming years is especially slow in high-income 
countries, while projections for developing countries, 

The impacts of recent resource scarcities are especially felt by people in developing countries, who 
are most vulnerable to increasing prices of basic commodities, such as food and energy. Saghir 
(2006) estimated that, as a result of the high and fluctuating oil prices of 2005, the total population 
living in poverty rose by 4 to 6%. Furthermore, as a result of increasing food prices, the people that 
suffered from undernourishment rose to 915 million in 2008, 67 million more than in 2003 to 2005 
(FAO, 2009). This chapter first addresses the specific vulnerabilities (exposures, sensitivities) of 
developing countries including emerging economies, to oil and food scarcities. Next, two model-
based analyses are presented, assessing the impacts of physical and economic scarcities on 
developing countries and emerging economies. Based on this, the scope for policy responses is 
sketched by identifying a number of directions for policymaking.

Consequences of resource 
scarcities for developing 
countries
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especially for China and India, are expected to be more 
robust (World Bank, 2010b).

Dietary shifts are related to people’s economic situation, 
but are also determined by cultural aspects. The dietary 
shifts occurs especially during the transition from low 
income to average income. It seems that, in that sense, 
the largest transition in diets in China has already passed, 
at least in relation to food supply: in China, the average 
calorie intake per person, per day, is around 3000 kcal 
(Figure 4.1). In India, this is still below 2400 kcal, and in 
Indonesia around 2500 kcal. In sub-Saharan Africa large 
regional differences exists: the lowest calorie intake takes 
place in Central Africa, with an average of less than 1800 
kcal per person, per day (2002-2007). For West Africa, 
however, this is around 2500 kcal. Therefore, largest 
increases in demand for food are expected for sub- 
Saharan Africa and India.

In 2008, 1.5 billion people (22%) had no access to 
electricity, and 2.5 billion people (37%) relied on 
traditional energy sources (biomass and coal) as their 
primary source for cooking and heating (IEA, 2009). Most 
of these people live in rural areas in South Asia and sub-
Saharan Africa. Demand for oil is expected to increase 
due to the projected economic growth, the accompanying 
switch to modern energy sources (electricity, LPG and 
kerosene), increase in industrial production, and in freight 

and passenger transportation. This is especially true for 
low- and middle-income countries, which are in the 
middle of an energy transition. The IEA (IEA, 2009) 
estimates that 93% of the increase in global energy 
demand between 2007 and 2030 will come from non-
OECD countries, driven largely by China and India. The 
share of fossil fuels in the total energy demand will 
remain constant, with a slightly lower increase in demand 
for oil than for coal, of around 1% per year.

4.1.1 Vulnerability to oil scarcity
On a macroeconomic level, vulnerability to oil scarcity 
depends on the expected growth in demand, oil import 
dependency and oil intensity of the economy (IEA, 2004). 
Substantial increase in demand is expected for all devel-
oping countries, especially for China and India. Developed 
countries have more means at their disposal to tackle the 
effects of an oil price shock, whereas the means of devel-
oping countries may be more limited. Furthermore, the 
latter will be more adversely affected by high oil prices 
due to their higher dependency on imported oil, and be-
cause energy is used less efficiently (IEA, 2004). Although 
there have been recent oil discoveries in, for example, 
Brazil, Sao Tome and Principe, there are many countries 
that do not produce oil themselves, or only a small share 
of their current use. Furthermore, exploration and build-
ing refining capacity are very costly activities, especially 
for the least-developed countries. The same holds for 

Table 4.1 
Major characteristics of regions and some countries, to indicate high risk regions 

  Vulnerability Scarcity impacts Demand drivers

  Oil import 
dependency 
(% import of 
GDP) 2004

Food self- 
sufficiency 
(cereals; 
% domestic 
production 
of total 
utilisation) 
2005-2007

Prevalence 
of under-
nourishment 
(% pop) 
2005

Access to 
modern energy 
for heating 
and cooking 
(% pop) 2005

Population 
growth (%) 
2005-2030

Expected GDP 
growth (%) 
2005-2030

Latin America -2 98 7 82 25 126

Middle East -23 54 < 5 92 50 117

China 2 101 10 42 12 446

India 4 102 22 29 31 334

Indonesia 0 90 16 45 25 154

Rest of Asia 2 106 19 43 40 134

Central Asia -15 117 9 100 27 173

North Africa -9 55 < 5 97 38 133

Sub-Saharan Africa -26 82 29 13 75 97

Oil importing countries 7 82 32 8 81 95

Republic of South Africa 2 79 < 5 83 14 181

World - - 13 54 28 78

Sources: Badri Narayanan and Walmsley (2008), EIA (2010), FAOSTAT (2010), UNDP-WHO (2010), United Nations (2008), USDA (2010)
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increasing energy effi  ciency. Middle income countries can 
perhaps aff ord to invest, whereas the least-developed 
countries might not be able to.

On household level, access to modern energy (electricity, 
kerosene and LPG) is a necessary condition for human 
development, including poverty reduction, improved 
education and health services, increased mobility and 
increased agricultural productivity (Modi et al., 2005). The 
use of traditional energy sources for cooking exposes 
people, especially woman and children, to indoor air 
pollution and is a major cause of respiratory diseases 
(WHO, 2006). Increasing oil prices can prevent or limit the 
tran sition to modern energy sources, while they can also 
force people to return to the use of tradition fuels. The 
largest improvements in modern energy use are required 
in sub-Saharan Africa and India. In many developing 
countries, households are shielded from global price 
increases, for example, by subsidies or reduced taxation. 
However, when global oil prices increase, so do 
government expenditures on these measures, thereby 
transferring vulnerability from households to 
governments. This could force governments to cut down 
subsidies, expenses or other services, including health 
and education.

In general, oil-exporting countries are less vulnerable 
than importing countries as they are generally 

 self- suffi  cient. Oil-exporting countries will experience an 
increase in revenues as a consequence of an oil price 
increase, but they may also suff er from ‘Dutch disease’ or 
the ‘resource curse’ (Collier, 2010). Furthermore, in many 
oil exporting countries, revenues are spent unsustainably, 
or accrue to an elite, while the poor only marginally bene-
fi t from the huge revenues. Longer term eff ects depend 
on the cause of scarcity – whether it is due to increasing 
demand or decreasing supply. In the case of increasing 
demand, exporters might profi t, while in the case of a 
decreasing supply, revenues tend to be lower as the 
increasing oil price might not fully compensate for the 
loss in production.

The main oil and gas exporting countries are located in 
the Middle East, North Africa and Central Asia (including, 
for example, Kazachstan). Sub-Saharan Africa includes 
both oil exporting and oil importing countries. Although 
some major oil exporting giants (Angola and Nigeria) 
export several times their own domestic use, many other 
sub-Saharan African countries are fully dependent on 
imports, with an national oil bill sometimes exceeding 
10% of their GDP (African Union, 2006). Most countries in 
Asia (including China and India) are also net energy 
importers.

China and India have been somewhat shielded from 
higher oil prices by their strong economic performance 

Figure 4.1
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and their access to alternative energy sources, notably 
coal. For India, however, access to modern energy is still 
rather low, making the poor more vulnerable when they 
climb the energy ladder. In sub-Saharan Africa, economic 
performance is moderate, while the share of oil in 
primary energy consumption is large. Furthermore, the 
level of modern energy use is among the lowest in the 
world. Therefore, the macroeconomy as well as individual 
households are very vulnerable to oil-price increases.

4.1.2 Vulnerability to food scarcity
Vulnerability to food scarcity depends on several  aspects: 
expected growth in demand, stability of imports, and 
possibilities for increasing domestic production. As 
shown, substantial increases in demand for food can be 
expected in India, Indonesia and sub-Saharan Africa. 
Vulnerability can be lowered by increasing domestic 
 production; relying on imports introduces the risk of 
supply disruptions or rising import bills, in case of scarcity 
on the world market.

Sub-Saharan Africa has the possibility to expand its agri-
cultural area, although it is unclear whether all areas that 
are marked as non-agricultural are in fact not being used 
by marginal groups (Cotula, 2009). Increases in 
 productivity, however, have barely been attained in the 
past decades, in this region, while other areas in the 
world have succeeded in achieving an enormous increase 
in production per hectare. Some of the main reasons for 
this, have been indicated to relate to the economic 
dimension of scarcity: poor access to inputs, capital and 
markets, in sufficient infrastructure and lack of invest-
ments by farmers (for example, investments in good 
water management at farm level). The lack of capacity to 
increase domestic production in the past decades, and 
the fact that large numbers of people live in cities on the 
coast, have favoured food imports by boat instead of 
obtaining it from the hinterland. This relatively simple 
way of meeting food demands has, in turn, reduced the 
need to increase the domestic supply. Although food 
prices were high in 2008 and 2009, most farmers did not 
profit from this rise, therefore domestic production in 
sub-Saharan countries did not increase (FAO, 2009a). 
Major efforts are needed to increase production here.

Countries and regions with land constraints, such as 
China, North Africa, the Middle East and India, are even 
more dependent on yield increases to raise domestic pro-
duction. In the last decades, global cereal yields have 
increased by 2 to 3% annually. It is uncertain whether 
these rates will persist in the coming decades. A 
 constraint on water supply is one of the factors that may 
hinder this. Currently, groundwater levels are declining in 
areas of China, India, Mexico, Egypt and other parts of 
North Africa (IWMI, 2007). This implies that more effort 

will be needed to increase production. Another reason for 
concern is the impact of climate change on these regions 
and on sub-Saharan Africa. Regions where impacts are 
expected to have serious effects on yields, due to tem-
perature increases or changing precipitation patterns, 
are South and Southeast Asia and Africa.

Although imports could help to meet demand in the 
 coming decades, this increases the risk of dependency on 
other regions, prices on the world market, and climatic 
circumstances in other major exporting countries. In 
Table 4.1 the current self-sufficiency rates for cereals are 
shown. North Africa and the Middle East, in particular, are 
not at all self-sufficient. Sub-Saharan Africa depends on 
imports or stock use for more than 20% of their cereal 
consumption. China and India, however, still produce 
enough cereal to meet their demand for feed, food, seeds 
and so on. The expected tighter world market and the 
stronger link with the oil price are both ingredients that 
could increase the volatility of food prices on the world 
market, in the coming decades. Increased volatility 
enlarges the uncertainty or fluctuations in government 
expenditure on food imports.

Based on these characteristics, it seems that India and 
sub-Saharan African countries, particularly, will need 
more food in the future, to feed their growing 
populations. India is highly dependent on productivity 
increases due to low expansion possibilities and will 
probably have to deal with impacts of climate change. 
Sub-Saharan African countries, in general, have the 
physical oppor tunities to increase production through 
land expansion or productivity increase. However, it has 
proven to be very difficult to attain this, due to economic 
and social  barriers. It seems that major efforts are needed 
to decrease the vulnerability of these regions to food 
scarcity. Countries in North Africa and the Middle East 
remain vulnerable to high food prices on the world 
market. These regions are physically the most 
constrained, and the expected increase in population will 
increase their dependency on the world market.

4.2  Impacts of food and energy 
scarcity

For importing countries, the short-term macroeconomic 
impacts of increasing food and energy prices include 
inflation, increasing production costs and budget deficits 
(especially when commodities are subsidised) and a 
negative impact on the current account balance, all of 
which impact on economic growth. Furthermore, in many 
developing countries retail prices of food and energy 
are heavily subsidised for poor households. Increases 
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in  global oil and food prices can make such policies 
unsustainable and force governments to revise this 
strategy and allow retail prices to increase. Exporting 
countries can observe a boost to their GDP growth 
through increased earnings in the short term. In the 
longer term, however, part of this gain would be offset 
by lower demand, while a rise in the exchange rate, as a 
result of an increasing trade balance, can impact on the 
export opportunities for other commodities.

Increasing commodity prices also impact individual 
households. Poor people in importing countries in parti-
cular face severe challenges. Decreased economic growth 
cuts sharply into real incomes, pushing more  people into 
poverty, and worsening the situation of those already 
poor. In general, increasing food prices have a more 
severe effect on poverty than increasing energy prices, 
because poor households tend to spend more than half 
their incomes on food and only a tenth on fuel (World 
Bank, 2008). Poor people in cities are dependent on the 
market and suffer most from increasing food prices. 
However, farmers can gain, if they are net sellers of food 
products and if the increase in commodity prices is not 
due to higher input prices (i.e. fertiliser or irrigation). The 
higher returns can be invested in means to increase pro-
duction. With respect to higher energy prices, urban pop-
ulations are hit harder as generally they make more use of 
petrol products, for example for cooking and heating, 
than rural populations. For rural populations, increasing 
oil and energy prices might impact on agri cultural inputs 
(especially fertiliser but sometimes also irrigation), as well 
on transport costs. The former increase production costs, 
while the latter makes it more costly to bring their pro-
duce to the market. Increasing oil prices and thereby also 
increasing LPG or kerosene prices also make it more dif-
ficult to make a transition from traditional to modern 
energy sources, for those who still depend on traditional 
sources, or force people to currently use modern sources 
to switch back to more traditional biomass-based fuels, 
causing indoor air pollution and negative health impacts.

