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Summary  
 
This report provides the final account of a 
two-year project commissioned by the 
Directorate-General for Environment of 
the European Commission (DG ENV). It 
was produced under the contract ‘Global 
integrated assessment to support EU 
future environment policies’ (DG 
Environment Service Contract No. 
07.0307/2009/550636/SER/F1A). The 
contract was awarded in December 2009 
to the PBL Netherlands Environmental 
Assessment Agency, with the Agricultural 
Economics Institute (LEI) and the Fisheries 
Centre of the University of British 
Colombia (UBC Fisheries) as project 
partners.  
 
The overall purpose of GLIMP has been to 
support strategic work at the European 
Commission on new environmental 
policies. Worldwide analysis, a long-term 
view and quantification are key strengths.  
 
Specifically, the project aims to illuminate 
the relationships between the EU and 
other world regions, from a global, long-
term and integral point of view. Its focus 
is on environment-related issues whereby 
actions within the EU, or the fact that no 
actions are being taken, are expected to 
have significant consequences elsewhere 
in the world, or where the EU needs 
global partners to effectively address a 
problem.  
 
Part of the project’s background is that, 
over the last few decades, new 
discussions and issues emerged that 
widened the geographic scope for EU 
policy action in numerous fields beyond 
EU borders. Within the European 
Commission, DG ENV including the 
current DG CLIMA, has been a source of 
strategic information on global and long-
term connections. In addition, in recent 
years, a number of global assessment 
studies have been published, all pointing 
towards challenges at the global scale – 

old and persistent as well as new and 
puzzling. Most of these link the world’s 
regions, showing their interdependency – 
more or less as the environmental 
expression of globalisation. 
 
Chapter 1 of this report describes the 
main steps and considerations that have 
shaped the project from the beginning. 
This in itself is interesting, because it was 
an attempt at innovative steering of 
research (‘co-production of knowledge’) 
and at organizing the science–policy 
interface for problem areas that until then 
had only been moderately structured. In 
particular, this part of the report provides 
an account of the up front scoping phase 
to identify possible issues, and to decide 
which would warrant further investigation 
on the basis of a set of selection criteria.  
 
Chapters 2 to 5 present the results from 
four issue studies, selected out of the 
nearly forty topics that were initially 
considered. An important characteristic of 
the project is that these issue studies are 
elaborated with the comprehensive and 
widely recognized IMAGE model suite. 
The issue studies include a ‘no new 
policies’ baseline and three specific issue 
studies. Baseline developments illustrate 
how Europe may fare in a drastically 
changing world, with increasing 
challenges of achieving human 
development and  staying within the 
limits presented by resource availability 
and external effects. One issue study 
explores future scarcities of natural 
resources, using phosphate and fish as 
examples, and two studies explore 
various aspects of biomass use for energy. 
Of these last studies, one concerns a 
longer time scale and the other is tailored 
to current and near-term policies. 
 
The two studies on scarce commodities 
share certain characteristics, such as the 
essentially global scale of their 
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exploitation, but they are also very 
different with respect to finite versus – in 
principle – renewable resource bases. 
Global fisheries practices may be ‘re-
designed’ to provide lasting and stable 
catches, on the condition that effective 
policies that go against current trends and 
shorter term interests are adopted and 
implemented. Besides, fish from 
wildcatch is by no means the only or 
dominant source of protein supply for 
humans. Here, the main findings are: 
 
• Increasing marine fishing efforts, in 

line with historical trends, is leading to 
rapidly declining stocks and declining 
catches. Even if fishing efforts are 
frozen at the current level, stocks will 
continue to be depleted and catches 
reduced. The fishing regions that are 
most under threat are the Atlantic 
Ocean, the Mediterranean Sea and 
the Black Sea. Large fish species will 
be most strongly affected.  

• To achieve sustainable catch levels 
new instruments have to be developed 
that stimulate fishermen and fleet-
owners to manage fish stocks more 
sustainably in the long term. Current 
fleet capacities are well above the 
level of sustainable catches, and need 
to be reorganised accordingly. The 
most serious challenges are the social 
implications of structural reform. 
Fisheries subsidies could be reoriented 
towards incentives to establish such 
reform, rather than sustaining the 
status quo of overexploitation.  

• Reducing fishing efforts can lead to a 
quick response in terms of restoring 
stocks of most species; and, while 
effort levels are kept low, catches can 
increase to higher levels within a 10 
year period, as compared to a 
situation with effort levels frozen, or 
increased according to current trends. 
Hence, reduced fishing efforts offer a 
clear synergy between environmental 
and economic benefits. 

• Over the coming decades, most of the 
increase in fish consumption will come 
from aquaculture. Increased wild 
catches in a scenario with reduced 
marine fishing efforts, assuming no 
change in consumption,  imply less 
need for fish from aquaculture and 
less associated need for crop-based 
aquafeed. Hence, with the exception 
of a few initial years there are distinct 
synergies between more sustainable 
wild fisheries and more sustainable 
terrestrial land use.  

• Current practices in many aquaculture 
systems are associated with serious 
environmental pressure. Priority 
research and development issues to 
address those challenges are: (i) 
alternative crop-based feeds to 
substitute fish-based feed without 
negatively affecting the content of 
omega-3  fats in fish from 
aquaculture; and (ii) systems to 
recycle waste, e.g. by integrating it as 
manure for crop production. 

 

Phosphorus  is supplied mainly from finite 
reserves of phosphate rock. It is 
indispensable for modern agriculture 
needed to feed the billions of people on 
earth, as there is no substitute. Hence, 
strategies to use phosphorus as sparingly 
as possible and to close loops through 
recovery and recycling are important to 
stretch the available  reserves. Such 
measures would also mitigate the serious 
environmental impacts on surface waters 
caused by losses of phosphorus alongside 
nitrogen compounds. Moreover, 
phosphate rock is concentrated in a few 
locations in the world, and North Africa is 
practically the only viable exporter on the 
world market, upon which the EU almost 
entirely depends. Here, the main findings 
are: 
• Phosphorus fertiliser use will almost 

inevitably increase to sustain 
increasing food production in the 
coming decades. This will lead to: 
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- increasing dependence on one 
major supplier of primary 
phosphates (Morocco, northern 
Africa); 

- depletion of easily exploited 
reserves leading to increasing costs 
and impacts of exploration;  

- further eutrophication and 
increasing frequency of harmful 
algal blooms in all the world’s seas 
and oceans, but particularly in the 
Indian Ocean, the Mediterranean 
Sea and the Black Sea, with 
negative consequences for the 
economy, human health and the 
environment.  

• Strategies to improve phosphorus 
efficiency would address the scarcity 
issue and the negative environmental 
effects. Improving animal feed has 
relatively little effect. Recycling 
phosphorus from animal and human 
excreta offer much greater potential. 
Exploring unconventional primary 
sources of phosphate (e.g. from 
seabeds) would address the scarcity 
issue but might aggravate 
environmental issues. 

• Policies could consider: 

- To discourage development of 
livestock production if sustainable 
nutrient recycling is not fully 
accounted for;  

- To adapt legislation to facilitate 
the sustainable reuse of animal 
manure and fertilisers derived from 
human excreta to replace mineral 
fertilisers;  

- To encourage separation (close to 
the source) and separate 
treatment of residential and 
industrial sewage, and of human 
faeces and urine; 

- To accelerate research and 
development for cost-effective 
technologies to concentrate and/or 
separate nutrients from manure or 
sewage; to kill pathogens and to 

detect any remaining potentially 
harmful substances. 

- To help break cultural taboos 
regarding the reuse of human 
excreta. 

 
The longer term prospects for bio-energy 
are mixed. On the one hand, with new 
resources, conversion technology and 
supply chains in place, bio-energy could 
be an important part of climate mitigation 
strategies in the energy sector. On the 
other hand, serious concerns arise over 
the effects on carbon fluxes induced by 
land conversion, on effects on food 
commodity markets and prices, and on 
nature conservation and biodiversity. The 
future role of bio-energy and the 
preferred product/market combinations 
have been shown to differ in response to 
the level of ambition of long-term climate 
targets, and in the assumed severity of 
constraints on expansion of land use 
beyond what is needed to secure food 
supplies for an increasing number of 
increasingly affluent people.  Here, the 
main findings are: 
 
 Land-use- and/or land-cover-related 

sustainability criteria for bio-energy 
production have a substantial effect 
on the total global potential for bio-
energy production. Different 
assumptions regarding such criteria 
partly explain the disparities between 
published estimates of potential 
global bio-energy production. 
Differences in agricultural yield 
projections also contribute to such 
disparities. High estimates of the bio-
energy potential (> 350 EJ) tend to be 
based on optimistic yield assumptions 
and the conversion of large areas of 
natural land. Introducing strict 
sustainability criteria and more 
conservative yield projections may 
reduce such estimates to around 50 
EJ.   

 Within the time horizon of this 
analysis (up to 2050), biodiversity 
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gains associated with climate change 
mitigation per se tend to be offset by 
increased pressure on biodiversity as a 
consequence of increased bio-energy 
production to accomplish climate 
change mitigation targets. Combining 
ambitious climate policy with strong 
sustainability criteria for bio-energy 
production would be consistent with 
efforts to significantly slow down 
biodiversity loss.  

 The TIMER/IMAGE model results 
presented here suggest that assuming 
climate change mitigation policies -
consistent with stabilizing greenhouse 
gas concentration at 550ppm- could 
induce a shift to different types of 
non-fossil energy than bio-energy if 
combined with simultaneous meeting 
of strict sustainability criteria for the 
eligibility of land for bio-energy 
production. The remaining bio-energy 
production may be destined for power 
generation rather than transport.  

 Although not the direct subject of this 
bio-energy study, another finding 
implicit from the analysis is that 
achieving the 2 °C climate target may 
be very difficult to reach without 
allowing for a substantial level of bio-
energy use. As model-based scenario 
studies confirm, of the bio-energy that 
is used in installations with carbon-
capture-and-storage systems, 
substantial amounts are required in 
order to stay below two degrees 
climate warming. The bio-energy 
volumes needed to create sufficiently 
large ‘negative emissions’, a crucial 
condition to meet the two-degree 
target (450 ppm), exceed the 
estimated sustainable supply. 
Therefore, here we used the less 
stringent 550 ppm climate target, 
which is associated with a much lower 
probability of achieving the two-
degree target, the policy goal adopted 
by the EU. 

 

Particularly today and in the coming 
decade, the role of bio-energy warrants 
attention. Therefore, one second bio-
energy issue study in GLIMP focused on 
the time horizon to 2020, applying 
specific analyses. Increasing volumes of 
so-called first-generation biofuels (liquid 
fuels produced from food crops) are used 
within the EU and in several other 
important markets, including the United 
States – and more or less firm plans point 
to much larger volumes by 2020 than are 
used today. These policies will help to 
decrease dependency on oil products, and 
to avoid greenhouse gas emissions at the 
point of consumption. But emissions at 
the point of production can be 
substantial, and the additional demand 
for food crops is bound to have an effect 
on food prices, and to lead to agricultural 
land expansions in many regions of the 
world. This at the expense of natural 
areas, with resulting impacts on 
biodiversity.  
 
Thus, a combined strategy of protecting 
natural areas with higher amounts of 
carbon stored in above-ground biomass 
and soils with using more biofuels shows 
good prospects for a more favorable net 
greenhouse gas balance, and for 
conservation of tropical and temperate 
forests. To fulfill the combined demands 
for food, feed and fuel, however, other 
natural areas will be lost due to expanding 
agriculture. Here, the main findings are: 
 
• Biofuel consumption has increased 

strongly in the EU27 over the last 
decade, and associated imports have 
contributed to land-use change and 
associated environmental problems in 
other parts of the world. 

• Indirect land-use change (ILUC)  
associated with EU27 biofuel 
consumption is estimated to have 
increased from a negligible area size 
(500 km2) in 1998 to between 10,000 
and 18,500 km2 in 2010 (equalling a 
third to half of the Netherlands land 
surface). 
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• Additional carbon emissions from land 
conversions to grow biofuel  
feedstocks are substantial, and 
according to an assessment made in 
2007,  it may take an average 35 
years (range: 12-70 years) for bio-
ethanol, and 50 years (range: 15-106 
years) for biodiesel to offset these 
emissions by reduced (net) emissions 
in the transport sector. 

• To achieve the EU target of a 10% 
share of renewables in transport fuel 
consumption by 2020, production of 
biofuel feedstock in the EU and 
imports from other world regions will 
increase further. Total  global 
foodcrop production (+8%) and crop 
area (+9%) will increase at the 
expense of nature areas, biodiversity 
and carbon stocks in  ecosytems. 

• Other world regions also more or less 
firmly plan to use more biofuels. If 
these plans were to unfold in the time 
leading up to 2020, worldwide 
impacts on foodcrop production, 
nature areas and carbon emissions 
would become more serious. The 
impact that can be attributed to EU 
policies would not change much, if 
biofuel consumption is also increased 
in other world regions. Some 
production shifts will be induced by 
increased competition over resources 
in other parts of the world. 

• The net impact of the assumed high 
worldwide biofuel production on 
Mean Species Abundance (MSA), an 

aggregate measure of biodiversity, for 
all world regions including the EU, 
would represent a loss of about  0.8 
percentage point by 2020. For 
comparison: the total MSA loss 
between 2010 and 2020 in the 
absence of any biofuel policies would 
amount to 2.2 percentage points. 

• To keep the negative impacts of a 
high worldwide biofuel production in 
check, measures to exclude forested 
areas and other carbon-rich biomes 
from agricultural expansions are 
explored using recent model 
extensions. Conserving carbon-rich 
natural areas (as targeted in the so-
called REDD mechanism) look very 
promising in this novel  analysis. Net 
carbon emissions from land 
conversion are very similar to those in 
a situation without any biofuels. 
Losses of tropical and other forest 
areas would be much smaller, but this 
would go at the expense of other 
types of natural land cover, such as 
savanna, scrubland and grassland. 

 
All in all, the GLIMP project represents an 
attempt at organising a science–policy 
interface for strategic issues. It has 
produced a small catalogue of issues that 
would warrant future research, a recent 
and detailed global baseline coordinated  
with the OECD, and three studies 
exploring specific areas of concern. 
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1 Overview  
 
This chapter explains the project and presents its main findings. Section 1.1 summarizes the 
contractual starting point, briefly describes the scene on which the GLIMP project was set and 
provides information that helps understand the considerations and views that shaped the 
project. Section 1.2 presents a special feature of the project’s methodology, namely its scoping in 
terms of issues. Section 1.3 presents the main findings and discusses them.  

1.1 Introduction 
In the last few decades, a broad range of environmental issues has been recognised and has 
entered the arena of policy-making efforts. In policy-making at EU level, the Directorate-General 
for Environment of the European Commission (DG ENV) has always played an important role in 
many areas in different stages of the policy cycle. Within the European Commission, DG ENV 
including the current DG CLIMA has been a source of strategic information on global and long-
term connections.  
 
At the same time, new discussions and issues emerged that widened the geographic scope 
beyond the borders of the EU. In recent years, an unprecedented number of global assessment 
studies were published, all pointing towards challenges at the global scale – old and persistent 
as well as new and puzzling. Most of these link the world’s regions, making them dependent – 
more or less as the environmental expression of globalisation. For example, unexpected side-
effects in other parts of the world presented themselves, indicating that the increasing global 
pressures reinforced the dependency between world regions.  
 
Against this backdrop, this report provides the final account of a novel project commissioned by 
DG ENV. This report follows from the contract ‘Global integrated assessment to support EU 
future environment policies’ (DG ENV Service Contract No. 07.0307/2009/550636/SER/F1A). The 
contract was awarded in late 2009 to the PBL Netherlands Environmental Assessment Agency, 
with the Agricultural economics Institute (LEI) and the Fisheries Centre of the University of 
British Colombia (UBC Fisheries) as project partners. The contract called for the deployment of a 
comprehensive modelling framework able to investigate environmental issues at a global and 
European scale. 
 
The project aims to illuminate precisely this relationship between the EU and other world 
regions, from a global and long-term point of view. Its focus is on issues currently not firmly 
recognised in policy debates. Practically, this was then interpreted as environment-related issues 
whereby actions, or non-action, in the EU have significant consequences elsewhere or where the 
EU needs global partners to effectively address a problem. 
 
Further background that probably influenced the project includes the following.  

• Timing:. The economic crisis was not yet the dominant concern and less centred on the 
Eurozone than by the time the GLIMP project ended. Furthermore, many heavy EU 
policy programmes were coming up for review or equivalent changes, such as the Lisbon 
strategy for jobs and growth, the multi-annual financial framework, and the CAP. The 
flagship initiative on Resource Efficiency would make its entry within a year and gain 
momentum.  

• Climate change and the environmental agenda: GLIMP was commissioned by DG 
Environment. Significantly, in the new European Commission, DG Environment and DG 
Climate Action had just become separate units. Although climate issues would remain 
important to the Commission whatever its internal constellation, this organisational 



10 
 

change meant an interest in issues where climate change and climate policies interact 
with other portfolios, such as land and biodiversity.  

• Earlier projects: the contractor and subcontractors served in many of the recent global 
outlooks, from design to delivery. No less than four worldwide outlook studies had been 
published the year before, including the OECD Environmental Outlook (OECD, 2008) and 
the UNEP Global Environment Outlook 4 (UNEP, 2007). For the GLIMP project, the 
experience gained from such multi-scale, quantitative approaches and tools provided a 
good starting position. 

 
GLIMP ran for two years. The following timeline mentions one feature per six months. 

First half 2010: scoping phase added and carried out 

Second half 2010: baseline implementation and analysis 

First half 2011: continued redefinition of issue studies; start of issue studies 

Second half 2011: continued analysis of issue studies; second revision of the work 
programme, inter alia redefining the issue studies related to bio-energy and to climate 
change impacts, and removing the issue studies scheduled to come last.  

 
Chapter 1 of the report describes the main steps and considerations that shaped the project. 
Besides the factual outcome reported here, the process might yield interesting insights in  how 
to organise the science-policy interface for problem areas that are as yet only moderately 
structured. For this reason, too, the next two sections summarise background and main steps in 
the evolution of the project. In particular, this part of the report provides an account of the up-
front scoping phase to identify what issues could be imagined, and which ones warrant further 
investigation on the basis of a set of selection criteria.  
 
Chapters 2 to 5 present the results of four issue studies, out of the nearly forty topics that were 
initially considered. The studies in these chapters  include a ‘no new policies’ baseline and issue 
studies on future scarcity of natural resources, using phosphate and fish as examples, as well as 
on various aspects of biomass use for energy. While ample model-based analyses are around for 
these issues, in particular for bio-energy, the added value of these GLIMP studies lies in their 
consistent global view on the EU and in less conventional settings in the model framework.   
 
Obviously, important limitations of the GLIMP exercise must be considered when reading this 
report. For example, although aimed at moving beyond the conventional assumptions and 
questions, the studies presented here mainly look at well-established and widely discussed 
topics. This is primarily due to the requirement that they be quantified using a robust set of 
consistent models. Another limitation is that the GLIMP project was not meant to cater for a 
plurality of views beyond those of the steering group.  
 
In general, the Baseline developments and the alternative pathways explored in the issue 
studies do confirm that there is ample justification for including longer-term, large-scale (up to 
global) and integral analyses in ex-ante policy analysis. The EU plays an important role in 
pressures on natural resources including climate, biodiversity and environmental quality in other 
world regions. Moreover, policy proposals cannot be imagined to be effective or efficient if only 
EU member states would act. Finally, policies aiming to reduce a specific problem may well have 
(unintended) negative side-effects on other issues, other world regions and/or in the longer 
term.  
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1.2 The project’s scope 
The call, proposal and contract aimed to provide support to development of environmental policies 
for recognised issues on the current policy agenda, but also on (potentially) emerging issues not 
(yet) on the agenda.  Early on in the inception phase it proved that striking a proper balance in issues 
to pursue in the project was not straightforward. At the time of the kick-off meeting, emerging and 
to date underemphasised issues of potential significance for strategic thinking on environmental 
issues at the Commission were confirmed as the key dimension1. Accordingly, a comprehensive 
scoping phase was added to the project as a deliverable in its own right2.  

 
Support, if necessary, with the GLIMP toolbox for the Commission’s needs related to the current 
policy agenda remained a secondary purpose of GLIMP. Obviously, such more immediate work 
would have a different feel than the more strategic explorations. 
 
Given this requirement to considerably expand the topical area into issues not yet firmly on the 
policy agenda, a relatively large effort went into defining the issues to be studied in GLIMP and 
devising analytical plans to address them. Discussions in the steering group were very helpful in this. 
 
Defining the plan of work followed four successive steps, in principle: 

1. scoping the topical width and depth of the programme of work; 
2. programming the baseline and the selected issues: in what sequence would the issues be 

studied and approximately what analytical capacity would be allocated to each of them;  
3. outlining of each issue study: leading questions, scenarios and cases, models, time frame, 

indicators, key terminology; 
4. testing the model–scenario combinations. 

 
Annex II provides an overview of the evolution of GLIMP in terms of issues considered during the 
work programme. 
 
Scoping: widening up, narrowing down 
The scoping had to identify new or currently underemphasised issues of strategic importance for DG 
ENVs position and from these, select five issues as the topic of the GLIMP issue studies.  
 
As a start, PBL staff identified nearly forty environment-related issues that potentially would fit this 
description. They based this on their contributions to worldwide environment outlooks over the past 
two decades [Kok 2008]. These issues were considered to be relevant for one or two of the following 
reasons:   

• the consequences of EU policies (or lack of policies) would have a significant impact 
elsewhere on the globe; or:  

• the EU would experience a problem and would need significant cooperation elsewhere on 
the world in order to address it. 

Of these, 33 issues were found interesting and potentially relevant enough to take on board in the 
remainder of the scoping exercise. Box 1.1 lists the various issues considered and  Annex I provides 
short descriptions. 