Here, two model-based analysis are presented that 
assess macro- and microeconomic impacts of increasing 
oil and food prices, as a result of economic and physical 
scarcities.

4.2.1 Impacts of increasing oil prices
Increased energy scarcity can be due to several develop-
ments (see Section 3.2). In general, increasing oil prices 
impact on economic growth. They lead to a transfer of 
income from importing countries to exporting countries 
through a shift in terms of trade, i.e. the increase of the 
relative prices of their exports compared to their imports. 
Gains in terms of trade offer an advantage as countries 
pay less for the products they import, or they have to 

give up fewer exports for the imports they receive. For 
oil  importing countries, the immediate magnitude of the 
direct effect on national income depends on their vulner-
ability, in other words the ratio of oil imports to GDP. 
However, there are many more factors, related to the 
demand side, the supply side or external, that determine 
the overall impact (Kilian, 2008). In the short term, price 
increases generally decrease employment and produc-
tion and increase inflation. In the longer term, however, 
the impact might be reduced due to national responses 
such as reduced consumption, a switch to other sources 
and increased domestic production. For net oil export-
ing countries, increasing oil prices increase real national 
income through higher export earnings. In the longer 
term, however, part of this gain would be offset by lower 
demand, generally due to the decline in GDP suffered by 
trading partners, and possibly to a fall in non-oil exports 
caused by a rise in the exchange rate. Impacts are greater 
if the price increase is sudden and sustained, and are 
magnified by the negative impact of increasing prices on 
consumers and business confidence.

Here, we assess the impacts of an increased global oil 
price on the macroeconomy and poverty in developing 
countries and emerging economies, using a general equi-
librium modeling framework (Lucas et al., 2010); Annex I). 
The increased oil price is simulated by a decrease in glo-
bal oil supply, which can be the result of lower reserves 
(physical reason) or a lack of investments in infrastructure 
(economic reason). The analysis compares a scenario in 
which the global oil price doubles towards 2020 with 
respect to 2004 with a scenario in which the oil price 
quadruples with respect to 2004 (Bakker et al., 2009; van 
Ruijven and van Vuuren, 2009). Both projections are in 
line with the projections of the IEA (IEA, 2009). The price 
shock cannot be interpreted in terms of short term 
impacts of a high oil price spike as only the structural 
adjustments due to a sustained energy price shock are 
addressed. Impacts in terms of changes in per capita 
income, private consumption, vulnerability and poverty 
are presented in Table 4.2.

In the high oil price scenario the regional production of oil 
and gas is 30% to over 40% lower, compared to the 
 business-as-usual scenario. Furthermore, the high oil 
prices reduce economic growth in all importing regions as 
a larger share of their production costs is devoted to oil 
imports. The exporting regions gain in economic growth 
as the oil price increases more than their production 
drops. Expressing the growth in constant 2004 prices 
however results in a decreasing GDP as they sell less oil. 
The impacts on consumption are more mixed. Exporting 
regions can gain in terms of trade, and can thereby partly 
offset or even reverse the negative GDP impacts with 
respect to total consumption. On the contrary, oil import-
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ing countries lose in terms of trade, as increasing import 
prices put upward pressure on total import expenditures, 
while export prices increase much less. This decreases 
their consumption more than their GDP. Asian regions in 
particular are projected to see their consumption 
decrease.

The oil vulnerability, that is the share of GDP devoted to 
oil imports, increases in all oil importing countries. China 
in particular is projected to spend more of its GDP on oil 
imports. These countries are thus confronted with higher 
import bills compared with their GDP, making it more 
difficult for governments to provide other public services. 
For exporters, the share of oil revenues in total GDP 
increases, which is already above 10% and sometimes 
more than 20% for major oil exporting countries. Their 
economies become thus more dependent on oil export 
and should therefore be wary of Dutch disease. 
Furthermore, it should be noted that poor people do not 
necessarily benefit from the increased oil revenues.

The GDP losses do not imply that there will be losses in 
every sector. As labour and capital can reallocate, macro 
losses due to decreasing energy production and 
 production in energy intensive sectors can be offset by 
production increases in energy extensive sectors. 
Generally, the largest decapitalisation occurs in the oil 
producing sector (crude oil production and refinery), 
mostly driven by large production losses. Although 
 energy intensive sectors are also impacted by the high 
energy prices, redundant capital from the oil producing 
sector might increase capital in these sectors, thereby 
substituting energy inputs for capital inputs and 
 mitigating part of the price increases. The largest 
decreases in sectoral output for the energy producing and 
energy intensive sectors are expected in the regions with 

the highest oil intensity (the Middle East, North Africa and 
Central Asia), while regions with low oil intensities (mainly 
in sub-Saharan Africa but also in Asia) can to some extent 
offset increasing production costs by increasing capital 
inputs through reallocations. In oil and gas importing 
regions, the share of energy related sectors is small com-
pared to oil and gas exporting regions. Therefore, the 
reallocation of capital will also be smaller, which reduces 
the effect of the mitigating mechanism. The projected 
gains for sub-Saharan Africa therefore mainly account for 
the oil exporting countries, while the many oil importers 
might see a deterioration on all fronts.

Changes in production structures and international trade 
also impact wages and thereby inequality. The analysis 
however does not include a thorough analysis of the 
distributional impacts. Taking only average consumption 
losses into account to project changes in poverty, an 
increase in global poverty is expected, with large 
 increases in Asia and decreases in sub-Saharan Africa. 
Although China’s poverty is projected to increase 
significantly, due to the very high poverty reduction in the 
 business-as-usual scenario, their absolute increase is 
relatively low. According to the mechanism, decreasing 
poverty in sub-Saharan Africa decrease poverty only in 
the oil exporting countries, while importing countries are 
expected to more resemble India, where poverty 
increases significantly due to increasing oil prices.

The presented results should be interpreted with care as 
the reported regions are highly aggregated. As already 
discussed, sub-Saharan Africa in particular consists of 
both oil exporting and oil importing countries, which 
makes conclusions not generally applicable to all 
 countries within the region. Furthermore, the flexibility of 
reallocation of capital between agricultural and non- 

Table 4.2 
Percentage change of specific variables of the high oil price scenario compared to the business-as-usual scenario, 
in 2020

 
Per capita GDP
(%)

Private 
consumption  
(%)

Vulnerability  
(%)

Poverty  
(%)

Middle East -13 5 - -23

China -2 -5 51 17

India -5 -8 36 22

Indonesia -4 -3 - 8

Rest of Asia -5 -6 22 14

Central Asia -19 -6 - 19

North Africa -9 0 - -1

Sub-Saharan Africa -6 5 - -6

South Africa -2 -4 36 5

Global -3 -3 - 6
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agricultural sectors could be interpreted as optimistic, 
as this only applies to farmers that are integrated in the 
market and already have access to capital. Finally, the 
study does not address the impacts on traditional or 
modern energy use and thereby omits a major impact at 
the household level.

4.2.2  Impact of low productivity change on food 
scarcity

Increased food scarcity can be due to several 
developments (see Section 3.2). To assess impacts of 
food  scarcity we use a general equilibrium analysis. 
The analysis addresses the impact of low productivity 
increase in primary agriculture; an example of a physical 
driver of scarcity (see Annex I). Towards 2020 a certain 
increase in the productivity of agricultural production 
systems is expected. As stated before, this future 
productivity increase is uncertain and may be hard to 
achieve in certain regions. In addition, impacts of climate 
change can have adverse eff ects, as can economic or 
social drivers that prevent farmers from increasing 
their productivity. The uncertainty in impacts diff ers 
between regions; therefore this case has been split up 
into three sub-cases. These sub-cases diff er according 
to the regions in which the low productivity increase is 

expected: 1) in sub-Saharan  Africa; 2) in sub-Saharan 
Africa and Asia; and 3) globally.

Trade can be a solution for consumers to deal with less 
domestic production. Consequently, commodity prices 
on the world market will increase. The impacts of the 
cases analyzed diff er between countries that can profi t 
(export more agricultural goods or the same amount at 
higher prices) and countries that need to import and that 
have to deal with increasing prices. Figure 4.2 shows the 
relative change with respect to the baseline in the value 
of imported agricultural commodities compared to the 
value of exported agricultural commodities, which 
combines changes in prices of traded goods and the 
physical volume. Countries and regions in which the 
balance shift s more to imports are China, India, Asia, the 
Middle East and North Africa. Latin America, the former 
Soviet Union, high income countries and, in certain cases, 
sub-Saharan Africa profi t from the higher prices on the 
world market and the need for agricultural products in 
other regions. The impact of the shift s in agricultural 
import and export are negligible with respect to GDP. 
Figure 4.2 shows that especially less productivity growth 
in Asia has severe impacts. Sub-Saharan Africa can 
absorb less productivity growth by expanding its 
agricultural area (see also Section 4.1). The agricultural 

Figure 4.2
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sector is too small with respect to the total economy to 
have any impact. Due to the higher prices the value added 
of the agricultural sector does not change substantially. 

Although the impacts on GDP are very small, this does 
not imply that impacts on incomes are the same for all 
groups within a population. In many studies, the urban 
poor have been highlighted as the group most vulnerable 
to the high food prices in 2008 (World Bank, 2008; FAO, 
2008b). However, lower agricultural productivity adds 
another vulnerable group: the unskilled agricultural 
worker. Although food prices are rising, the yield is less 
from the farmers’ fi elds. Therefore, the landowners have 
a smaller budget to pay their employees than in the 
baseline. Since large sections of this group are unskilled 
or low-skilled, they are limited in fi nding work outside the 
agricultural sector. This makes their position even more 
diffi  cult: they have to take lower wages. These 
developments could have major social impacts on an 
economy, depending on the proportion of the labour 
force that is active in the agricultural sector.

The other aspect is the impact on the purchasing power 
of this group. We assume the unskilled agricultural work-
ers to be one of the lowest income groups. Besides lower 
wages, food prices are increasing. The expenditure on 

food in the lowest income group takes up an essential 
part of their income, in general ranging from 60–70% in 
Asia and sub-Saharan Africa (de Hoyos and Lessem, 
2008). Figure 4.3 shows that, in Asia, North Africa and 
Middle East in particular, the impacts on purchasing 
power are substantial. Less productivity growth in sub-
Saharan Africa has small impacts on the purchasing 
power of unskilled agricultural workers in that region. 
Impacts of high oil prices are positive or very litt le nega-
tive. The reason therefore is the increase in profi t of 
farmers: they produce the same and earn more, because 
prices are higher. Besides, the prices of cereal 
 commodities are less increasing than in the other 
 scenarios, but the price of oil crops and sugar cane do.

4.2.3 Impacts of high oil prices on food scarcity
Oil scarcity impacts the agricultural sector or food prices 
in three diff erent ways. In regions with a low energy-
intensive agricultural sector it can be worthwhile to invest 
more capital in this sector than in others. Also the price 
of inputs in the agricultural sector will increase, resulting 
in higher food prices. Finally, biofuel crops will be more 
att ractive to the energy sector in the case of high oil 
prices, also resulting in higher food prices.

Figure 4.3
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Increasing oil prices could have a reallocation effect 
between sectors as capital flows tend to shift from high 
energy-intensive sectors to low energy-intensive sectors 
(see Section 4.2.1). The sectors that could profit from cap-
ital reallocation are the agricultural sectors in energy 
exporting regions in sub-Saharan Africa and Southeast 
Asia, which are in general relatively energy extensive and 
could increase agricultural productivity. However, many 
subsistence farmers in sub-Saharan Africa do not cur-
rently have access to capital, and this is not expected to 
change. Furthermore, this mechanism does not work in 
areas with high energy inputs in the agricultural sector, 
which is the case in arid areas in the Middle East, Central 
Asia and India, where agriculture depends highly on 
irrigation.

If oil production decreases compared to the baseline 
 scenario (Section 4.2.1) higher oil price will affect food 
prices in two ways. First of all, the prices of inputs, for 
example fertiliser, will increase, resulting in higher pro-
duction costs and therefore a higher food price. This 
process makes food crops less attractive to the energy 
sector. This effect especially impacts the rural poor. 
According to Ivo (2008), prices for DAP fertiliser more 
than trippled and prices of urea almost doubled between 
May 2006 and May 2008. Farmers forced to use organic 
fertilisers or no fertilisers have seen yields decrease and 
have been forced to reduce fallow periods and make use 
of degraded land. The decreasing yields have resulted in 
food supply constraints and in loss of income, which 
 further increases poverty.

Secondly, energy from food crops will become more prof-
itable at higher oil prices. This mechanism can result in 
higher food prices because the demand is higher and 
resources can become limited or more costly. In our 
 analysis, this effect has more impact than the first one. 
This effect of oil scarcity will especially impact food prices 
on the world market and therefore food importing coun-
tries, and its net food buyers depending on imported 
food (more situated in urban areas).

Prices of staple food crops increase by 2–4% in the case of 
a 35% higher oil price. This is lower than the price increase 
in the case of lower productivity developments. Changes 
in poverty impacts are therefore small and in particular a 
result of the increasing grain prices in Africa. This result 
needs some refining, however. A lot of African farmers 
are barely connected to the market. The higher price of 
grain is a result of developments on the world market. 
For farmers, the higher fertiliser price will probably have 
more impact, resulting in lower yields or in less means to 
pay their workers.