                                                      
1 Specified as follows: DG ENV would like to see more suggestions for topics to be explored outside the current policy 
agenda. For example, would ongoing urbanisation decrease or increase the net global demand for land for production? 
2 Specified as follows: From the suggestions tabled in the inception report, most are welcomed and merit 
elaboration/clarification so that they can be understood by an independent reader. Some  specific comments are recorded 
in this report. PBL will expand the menu of issues (more issues; a fuller description of those retained including a description 
of important limitations in the possibility for model-based analysis of these issues). The elaboration of suggestions will 
constitute a product on its own. [Report of the GLIMP Inception meeting. Brussels 22 February 2010.] 
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In order to determine whether each of the 33 issues was more or less appropriate for consideration 
in GLIMP, a set of criteria was developed (Box 1.2).  Using these criteria, the scope was narrowed 
down in two rounds to eventually five issues plus a ‘no new policies’ baseline. The original discussion 
document is attached to this report as Annex I and the resulting choices can be followed in Annex II.  
 
Unsurprising, the scope of the project issues tended towards the more conventional, as the issues 
had to be tractable with the model infrastructure contracted (Box 1.2, criterion 4). For example, 
‘trade and resource effects of the disappearance of North Pole ice’ was immediately discarded. 
 
Overall, the emphasis shifted in favour of biophysically defined issues and away from matters of 
governance or process. Rather, novelty would lie in the questions asked and the band-with explored. 
For example, the question whether REDD measures could help to shorten the ‘carbon pay back time’ 
of biofuels. While REDD as well as biofuels have been studied extensively, this connection seems 
new to investigate. It is potentially relevant and timely in the EU, in the light of discussion on direct 
and indirect land use change from bio-energy production.  
 
As a potentially useful spinoff, brief descriptions of the not selected issues are provided in Annex III 
along with their assessment against the selection criteria.  In the view of the GLIMP steering group, a 
different project, with a different toolbox, could well address some of these issues. 
 
Programming the selected issue studies 
Notwithstanding the shift in focus towards new issues, GLIMP kept its set-up consisting of a baseline 
and five separate issue studies. The work programme resulting from the scoping phase in May 2010 
featured the following studies: 

• Agricultural and trade policy reform 
How could  agricultural production and related environmental pressures change in the main 
world regions? 

• Climate change and climate change policy related Impacts on land use, ecosystems, 
biodiversity and water availability  
Which impacts could be expected from climate change, and what would be the feedback on 
land-use mitigation potential? 

• Biomass use for energy, fuel, other uses 
What could be the role of bio-energy in different sectors, in the longer term, up to 2050, 
under varying sustainability induced production constraints? 

• Animal proteins from land and sea 
How could the supply of animal proteins expected to develop, in the future, given dietary and 
production possibilities on land and in water? 

• Forests and forestry 
How could supply and demand of forestry products develop in a more efficient way, with 
more attention for biodiversity and nature conservation? 

• Baseline – to be coordinated with the OECD 
How will the world economy develop with respect to energy and food supply and demand, 
land cover and land use, and associated emissions and impacts on the natural environment? 
 

In the course of the GLIMP project, two revisions were applied in order to adapt the work 
programme to changing circumstances. In November 2010, changes were made to better reflect the 
emergence of resource efficiency as an overarching theme in EU policy. As a result, scarcity of 
natural resources would be explored in a two-in-one study on fish and phosphate. In order to make 
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room for this, animal protein from land and sea was removed from the work programme3. In 
October 2011, discussions on the relation between various bio-energy related studies were 
consolidated, resulting in the studies now reported in Chapters 4 and 5. Moreover, the planned 
study on the impacts of trade and agricultural policies reform was dropped, because aspects of 
water availability could not be fully integrated. The latter, in turn, rested on a quality judgment by 
PBL that its new water module (LPJ water) was not yet mature enough to handle feedback from 
water availability on agriculture in the scenarios proposed for GLIMP. Last but not least, the study on 
forests and forestry was dropped due to the two year time restrictions of the project. 
 
Outlining the studies 
The development, in interaction with the Commission and the steering group, of concrete outlines 
for each of the selected issue studies or replacement studies, proved to be an interesting and 
labour-intensive undertaking.  
 
On the one hand, outlining involves developing an analytical scheme, including lead question, 
scenarios and so forth, and testing whether model results would be understandable and robust. On 
the other hand, it involves checking the respective ideas on the relevance of not-yet existing results 
and assessments yet to be written. Some of the issues took three rounds of outlining and still did not 
lead to convergence. Nevertheless, four out of six studies (issue studies and baseline) can be 
reported here.   

 

                                                      
3 At the same time, a separate fast-track study by PBL on resource efficiency was placed in a contract complementary to 
GLIMP [Berg, 2011]. This study is not reported here because it is contractually separate.  
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Box 1.1 Issues considered during the GLIMP project, including scoping 
  Over the duration of the GLIMP project the following issues were considered. For simplicity, this list quotes the most 

recent definition of each issue. Annex II provides an overview of how these issues were defined and refocused over the 
various stages of the project, as well as a table containing brief descriptions and results for the issues elaborated. 
 

• No new policies 
• Agricultural and trade policies reform 
• Water quality restrictions on agricultural intensity 
• Food & feed dependencies and vulnerabilities 
• Impacts on land-use, ecosystems, biodiversity and water availability of climate change and climate change 

policies 
 

• Mitigation and development collaboration 
• Role of CDM in climate policy 
• Bio-energy prospects in the longer term 
• Biofuels and land use to 2020 
• Waste water treatment, nutrient loading and phosphorus recycling 

 
• Exploring instruments for biodiversity protection, e.g. via a ‘land conversion tax’ 
• Environmental effects and trade-offs of sustainable forest management options 
• Impacts on marine resources of shifts in the priorities in catch fisheries and of consumption scenarios 
• Animal protein from land and sea 
• Energy from Sahara  (and Sub-Saharan Africa) 

 
• Scarce key resources: phosphates and fisheries 
• Depletion of  oil & gas resources 
• Aging population adding to environmental concern 
• Achieving post 2015 MDG goals 
• Urbanisation & deforestation 

 
• Trade & resource effects from polar ice melt 
• Climate, air quality and short-lived gases 
• Ecosystem collapse leading to migration 
• Options to influence the volume and composition of consumption in the EU  
• Decision-making with imponderabilia 

 
• Global safe landing scenario – EU leading the way 
• New substances (e.g. nano compounds, animal medicines) 
• Financial incentives for population growth 
• Back casting instead of forward looking scenarios 
• Waste exports 

 
• Mega EU extension (Turkey, Eastern Europe including Ukraine, Mediterranean) 
• Large, consumer responsive retailers as instrument of change 
• Agriculture intensity level in relation with ecosystem goods and services (maximising some, or optimal mix) 
• EU resource efficiency options in relation to land and water footprint 
• Human alteration of the nitrogen cycle: problems, where, causes 

 
• Port cities: what clusters in EU will be particularly influenced by globalisation 
• Agriculture key options: trump cards held by the EU for feeding 9 billion 
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Box 1.2 Criteria for selecting GLIMP issues from the initial set 

 
 

1.3 Main findings and discussion 
A catalogue of issues to explore  
One theme throughout the GLIMP project has been the balance between conventional and 
unconventional issues. For example, in  the scoping phase, although based on the experiences and 
know-how of producing well-established global outlooks, many unconventional issues. were 
considered.  For example, potential global diffusion of new substances such as nano-products. In 
contrast, the ‘no new policy baseline symbolises conventional thinking and conventional issues. This 
is so even though the size, rate and scale of some changes are staggering – for example, the 
combined impact of demographic, dietary and climate changes. 
 
The scoping phase identified a score of future environment-related issues for which significant 
effects outside could be anticipated from measures taken, or not taken, in the EU. Or, EU-felt 
problems for which the EU would require significant collaboration elsewhere in order to reach a 
solution. Impacts outside the EU could take different forms, such as trans-boundary impacts from EU 
activities (air and sea/ocean pollution, climate change), resource use and impacts from imported 
goods. Obviously, impacts would depend on – inter alia - local conditions; adequate pricing; type and 
modalities of policies and measures; supporting or compensating policies and measures.  
 
The nearly forty issues on the long-list (see Box 1.1)  can be grouped in three broad categories: 
 

(1) Issues recognised in current policy discussions, but requiring deeper digging to adequately 
appreciate strategic implications for the EU. For example:  assessment of a wider range of 
regional climate change impacts – not constrained to ‘normal’ model settings. Or, the 
potential contribution of forests and forestry to biodiversity and climate problems . 

(2) Novel approaches in governance, for example by linking issues. Such as, a reinvestigation of 
the role of CDM in climate policy bearing in mind local environmental co benefits. 

(3) ) Unstructured problems, that is: problems with relatively little consensus from a point of 
view of values and little consensus from a point of view of science., the environmental and 
resource implications from a hypothetical mega extension of the EU, including Turkey, 
Ukraine and South-Mediterranean countries. 

 

 
1. Environmental significance, considering the following aspects:  

• Magnitude of the risk involved;  
• Immediate salience (urgent) vs. long-term importance (strategic);  
• Geographical scale of the problem;  
• Complexity of the issue and possibility to identify and to isolate key drivers;  

2. Novelty: 
• To what extent is the problem known already?  
• To what extent has the problem and its drivers been analysed quantitatively before?  

3. To what extent is the problem, or its drivers or solutions, controversial and would require further 
assessment? 

• Can the assessment be instrumental to provide a platform for discussion in case of opposing views 
and stakes? 

4. Main limitations / Feasibility of performing the quantitative assessment: 
• Data availability and reliability;  
• Suitability of the proposed modelling infrastructure;  

5. EU-policy relevance: 
• Including considerations on the easiness to develop regulatory solutions;  

6. To what extent have solutions already been identified and policy recommendations formulated? 
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Baseline  
The baseline projects a world of no new policies, even if that is not plausible or desirable. Although 
the projected scenario is unconventional; for example, in the shift of economic activity to the East 
and South, the effects of China’s population aging and the growth of the global middle class, it 
addresses conventional issues.  

Striking features within this ‘conventional’ baseline include for example: electricity use in the BRIICS 
(the emerging economies: Brazil, Russia, India, Indonesia, China and South-Africa) surpassing their 
coal use already by 2020; wide differences in climate impacts between the world’s latitudes with the 
largest changes falling on countries in the Northern hemisphere; and the combined impact of 
agricultural practices and expansion, climate change and regional population growth aggravating 
water stress issues. Beyond its use as a necessary reference for the GLIMP issue studies, the baseline 
can be a particularly useful tool for other Commission studies, one of its virtues being that it is 
carefully coordinated with the OECD environmental outlook to 2050, to appear in March 2012. 

 
Scarce resources 
Increasing marine fishing efforts, in line with historical trends, will lead to rapidly declining stocks 
and declining catches. Even if fishing efforts are frozen at the current level, stocks will be depleted 
further and catches will decline. The FAO Fishing regions that are most under threat are the Atlantic 
Ocean and the Mediterranean Sea and Black Sea. Large fish species, including commercially 
attractive tuna, cod, salmon, haddock and halibut, will be most strongly affected.  

Reducing fishing efforts can lead to a quick ecological response in terms of recovery of stocks of 
most species. Moreover, if effort levels are kept low, within a 10 year period catches can increase to 
higher levels as compared to a situation with effort levels frozen or increased relative to current 
trends. Hence, reducing fishing efforts offer a clear synergy between environmental and long-term 
economic benefits. 