4.3 Conclusions

People in developing countries are especially vulner-
able to food and energy scarcities. Lack of food and 
clean  energy sources are prominent signs. Currently, 
 undernourishment and the use of traditional energy 
sources are especially high in sub-Saharan Africa and 
 India and, to a lesser extent, also in the rest of Asia.

India and energy-importing countries in sub-Saharan 
Africa show the highest vulnerability to increasing oil 
prices. Population growth and economic development 
increases demand, while possibilities for substitution or 
increasing production are limited. Higher oil prices fur-
ther increase their vulnerability. As a result of increasing 
oil prices, economic growth and consumption can 
decrease, exacerbating poverty. This is especially the case 
in India and Southeast Asia, and in oil-importing coun-
tries in sub-Saharan Africa. These are also the countries 
with the lowest levels of access to modern energy 
 sources, such as electricity and oil-based fuels for  cooking 
and heating, making the transition to such sources more 
difficult. Finally, high energy prices may also induce high-
er food prices, as fertiliser prices and the demand for 
 bio fuels increase.

India is also projected to have the highest increase in vul-
nerability to food scarcity. Population growth is expected 
to be large, in absolute numbers, food supplies will 
remain low, and possibilities for expanding domestic 
agricultural production depend mainly on increasing pro-
duction per hectare. With the projected impacts of 
 climate change in mind, this will be a major challenge. 
Countries in sub-Saharan Africa have more opportunities 
for increasing agricultural production. However, until now 
it has been very difficult to raise production in large parts 
of Africa. A lot of market and institutional barriers have to 
be overcome, if these regions wish to be less dependent 
on imports. With respect to food, China seems to be less 
vulnerable to scarcity than other countries in Asia and 
Africa.

In general, vulnerability to and impacts of resource 
scarcities can be reduced through decreased demand, 
increased production, or through substitution, including 
trade (see Chapter 3). Decreased demand is only possible 
to a certain extent, as hunger and a lack of modern 
 energy sources is still widespread in many developing 
countries, especially in India and sub-Saharan Africa. 
Further, increasing trade increases a country’s macro-
economic vulnerability to global commodity price 
increases. Households can be shielded from global price 
increases, for example, through subsidies or reduced 

Scarcity in a sea of plenty-9[CMYK].indd   54 15-2-2011   12:21:07



FO
U
R

55Consequences of resource scarcities for developing countries | 

 taxation. However, when global prices increase, so do 
government expenditures, thereby transferring the 
vulnerability from households to governments. This 
could force governments to cut-down subsidies or 
expenses of other  services, including health and 
education. Therefore, to successfully decrease 
vulnerability and increase access to food and energy, 
policies should manage oil subsidies, increase production, 
target efficiency improvements and address substitution 
where possible.

For energy at micro level, this includes supporting 
investments in more efficient stoves and modern fuels. 
However, as such technological developments may not 
produce significant results in the short term, a detailed 
analysis is needed to develop a subsidy system that 
targets those people most in need and avoids increasing 
a country’s oil vulnerability. At macro level, strategic 

reserves can partly overcome oil price peaks, while 
 exploration and refining should be increased. 
Furthermore, demand should be restrained through 
 efficiency improvements and substitution (UNDP, 2007). 
Finally, the use of alternative energy, preferably 
sustainable sources, should be promoted.

For food, policies should include supporting investments 
in local knowledge to enhance agricultural productivity in 
a sustainable way. The technical options available to 
attain this depend on local physical, social and economic 
circumstances. Therefore, local knowledge is needed, 
also to develop technologies, for example, for the final 
cultivation of crops and for empowering poor people 
(Koning et al., 2008). Furthermore, when promoting 
alternatives to conventional energy that are linked to the 
agricultural sector, competition with food production 
should be avoided. 
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5.1  Vulnerability of the European 
Union and the Netherlands

Europe and the Netherlands are to a large extent de-
pendent on the import of resources. The dependence on 
foreign resources has caused concern about vulnerability 
to a disruption in these imports. There are significant dif-
ferences with respect to how vulnerability is defined and 
framed. Here, vulnerability is aligned with the concepts 
of hazard, exposure or event risk. The dangers posed 
by import dependence are either that the supply will be 
interrupted or that a monopoly or cartel will manipulate 
prices and supplies to its advantage and at great cost to 
the economy. Table 5.1 gives an overview of the main 
dependencies of the European Union and the Nether-
lands. The main vulnerabilities for the European Union 
and the Netherlands due to high and increasing import 
rates relate to energy and minerals. Vulnerabilities to 
food and water scarcities are lower for the EU as a whole 
and for the Netherlands, as for food commodities the EU 
is a main exporter, and water scarcity is mainly a regional 
problem in Southern Europe.

5.1.1 Energy
Due to the depletion of its domestic reserves over the 
last century, EU energy import dependency is increasing, 
resulting in an oil import dependency of over 80% and 
gas import dependency of some 60% in 2006 (Figure 5.1). 
This is high compared to for instance the United States, 
where oil and gas import dependency in 2008 amounted 

to 57% and 13% of demand respectively (EIA, 2010). Also, 
EU oil and gas imports originate from a limited number 
of countries (Figure 5.2); Russia plays a particularly im-
portant role. Due to the concentration of world oil and 
gas reserves in some of these countries and the expected 
depletion of world oil and gas reserves in other countries, 
a further restriction of the number of potential import 
countries is likely.

Contrary to the United States, where oil import depend-
ency has the highest political priority, EU concerns are 
mainly directed at gas. EU import dependency on gas has 
increased in recent years, and EU vulnerability to gas 
scarcity is compounded by a large existing pipeline infra-
structure and relatively rigid contract structures. Russia is 
by far the dominant gas supplier to the European Union 
(European Commission, 2008c) and some EU Member 
States are even 100% dependent on gas imports from 
Russia. Large reserves in this country mean that EU gas 
import dependency on Russia could further increase in 
the future. Due to its relatively large domestic reserves, 
gas import in the Netherlands is likely to remain limited in 
the short term but, like other EU Member States, the 
Netherlands will become increasingly dependent on 
imported gas in the middle term. These facts, combined 
with some recent political events, spark a growing feeling 
of unease in the EU about the dependency on Russian 
gas. Due to disputes about gas pricing, gas supplies 
between Russia and the Ukraine were interrupted for 
brief periods in the winter of 2006 and 2009. In 2009 in 
particular this caused major supply disruptions in many 

The previous chapter discussed some possible consequences of increasing resource scarcities for 
developing countries. This chapter examines potential consequences for the European Union and 
the Netherlands.

Consequences of resource 
scarcities for the European 
Union and the Netherlands
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Eastern European countries. Earlier, a gas confl ict 
between Russia and Belarus had already resulted in some 
minor supply disruptions in Europe.

5.1.2 Minerals
A similar picture to energy applies to the EU  situation 
regarding minerals: up to 100% of certain critical 
 minerals, some of which are in increasing demand for 
high-tech and green applications, have to be imported 

by the European Union’s Member States (Figure 5.3). 
Also, the number of countries producing these minerals 
is small. A recent analysis concluded therefore that, 
‘from a European point of view, increasing mineral 
scarcity is particularly worrisome, because only very few 
metallic mineral deposits worth exploiting are found on 
the continent. For a large number of metallic minerals, 
Europe is overwhelmingly dependent on foreign 
supplies to satisfy its industry’s demand, including many 

Table 5.1 
Main vulnerabilities of the European Union and the Netherlands to resource scarcities

European Union Netherlands Remarks

Energy High: major fossil fuel 
importer, tendency increasing

High: major fossil fuel 
importer, tendency increasing

Main focus on gas, less so 
on oil. Vulnerability of the 
Netherlands to gas scarcity 
lower due to domestic reserves

Food Relatively low: major food 
commodities exporter

Relatively low: major 
exporter of high value food 
commodities

Soy beans receive particular 
att ention

Minerals High for certain minerals: 
major importer, tendency 
increasing

High for certain minerals: 
major importer, tendency 
increasing

High-tech metals and 
phosphate receive particular 
att ention

Water Relatively low: regional 
constraints particularly in 
Southern Europe, tendency 
increasing; issue of 
development cooperation

Relatively low: limited 
constraints; issue of 
development policies

Figure 5.1
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doping agents that are vital to products and production 
processes in the continent’s extensive high-tech sector’ 
(HCSS, 2010).

In the case of minerals, EU dependency on imports of rare 
earth metals from China has received particular political 
att ention. An overwhelming proportion of world produc-
tion (95%) is presently concentrated in China and, over 
the past three years, China steadily cut export quotas for 
rare earth elements, arguing that it needed additional 
supplies in order to develop its domestic clean energy 
and high-tech sectors. This fed suspicions that China 
planned global domination of rare earths, not in the least 
because of a much quoted phrase by former Chinese 
leader Deng Xiaoping that ‘while the Middle East had oil, 
China had rare earths’ (Financial Times, 2010). However, 
in 2010 China eased its export quotas, boosting the 
allowance for the fi rst half of the year to 16,300 tons of 
rare earth elements, up by more than 8% compared with 
the same period in 2009.

Phosphate, an essential mineral for increasing future 
food production, has also received political att ention 
recently. In the Netherlands, an advisory committ ee to 
the Ministry of Agriculture warned of a future phosphate 

shortage (STA, 2009). Although an absolute shortage of 
phosphorus in the near future does not seem likely, 
reserves are concentrated in a few countries, in particular 
in Africa (van Vuuren et al., 2010). This could lead to mar-
ket distortions in the future, either due to the monopoly 
behaviour of producers, or due to richer economies 
exerting market power at the cost of developing coun-
tries in order to ensure continuous phosphorus fl ows.

EU import dependencies on some metal concentrates 
and ores – net imports as a % of apparent consumption.

5.1.3 Water
Although the EU is generally considered a water- 
abundant region, dry periods have occurred more 
 frequently in recent years in European Member States. 
Since water is a locally used resource, import dependency 
is not relevant in this case, but changes in local supply 
due to climatic circumstances and local water use are. 
Nine European countries are currently considered water 
stressed: Bulgaria, Cyprus, Germany, Italy, the former 
Yugoslav Republic of Macedonia, Malta, Spain, and the 
United Kingdom (England and Wales) (EEA, 2009). Hence, 
water scarcity is mostly, but not exclusively, a problem in 
Southern European Countries.

Figure 5.2
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Whereas in Western and Central EU countries cooling for 
electricity generation is the main purpose of water 
abstraction (e.g. 56%), in Southern EU countries agri-
cultural irrigation is the major user of water, accounting 
for 50% of water use. In the electricity sector, only a small 
amount of water does not return to the water body 
(around 5%), while the agricultural sector consumes 80% 
of the water abstracted. The expectation is that water 
demand for cooling purposes will decrease in the coming 
decades as older power plants are replaced by more effi  -
cient new plants. However, climate change might well 
lead to an aggravation of scarcity of water in the coming 
decades, due to decreasing precipitation and increasing 
abstraction for agriculture in Southern Member States. In 
Spain, regional water scarcity has already given rise to a 
much disputed and costly plan for investment in water 
infrastructures to transport water from the River Ebro in 
the north of Spain to the south (Albiac et al., 2006).
Over the period 1976 to 2006, the number of areas and 
people aff ected by droughts went up by almost 20%. At 
least 11% of the European population and 17% of its terri-
tory have been aff ected by water scarcity to date. Recent 
trends show a signifi cant extension of water scarcity 
across Europe (European Commission, 2007).

5.1.4 Food
The vulnerability of the European Union and the Neth-
erlands to food scarcity is limited. In a recent report 

(PRI, 2008) it was concluded that ‘the current degree of 
self-suffi  ciency in the EU-27 is high and is likely to remain 
high in the near future. For the most basic food items, 
 95–100% and even over 100% of the European consump-
tion is produced on its own territory. Extra EU trade 
volumes generally do not exceed 10% of the produc-
tion volumes, with net trade volumes below 5%. Of all 
 cereals produced, about a quarter is consumed directly, 
and about 60% is destined to animal feed. Although not 
all cereals fed to animals can easily be used for human 
consumption (like bread or pasta), this suggests some 
fl exibility in overall food availability by modifying diets. 
 Primarily processed foods and dairy products are export-
ed. Europe imports about a quarter of its fruits and less 
than 10% of its vegetables, with total per capita supply 
doubling amounts strictly needed for an affl  uent diet.’

The only agricultural products with relatively high import 
rates in the EU are soy and vegetable oils. Even so, short-
term scarcities of these products appear limited, as 
 sudden supply disruptions are not considered probable, 
and even if they did occur could be relatively easily 
countered by changes to less meat-intensive diets (PRI, 
2008): ‘The only vulnerable area of signifi cance [to food 
scarcity] appears to be the import of soybeans for fodder 
and  vegetable oil, almost exclusively from South America. 
Soybean is a basic commodity to the oil and feed sector 
that is imported for almost 70% from Latin American 

Figure 5.3
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countries and the remainder from the USA. In addition, 
98% of soybean meal is imported from Latin America’. 
With the Rotterdam harbour as focal point, the 
Netherlands is by far the largest transit country for soy 
bean in Europe. Furthermore, Europe is heavily 
dependent on imported vegetable oils and fats, 
amounting to 32% of its consumption. If oil production 
from imported soy bean in the EU is included, this figure 
increases to nearly 43% for 2005 (PRI, 2008). However, 
‘even a total collapse of that import, while causing heavy 
price shocks, would not jeopardise the nutritional needs 
of the European population.’