In any case, over the coming decades most of the projected increase in fish consumption will have to 
come from aquaculture. Increased wild catches in a scenario with reduced marine fishing efforts 
implies less need for fish from aquaculture and hence less demand for crop-based aquafeed, a 
distinct synergy between more sustainable fisheries and less terrestrial land use after an initial 
adjustment period. 

Current practices in most aquaculture systems are associated with serious environmental pressures. 
Priority research and development issues to address those challenges are: (i) alternative crop-based 
feeds to substitute fish-based feed without negatively affecting the content of omega-3 fatty acids in 
fish from aquaculture; and (ii) systems to treat wastewater and recycle waste, e.g. as manure for 
crop production. 

 

Phosphorus fertiliser use will almost inevitably increase in order to sustain increasing food 
production in the coming decades. This will lead to increasing dependence on one major supplier of 
primary phosphates (Morocco, northern Africa) and to depletion of easily exploited reserves driving 
up production costs and impacts of exploration.  

On the use side, more eutrophication and increasing frequency of harmful algal blooms is likely in all 
the world’s seas and oceans, but particularly in the Indian Ocean and the Mediterranean and Black 
seas; with negative consequences for the economy, human health and the environment.  

Strategies to improve phosphorus efficiency would address the scarcity issue and the negative 
environmental effects. Recycling phosphorus from animal and human excreta offer much greater 
potential.  
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Governments could consider to: 

• discourage development of livestock production if sustainable nutrient recycling is not in 
place;  

• adapt legislation to facilitate the sustainable reuse of animal manure and fertilisers derived 
from human excreta to replace mineral fertilisers;  

• encourage separation (close to the source) and separate treatment of residential and 
industrial sewage, and of human faeces and urine; 

• stimulate research and development for cost-effective technologies to (i) concentrate 
and/or separate nutrients from manure or sewage; (ii) kill pathogens;  and detect any 
remaining potentially harmful substances. 

• help break cultural taboos regarding the reuse of human excreta. 

 
Bio-energy prospects in the longer term 
Land use and land cover related sustainability criteria for bio-energy production will have a 
substantial effect on the global potential for bio-energy supply. This would be criteria in the spirit of 
the current EU policy but broadened and extended to all uses and the longer term. Different 
assumptions regarding such criteria partly explain the disparities between published estimates of 
potential global bio-energy production. Differences in agricultural yield projections also contribute 
to such disparities. High estimates of bio-energy potentials (> 350 EJ per year) tend to be based on 
extremely optimistic yield assumptions and the conversion of large areas of natural land. Introducing 
strict sustainability criteria and more conservative yield projections can reduce the estimate to 
approximately 50 EJ per year.   

Within the time span of this analysis (horizon 2050), biodiversity gains associated with climate 
change mitigation tend to be offset by an increased pressure on biodiversity as a consequence of 
increased bio-energy production to mitigate climate change. Combining ambitious climate policy 
with strong sustainability criteria for bio-energy production would be required to significantly slow 
down biodiversity loss.  

The TIMER/IMAGE model results presented here suggest that  any remaining bio-energy production 
may tend to be destined for power generation rather than for transport. 

Note: application of large volumes of bio-energy in combination with carbon dioxide capture and 
storage (Bio CCS) constitutes the primary option for energy production with negative emissions. This 
feature is crucial in many assessments of stringent mitigation strategies, such as needed to meet the 
EU two-degree target. As confirmed by model studies,  this target is  not compatible with severely 
constrained biomass supply. Hence a less stringent climate target of 550 ppm CO2-equivalent 
atmospheric concentration was assumed in the analysis. 

 
Biofuels and (indirect) land-use change, history and projections to 2020 
Although many uncertainties remain, an analysis of the development of biofuel use in the EU over 
the last decade indicates that the production of feedstocks has led to increasing impacts on crop 
production and international trade. Directly or indirectly these changes are associated with effects 
on land-use related greenhouse gas emissions, as well as on natural areas and biodiversity in other 
world regions. 

Given the adopted EU policy to produce 10% of transport fuels from renewable resources, 
consumption of biofuels is bound to increase further until 2020, causing increasing impacts. Policies 
aiming to reduce deforestation (REDD) and preserve other landscapes with  large carbon stocks in 
above-ground biomass and in soils show very good prospects to keep additional carbon emissions in 
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check, at the same time as protecting tropical and temperate forests and other natural ecosystems. 
Obviously, this will have to go at the expense of other, less carbon-rich natural areas. 

This issue study finds that Biofuel consumption has increased strongly in the EU27 over the last 
decade, and that associated imports have contributed to land-use change and associated 
environmental problems in other parts of the world. Indirect land-use change (ILUC)  associated with 
EU27 biofuel consumption is estimated to have increased from a negligible area size (500 km2) in 
1998 to between 10,000 and 18,500 km2 in 2010; one third to half of the Netherlands land surface. 
And additional carbon emissions from land conversions are substantial. It may take an average 35 
years (range: 12-70 years) for bio-ethanol, and 50 years (range: 15-106 years) for biodiesel to offset 
these emissions by reduced emissions in the transport sector. 

To achieve the EU target of a 10% share of renewables in transport fuel consumption by 2020, 
production of biofuel feedstock in the EU and imports from other world regions will increase further. 
Total  global foodcrop production (+8%) and crop area (+9%) will increase at the expense of nature 
areas, biodiversity and carbon stocks in  ecosytems. 

Other world regions also more or less firmly plan to use more biofuels. If these plans were to unfold 
up to 2020, worldwide impacts on foodcrop production, nature areas and carbon emissions would 
become more serious. The impact that can be attributed to EU policies would not change much, if 
biofuel consumption is also increased in other world regions.  

The net impact of the assumed high worldwide biofuel production on Mean Species Abundance 
(MSA), an aggregate measure of biodiversity, for all world regions including the EU, would represent 
an additional loss of about  0.8 percentage point by 2020, while the total MSA loss between 2010 
and 2020 in the absence of any biofuel policies would amount to 2.2 percentage points. 

To keep the negative impacts of a high worldwide biofuel production in check, measures to exclude 
forested areas and other carbon-rich biomes from agricultural expansion are explored using recent 
model extensions. Conserving carbon-rich natural areas (as targeted in the so-called REDD 
mechanism) look very promising in this novel  analysis. Net carbon emissions from land conversion 
are very similar to those in a situation without any biofuels. Losses of tropical and other forest areas 
would be much smaller, but this would go at the expense of other types of natural land cover, such 
as savanna, scrubland and grassland. 

 
Discussion 
Important limitations must be considered when reading this report. For example, although aimed at 
moving beyond the conventional assumptions and questions, the studies presented here all remain 
relatively close to well-established and widely discussed topics. This is primarily due to the 
requirement that they be quantified on the basis of a robust set of consistent models. A related 
limitation is that the GLIMP project was not meant to cater for a plurality of views beyond those of 
the steering group.  

Although GLIMP eventually homed in on issues to be analysed with the toolbox as commissioned, 
the larger harvest of the scoping may constitute at least the beginning of an agenda for strategic 
analysis. Surely, the list of issues produced can be expanded. Conceivably, different tools than had 
been commissioned for GLIMP would have to be employed - in particular to explore aspects of 
governance, risks and resilience. 

After the broad-ranging initial inventory, yielding close to 40 suggested topics, the three issue 
studies reported here remain relatively close to well-established and widely discussed subjects and 
aspects. Arguably, the integrated approach followed to analyse them still implies that new insights 
are extracted, or qualitative arguments are underpinned and put in perspective through quantitative 
analysis. 
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The Baseline developments and the alternative pathways explored in the issue studies do confirm 
that there is ample justification for including longer-term, large-scale (up to global) and integral 
analyses in ex-ante policy analysis. The EU plays an important role in pressures on natural resources 
including climate, biodiversity and environmental quality in other world regions. Moreover, policy 
proposals can either not be imagined to be effective or efficient if only EU member states would act. 
Finally, policies aiming to reduce a specific problem may well have (unintended) negative side-
effects on other issues, other world regions and in the longer term.  

It is important to note that in the Baseline, against which the issues are set, key uncertainties 
surround the quantification. As just one example, the rapid growth experienced in emerging Asian 
economies in the last decades, is assumed to be repeated in a less drastic form in Sub-Sahara Africa. 
Although there can be no discussion about the potential for growth in that part of the world, it 
remains uncertain whether or not that potential will materialise and in what timeframe, and current 
observations do not necessarily continue into the future. In addition, it remains uncertain if and by 
when the current economic crisis will be turned into renewed and lasting growth. Furthermore, a 
large amount of uncertain factors surround development and deployment of enhanced technology, 
vital to associated future resource use and environmental impact of human development. Here, one 
out of a range of possible futures was selected to serve as background. 

Similarly, for each of the issues selected for analysis reported, a wide range of views exist, and data 
are often incomplete or inconclusive. Besides, the wish to analyse the issues with use of well-
established and proven models introduced important limitations for exploration of problem areas 
that are as yet only moderately structured. As an example, modelling of agriculture as main driver of 
land-use changes currently relies on modelled behaviour of single agents. In real life, low-resource 
farming for local markets exists alongside modern, well-managed production of commodities for 
international markets. 

Ample attention and time was given to develop and apply a set of criteria to select issues from a 
long-list of ideas and suggestions. Yet, it is not inconceivable that a different formulation or different 
weighting of criteria would not e lead to different choices. This is of particular relevance when noting 
the shifts in focus of EU policy discussions in the course of the GLIMP project, which resulted in a 
strong focus on resource efficiency as a leading concept, also for long-term strategic thinking.  

The experience in outlining the issue studies is perhaps a good topic to focus on when reflecting on 
GLIMP as an attempt for a new type of interaction between science and policy. It seems that the 
ambition to explore new issues requires new mechanisms of control, too. 
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2 Baseline Outlook to 2050  

2.1 Introduction  

This chapter presents the baseline results of the GLIMP project. The baseline is a reference case to 
be used for exploring emerging environmental risks and the effects or cost of policy inaction. It is 
based on the April 2011 preliminary version of the OECD Environmental Outlook 2012. In line with 
the OECD practice, the Baseline is strictly a ‘no new policies’ scenario which implicitly assumes no 
future policy responses at all beyond what is currently accepted and instrumented, or already in 
place. In this interpretation even firmly planned policy initiatives (new, prolonged and/or intensified) 
are excluded unless they are already in place and enforced by some form of ruling. For the EU this 
implies that, the current Emission Trading System (ETS) is not prolonged after 2020 and the Common 
Agricultural Policy continues in its present form, yet with the milk quota being abolished in 2013. 
Also outside the EU, taxes, subsidies and trade regulations continue in their present form. Energy 
policies that are very likely to become fully instrumented are included in the baseline. Hence, the EU 
Directive on Renewable Energy Sources (EU RES-D) is considered as a baseline development in 
energy policy4. The baseline therefore is free of surprises and breaks in trends. Hence, no provision 
of sudden, unforeseen excursions from gradual trends like economic or political crises, or price 
spikes; no capturing of regular business cycles and volatile price movements is considered. In this 
sense, the baseline is distinctly different from Reference cases elaborated for more directly policy 
oriented analyses. The baseline is therefore not necessarily the most plausible scenario. Its aim is to 
enable strategic orientation and to permit credible policy positions in the context of the EU 2020 
strategy as well as reflections on EU 2050. The objective is putting the spotlight on potential policy 
issues, not on the baseline assumptions themselves.  