5.1.5 Political risks and perceptions
While political risks of increasing scarcities are often 
stressed, less attention is generally given to the fact 
that in many cases substitution options exist for scarce 
resources, albeit at higher economic costs. While demand 
for lithium has risen steeply in recent years, mainly as a 
result of higher demand for electric transport, and the 
number of countries where lithium reserves are found is 
limited, alternatives for this power source with an even 
higher storage capacity have already been  discovered 
(Ministry of Foreign Affairs and Ministry of Spatial 
 Planning and Housing, 2009). Also, if lithium demand 
does indeed rise as expected, it is already technically 
 possible to extract this element from sea water. South 
Korea is the first country to have announced that it will 
start doing so in 2015 (FT, 2010b).

Finally, fears about scarcities are also linked to the 
perception that certain countries might misuse control 
over scarce commodities for political purposes. Rather 
than one-sided dependencies, however, mutual 
dependencies often exist on a macroeconomic scale that 
are beneficial to both parties. These might limit the 
potential for uni lateral action. Despite fears about the 
rise of China as an economic power, the Netherlands, for 
instance, seems to have profited rather than suffered 
from Chinese economic growth in recent years: relatively 
cheap imports from China reduced inflation in the 
Netherlands and strengthened the role of the 
Netherlands as a transit country. Negative effects of 
Chinese growth on the Netherlands in terms of economic 
restructuring, higher unemployment or higher income 
disparity have so far been absent or very limited. Chinese 
export products hardly overlap with Dutch export 
products. Large competitive effects and resulting sectoral 
changes are therefore not expected in the future (Suyker 
and de Groot, 2006). On the European scale, China is now 
the EU’s second trading partner after the USA and the 
biggest source of imports. The EU is China’s biggest 
trading partner (European Commission, 2010b).

5.2  Impacts on the European Union 
and the Netherlands

Whereas impacts of resource scarcities on developing 
countries can include hunger or lack of access to energy 
for the poor, the impacts are not likely to be found at 
such a fundamental subsistence level in large parts of 
the EU and the Netherlands. Nevertheless, impacts 
might be substantial. For energy and minerals, these 
are to be found particularly in the political dimension of 
scarcity: increasing dependency on a limited number of 
countries for imports, and hence rising fears of political 
blackmailing that might result in supply constraints 
due to export restrictions or to increasing competition 
for supply with other countries. Such constraints 
might fundamentally affect daily life in Europe, as was 
illustrated for instance by the impacts of the oil crisis on 
the Netherlands in the 1970s or those of the more recent 
gas crisis on Eastern Europe. Impacts might also consist 
of hampering technological innovation, as some metals 
are essential for high-tech applications in the energy 
sector. For food and water, impacts of resource scarcities 
on the European  Union and the Netherlands are likely 
to be less pronounced than those due to energy and 
mineral scarcities. A sudden decline in soy bean imports, 
if it did occur, might require some changes in European 
and Dutch diets in the long term, but is unlikely to lead 
to food shortages as such. Water scarcity might have 
large impacts, particularly regarding regional agricultural 
yields, but is unlikely to  seriously affect drinking water 
supplies. That the impacts of resource scarcities in the 
European Union and the Netherlands are so far limited 
is also suggested by assessments of the impacts of the 
2008 energy and food price spikes. These were generally 
considered to have been less severe than the impacts of 
earlier price shocks.

5.2.1 Energy
The impacts of the 2008 oil price shock on the European 
Union were relatively limited. In the Netherlands, it 
was concluded that the Dutch economy hardly reacted 
to the oil price shock. This in contrast to the economic 
recession following the oil price shocks in the 1970s. 
 According to the Dutch energy report (EZ, 2008), the 
Dutch economy first of all benefits from high economic 
growth in  emerging economies, one of the main causes 
of recent high oil prices. Secondly, the importance of oil 
to economic growth in the Netherlands has decreased 
due to improved energy efficiency and a shift from energy 
intensive industries to a less energy intensive services 
sector. Thirdly, a reduced indexation of other commodity 
prices to oil prices has limited the risk of a wage spiral, 
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in which higher prices for consumption would lead to 
higher wages, which would lead to higher prices for 
consumption, and so on. Due to the link between gas and 
oil prices, a high oil price even has a limited positive effect 
on the government’s budget as long as economic growth 
in the Netherlands is not hampered by high oil prices. 
By contrast, the impacts of the 2009 gas price crisis 
on  European consumers were more pronounced, as in 
several Eastern European countries consumers were cut 
off from gas supplies for several days during mid-winter 
(Kovasevic, 2009).

5.2.2 Food
Concerning food, only part of the observed food price 
increases at retail level in the EU in 2008 could be attrib-
uted to agricultural commodity price increases (European 
Commission, 2008d. The impact of the rise in food prices 
on the standard of living of consumers was further lim-
ited by the gradually declining share of total household 
income spent on food: ‘This share currently stands on 
average at 14% in the EU and, indeed, is much lower for 
many countries of northern Europe. Therefore, in the case 
where higher commodity prices were fully transmitted 
to consumers, the overall increase in consumer food ex-
penditure of 5% would lead to a more moderate decrease 
of around 0.7% in the purchasing power of an average 
EU-27 household’ (European Commission, 2010c).

5.2.3 Minerals
Raw materials such as metals and minerals account for 
40% of the production costs of industry; energy for only 
1.6%. It is here, in particular, that industry bears a high 
cost risk if supply problems were to occur (Fraunhofer, 
2009). The metals and minerals considered in this study 
are generally used as inputs in the high-technology or 
strategic sectors. Emerging technologies will lead to a 
large increase in demand for these minerals in the coming 
decades (Fraunhofer, 2009).

The critical metals and minerals share the characteristic 
that their potential mining and export are concentrated in 
a few countries. Countries producing these raw materials 
may influence their prices and the quantities made avail-
able on world markets. Export restrictions are applied to 
many of the metals and minerals under examination. 
Export restrictions for specific minerals are driving up 
world prices. China’s export taxes and export quota for 
rare earth minerals have raised particular concern. World 
prices are now typically 20–40% higher than Chinese 
domestic prices (Korinek, 2010).

5.2.4 Water
The economic impact of water scarcity has until now 
been difficult to estimate. Scarcity results in higher water 

supply costs for the end-users, sometimes due to other 
technologies such as desalinisation plants, but also to 
secure supply. Other sectors are also affected: the agri-
cultural sector has reconverted irrigated agri cultural 
areas in regions in Spain, and in the UK the energy, 
 industry and agricultural sectors were obliged to invest in 
water-efficient technologies. These developments result 
in increasing production costs and therefore decreasing 
employment in those sectors or even the migration of 
high water-intensive sectors. Environmentally, the scar-
city of water affects the quality of wetlands and water 
bodies around the EU.

Some data on the economic impacts of droughts are 
available (Kraemer, 2007). These data concern alternative 
ways of securing domestic water supplies, loss of indus-
trial, energy, agricultural and fishery production, and 
reduced water transport possibilities. In 5-year averages, 
the economic impacts ranged from 720 million euros a 
year to 5.3 billion euros a year for the EU in total. 
Environmental impacts of droughts are comparable to 
those of water scarcity: the quality of water and wetlands 
has been affected in particular in the past.

5.3  Differences in impacts between 
the EU and the Netherlands

While in many cases the impacts of resource scar cities 
on the European Union are similar to those on the Neth-
erlands, this is not necessarily so in all situations. For 
instance, the gas situation in the Netherlands is quite 
different from that of the EU-27. In contrast to the EU as 
a whole, the Netherlands has a relatively low gas import 
dependency (Figure 5.1). Large domestic gas reserves 
mean that the Netherlands is a major European gas 
exporter. Hence, the impacts of increasing gas import 
dependencies are likely to be smaller in the Nether-
lands than elsewhere in the EU-27. In contrast to East-
ern  Europe, the 2009 Russian gas crisis had hardly any 
 effect on the Netherlands. This might change, however, 
in future decades as the Netherlands’ gas reserves are 
 exhausted.

Similarly, regarding the import of soy beans, the 
Netherlands has a special position. Through its harbours, 
the Netherlands is by far the largest EU transit country for 
this commodity. In 2008, the Netherlands was respon-
sible for 27% of the EU import of soy beans, and 22% of 
the import of soy flour, whereas the Netherlands’ share in 
EU soy bean consumption was only 9% (TFDS, 2010). 
Dependency on the import of soy beans from South 
America, while at a European scale considered a potential 
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security risk and negative impact, therefore economically 
benefits the Netherlands.

5.4 Conclusions

Europe is facing tighter global markets for energy and 
minerals. Scarcity will result from the growing demand 
from emerging economies rather than from factual dis-
ruptions in supply, although fear of supply disruptions 
will continue to play a role in future resource policies. 
Except for ‘high-tech’ minerals, growth in global demand 
for energy and bulk materials can be expected to slow 
down in the coming decades. The world is unlikely to run 
out of oil, metals and minerals, in the foreseeable future. 
Current resource estimates suggest ample reserves still 
remain. However, it takes time for supply to adjust to 
demand fluctuations, since the development and ex-
ploration of resources is capital-intensive. As a result, 
short-term scarcities of energy and minerals will remain 
a common feature. The long-term supply prospects for 
agricultural commodities are uncertain. Climate change 
and water scarcity could have significant impacts on 
yields. Vulnerability to water scarcity is mainly an  issue 
of concern in southern European Member States. EU 
and Dutch vulnerability to food scarcity is, apart from an 
exceptional case such as soy, also relatively low due to a 
relatively high food production and comfortable export 
position of the European Union and the existence of the 
internal EU market.

Increasing resource scarcity will result in higher and more 
volatile prices. Higher prices will exert a downward pres-
sure on economic growth. Volatile prices will discourage 
investment in resource exploration and depress capacity. 
Consumer trust in general will be undermined. Compared 
to developing countries, however, the economic impact 
of scarcity on the EU and the Netherlands is small, as 
resource intensity is relatively small in developed coun-
tries. Furthermore, the impact of price shocks can be 
expected to decline in the future. Energy intensity has 
fallen considerably in the past and is projected to improve 
in the future. The declining trend in metal intensity can be 
expected to continue in the future. Modern goods make 
less intensive use of commodities and economic growth 
will imply a further shift from resource-intensive manu-
facturing towards services. For food, impacts might show 
in terms of required dietary changes, if soy bean imports 
decrease substantially, although the food supply as such 
is not likely to be endangered. Water scarcity might result 
in regional impacts on agriculture in southern Europe, but 
the drinking water supply is unlikely to be fundamentally 

affected. If increasing scarcities are mainly expressed in 
price peaks, these might well have limited impacts on the 
EU, as suggested by the analyses of the 2008 oil and food 
price peaks.

For energy and minerals, Europe is largely dependent on 
the import of resources. Production is concentrated in a 
few countries. Fear is warranted that exporting countries 
will use their market power for economic or political rea-
sons. Export restrictions for specific minerals are driving 
up world prices. China’s export taxes and export quota 
for rare earth minerals have raised particular concern. 
World prices are now typically 20 to 40% higher than 
Chinese domestic prices (Korinek, 2010).

The political impact of scarcity is harder to interpret. 
Europe and other OECD countries face fiercer competition 
from emerging economies. Growing import 
dependencies also add to the feeling of vulnerability. 
Fears exist that revenues might be used to boost 
terrorism or conflict; market power might be used for 
political and strategic reasons. A boycott or failing 
infrastructure may lead to severe supply disruptions. The 
social turmoil of such events will be much worse than a 
mere price increase. Vulnerability to resource scarcities is 
dependent on political judgments. Fears of becoming 
dependent on some countries for the supply of strategic 
resources might be overrated, as one-sided dependencies 
often at closer inspection can also be regarded as mutual 
interdependencies at a macroeconomic level. In other 
cases, options to substitute resources, although at higher 
costs, already exist. These options can be used to 
decrease the political vulnerability to resource scarcity, 
albeit at the cost of higher end-user prices.

Finally, this chapter concludes that vulnerabilities of the 
European Union and the Netherlands to resource scar-
cities are substantial for energy (gas) and 14 critical min-
erals. Although the resource positions for the European 
Union as a whole, and for the Netherlands as a single 
country, in most cases run parallel, some interests, for 
example relating to gas and soy, may differ due to specific 
national circumstances in the Netherlands. There is suf-
ficient scope for EU and Dutch policy responses in the 
field of resource policies. However, vulnerabilities and 
impacts vary substantially per resource. Although in 
some cases everyday life in the European Union may be 
affected, increasing resource scarcities in the near future 
are unlikely to have any impact on a subsistence level, for 
European and Dutch citizens – in contrast to expected 
impacts in developing countries.
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It was also noted that several complex interactions exist 
that make an integrated approach to resource scarcities 
necessary: both the use of the various resources and the 
policy options intended to mitigate the scarcity of 
 individual resources are mutually interdependent. To 
complicate things even further, resource use interacts in 
several ways with global environmental problems of 
 climate change and biodiversity loss.

Furthermore, the analysis has shown that, although there 
are serious reasons for concern in both Europe and the 
Netherlands, the consequences of resource scarcities are 
likely to be far more severe for certain groups of people in 
developing countries, particularly those that rely on the 
import of food and energy.

Building on these conclusions, this chapter analyses, in 
more detail, the actual resource policies in the European 
Union and the Netherlands. Section 6.1 outlines the les-
sons that can be drawn from the previous chapters for 
the organisation of future resource policies. Sections 6.2 
and 6.3 analyse to what extent present EU and Dutch 
resource policies conform with this picture, and 
Section 6.4 provides a comparison between EU and 
Dutch policies, as well as some overall conclusions.

6.1  Key components for the 
organisation of future resource 
policies

Policies are in the most general sense subject to a 
constant process of formulation, implementation 
and evaluation. Ideally, this ‘policy cycle’ (Figure 6.1) 
starts, once a problem has been recognised, with the 
formulation of goals, after which broad policy directions 
or ‘policy options’ are identified. With the help of policy 
instruments, the options are implemented in order 
to realise the goals set. A while after implementation, 
realisation of the goals is evaluated, after which the 
process starts anew.

Resource policies are no exception to this process. 
However, the previous chapters of this report show that 
some particular features have to be taken into account 
when organising future resource policies. This section 
takes a closer look at these features.

6.1.1 Trade-offs between resource policy objectives
As outlined in Chapter 2, two key policy objectives are 
relevant when looking at resource scarcities: a secure 
and uninterrupted supply of resources to end-users and 
a supply of resources at affordable prices to end-users. 
However, these are embedded in a broader web of re-
source policy objectives. Two policy objectives can be 
distinguished that generally accompany the other two 
objectives: the resource supply to end-users should take 

In previous chapters it was shown that the precise meaning of ‘scarcity’ differs substantially, 
depending on the resource. Although the basis for all resource scarcities lies in a growing demand 
for resources due to population growth and economic growth, the reasons for current policy 
discussions vary per resource and country. However, generally, physical exhaustion is not the main 
concern in current policy discussions. Rather, sometimes economic aspects are prevalent, at other 
times strategic and political considerations.

resource policies in the 
European Union and the 
Netherlands
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place in the most environmentally friendly way possible, 
and this supply should preferably not cause negative 
eff ects in parts of the supply chain outside Europe. In 
particular, negative impacts on the poorest in developing 
countries should be prevented or mitigated in line with 
development policy objectives (Table 6.1).

The table clearly shows that realisation of each of the 
individual objectives is subject to trade-off s:
• Maximising security of resource supply can for instance be 

stimulated by establishing or increasing emergency 
stocks. However, such emergency stocks can infl ate 
prices. Likewise, for a secure energy supply, coal use 
could be stimulated in electricity generation, which 
without carbon capture and storage will lead to higher 
CO2 emissions. Security of supply, although it generally 
aims to reduce resource imports and stimulate 
domestic production, might also lead to a more intense 
relationship with some developing countries. Neither 
import reduction by developing countries nor an 
increase in imports by other developing countries 
automatically leads to benefi ts for the poor.

• Maximising aff ordability of resource supply might lead to 
the selection of lowest cost resources which could be 
detrimental to security of supply. Neither would this 
stimulate the introduction of environmentally friendly 
options or innovative solutions, which generally come 
at a price that is initially higher than the options already 
on the market, nor would a lowest cost approach be 
benefi cial to the poorest in developing countries, who 
would benefi t from the higher prices paid for resources.

• Maximising an environmentally friendly supply of resources 
could introduce new dependencies if this leads to the 

substitution of one resource for another, which in turn 
introduces new dependencies. This objective could also 
lead to higher end-user prices as new technologies are 
oft en more expensive than those already on the 
market. Neither does their introduction always fi t in 
with the economic and social structures in developing 
countries as their implementation sometimes requires 
high-tech knowledge or infrastructures.

• Maximising a resource supply that is also fair to the poorest in 
developing countries might imply stimulating domestic 
production and consumption in developing countries, 
which could negatively aff ect the export of these 
resources to the European Union and the Netherlands, 
hence the security of supply in importing countries. 
Higher prices paid to developing countries could also 
interfere with low prices to end-users in importing 
countries, and stimulating demand for resources in 
developing countries might increase the environmental 
pressure of these resources.

In addition to trade-off s between individual objectives, 
also rebound eff ects of actions with respect to resources 
have to be taken into account. Further, interactions also 
exist between the short- and long-term components of 
single objectives. For instance, security of supply is nec-
essary in the years to come, but also in 20 years’ time. 
The same holds for aff ordability, an environmentally 
friendly supply of resources and a fair supply of resources. 
In addition to the interactions between the four objec-
tives, there are also interactions between the realisation 
of the short- and long-term components of each of the 
objectives. For example, policy interventions directed at 
reducing a short-term price spike might lead to higher 

Figure 6.1
Policy cycle

Goals Options

Instrumen-
tation

Evaluation

Implemen-
tation
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demand for a resource in the long term if they result in a 
structurally lower price. Emergency food supplies to 
developing countries in the case of drought might lead to 
temporary oversupply and could in this way induce 
 longer-term structurally negative effects on local food 
markets. Such interactions should also be noted for the 
effective and efficient realisation of resource policy 
objectives.

Hence, not all objectives of resource policies can be 
 maximised at the same time. The trade-offs between 
resource policy objectives make setting priorities within 
these objectives inevitable. This priority setting will differ 
by country and resource and depends on the perspective 
a government takes regarding for example political 
dependencies on other countries and confidence in inter-
national market mechanisms as a solution to resource 
conflicts. Sections 6.2 and 6.3 discuss to what extent 
present EU and Dutch resource policies pay attention to 
the interaction of policy objectives.

6.1.2 Trade-offs between resource policy options
Ideally, once resource policy objectives and their 
 respective priorities are clear, the next step is to choose 

the policy options to achieve these objectives. However, 
the selection of one policy option to deal with the scarcity 
of one resource might well have repercussions for other 
resources, or for climate change and biodiversity loss.

In Chapter 3, policy options were categorised based on 
the scarcity dimension these options primarily aim to 
address: physical, economic or political. Regarding policy 
options intended to address the physical dimension of 
scarcity, four fundamentally different categories of poli-
cies were distinguished: ‘Expansion of the resource base’, 
‘Demand reduction’, ‘Efficiency improvement’, and 
‘Substitution of resources by other resources’. For the 
economic dimension, ‘Institutional functioning of 
 markets’ and ‘Investment in physical infrastructure’ were 
distinguished as different categories of policy options. 
For the political dimension, Prevention, Deterrence, 
Containment and Crisis management were identified as 
four different policy option directions. It was also noted 
that many individual policy options have effects in two or 
more scarcity dimensions. Changing the energy mix in a 
country towards more renewables for instance can 
improve security of supply and reduce physical scarcity of 
fossil fuels in the longer term, but might meanwhile lead 

Table 6.1 
Some examples of trade-offs between resource policy objectives

Resource scarcity Wider resource policy objectives

R
es

ou
rc

e 
sc

ar
ci

ty

Secure Affordable Environmentally friendly Fair

Secure Maximising security 
of supply can imply 
high end-user prices 
(for example in case 
of emergency stocks)

Diversification of energy 
sources (e.g. coal and 
biofuels) might cause 
higher greenhouse gas 
emissions or biodiversity 
loss

Changes in resource 
imports from 
developing countries 
do not automatically 
lead to benefits 
for the poorest in 
developing countries

Affordable Lowest cost supply 
interferes with 
diversification

Lowest cost supply 
is not necessarily 
environmentally friendly 
and might prevent 
introduction of new 
options

Lowest cost supply 
does not take into 
account interests of 
poorest in developing 
countries

W
id

er
 re

so
ur

ce
 p

ol
ic

y 
ob

je
ct

iv
es

Environmentally friendly Some 
environmentally 
friendly options 
can cause new 
dependencies (high-
tech metals for 
energy)

Prescribing 
environmentally 
friendly options 
might increase overall 
price levels

Environmentally 
friendly options 
not always easy 
to implement in 
developing countries 
(high-tech knowledge 
sometimes required)

Fair Stimulating domestic 
consumption in 
developing countries 
can interfere with 
export of resources 
to the EU and the 
Netherlands

Fair/ higher prices 
for resources from 
developing countries 
might increase costs

Fair/ higher supply of 
resources to developing 
countries and stimulating 
demand in developing 
countries might increase 
environmental pressure
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to higher end-user prices. Table 6.2 gives some examples 
of policy options directed at resource scarcities and their 
potential negative and positive trade-offs. Sections 6.2 
and 6.3 address to what extent present EU and Dutch 
resource policies pay attention to the interaction of policy 
options.

6.1.3 Monitoring and coordination
Interactions between individual resource policy objec-
tives and between policy options require close moni-
toring that goes beyond the monitoring of individual 
resource scarcities. Rather, a careful ex-ante evaluation 
of the possible effects of intended policy objectives and 
options is needed to avoid trade-offs on other resources 
and on climate change or biodiversity. Interactions 
 between short-term and long-term effects should also 
be made explicit, and data flows should come together in 
a organisational body that is able to analyse these data 
adequately so that an appropriate policy reaction not 

only in the long term, but also in the case of a short-term 
crisis, can be formulated – either by the entity itself or by 
a competent delegated policy body.

Sections 6.2 and 6.3 therefore take a look at the way in 
which the monitoring and coordination of resource poli-
cies in the EU and the Netherlands are organised.

6.2  Current European resource 
policies

European resource policies have already existed for 
many years for some individual resources. The European 
Common Agricultural Policy, for instance, was set up 
in the 1960s to prevent food shortages for consumers 
and to provide income stability for farmers. European 
energy policies, focusing on coal, were even at the heart 

Table 6.2 
Examples of resource policy options applied in practice and their potential side-effects

Scarcity dimension Policy option 
(examples)

Main resource policy 
objective

Potential adverse 
side-effects 

Potential positive side-effects 

Political	–	Prevention Improve foreign 
relations (bilateral, 
multilateral)

Secure supply Reduce supply of 
resources to other 
countries or to 
global poor

New bilateral contacts based on 
resource supply can also encompass 
wider economic and cultural relations

Political	–	Deterrence Refer to the UN 
Security Council

Secure supply Conflict

Political	–	Containment Diversification of 
resources

Secure supply Other resources 
might create new 
dependencies

Political	–	Crisis	
management

Emergency stocks Secure supply Higher end-user 
prices

Economic	–	Investment	
in	infrastructure

Link transport 
infrastructures

Affordable supply, 
secure supply

Optimisation over larger areas might 
increase efficiency of resource use

Economic	–	
Institutional	
functioning	of	markets

Introduce water 
pricing

Fair supply Limited access to 
poor

Physical	-Expansion	of	
the	resource	base

Increase domestic 
exploration of fossil 
reserves  

Secure supply Increasing fossil 
reserves could 
imply prolonged 
emission of CO2 
from fossil fuels

Physical	-	Demand	
reduction

Stimulate reduction 
of meat consumption

Environmentally 
friendly supply

Reduced energy, minerals and water 
use

Physical	-Efficiency	
improvement

Stimulate more 
efficient machinery 
and equipment 
in industrial and 
agricultural sectors

Environmentally 
friendly supply

Reduced inputs in food, minerals and 
water chains

Physical	-	Substitution	
of	resources	by	other	
resources

Biofuels Environmentally 
friendly supply; Secure 
supply

Fertile lands 
used for energy 
production 
instead of for food 
production
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of the foundation of the European Community in the 
1950s.  However, it is only recently that policies have 
been  initiated for ‘raw materials’ in the form of a ‘Raw 
Materials Initiative’ (European Commission, 2008b). An 
integrated resources strategy was initiated in 2005, when 
the European Commission released a communication 
presenting a ‘thematic strategy on the sustainable use 
of natural resources’ (European Commission, 2005). The 
main focus of this strategy was ‘to reduce the negative 
environmental impacts generated by the use of natural 
resources in a growing economy.’

The present overarching framework for EU resource poli-
cies is defined in the Europe 2020 strategy on ‘Smart, 
Sustainable and Inclusive Growth’, published by the 
Commission in March 2010. In this strategy, a ‘Resource 
Efficient Europe’ is outlined as one of the seven flagship 
activities (Table 6.3), in addition to innovation, education, 
digital society, competitiveness, employment and skills, 
and fighting poverty. The main aim of this flagship 
 activity (European Commission, 2010) is to ‘decouple eco-
nomic growth from resource and energy use, reduce CO2 
emissions, enhance competitiveness and promote great-
er energy security’. For that purpose, the Commission 
aims to establish a ‘consistent funding strategy, an 
enhanced use of market-based instruments like emis-
sions trading, energy taxation, a state-aid framework and 
green public procurement’.