An analysis of the baseline scenario focusing on key developments and environmental implications is 
provided in the following sections. The key baseline assumptions are provided in Box 2.1, while 
Annex V gives an overview of the modelling assumptions in general. 

 

Assumptions on development of population and economy  
Box 2.1: Baseline assumptions 

Baseline key drivers and policy assumptions: 

- Population: adopted from the 2008 UN Median population projection, aggregated from the original country 
level to the 24 region level 

- GDP per capita and (main) sector composition of GDP: adopted from the OECD Environment Outlook 2050 
projection.  

- Trade regimes: unchanged from current WTO rules, embedded in economic modelling 
- No new environmental and agricultural policies after 2010 (climate policy only for 1st Kyoto period; EU-CAP 

only including amendments in force today; renewable energy target  for 2020 and beyond only implemented 
for the EU; outside the EU; biofuels only the current target, no extension) 

- Technological progress: following historical trends and exogenous assumptions based on projections from 
authoritative sources such as IEA (energy) and FAO (agriculture). 

- Labour productivity of the 24 world regions is assumed to converge in all sectors by 2050 towards the current 
long-term average of the OECD countries. 

                                                      
4 This was a decision made at OECD which PBL agreed on, in the interest of consistency within the outlook analyses. 
Further, the energy projections have been calibrated to the World Energy Outlook 2009 which contains all energy policies 
that are judged very likely to become reality in the near future. Considering current practices, we considered the EU 
Directive on Renewable Energy Sources (EU RES-D) as a baseline development in energy policy. 
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Population projections 

The global population increased from 3.8 billion to 6.1 billion between 1970 and 2000. For the 
coming decades, further population growth is projected, reaching 9.1 billion by 2050. The strongest 
increase has occurred – and is projected to occur – in Africa and Asia (Figure 2.1). 

 
Figure 2.1. Population development between 1970 and 2050 for world regions. 

GDP projection 

The OECD baseline projects a globally averaged GDP per capita growth from approximately USD 
6,460 to USD 19,840 in the 2000–2050 period, i.e., a more than three-fold increase. Projected 
growth numbers are the largest for India and China while being the lowest for North America, 
Western Europe and Oceania (Figure 2.2), which, however, remain on top.   

At sectoral level, the strongest economic increase is projected for the industrial sector; largely driven 
by economic development in Eastern and South-Eastern Asia. The service sector has been the largest 
per capita contributor to the global GDP since 1970 and is projected to remain so until 2050 (Figure 
2.3). 
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Figure 2.2. Development of GDP per capita between 1970 and 2050. 

  
Figure 2.3. Projected global value added for service and industrial sector. 

2.2 The energy system, driving forces and related emissions 
Energy consumption 

Secondary energy5 consumption is projected to increase from 270EJ in 2000 to 557EJ by 2050 which 
can be mainly explained by the projected strong economic growth in developing countries and 

                                                      
5 Secondary energy is defined as primary energy sources that are converted to types of energy that can be directly used by 
the consumer (e.g. electricity, refined fuels). They are also called energy carrier. 
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emerging economies. Yet, global energy consumption shows a clear break in 2008-2010 as result of 
the global economic crisis. The projected global increase is larger than for the 1970–2000 period, 
considering, on the one hand, the global energy crisis of the 1970s and the Asian crisis in 1997–1998, 
and the projected economic growth, on the other. Energy consumption in Europe (Western and 
Central Europe) is projected to increase from 50EJ in 2000 to 60EJ by 2050, which is only exceeded in 
the United States and, from 2010 onwards, in China. 

Globally, the market share of energy carriers is expected to shift from coal and oil towards natural 
gas, biofuels and, especially, electricity (Figure 2.4). However, the course of this shift can differ 
between countries. For example, BRIICS and OECD countries are projected to increase their 
industrial energy use that is produced from coal until 2020 and 2030, respectively, before coal 
consumption decreases again, while the industrial sectors in the rest of the world (ROW) show a 
continuous increase in energy consumption produced from coal (Figure 2.5).  
Total electricity consumption (i.e., for industry, transport, residential and other uses) in BRIICS is 
projected to overtake coal consumption in approximately 2020. In OECD countries electricity has 
been the main type of final energy consumption since 1975. Coal consumption has been playing a 
minor role in the rest of the world, largely due to limited access to coal resources, and is also 
projected to remain at a low consumption level in the coming decades. Natural gas and electricity 
demand are projected to experience strong growth rates leading to the lion share in energy use in 
2050. 
 
 

 
Figure 2.4. Global market share of secondary energy carriers. 
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Figure 2.5. Secondary energy use by the industrial sectors in OECD, BRIICS and ROW. 
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Electric power production 

A clear trend towards less coal and more natural gas as source for electric power production is 
expected. Globally, coal reaches its maximum market share of 58% in 2017 but is projected to 
decrease from then on to 52% in 2040. By 2050, 56% of all electric power is expected to be gained 
from coal. Natural gas increases its market share from 22% in 2000 to 27% by 2035, but will decline 
to 23% by 2050. Oil will almost disappear from the power sector assuming a continuation of the high 
oil prices. The expected shift from coal to natural gas for electricity production is stimulated by low 
investment costs, high efficiency of electricity production and comparably low environmental 
impacts. Yet, the shift discontinues after 2035 as energy production from coal is expected to become 
cheaper due to large resources of coal compared to the limited resources of natural gas. Non-fossil 
electricity generation is projected to increase from 15% in 2000 to 20% by 2050, with the largest 
contributions coming from solar and wind energy, hydropower and biofuels. Despite this increase in 
non-fossil fuels, fossil fuels will remain the main resource for electricity production over the entire 
period. 

Substantial deviations from the global picture can be observed at country level. Chinese electricity 
production in 2000 was 87% based on coal while only 5% of the power generation inputs came from 
non-fossil fuels. Although for Chinese power generation, a trend comparable to the global one is 
projected for the coming decades, with coal remaining by far the largest resource for electricity 
production, with 70% by 2050, and non-fossil fuels accounting for 12% (Figure 2.6). The dominant 
position of coal is mainly driven by the large domestic coal supply in contrast to the limited natural 
gas supply, low level of environmental regulation, as well as low costs of electricity production from 
coal.   

In Western Europe, the increase in natural gas as a resource for power generation observed in 
recent years, is projected to continue until 2020. Despite this increase, coal is projected to be the 
main resource for power generation until 2050 (Figure 2.6). The increase in coal at the expenses of 
natural gas from 2035 onwards, can be explained by the assumed high gas prices as a consequence 
of the limited natural gas resources. 

Greenhouse gas emissions from the energy sector 
Under baseline assumptions, global GHG emissions from energy production and consumption are 
projected to more than double, from 7 Pg C/yr in 2000 to 14.4 Pg C/yr by 2050, which reflects the 
anticipated economic growth (Figure 2.7). The majority of these emissions stem from fuel 
combustion to enable electricity generation, transportation, and industrial processes. More than 
90% of the current and projected future equivalent GHG emissions come from CO2. Energy-related 
emissions from European countries are expected to increase only a little, from 1.2 to 1.3 Pg C/yr 
between 2000 and 2050. For the same period, equivalent CO2 emissions are projected to increase 
from 2.3 Pg to 7.6 Pg C/yr in the BRIICS countries, and from 1.0 to 3.1 Pg C/yr in the rest of the 
world. 
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Figure 2.6. Share of primary inputs for electric power production in Western Europe and China. 
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Figure 2.7. Global equivalent CO2 emissions from the energy sector 

2.3 Land cover/use and agriculture, driving forces and related emissions 
Land cover/use  
Globally, the largest land cover changes are projected to be related to agriculture and forestry. The 
agricultural area is projected to increase from 38 m km2 to 43 m km2 by 2020 before it shrinks again 
to 40 m km2 by 2050 (Figure 2.8). This projected shrinkage is due to an assumed increase in 
agricultural productivity in many regions, together with a reduced population growth. The area for 
the cultivation of bio-energy crops is projected to expand by a factor of eight, from 130,000 km2 to 
1.1 m km2. Further expansion is projected for forest regrowth (+50%) and for temperate deciduous 
forest (+16%).  

Agricultural expansion occurs largely at the expense of natural vegetation and secondary forests and 
by bringing back land (which was either set aside or economically not viable) to cultivation. The area 
of scrubland is projected to decrease by more than 20% under baseline conditions. Tropical forests 
and warm mixed forests would decrease by 13% and 26%, respectively. The largest threat for these 
forest biomes is, next to agricultural expansion, timber production. Savannas, which in 2000 covered 
approximately 8 million km2, are projected to decrease by more than 30% until 2050. Changes in 
precipitation and temperature (e.g. Sub-Saharan Africa), logging (e.g. Australia) and grazing (e.g. 
Southern Africa) are the main drivers of the strong decline.  
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Figure 2.8. Global land cover changes between 1970 and 2050. 

Agricultural area and production 
The projected population growth to up to more than 9 billion people by 2050, alongside strong GDP 
growth per capita in developing regions, imply an increasing food demand which poses a challenge 
for agricultural production systems across the globe. Between 2000 and 2050, the area needed for 
cultivating food crops, fodder crops and domestic livestock farming will have increased from 49 m 
km2 to 51 m km2 with a peak of 54 m km2 in 2020. Regions that are projected to face a strong 
expansion of cropland used for feed and fodder production, between 2000 and 2050, are Southern 
Africa (+50%), Western Africa (+37%) and Turkey (+77%). In contrast, a remarkable shrinkage is 
projected for Central Asia (-21%), Japan (-44%), Russia (-15%) and China (-16%). 

Total food crop production for food and animal feed is projected to increase from 3.1 Gt in 2000 to 
5.7 Gt by 2050 (Figure 2.9). Despite a shrinking agricultural area after 2020 production of food crops 
is projected to increase further, however, with smaller growth rates than in the period before.  

Production of animal products is projected to show the strongest increase until 2030, to feed a 
growing and more and more wealthy population. Global animal production will almost double 
between 2000 and 2050 (Figure 2.10). In Africa and Southeast Asia, production of animal products 
will increase at least three-fold over the same period, mainly as a consequence of increased 
domestic demand. 
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Figure 2.9. Total food crop production between 1970 and 2050 per region. 

 

 
Figure 2.10. Total animal product production between 1970 and 2050 per region. 

 

Greenhouse gas emissions from land use 
Under baseline assumptions, global land-use-related CO2 emissions are projected to peak in 2015 
with 1.7 Pg C. The main sources of land-use-related CO2 emissions are land conversion and the 
burning of firewood, charcoal and dung (Figure 2.11). By 2040, land use will tend to switch from 
being a CO2 emission source to a sink, if carbon uptake from re-growing vegetation would be taken 
into account. 