The Commission has furthermore launched proposals to 
modernise and decarbonise the transport sector and sev-

eral energy-related activities, such as completion of the 
internal energy market, the SET plan, Trans European 
Energy Networks and an Energy Efficiency Action Plan. 
A ‘Vision of structural and technological changes required 
to move to a low carbon, resource efficient and climate 
resilient economy by 2050’ is to be published under this 
flagship activity to further specify these plans. The 
Commission also urges action from Member States. 
These need, inter alia, to ‘phase out environmentally 
harmful subsidies, deploy market-based instruments to 
adapt production and consumption methods, to develop 
transport, energy and ICT infrastructures and to invest in 
energy efficiency and in more efficient recycling’.

6.2.1  Attention to interaction between resource 
policy objectives

When analysing the attention paid to trade-offs between 
resource policy objectives at the European Union level, 
several observations can be made. First of all, the focus of 
policies seems to have shifted from mainly environmental 
to more economic and political, as suggested by 
the inclusion of ‘enhancement of competitiveness’ 
and ‘promoting greater energy security’ as explicit 
objectives of the current strategy. This is in contrast to 
the 2005 strategy, which seemed to have been inspired 
in particular for environmental reasons. However, 
the relationships and trade-offs between the present 
objectives are not discussed explicitly. Neither is it made 
clear what a ‘greater energy security’ entails exactly.

Table 6.3 
Outline of the EU 2020 strategy 

Europe 2020 Strategy

Headline targets
– Raise employment rate from 69% to 75%;
– Invest 3% of GDP by raising private sector investments, and develop a new indicator to track innovation;
– Reduce greenhouse gas emissions by at least 20%, or by 30% in the case of a global agreement, increase the share of renewables 

to 20% and achieve a 20% increase in energy efficiency;
– Reduce the share of early school leavers from 15% to 10% and increase the share of the population aged 30-34 having completed 

tertiary education from 31% to at least 40%;
– Reduce the number of Europeans living below national poverty lines by 25%, lifting 20 million people out of poverty.

Smart Growth Sustainable Growth Inclusive Growth

Innovation
Flagship Initiative ‘Innovation Union’

Climate, energy and mobility
Flagship Initiative 
‘Resource Efficient Europe’

Employment and skills
Flagship Initiative 
‘An Agenda for New Skills and Jobs’

Education
Flagship Initiative ‘Youth on the Move’

Digital Society
Flagship Initiative ‘Digital Society’

Competitiveness
Flagship Initiative ‘An Industrial 
Policy for the Globalisation Era’

Fighting poverty
Flagship Initiative 
‘European Platform against Poverty’

Source: European Commission (2010)
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Secondly, the ‘Resource Efficient Europe’ flagship activity 
comes on top of a whole range of existing policies, 
including the 2005 thematic strategy on natural 
 resources, that are either cross-cutting or that focus on 
the individual resources of energy, food, minerals or 
water. Links between objectives of the flagship activity 
and those of other cross-cutting or sectoral strategies are 
diffuse (Schaik et al., 2010). There have been ideas to 
merge the existing EU Sustainable Development Strategy 
and the Lisbon Strategy into the new EU2020 strategy, as 
all three claim to present an overarching framework, but 
these have not yet led to decisions as to which strategy 
precedes over the others in the case of conflicting objec-
tives. Hence, the position of Resource Efficient Europe 
regarding other key European strategies is unclear.

Thirdly, both in ‘Resource Efficient Europe’ and strategies 
focusing on individual resources, the development 
component, that is the consequences for developing 
countries and especially impacts on the poorest, seems 
to be largely absent. Whereas in the 2005 resource 
strategy ‘the global dimension’ of resource policies was 
still explicitly addressed and as a result an international 
panel on the sustainable use of natural resources was 
established, the ‘fair’ objective of current resource 
policies and of individual resources is largely left to EU 
development policies. This even though ‘Policy 
Coherence for Development’, first introduced in the 1993 
Maastricht Treaty, has been reconfirmed and 
strengthened in the 2009 Lisbon Treaty. This Policy 
Coherence commits the Union and its Member States to 
take account of development policies when formulating 
any EU policies that are likely to affect developing 
countries (ECDPM, 2010).

6.2.2  Attention to interaction between resource 
policy options

At the level of individual policy options, quite a lot of at-
tention is paid to trade-offs between policies directed 
at the individual resources. For biofuels in particular, 
indirect land-use changes resulting from the use of fertile 
lands for biofuels instead of food production have been 
extensively examined (cf. van Oorschot et al., 2010). As a 
result of concerns about these indirect land-use changes, 
the original Biofuels Directive, which required 10% of 
transport fuels to be obtained from biomass by 2020, was 
changed in 2008. It now includes a wider target of 10% of 
transport fuel needs from renewable sources, including 
biofuels, hydrogen and green electricity. Sustainability 
criteria for biofuels were also introduced, making clear 
which types of land cannot be used to produce biofuels 
and which are set to promote only biofuels with high 
greenhouse gas savings (European Commission, 2010d). 
However, a systematic examination of interactions be-
tween resource policy options is still missing.

6.2.3 Attention to monitoring and coordination
Resource policies have a high profile at EU level, not only 
because of their designation as one of the seven flagship 
activities of the new overarching EU2020 strategy, but 
also because they are meant to be the new  integrating 
element of the recently split DG Environment, which has 
lost its former responsibilities for climate action to a 
newly created DG. Integrated resource policies therefore 
seem to be heading rapidly to an implementation phase, 
with a strong role for the DG Environment as a coordinat-
ing body. Policy attention for integrated resource policies 
seems to be guaranteed as a whole Directorate-General 
of the European Commission is assigned with the task of 
realising a ‘Resource Efficient Europe’.

A relatively strong coordinating body like the DG 
Environment means that many lines relating to integrated 
resource policies come together in this DG, which has 
announced its intention to cooperate closely with DGs in 
which responsibilities for the individual resources are to 
be found, such as the DG Energy and the DG Agriculture. 
However, the subsidiarity principle means that several 
responsibilities regarding policy objectives for the indi-
vidual resources are designated to individual Member 
States. Realisation of the security of supply objective, for 
instance, is hampered by the fact that the overall energy 
mix is the responsibility of individual Member States. It 
therefore remains to be seen whether the coordination of 
information flows can be translated into effective 
policies.

The monitoring of potential impacts of resource policies 
seems to be quite well organised at the European level. 
Since 2002 it has been obligatory to conduct an integrat-
ed impact assessment should the Commission propose 
new legislation. In their current form, the Commission’s 
impact assessment procedure guidelines (2009) offer 
various checks and balances. Objectives have to be set 
that ‘correspond to the problem and its root causes, are 
identified at a number of levels going from general to 
more specific, and are coherent with existing EU policies 
and strategies’. Subsequently, main policy options have 
to be investigated and classified in terms of effectiveness, 
efficiency and coherence. Direct and indirect economic, 
social and environmental effects of the policy options 
have to be assessed against a baseline and the main risks 
and uncertainties have to be considered. In principle 
therefore, sufficient checks and balances seem to be 
identified in the Commission’s procedures to ensure that 
resource policy objectives and policy options are carefully 
formulated.

However, the examination of in particular trade-offs 
between objectives and options is left to the individual 
policymakers carrying out the assessment. Neither the 
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‘fair’ objective nor the assessment of EU-external effects 
is mentioned explicitly in the European impact 
assessment guidelines. This also shows in the 
development of indicators for this flagship activity, which 
is the next step in the implementation of intended 
policies. A formal adoption of resource efficiency criteria 
by the Commission still has to take place, but indicators 
developed so far cover four different resource-use 
categories appropriated for production or product use: 
materials – both biotic and abiotic, such as fossil fuels – 
water, land use and greenhouse gas (GHG) emissions 
(SERI, 2009). These indicators seem to offer a broad 
overview of various resources, although food and 
biodiversity are not included. EU-external effects are also 
not mentioned explicitly.

6.3 Current Dutch resource policies

Scarcity policies were put on the political agenda in 
the Netherlands by Dutch Government as a response 
to the energy and food crises, and reconfirmed by a 
Dutch parliament resolution of November 2008 asking 
government ‘to initiate, nationally and internationally, 
the development of scenarios for integrated policy 
responses to the multiple crises the world population 
is presently facing’ (Eerste Kamer, 2008). An inter-
departmental working group was formed to address 
the topic that came up with a response in March 2010. 
In a letter to parliament, it stated that the exploration 
carried out had given some idea of relations between 
scarcities, and the role of world views herein, but that 
further research by knowledge institutes in the coming 
years was required. A brochure was produced with 
research questions for future policy (VROM, 2010) and 
a conference organised in which several high-ranking 
Dutch and European policymakers participated.

An account was also given of the activities of the working 
group in a final document published in 2010 (Passenier, 
Lak and Koutstaal, 2010). This document stated that 
many new contacts and cross-links between departments 
had been formed as a result of the group’s activities, that 
the working group had succeeded in raising interest in the 
topic at the national and international level, but also that 
implementation of knowledge in organisations took 
much longer than the working group had expected’. As a 
main conclusion, it was stated that ‘the project has had 
more results than expected, but will need sufficient 
international strength and a strong  coordinating role 
within national government for a good and structural 
landing in policies’. Future actions regarding Dutch 

resource policies will depend on a new government to be 
formed in autumn 2010.

6.3.1  Attention to interaction between resource 
policy objectives

The Dutch Working Group on Scarcity and Transitions was 
asked to come up with questions for future research re-
garding resource scarcity. In the resulting booklet, several 
main questions were formulated. Given the limited scope 
of the assignment of the working group, in the booklet no 
attention was paid to the general objectives of resource 
policies and their potential interactions at a strategic 
level. Neither was the question of potential interactions 
at the level of policy objectives raised in the questions 
formulated for further research (VROM, 2010).

At the level of individual resources, limited attention is 
also paid to the interaction of policy objectives in 
resource policies. The main policy goals in the energy 
field, for instance, are a ‘clean, reliable and affordable’ 
energy supply in the Netherlands (EZ, 2008). Although the 
exact meaning of this at the objectives level is described 
in some detail (see Box 6.1), trade-offs between the three 
goals are not explicitly discussed – although it is noted 
that energy policy is part of wider, integral governmental 
policies, which in particular also comprise consumer poli-
cies, industrial policies and innovation policies.

Box 6.1 What does a ‘clean, reliable 
and affordable’ energy supply in the 
Netherlands mean?
In the Energy Report 2008, the Ministry of 
Economic Affairs gives a detailed account of 
Dutch energy policy objectives. It states that 
the objective ‘reliable’ comprises the long-term 
availability of energy sources, the degree to which 
an uninterrupted supply to end-users in normal 
circumstances can be guaranteed, and the degree 
to which international and national crises can be 
prevented or contained. The objective ‘affordable’ 
refers to the competitiveness of companies as 
well as the purchasing power of consumers. 
‘Clean’ comprises greenhouse gas emissions, 
further emissions from energy (NOx, SO2, fine 
particulate matter and nuclear waste) and other 
environmental aspects such as loss of biodiversity 
and soil subsidence.
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6.3.2  Attention to interaction between resource 
policy options

Much attention was paid by the Working Group on 
 Scarcity and Transitions to integrated resource policies 
at the individual policy option level. This is expressed in 
particular in the establishment of new contacts with net-
works and platforms dealing with specific resource policy 
issues, in order to disseminate its ‘insights and research 
questions’. Due to the increased attention paid to re-
source policies in the Netherlands, several such new net-
works and platforms were formed in which the working 
group participated. Links were for instance established 
with a ‘Materials Scarcity Platform’, originally an initiative 
of research institutes and businesses addressing miner-
als, and a governmental ‘Nutrient flow task group’, with a 
specific focus on phosphate.

Within government, the working group also established 
contacts with several programmes, which are temporary 
units of policymakers from one or more departments 
focusing on specific policy problems. The ‘Sustainable 
Food Systems’ and ‘Biodiversity’ programmes, as well as 
the ‘Interdepartmental Vision Group on Sustainable 
Materials Management’, were mentioned specifically by 
the working group as relevant to the resource policy 
work. The working group also claims to have given ‘a new 
impulse’ to the discussion about Global Public Goods at 
the Department of Development Cooperation of the 
Ministry of Foreign Affairs by linking this discussion to 
geopolitics (Passenier, Lak and Koutstaal, 2010).

6.3.3 Attention to monitoring and coordination
Two things are particularly notable regarding the Dutch 
approach to resource policy monitoring and coordination. 
In the first place, compared to the EU approach, the 
Dutch government seems to have chosen a particularly 
prudent and step-wise approach towards resource 
policies, with a large focus on research rather than on the 
direct implementation of new policies. This is for instance 
expressed in the goal formulated for the working 
group. Rather than providing recommendations for the 
implementation of resource policies, the working group 
had to conduct a meta-assessment of the developing 
scarcities of food, water, energy and minerals in the 
world, with the aim to formulate ‘key questions for 
further research’.

Secondly, and coming largely forth from this cautious 
approach, a relatively ‘light’ form of coordination was 
chosen, with temporary interdepartmental working 
groups reporting to government, in comparison with a 
whole Directorate-General that was assigned with the 
task of ‘Resource Efficiency’ policies at the European 
level. Due to the nature of the task and the responsibili-
ties given to the working group, the question regarding 

the monitoring of relevant data for resource policies and 
their translation into effective policies has not yet been 
addressed.

6.4  Geopolitics and consequences for 
EU and Dutch resource policies

The geopolitics of resource policies particularly come into 
play regarding the policy objective ‘security of supply’. 
Much attention has been given to this policy objective 
both at a European and a Dutch level. This particularly 
holds true for energy and minerals. Whereas at an EU 
level this objective is often used to support claims for the 
further integration of policies, in the Netherlands it has 
resulted in a split approach: fortifying EU and multilateral 
integration on the one hand, and attempts to strengthen 
bilateral relations on the other.

The international policy landscape regarding resources 
seems to have changed in recent years. WTO efforts to 
harmonise international trade, highly important to global 
resource markets, have still not had any results and 
agreement seems far off. Neither have international 
environ mental agreements shown much progress in 
recent years. Most prominently, the 2009 Copenhagen 
climate summit failed to deliver a global agreement. 
Similarly, little progress has been made recently regard-
ing the international protection of endangered species 
(cf. Potocnik, 2010). Meanwhile, much has been written 
about land grabbing in Africa (e.g. FAO, IIED and IFAD, 
2009), about the presumed power politics of Russia in the 
2006 and 2009 gas crises (e.g. Euractiv, 2009) and about 
Chinese export bans on rare earth metals (e.g. McClearn, 
2009). All these developments point to the greater 
importance of the political dimension in international 
resource policies, and seem to suggest that the defence 
of national interests rather than that of the global com-
munity as a whole, also regarding resources, is gaining 
weight. The traditional US view on energy security as a 
leading principle in energy policies, or the Chinese 
attempts to ensure access to energy in African countries 
could also be interpreted in this way. However, the gen-
eral conclusion that security of supply is becoming the 
most prominent policy objective in resource policies 
would be too easy to draw, as recent political develop-
ments can also be interpreted otherwise (see Box 6.2).

Whether or not concerns regarding security of supply are 
gaining pace, many policy actions of the European Union 
and the Netherlands in recent years seem to have been 
guided by this perspective, as they were aimed particu-
larly at strengthening security of supply. The recent 
attention to for instance diversification of energy sup-
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plies, energy crisis management policies and intensified 
bilateral energy relations can all be attributed to such an 
engagement. For minerals, the recent Raw Materials 
Initiative also appears to be guided by security thinking. 
On the other hand, security aspects are not at the top of 
the agenda for food and water.

Although mentioning individual countries in policy 
documents is often carefully avoided, fears of the 
European Union, the Netherlands and other OECD 
countries seem to point in two main directions. On the 
demand side, concerns appear to be directed particularly 
at competition with emerging economies such as China 
and India for the import of resources from third countries. 
On the supply-side, several countries are scrutinised 
(depending on the resource), including for instance Russia 
(gas / EU), the Middle East (oil), Venezuela (oil / US), China 
(rare earth metals), Morocco (phosphate) and several 
South American countries (e.g. lithium).

With a primary focus on multilateral governance in the 
Netherlands as well as in the European Union, and few 
opportunities for the European Union at this moment to 

enact a strong, coordinated foreign and defence policy, a 
fractioned world in which main geopolitical parties each 
try to maximise their own national resource interests 
would probably be one of the least desired geopolitical 
tendencies for the years to come. ‘Robust’ resource 
policies for the EU and the Netherlands would therefore 
be directed at preventing and mitigating this tendency 
where possible, and simultaneously preparing for a worst 
case in which these tendencies to national resource 
competition would indeed become dominant.

Externally, such robust policies would mean that political 
resource scarcities and concentrations of resources 
should also be regarded from the viewpoint of the 
 supplying party: what could be the main motives of the 
exporting party to continue with, or alternatively disrupt, 
supplies? And how could demand competition with 
emerging economies be avoided without also interfering 
in the legitimate resource needs of these countries? 
Internally, reducing demand for resources or substitution 
could be appropriate policy responses, as they would 
reduce overall import dependency and thus reduce risks. 
However, substitution without taking into account 

Box 6.2 Security of supply above all?
Several incidents in recent years have spurred concerns in the EU and the Netherlands about the political abuse 
of resource concentrations and about resource competition with emerging economies. In most of these cases, 
however, allegations are contested by the respective counterparts.

Gas crisis
The 2009 Russian–Ukrainian gas crisis led to gas supply disruptions in the European Union. Russia claims that 
the conflict was purely economic and that contractual long-term supply obligations to the European Union will 
not be endangered. Medvedev: ‘For more than 40 years we’ve provided gas to Europe and we have everything 
necessary to ensure that the 21st century is the century of natural gas. And we will fulfil our obligations.’ 
( Euronews, 2009).

Land grabbing
During and after the 2008 food crisis, several import-dependent countries, including China, Saudi Arabia and 
South Korea, acquired large areas of farmland from poorer, resource rich nations such as Brazil, Cambodia and 
various African countries. These deals received much attention in Western news media under the headings 
‘land grabbing’ and ‘neo colonialism’. A particularly contested deal was made in 2008 by the South Korean 
company Daewoo in Madagascar, leasing a large part of the country’s agricultural lands for 99 years. The deal 
was defended by Daewoo, stating that the land involved was totally undeveloped so far, and that the deal would 
provide jobs and investments in roads, irrigation and grain storage facilities for Madagascar (Financial Times, 
2008). However, the Daewoo deal was repealed by a new Madagascan leadership in 2009.

Rare earth metals
China has imposed a ‘rapid diminution of export quotas’ on a number of rare metals needed for several high-
tech applications since 2005. The country is planning a full export ban as of 2015. To stress the political content 
of this move, a statement of former Chinese leader Deng Xiaoping is often quoted in this context, saying that 
‘the Middle East has oil, China has rare earths’ (Euractiv, 2010). China however claims to have imposed export 
quotas on rare earth metals because ‘domestic tapping of those metals has been almost out of control, often 
damaging the environment in rare earth areas. The low prices, meanwhile, cannot match the value of the 
 product.’ (China Daily, 2010).
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interactions with other resources could also lead to new 
dependencies. Strengthening innovation capacities by 
stepping up research and development into new 
technologies would only be robust to any changes in 
dominant world views if the accompanying new resource 
needs are previously assessed.

6.5 Conclusions

This chapter has discussed the fact that, although poli-
cies for individual resources already have existed for 
many years, the increasing recognition in recent years of 
the complex interactions between individual resource 
 policies and their relations to climate change and bio-
diversity loss, have resulted in the initiation of several 
new policies in the European Union, and in institutional 
changes, both on EU level and in the Netherlands.

Policy developments in the EU and in the Netherlands 
were assessed against three requirements for future 
resource policies based on the analysis made in this 
report: 1) Attention to trade-offs between policy 
objectives at a more strategic policy level, 2) attention to 
trade-offs between policy options at a more practical 
level, and 3) attention to coordination and monitoring, 
making sure that a coordinating body receives sufficient 
information in time to address both short-term crises and 
long-term policies, and that it has the legal and practical 
competences to act regarding all policy objectives 
formulated. The geopolitical aspects of resource policies 
for the EU and the Netherlands were also discussed.

It was concluded that:
1) The focus of integrated resource policies is shifting 

from purely environmental to more economic and 
political. In particular, resource policies are now more 

closely linked to innovation and to security of supply. 
However, a clear definition of objectives and trans-
lation into measurable indicators are still missing, 
particularly regarding security of supply.

2) Attention to interactions and trade-offs between 
policy objectives is largely absent, as well as a link to 
development policies (‘fair’ objective), despite aired 
intentions to integrate development policies into 
other policies.

3) Attention to trade-offs largely takes place at the level 
of individual policy options. Many policy develop-
ments can be seen at this level, with the examination 
of trade-offs related to biofuel development perhaps 
the furthest developed. However, a systematic 
evaluation of trade-offs of policy options is lacking, 
also because much information about interactions is 
still not available.

4) Monitoring and coordination mechanisms have been 
put in place, both in the European Union and the 
Netherlands, but their embedding into the policy 
organisation as a whole differs substantially. 
However, it is too early to say what would be more 
preferable: a more research-oriented approach with a 
relatively weak coordinating body, as in the 
Netherlands, or a more centrally organised and 
policy-implementation directed approach, as in the 
EU, – as policies at both levels are still in an initial 
phase.

5) A geopolitical situation in which national interests in 
resource policies would become dominant would be 
the least desirable outcome for the EU and the 
Netherlands, as their ability to act in such a situation 
might be limited compared to other main geopolitical 
players. Hence, robust resource policies of the EU and 
the Netherlands should in the first place be directed 
at preventing such a situation, and only in the second 
place at adaptation, should such a situation occur.
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Appendix 1: Background to the food 
scarcity scenarios of chapter 4

This section provides an overview of the implemen-
tation of the scenarios used for the food scarcity analysis 
in Chapter 4. In addition, it includes a description of 
the baseline and a brief discussion of some of the most 
important scenario results.

The LEITAP model
The analysis uses the LEITAP model which is based on 
GTAP (Woltjer, 2009; Hertel, 1997).  The standard LEITAP 
model is a multi-region, multi-sector, computable 
general equilibrium model which assumes perfect 
competition and constant returns to scale.  It is built 
on a database consisting of data collected from around 
the world, including bilateral trade flows, production, 
consumption and intermediate uses of commodities 
and services.  The LEITAP model provides the additional 
capacity to analyze policies specific to Europe and the 
ability to run scenarios relating to global biofuels and 
land use.  EU-policies, including first and second pillar 
measures, have been modeled and are important in 
simulating the economy as it is expected to exist in the 
near future.  A very important addition is land supply 
and substitution, based on biophysical model outcomes 
from the IMAGE model (MNP, 2006).  Finally, dynamic 
mobility of capital and labor between agricultural and 
non-agricultural sectors has been modeled.  Analyses in 
this report are based on version 6 of the GTAP database 
which uses data from 2001 as the base year.  The 
database contains detailed bilateral trade, transport 
and protection data characterizing economic linkages 
among regions, and mathematically consistent individual 
country input-output data which account for inter-
sectoral linkages.  The regional disaggregation includes 
most EU member states as individual countries and all 
important countries and regions outside the EU from an 
agricultural production and demand point of view.

Implementation of Scenarios
The following sections describe the implementation of 
the scenarios run for PBL.  The general idea of running the 
scenarios is to model the effects that potential economic 
changes may have on measures of scarcity and poverty.  
All scenarios are divided into two periods, 2010-2013 
and 2013-2020, results are presented for the combined 

period 2010-2020.  In accordance with the themes of the 
 Scarcity and Transition project (PBL, 2009), each scenario 
was analyzed with reference to its impacts on the fol-
lowing general indicators: land productivity (output per 
hectare), the price of production and consumption, con-
sumption volumes, wages and imports and exports.

1. Base Scenario
A base scenario was selected which reflects, at a 
fundamental level, the economic situation as it existed 
in 2010 and is expected to exist in the near future.   
The LEITAP model is changed via shocks.  The shocks 
implemented for the scenarios under consideration are 
adjustments to data used in the model.  For instance, a 
simple  computable general equilibrium model will consist 
of a database and behavioral assumptions about the 
relationships between the components of the database, 
e.g., production and consumption relationships.   A shock 
is a way to experiment with the impacts of changing one 
or more of these relationships.  Therefore, a good way to 
understand a scenario is to examine its shocks.

Important macro-shocks include:
a. Land augmenting technical change for the primary 

agricultural products.  Provided by the IMAGE model 
(MNP, 2006).

b. Capital, labor, and natural resource enhancing 
technological change.  Provided by the Central 
Planning Bureau (CPB).

c. Factor supply endowments, linked to GDP (USDA).
d. Population growth, linked to employment (USDA).
e. World price index of primary factors linked to 

inflation (USDA).
f. A budget for biofuels which is initially set at the 

difference in value of domestic traded commodities 
for use in production commodities at agent prices and 
the value of domestic traded commodities for use in 
production commodities at market prices.

2. Scenarios which shock productivity in the agriculture sector
The purpose of these experiments was to assess 
the impact of an expected decrease in the growth of 
productivity in the agriculture sector.  In particular, 
scenarios were run to examine the effects of:
1.  A twenty-five percent decrease in global agricultural 

productivity growth
2.  A twenty-five percent decrease in agricultural 

productivity growth in West Africa
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3.  A twenty-five percent decrease in agricultural 
productivity growth in Africa and Asia

The scenarios were implemented by reducing the rate of 
technical change from what it would have been in the 
base scenario by certain percent, and doing so for each of 
the scenario periods.  For instance, if, according to the 
GTAP database, the productivity of paddy rice was 
expected to increase by 5%, a shock reduces of 25% 
reduces that value to 3.75%.  As a general rule, when 
interpreting the results, it is important to keep in mind 
that the shock is applied to the expected growth in pro-
ductivity. Therefore, if a country was expected to 
 experience a large increase in productivity (e.g., India and 
China) it will “suffer” more relative to a country that is not 
expected to experience large technological 
improvements.