0

1.000.000

2.000.000

3.000.000

4.000.000

5.000.000

6.000.000

1970 1980 1990 2000 2010 2020 2030 2040 2050

Production of food crops (Gg/yr)

Oceania

Japan

South East Asia

China

Korea

India

Middle East

Former Soviet Union

Turkey

Eastern Europe

Western Europe

Africa

South America

Central America

North America

0

200.000

400.000

600.000

800.000

1.000.000

1.200.000

1.400.000

1.600.000

1970 1980 1990 2000 2010 2020 2030 2040 2050

Production of animal products (Gg/yr)

Oceania

Japan

South East Asia

China

Korea

India

Middle East

Former Soviet Union

Turkey

Eastern Europe

Western Europe

Africa

South America

Central America

North America



31 
 

  

Figure 2.11. Global CO2 emissions from land use 

The largest share of land-use-related CO2 emissions is associated with biomass burning after 
deforestation and occurs in Africa, South America, India, Southeast Asia and Oceania. 

Under baseline assumptions, global CH4 and N2O emissions from land use are projected to increase 
until 2050. The lion share of land-use-related CH4 emissions (53% by 2050) originates from livestock 
(Figure 2.12), and is mainly caused by enteric fermentation in ruminants. The strong increase in 
these emissions is explained by the strongly growing demand for beef and dairy products in many 
transition countries. Landfills, another major source of CH4 emissions, are projected to increase their 
CH4 emissions from 30 million tonnes to 76 million tonnes. Between 2000 and 2050, CH4 emissions 
from land use are projected to decrease in European countries from 21.9 Tg C/yr to 19.4 Tg C/yr, 
which, by 2050, will account for 6% of global CH4 emissions. 

Land-use-related N2O emissions mainly originate from animal waste and fertilizer application and are 
therefore directly related to arable land and livestock farming (Figure 2.13). Global N2O emissions 
are projected to increase from 5.7 million tonnes to 8.1 million tonnes between 2000 and 2050, but 
will tend to level off in 2030. Largest growth in nitrous oxide emissions between 2000 and 2050 is 
projected to occur in Africa, Turkey, the Middle East, and Russia. 
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Figure 2.12. Global CH4 emissions from land use 

 

  
Figure 2.13. Global N2O emissions from land use 

2.4 Environmental impacts  
Greenhouse gas emissions  
Global greenhouse gas emissions from energy use, industry and land use are projected to increase 
from 15.6 Gt CO2 eq in 2000 to 17.9 Gt CO2 eq by 2050 (Table 2.1). For most regions, an increase in 
GHG emissions is foreseen under baseline assumptions. The largest contributors to the global 
increase in emissions are Africa, India, China, Turkey, the Middle East and Southeast Asia were CO2 
equivalent emissions at least double between 2000 and 2050 reflecting the projected economic 
growth together with an increased energy demand. Yet, per capita emissions of these regions 
(except for the Middle East) remain below the level of GHG emissions per capita in OECD countries.  
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Emissions of other gases (sulphur oxides and nitrogen oxides) 
Global emissions of nitrogen oxides show a relatively small but steady increase over the entire 
period, especially from 2010 onwards (Figure 2.14). Observed and projected developments per 
country show, however, large deviations from the global trend. Nitrogen emissions are projected to 
gradually decrease between 2000 and 2050 in North America, the EU27, Korea, Japan, Oceania and 
Russia, given the progress in reducing air pollution. Mexico, Brazil, Turkey, Ukraine and the Central 
Asian countries are projected to first face an increase in emissions before they decline again. For all 
other countries, nitrogen oxide emissions are projected to increase between 2000 and 2050, in the 
face of lacking financial resources and policies to combat air pollution. 

Global Sulphur oxide emissions are projected to peak in 2015 before they strongly decline until 2050 
(Figure 2.14). On the one hand, European and Northern American policies to reduce sulphur oxide 
emissions as well as the use of coal, alongside economic reform in Central Europe and the former 
Soviet Union, contribute to the decline in total emissions. Economic development in Africa, large 
parts of Asia and South America, and the related increase in energy demand, on the other hand, are 
projected to add to sulphur oxide emissions in the coming decades. 

Table 2.1. Equivalent CO2 emissions (Kyoto gases) in Pg C/yr. 

Gas Year EU27+ rest OECD BRIICS ROW World 
CO2 1970 1.15 1.55 1.26 0.56 4.53 
 2000 1.18 2.36 7.56 1.31 12.42 
 2030 1.16 2.37 6.13 2.25 11.92 
 2050 1.23 2.24 6.31 2.87 12.65 
CH4 1970 0.20 0.29 0.52 0.27 1.28 
 2000 0.18 0.40 1.16 0.45 2.18 
 2030 0.18 0.46 1.29 0.79 2.71 
 2050 0.16 0.48 1.46 0.98 3.08 
N2O 1970 0.13 0.14 0.21 0.11 0.58 
 2000 0.11 0.15 0.46 0.17 0.89 
 2030 0.11 0.18 0.51 0.31 1.11 
 2050 0.11 0.18 0.52 0.36 1.17 
HFC 1970 0 0 0 0 0.02 
 2000 0 0 0 0 0.07 
 2030 0 0 0 0 0.48 
 2050 0 0 0 0 0.90 
PFCs & SF6 1970 0 0 0 0 0.02 
 2000 0 0 0 0 0.06 
 2030 0 0 0 0 0.09 
 2050 0 0 0 0 0.08 
Total 1970 1.48 1.99 1.99 0.94 6.44 
 2000 1.47 2.92 9.18 1.92 15.62 
 2030 1.45 3.01 7.93 3.35 16.31 
 2050 1.50 2.90 8.29 4.22 17.89 
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Figure 2.14. Global emissions of sulphur oxides and nitrogen oxides  

 
Change of annual mean temperature  
According to baseline projections, global annual mean temperature will have increased by 2.74 °C by 
2050, compared to pre-industrial levels. Latitudinal differences are remarkable6. Temperature 
increases are projected to be highest in the Northern hemisphere (90°N – 60°N) with 3.0 °C and 
south of the equator (+2.6 °C) as compared to 1990. No significant temperature increases are 
projected for the Southern hemisphere to the South of 60°S (Figure 2.15). Global warming is 
projected to be stronger on the Northern hemisphere, compared to the Southern hemisphere, 
reflecting the larger land surface which generally responds faster to temperature changes than 
oceans. Higher temperatures may lead to water stress in already arid regions while a significant 
increase in precipitation may cause water drainage or flooding problems in other regions.  

 
Figure 2.15. Change of annual temperature 

                                                      
6 Latitudal temperature changes can only be projected for the period after 1990. 
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Agriculture in arid zones 
In many countries, agricultural expansion together with climate change will enlarge agricultural 
areas in arid zones (Figure 2.16). Globally, agricultural areas in arid zones increase from 26,000 km2 
to 27,000 km2 between 2000 and 2050 – potentially causing desertification and decline in 
agricultural production, which again may have an impact on a much larger area due to land 
conversion, degradation and decline in land productivity. The largest growth rates for this expansion 
are projected to occur in regions that already experience water stress, such as Turkey, Oceania, 
Central Europe, Ukraine, Southern Africa, and India. In humid regions such as in North America and 
Western Europe, where agricultural expansion under baseline assumptions is unlikely and climate is 
projected to become more humid, agricultural areas in arid zones are likely to decrease. 

  
Figure 2.16. Agricultural areas in arid zones 

  

Impacts of cc on crop yields 
Climate change affects crop yields. Increasing temperatures cause more water evaporation leading 
to more precipitation which, in turn may lead to higher crop yields if precipitation is a limiting crop 
growth factor. On the other hand, higher temperatures and evaporation may cause heat stress 
which may negatively affect crop yields. Climate change and the associated increase in temporal 
variability of temperature and precipitation may have enormous impacts on crop yields7. Figure 2.17 
shows the projected impact of climate change between 1990 and 2050 on wheat yields. The 
combination of temperature and precipitation changes have a strong positive effect on wheat yields 
in China, Russia, Central Asia, the Middle East and North American while yields drop significantly in 
Oceania, India, Brazil, and Africa.  

 

 

                                                      
7 Crop yields are furthermore driven by technological change, which is accounted for in IMAGE as an exogenous modelling 
assumption.   
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Figure 2.17. Areas with increasing and decreasing wheat yields since 1990 

Sea level rise 
Global warming is the main reason for sea level rise which is projected at 30.8cm between 1990 and 
2050 (Figure 2.18). The largest sea level rise originates from thermal expansion of oceans, leading to 
water level rise of 15.7cm by 2050. An additional 16.2cm sea level increase is projected from melting 
glaciers and ice sheets (12.3cm) and the Greenland ice sheet (3.9cm). As the Antarctic ice shelf is 
projected to grow it will compensate sea level rise by 1.2cm by 2050. The projected sea level rise 
may pose enormous challenges for shore-based regions, such as establishing water defence systems, 
migration of people and loss of productive land. 
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Figure 2.18. Sea level rise since 1990  

 

Biodiversity 
Under baseline condition global biodiversity is expected to decline by 7.1% between 2010 and 2050. 
The loss of Mean Species Abundance (MSA) is mainly related to agriculture (food, fodder and biofuel 
production) and infrastructure, encroachment of urban areas and cropland, and fragmentation of 
nature due to infrastructure (InfEncFr) (Figure 2.19). Between 2010 and 2050 the largest 
contributors to biodiversity loss are climate change (-3%) and forestry (-1.7%) (Figure 2.20).  

 
Figure 2.19. MSA loss 
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Figure 2.20. Biodiversity change per pressure factor  

 
The largest share of global biodiversity loss occurs in the rest of the world (ROW) (-39%), while 36% 
of the global loss are expected to occur in the BRIICS countries. OECD countries are expected to 
contribute the least to the biodiversity decline (-25%). Yet, current biodiversity in OECD countries is 
the lowest compared to other countries.  

The largest net loss of MSA per country cluster is projected to occur in the rest of the world – with a 
biodiversity loss of 7.9% until 2050, mainly caused by cropland expansion and climate change. 
Within this country cluster, Africa is most strongly affected due to the projected expansion of 
agricultural land. A biodiversity loss comparable to that in the rest of the world is expected for the 
EU27, with forestry and climate change being the main threats (Figure 2.21). 

At the global scale, temperate forests, scrublands and savannas are expected to face the strongest 
MSA losses; by 2050, only 81% of their MSA level from the year 2010 will have remained. 

 

 
Figure 2.21. MSA loss per country group.  
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3 Scarce resources (fish stocks and phosphorus)  

3.1 Main findings 
• Increasing marine fishing efforts are leading to rapidly declining stocks and declining catches. 

Even if fishing efforts are frozen at the current level, stocks will continue to be depleted and 
catches reduced. From a global perspective, the fishing regions that are most under threat are 
the Atlantic Ocean, the Mediterranean Sea and the Black Sea Large fish species, including 
commercially attractive tuna, cod, salmon, haddock and halibut, will be most strongly affected.  

• Reducing fishing efforts can lead to a quick response in terms of restoring stocks of most species; 
and, while effort levels are kept low, catches can increase to higher levels within a 10 year 
period, as compared to a situation with effort levels frozen, or increased according to current 
trends. Hence, reduced fishing efforts offer a clear synergy between environmental and 
economic benefits. 