2a.  A twenty-five percent decrease in global agricultural 

productivity growth

Predictably, the price of production increases significantly 
in the primary agricultural sector when compared to the 
other sectors, particularly in the Middle East and North 
Africa, China, and India regions.  The increase in the 
production price of agriculture is probably due in large 
part to the limited availability of land in these countries. 
These countries are therefore quite dependent on 
techno logically driven improvements.  The increase in the 
price of production leads to predictable decreases in the 
volume of private consumption per capita.

The story in regards to employment is mixed.  While high 
income countries experience increases in employment, 
others, particularly China and India have reduced 
employment.  Those two countries might be experiencing 
larger decreases as a result of the relatively large reduc-
tion in technological progress that they forgo in this sce-
nario.   Similarly, nominal wages for both skilled and 
unskilled workers in the primary agricultural regions fall 
significantly for China, India and the Middle East and 
North Africa.

The relative cost of production of primary products is 
higher for some countries, so resources shift to products 
for which there is a relative advantage.

Imports and exports are greatly affected by the reduction 
in productivity growth.  Many countries increase exports 
while exports from China, India and the Middle East and 
North Africa fall.   The shock changes the relative advan-
tages of the regions, making some countries relatively 
better at producing primary products.  High Inc countries 
appear to have benefited from the reduced increases in 

productivity, perhaps because they have already incor-
porated technical improvements into their production 
process; in other words, they are not expected to expe-
rience great increases in productivity. Similarly, Chinese, 
Indian, and Middle East and North African imports 
increase.  Only high income countries become less 
dependent on imports.

2b.  A twenty-five percent decrease in agricultural productivity 

growth in West Africa

In effect, it asks a much narrower question than the pre-
vious scenario.  Specifically, it asks what would happen if 
productivity increases fell in West Africa while remaining 
the same as the base scenario for the rest of the world.  
The same regions and products will be examined as in the 
previous section and for reasons of parsimony I will use 
the same structure to analyze the results.

Again, the scenario yields, more or less, the expected 
results to productivity in that only SSA (sub-Saharan 
Africa) is influenced by the change in productivity.  And, 
once again, there is great variation among the product 
categories.  World productivity falls as a result of the fall 
in SSA, indicating the importance of this region in the 
world in terms of expected technological growth.

The price of production increases in SSA increases by a 
relatively large amount.  Increases in the price of produc-
tion for other countries might be a result of the fact that 
they are unable to import as much from SSA or that it is 
now profitable for them to export more because SSA is 
unable to (see exports and imports below).  Both reasons 
would imply that production and therefore production 
prices increase slightly for countries other than SSA.  
While the volume of private consumption falls.  Once 
again, higher prices lead to less consumption, but con-
sumption doesn’t fall by as by much as price, so the 
amount spent on primary agricultural products increases.

The increase in primary agricultural prices results in a 
decrease in private consumption as consumers are now 
less able to afford these relatively more expensive prod-
ucts.  The rise in production costs results in less employ-
ment in the primary agricultural sector.  An increase in the 
relative price of production should and does influence 
employment in the sector.   The price of production is 
now relatively high in the primary agricultural sector, rais-
ing the relative attractiveness of the remaining sectors.   
As a result, employment falls in percentage, per capita 
terms in comparison to the base scenario.   It is perhaps 
interesting to note that although productivity falls, by 
design, the increase in the price of production is relatively 
small.  This is partly a result of new land being brought 
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into production in West Africa.  So, although land 
demand increases to account for the decreasing produc-
tivity, the price of land increases at a nearly correspond-
ing rate.

The impacts on employment appear to be approximately 
equal amongst skilled labor and unskilled labor.  In com-
parison to the previous scenario, most labor categories in 
both primary and processed sectors suffer in West Africa.  
Unskilled labor in the primary agricultural and processed 
sectors represents a large majority of the employment in 
both sectors.  In addition, both types of labor experience 
a reduction in the value of their employment.  In other 
words, the employees who remain in the primary agri-
cultural sector earn less.

Export volumes of primary agricultural products fall from 
SSA as these products become relatively more expensive 
and exports from other regions increase as it becomes 
more profitable for them to do so relative to SSA.  
By similar reasoning, imports increase significantly for 
SSA as the internal costs of production rise relative to the 
base scenario.

2c.  A twenty-five percent decrease in agricultural productivity 

growth in Africa and Asia

The price of production in the primary sector increases 
significantly for Asia and Africa, but slightly less than in 
the first scenario.  Differences between the scenarios are 
predictable given the assumptions of general equilibrium 
models.  Since in this scenario only a subset of the regions 
of the world are shocked, those countries not experienc-
ing the shock are able to adjust their production to the 
new economic reality.  In other words, the non-shocked 
countries are free or freer to adjust their production, re-
ducing the initial effects of the shock on countries in Asia 
and Africa.

The price of production is now relatively high in the 
 primary agricultural sector, raising the relative attractive-
ness of the other sectors.  Employment falls in percent-
age, per capita terms in comparison to the base scenario.

The rise in production costs results in less employment in 
the primary agricultural sector.  An increase in the relative 
price of production should and does influence employ-
ment in the sector.  The price of production is now rela-
tively high in the primary agricultural sector, raising the 
relative attractiveness of the remaining sectors.   As a 
result, in general employment falls in percentage, per 
capita, terms in comparison to the base scenario.   In 
addition, wages fall significantly in both China and India 
(10%).  This fits well with the idea that resources have 
shifted to other sectors as a result of the higher prices in 

the primary sector.  As a result, demand for labor in the 
primary agricultural sector falls.
In contrast, employment in SSA, as in the first scenario, 
increases.  This might be a result of relatively less expen-
sive labor in SSA.  Producers in SSA find that the relative 
cost of labor has fallen in comparison to other inputs.  
Although all inputs are influenced by the decrease in pro-
ductivity growth, in SSA, labor is relatively less affected 
and relatively less expensive.

Just as with the West Africa scenario, both categories of 
primary agricultural labor suffer in this scenario.  
Unskilled labor in the primary agricultural and processed 
sectors represents a large majority of the employment in 
both sectors.  Although employment and wages in the 
primary sector fall, sectoral income increases.  This is 
because the value (another way to think about it is the 
amount that is spent on the sector), of primary 
agricultural products represents a greater share of the 
value of the Asia and Africa’s total output.  Likewise, the 
share of primary consumption as a percentage of total 
consumption of agricultural products and processed 
agricultural products per capita increases dramatically.  
The fall is much greater than in the other two productivity 
 scenarios.  While the per capita volume of private 
consumption falls.  Once again, higher prices lead to less 
consumption, but consumption doesn’t fall by as by much 
as price, so the amount spent on primary agricultural 
products increases.

3. Scenario in which the supply of oil is decreased
The original proposal was to tax the price of oil and 
thereby raise its price for all users; however, taxes can 
have undesirable side effects in general equilibrium mod-
els.  As an alternative, the endowment (supply) of crude 
oil was lowered using a technical parameter, which es-
sentially makes it more difficult to extract oil.  As a result, 
production changes from an expected increase of 5.5% 
over the period 2010-2020 to a worldwide contraction in 
production volume of around 13% and it becomes much 
more expensive.

Although crude oil is predominating used by the indus-
trial sector, the percentage reduction in oil use is similar 
in all sectors.  In other words, while most of the absolute 
reduction in crude oil occurs in the industrial sector, all 
sectors must adjust to the relatively more expensive 
input price of oil.  Production volumes of all products 
decrease in most sectors in most countries.  The excep-
tion is the primary agricultural sector, which experiences 
an increase in production in most regions.  The apparent 
anomaly of the primary agricultural sector becomes less 
of an anomaly when the influence of the increase in prod-
ucts used in the production of biofuels is taken into 
account.  Worldwide, the production of biodiesel and 
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ethanol increase significantly.  This, in turn, stimulates 
the production of primary agricultural products namely, 
vegetable oils and sugars, used in their production.  The 
increase in the demand for those two products leads to a 
substantial increase in land prices which impacts nearly 
the entire land market.  Employment, as an alternative 
input to crude oil, increases in the primary and processed 
agricultural sectors, but also increases because of the 
increased demand for vegetable oils and sugars.  
Worldwide GDP, even for oil exporting regions, falls, 
despite the increase in production of crops for biofuels, 
but by less than 1%.

Appendix 2: Background to the high 
oil prices scenario of chapter 4

To assess the macroeconomic and poverty impacts of 
increasing oil prices an integrated modelling framework 
is used, which consists of the WorldScan model (Lejour 
et al., 2006), and the Global Integrated Sustainability 
Model (GISMO) (Hilderink and Lucas, 2008). The World-
Scan model is used to assess the macroeconomic and 
sectoral impacts of the high oil price shock. The GISMO 
model is linked to the WorldScan model and is sub-
sequently used to assess the impacts the high oil price 
shock on the proportion of the population living with less 
than $1.25 per day.

The WorldScan model
The WorldScan model is a recursively dynamic 
Computable General Equilibrium (CGE) model (Lejour et 
al., 2006). It builds upon neoclassical theory, has strong 
 micro-foundations and explicitly determines simulta-
neous equilibrium on a large number of markets. The 
structure of WorldScan’s core version is similar to the 
GTAP model (Hertel, 1997) and uses the GTAP-7 database 
(see Badri Narayanan and Walmsley, 2008). WorldScan 
is used both as a tool to construct long-term scenarios 
and as an instrument for policy impact assessments, e.g. 
in the fields of climate change, economic integration and 
trade.
Each sector within a region produces a unique variety of a 
good. Factor demand is derived from cost minimisation, 
given production technology. The production technology 
is represented by a production function which relates 
output to factor inputs and intermediate inputs. The 
main factor inputs are labour and capital. Only capital is 
mobile across regions. Intermediate inputs are goods, 
services and energy, which are to some extent 
substitutable. The relevance of each of these inputs for 
production and their substitutability is represented by a 
nested structure of constant elasticities of substitution 
(CES) functions. The values of the substitution 

parameters reflect the substitution possibilities between 
inputs, which may differ across sectors reflecting the 
different substitution possibilities of (factor) inputs 
within the producing sectors. Consumers decide how to 
spend their earned income in three stages; distribution 
over consumption (private and government) and savings, 
allocating consumption income to consumer goods and 
 services, and international trade. On the basis of their 
preferences consumers decide how to spend their budget 
on consumer goods and services, using a Linear 
Expenditure System (LES). The energy part distinguishes 
three fossil energy carriers: coal, oil and gas. The 
production and demand structures of these fossil energy 
carriers (fixed factors) follow the functional specification 
of the other goods and services sectors.

The GISMO model
The GISMO model addresses sustainable development 
by focussing on the two-way relationship between global 
environmental change and human development. It allows 
to asses human development by specifically addressing 
changes in Quality of Life as a consequence of changes in 
the three sustainability domains (social, economic and 
environmental). The model is system dynamic in nature 
and builds on the long history of Integrated Assessment 
modelling, including the PHOENIX model (Hilderink, 
2000) describing human/social dynamics and the IMAGE 
model addressing global change from and environmental 
perspective. Quality of life is modeled focusing on in-
come, education and health and their underlying dynam-
ics. Here, we only describe the poverty calculations. For 
an in-debt description of the full model see Hilderink and 
Lucas (2008).
Poverty headcount, people below the poverty line (here 
$1.25 per day at 2005 Purchasing Power Parity), is 
dependent on total income and its distribution over a 
population. Most commonly, distribution is expressed 
using the GINI coefficient, a statistical summary of the 
Lorenz curve (Cypher and Dietz, 1997). Using a lognormal 
distribution, the income distribution can be fully specified 
with only two parameters:  mean expenditures per capita 
and the GINI coefficient (see Figure 1 and van Ruijven, 
2008). The model is calibrated towards historic regional 
poverty and GINI coefficients, taken from the PovcalNet 
database (Chen and Ravallion, 2008). Developments in 
regional expenditures per capita are taken from the 
WorldScan model, while the GINI coefficients are kept 
constant in time.

Business as usual and the high oil and gas variant
The business as usual macroeconomic projection is based 
on the projection of the OECD Environmental Outlook 
OECD (2008). In this projection, oil and gas prices drop 
from approximately $38 per barrel in 2004 to $25 per 
barrel in 2020 (2004$US). For the high oil and gas price 
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variant, oil and gas prices are exogenously shocked 
according to the high variant of van Ruijven et al (2009), 
which is based on IEA (2008). In this variant the price 
of oil triples compared to 2004 levels, i.e. from 38$ per 
barrel to slightly more than 100 US$ per barrel in 2020 
(both 2004US$). The higher prices of oil and gas are 
simulated in the WorldScan model by uniformly reducing 
world oil reserves across regions, i.e. regional percentage 
adjustment of the fixed factors (oil and gas) are the same 
to match the prescribed global prices of oil and gas.
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Policy Studies

Resource scarcity features prominent on the agendas of 
policymakers worldwide. Concerns are triggered by high 
prices of energy, food and commodities, as well as by 
fears about supply security of resources. Scarcity is a 
complex issue with physical, economic and geopolitical 
dimensions. This study explores a number of questions: 
What scarcities should we worry about? What is driving 
scarcity? What are the impacts? And, finally, which 
policies are conceivable for the European Union and the 
Netherlands to deal with resource scarcities?
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