• To achieve sustainable catch levels new instruments have to be developed that stimulate 
fishermen and fleet-owners to manage fish stocks more sustainably in the long term. Current 
fleet capacities are well above the level of sustainable catches, and need to be reorganised 
accordingly. The most serious challenges are the social implications of structural reform. 
Fisheries subsidies could be reoriented towards incentives to establish such reform, rather than 
sustaining the status quo of overexploitation.  

• Over the coming decades, most of the increase in fish consumption will come from aquaculture. 
Increased wild catches in a scenario with reduced marine fishing efforts imply less need for fish 
from aquaculture, assuming no change in overall fish consumption, and less associated need for 
crop-based aquafeed. Hence, with the exception of a few initial years there are distinct synergies 
between more sustainable wild fisheries and more sustainable terrestrial land use.  

• Current practices in many aquaculture systems are associated with serious environmental 
pressure. Priority research and development issues to address those challenges are: (i) 
alternative crop-based feeds to substitute fish-based feed without negatively affecting the 
content of omega-3 fats in fish from aquaculture; and (ii) systems to recycle waste, e.g. by 
integrating it as manure for crop production. 

• Phosphorus fertiliser use will almost inevitably increase to sustain increasing food production in 
the coming decades. This will lead to: 

- increasing dependence on one major supplier of primary phosphates (Morocco, northern 
Africa); 

- depletion of easily exploited reserves leading to increasing costs and impacts of exploration;  

- further eutrophication and increasing frequency of harmful algal blooms in all the world’s 
seas and oceans, but particularly in the Indian Ocean, the Mediterranean Sea and the Black 
Sea, with negative consequences for the economy, human health and the environment.  

• Strategies to improve phosphorus efficiency would address the scarcity issue and the negative 
environmental effects. Improving animal feed has relatively little effect. Recycling phosphorus 
from animal and human excreta offer much greater potential. Exploring unconventional primary 
sources of phosphate (e.g. from seabeds) would address the scarcity issue but might aggravate 
environmental issues. 

• Policies to enhance sustainable phosphorus use could consider: 

- To discourage development of livestock production if sustainable nutrient recycling is not 
fully accounted for;  
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- To encourage the responsible reuse of animal manure and fertilisers derived from human 
excreta and to deter their disposal in forms that are practically inaccessible for future reuse;  

- To encourage separation (close to the source) and separate treatment of residential and 
industrial sewage, and of human faeces and urine; 

- To accelerate research and development for cost-effective technologies to concentrate 
and/or separate nutrients from manure or sewage; to kill pathogens and to detect any 
remaining potentially harmful substances. 

- To help break cultural taboos regarding the reuse of human excreta. 

3.2 Introduction and general objectives  
The following objectives are formulated for the GLIMP scarce resources issue study:  

1. Identify regions that will most likely be faced with socio-economic or environmental 
challenges due to changes in resource use and availability. 

2. Identify priority areas for further improving efficiency in fish and phosphorous resource use.  
3. Explore possible policies that could be (re)oriented to achieve the desired improvements. 

Fisheries and phosphorous are addressed together in this issue study but will be analysed separately 
(rather than in an interlinked manner) for simplicity reasons. Yet, the two issues phosphorous and 
fishery are interlinked, for example by food supply chains or causes and consequences of water 
pollution, and illustrate the different problems associated with scarce resources.  
 
Some natural and mineral resources are susceptible to become scarce, for various reasons.  One 
form of scarcity arises if an annually replenished stock is exploited at a rate that undermines the 
complex food webs, so that stocks decline and ultimately even may collapse. Fish is a well known 
example of this type. Worldwide efforts are made to protect at least the most threatened species, 
but fishing volumes and practices may have to change to restore stocks to more sustainable levels. 
Often markets will work and prices for scarce commodities will rise, inducing a search for more 
efficient use, recycling and substitutes. In the case of some species, however, the incentive of high 
prices to increase fishing efforts outweighs the incentive to consume less (Safina and Klinger, 2008).  
 
Another form of scarcity arises when a non-renewable resource base is extracted at such a rate that 
its supply is deemed to peak and decline in the foreseeable future. Examples often mentioned 
include crude oil and phosphate rock. Phosphate is a critical fertiliser component, indispensable and 
irreplaceable for modern high-yielding agriculture. The most easily exploited reserves are likely to be 
depleted well before the end of the century. Moreover, finds are concentrated in just a few 
countries and this adds a geo-political side to the concerns. Phosphates also create environmental 
problems in ground- and surface water. 
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A. Fisheries 

3.3 Objectives  
The objectives of the fisheries study are: 

1. Identify regions that, over the coming decades, are likely to be most affected by marine 
depletion due to fisheries activities 

2. Quantitatively explore different pathways of the use of marine fish resources, and their 
impacts (positive or negative) on the demand for fish from aquaculture, and associated land 
use for aquafeed production.  

3. Indicate possible policies that could be (re)oriented to achieve potential improvements 
identified in 2. 

 
A global analysis of this issue (i.e. beyond the sphere of direct EU influence) is very relevant for the 
EU because, in today’s globalised world, catches under pressure will affect prices globally. It could 
also show if the dislocation of EU fishing fleets from overfished areas to other regions could be a 
sustainable solution. 
 
3.4 Introduction  
Background of this study 
Current fishery practices are putting increasing pressure on global marine fish stocks leading to 
overexploitation and depletion of many fish populations throughout the world. Currently, 27% of 
fish populations are estimated to be overexploited and almost 80% of commercially fished stocks are 
fully fished or overfished (FAO, 2009). The number of fish species is declining, the average fish size is 
getting smaller, and biodiversity as a whole gets under pressure (Jackson et al., 2001; Watson and 
Pauly, 2001). The average population size of marine fishes and other marine animals has decreased 
by 24% since 1950, with large fish species, such as tuna, salmon, cod and halibut being threatened 
most (Alder et al., 2007).  
 
While wild catches are stagnating or declining, global fish consumption has increased in recent 
decades and will probably continue doing so (Delgado et al., 2003; FAO, 2010). The expected rise in 
global demand for fish is largely driven by the increased purchasing power of a growing middle class 
in developing countries. In developed countries an increase in fish consumption is expected as 
response to international health recommendations of meat consumption (especially those with high 
saturated fat content) in favour of fish consumption. Such a diet change towards more fish 
potentially adds to marine impacts. The current trend, however, is a roughly stable wild catch, 
augmented with a rapidly increasing share of aquaculture, which currently makes up about 35% of 
the global fish supply (finfish, shellfish and molluscs), with production predominantly outside the EU 
(FAO, 2010).   
 
The environmental impacts of aquaculture also require attention, however. Approximately one fifth 
of the total fisheries catch is used as feed in aquaculture (either directly or as fishmeal and fish oil) 
(Westhoek et al., 2011), especially for predatory species such as salmon. Although the production of 
fishmeal and fish oil has more or less been stable since a few decades, their share for aquaculture 
has greatly increased (Delgado et al., 2003). Tacon and Metian (2008) estimate that approximately 
60% of the current global fishmeal and 90% of fish oil are used in aquaculture. Furthermore, open 
aquaculture systems can discharge significant amounts of wastewater containing phosphorus (from 
unused fish feed and fish excreta) which ends up in coastal seas. Increased sea water phosphorus 
contents lead to algae bloom which, in turn, reduce oxygen in the sea water and therefore pose a 
direct threat to marine biodiversity, with implications for global fish stocks. 
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It is clear that current fisheries policies are ineffective when it comes to securing optimal use of 
ocean resources, and that notably the very high levels of subsidies in global fisheries leads to 
overexploitation and reduced catches (Sumaila et al., 2010). Throughout the world this leads to 
economic losses (Srinivasan et al., 2012), as well as to major changes and potential disruption of the 
ecological systems on which we rely for seafood production, (Christensen et al., 2011). 
 

3.5 Methodology 
General approach 
Key factors included in the fisheries analysis are: changes in future marine fishing strategies and 
resulting wild catches and aquaculture production. The study has a time horizon until 2050.An 
outline of the approach is given below: 

• Three scenarios of different marine fisheries strategies were implemented in the EcoOcean 
model (Alder et al., 2007), to calculate marine catches and stock depletion in the world’s 
main fishing regions. The scenarios are distinguished by different assumptions regarding 
future efforts of marine fishing fleets. 

• The results on marine catches were used to infer, for each of the three scenarios, to what 
extent global fish demand can be met by marine fisheries. Projections for global fish 
demand were taken from literature. 

• Assuming no change in wild freshwater catches over the period studied, aquaculture 
production was assumed to make up the difference to meet global fish demand.  

• Based on these results, for each of the three scenarios, projections for crop-based 
aquafeed requirements and arable land needed to produce aquaculture feed were made 
using assumptions (based on literature, whenever possible) regarding types of fish 
produced in aquaculture, type of feed and feed conversion efficiency for each type of 
aquaculture, and crop yields. 

EcoOcean is the first global marine model that incorporates fisheries effects at the 
species/functional group level. The model distinguishes 43 functional groups based on size 
categories and feeding and habitat characteristics. More detailed descriptions of the methodology 
and of the EcoOcean model are given in Annex VI.  
 
Scenarios 

The following scenarios were analysed: 

Increasing fishing efforts scenario: This scenario considers increasing fishing fleet efforts8 following 
the historical trends.  
 
Constant fishing efforts scenario: The constant fishing effort scenario describes future fish 
production reflecting current practices. This scenario applies the estimated 2004 effort levels for all 
marine fishing fleets to be constant into the future, assuming no ‘technology creep’. 
 
Reduced fishing efforts scenario: In this scenario, fishing efforts of fleets are gradually reduced over 
a ten-year period, down to optimal effort levels; allowing a gradual recovery of stocks and a return 
to maximum sustainable yield (MSY)9 levels.  
Indicators 

                                                      
8  In the EcoOcean model used, effort levels are expressed in fleet KWh. See Annex VI for further explanation. 
9  MSY is theoretically the largest possible yield for a fish population over an indefinite period, in a situation of dynamic 

equilibrium between natural population growth, predation, fisheries and other forms of human interference. Note that 
MSY depends on fishing strategy. For example, targeting maximum value of fish landings will result in a different MSY 
than targeting maximum landings by weight. 
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The projected changes between 2010 and 2050 are provided for the following indicators: 
• Marine catches [tonnes/FAO fishing area]. See Annex VI for the FAO fishing areas.  
• Marine depletion index (DI). The DI is the projected fish biomass (expressed in tonnes per km2 of 

each functional group) divided by the fish biomass in the year 2010, calculated for each 
functional group and for each FAO fishing area. The depletion index is the weighted mean of 
these ratios per species and has been adapted from the original depletion index described by 
Alder et al., (2007). 

• Aquaculture production [tonnes per IMAGE region] 
• Crop production for aquaculture [tonnes/year]; and land requirements for aquafeed production 

[km2] 
Aquaculture production and related feed requirements, and the land use implications associated 
therewith provide an estimate of the impacts on the terrestrial environment; directly and indirectly 
through the feed production chain. 

 
3.6 Results 
Marine catches 
Results of the constant fishing efforts scenario, show a gradual decline of marine wild catches from 
67 million tonnes, globally, in 2010, to just above 60 million tonnes by 2050 (Figure 3.1). The 
increasing fishing efforts scenario projects a strong decline in wild catches, despite the increasing 
fishing efforts. According to this scenario, wild catches by 2050 will be about 33% below the 2010 
level (51 million tonnes). In contrast, the results of the reduced fishing efforts scenario present a 
substantial recovery of wild catches, in spite of the lower effort levels, to about 72 million tonnes by 
2050 (about 7% above the 2010 level). 
 
The changes in fishing efforts required to stop overexploitation can be very substantial. The 
estimated effort reductions for three broad types of fishing fleets are shown in Table 3.1. Effort 
reductions by two thirds or more are required in the Northwest Atlantic and Western Central 
Atlantic, as well as in the Mediterranean Sea and the Black Sea. 
 
Table 3.1: Optimal levels of fishing efforts, as calculated for the reduced fishing efforts scenario, compared to current levels 

for three fleet categories 
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Increasing fishing efforts Constant fishing efforts Reduced fishing efforts scenario 

 
Figure 3.1. Estimated catch for the three fishing efforts scenarios analysed. See Annex VI (Figure VI.1) for a global map of 

FAO marine fishing areas as indicated in the legend 

 

 
Figure 3.2.  Relative change in fish biomass 2010-2050 of small, medium and large fish species  in the three fishing effort 

scenarios analysed 

 

0

10

20

30

40

50

60

70

80

90

19
50

19
70

19
90

20
10

20
30

20
50

M
ill

io
ns

 o
f t

on
ne

s

Pacific Ocean

Southeast

Southwest

Eastern Central

Western Central

Northeast

Northwest

Indian Ocean

Eastern

Western

Mediterranean and Black Sea

Mediterranean and Black Sea

Atlantic Ocean

Southeast

Southwest

Eastern Central

Western Central

Northeast

Northwest

0

10

20

30

40

50

60

70

80

90

19
50

19
70

19
90

20
10

20
30

20
50

M
ill

io
ns

 o
f t

on
ne

s

Pacific Ocean

Southeast

Southwest

Eastern Central

Western Central

Northeast

Northwest

Indian Ocean

Eastern

Western

Mediterranean and Black Sea

Mediterranean and Black Sea

Atlantic Ocean

Southeast

Southwest

Eastern Central

Western Central

Northeast

Northwest

0

10

20

30

40

50

60

70

80

90

19
50

19
70

19
90

20
10

20
30

20
50

M
ill

io
ns

 o
f t

on
ne

s

Pacific Ocean
Southeast
Southwest
Eastern Central
Western Central
Northeast
Northwest
Indian Ocean
Eastern
Western
Mediterranean and Black Sea
Mediterranean and Black Sea
Atlantic Ocean
Southeast
Southwest
Eastern Central
Western Central
Northeast
Northwest



45 
 

The effort reductions also help to restore fish stocks and marine biodiversity in general. In the 
constant fishing efforts scenario, the marine depletion index is projected to decline to 0.63 until 
2050 (the DI for 2010 is 1). For the reduced fishing efforts scenario the DI shows for the same period 
an increase up to 1.28. Note however that for some functional groups in some regions, the effort 
reduction is not sufficient to ensure full recovery. The Northeast Atlantic (FAO region 27) remains an 
FAO catch region where large fish species are more threatened than in any other FAO catch region 
(Figure 3.2). Small species such as capelin, goby and anchovy are less affected, or even benefiting 
from the diminished predation or competition by larger fish. In the increasing fishing efforts 
scenario, fish stocks are progressively depleted, with DI declining to 0.5 by 2050. This explains why, 
in spite of the increasing fishing efforts, catches turn out to be lower than in any of the other 
scenarios.  
 
Aquaculture, aquafeed requirements and associated land use 
In all scenarios, aquaculture production is projected to strongly increase over the period analysed 
(Figure 3.3). In the constant fishing efforts scenario, total aquaculture production of finfish, 
crustaceans and molluscs grow from 35 million tonnes in 2000 to almost 110 million tonnes by 2030 
and 148 million tonnes by 2050. The reduced fishing efforts scenario presents a higher aquaculture 
production (up to +3.5%) during the ramp-down period only, to compensate for the purposely lower 
wild catches during this period.  
The increasing fishing efforts scenario, shows an initial period of less demand for aquaculture than 
the other scenarios, as a consequence of increased wild catches, which, however, cannot be 
sustained for long. After 2025, this scenario shows the strongest increase in aquaculture production, 
up to 157 million tonnes by 2050. 

 
Figure 3.3.  Development of total fish demand (see Annex VI) and global aquaculture production until 2050 for the three 

scenarios analysed. The difference between the aquaculture production (up to the lines for the three alternative scenarios) 
and the total fish demand corresponds to the total capture fisheries production. 

The amounts of agricultural crops for aquafeed depend on the developments in aquaculture 
production, the composition of the fish diets and the feed conversion ratios (FCRs). Because the 
assumptions made on fish diet and FCRs were identical in all scenarios the different amounts of feed 
calculated can solely be explained by differences in aquaculture production developments. 
According to our calculations (see Annex VI) Total crop production for aquaculture in 2000 was 
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about 33 million tonnes, which is projected to triple until 2050 in the constant fishing efforts 
scenario (Figure 3.4). Obviously, the differences in aquafeed requirements between the different 
scenarios (Figure 3.4, left) show a similar trend as the differences in aquaculture production. By 
2050, total aquafeed requirements in the increasing efforts scenario is more than 20% higher than in 
the reduced efforts scenario.  

  
Figure 3.4..  Crop-based aquafeed requirements (left) and its composition (right) 

The corresponding land area needed for producing aquafeed is almost 80,000 km2 in 2000 which 
accounts for just over 0.5% of the global crop area. In the increasing fishing efforts scenario, land use 
for aquafeed increases to almost 300,000 km2 by 2050; almost 50,000 km2 more than in the reduced 
fishing efforts scenario. In the latter scenario, however, up to 8,000 km2 of extra land is needed 
during the ramp down period between 2010 and 2020.  
 

Limitations to the analysis and areas for further research  
The general findings of the analysis presented here are very plausible, and supported by empirical 
evidence from observations at smaller scale. For example, in the Georges Bank area of the US East 
Coast, scallops fisheries were closed in 1996 and reopened in 1999. Since then catches have been 
higher than in the preceding 40 years. Similar increasing biomass trends due to regulations following 
overexploitation are observed in research surveys for the overall finfish populations on the US 
Northeast continental shelf (Worm et al., 2009).  
 
Obviously, however, the results presented here should not be followed as a recipe. Long-lived, slow-
growing species, such as deep-sea fish (e.g., rockfish), eel, or cod require a longer recovery period. 
The scenarios and modelling approach presented could well be used, however, to determine 
approximate levels of effort reduction required which could be used as a basis for discussion 
between stakeholders, but which need to be fine-tuned making use of monitoring techniques and 
additional means to protect vulnerable species such as set-aside protected areas and preservation of 
breeding grounds.      
 
Potential improvements in the methodology, include (i) more refined ‘gaming’  options to assess the 
effects of policy measures; (ii) economic analysis by linking to information about economic value 
(Sumaila et al., 2007) and cost of fishing (Lam et al., in prep.); (iii) modelling the impacts of 
environmental pressures other than fisheries, by linking the EcoOcean model to the IMAGE model, 
and introducing modules to estimate the effects of pressures such as eutrophication and climate 
change on the marine environment.  
 

0

20

40

60

80

100

120

2000 2010 2020 2030 2040 2050

M
ill

io
ns

 o
f t

on
ne

s

Aquaculture feed requirements

Increasing ef forts
Constant ef forts
Reduced ef forts

0

20

40

60

80

100

120

2000 2010 2020 2030 2040 2050
M

ill
io

ns
 o

f t
on

ne
s

Composition of aquaculture feed 
(Constant fishing efforts scenario)

oil crops
roots & tubers
temperate cereals
maize
rice



47 
 

B. Phosphorus 

3.7 Objectives 
The objectives of the phosphorus (P) component of this study are:  

1. Identify regions that will most likely face problems related to phosphorus scarcity and/or 
environmental risks due to unsustainable phosphorus use. 

2. Quantitatively explore promising pathways to improve the efficiency in phosphorus resource 
use.  

3. Indicate possible policies that could be (re)oriented to achieve the desired improvements. 
 
3.8 Introduction  
Background of this study 

Phosphorus is an essential nutrient for plants and animals. Phosphorus is therefore a critical fertiliser 
component, indispensable and irreplaceable for modern high-yielding agriculture. Around 80% of 
the global phosphorus rock - the most important primary source of phosphorus - is used as fertiliser 
(Van Vuuren et al., 2010).  

 
Phosphorus use has increased substantially in the past decades. In 2008 almost 53.5 million tonnes 
of phosphate (P2O5) was mined, which corresponds to 23.3 million tonnes phosphorus (IFA, 2008). 
Also in the future global P production is expected to further increase (van den Berg et al., 2011).  
 
In many parts of Africa and Latin America, for example,  soil phosphorus reserves are low and must 
be substantially increased to improve crop yields. In regions such as in the United States and 
Western Europe, historical cumulative phosphorus fertiliser applications have been large, which 
explains why phosphorus fertiliser use has declined without negatively affecting crop production. In 
Western Europe, the annual phosphorus fertiliser application, today, approximately equals the 
withdrawal by crop production, which leaves little scope for further reduction of P fertiliser use.  
 
Given the fact that production is based on non-renewable resources, consumption ultimately leads 
to depletion of high-grade phosphorus resources. The total resource base estimates known today 
are large, but estimated to run out in several hundreds of years (Bondre, 2011; Cordell et al., 2009; 
Dawson and Hilton, 2011). Moreover, easily explored phosphorus resources are concentrated in just 
a few countries and this adds a geo-political side to the concerns. Prices have risen sharply in recent 
years and can be expected to rise further in future.  
 
These scarcity aspects add to the environmental problems related to phosphorus emissions. The 
main issue is that excessive use of phosphorus fertilisers and phosphorus from other sources lead to 
large flows of phosphorus into surface water, causing eutrophication of freshwater and marine 
ecosystems. This has a number of consequences, such as algal blooms, algal scum, enhanced benthic 
algal growth and massive growth in submersed and floating macrophytes and secondary problems, 
such as oxygen depletion in water and fish death (EEA, 2001; NLWRA, 2001; Vollenweider et al., 
1992).  
 
Apart from crop production, phosphorus is used in livestock production (Figure 3.5). Monogastrics, 
such as poultry and swine are largely fed with cereal grains, which contain phosphorus as phytate. 
However, most of the phosphorus taken up as phytate is excreted because of the animals’ inefficient 
digestion systems. Phosphorus is therefore often added in readily digested forms as a supplement to 
animal feed. Globally, phosphorus supplemented to animal feed is about 1 million tonnes per 
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annum, which corresponds to some 5% of global phosphorus use. The use of phosphorus feed 
supplement could be reduced, e.g. by plant breeding to reduce the amount of phytate, by pre-
treating the feed, or by adding enzymes (phytase) to the feed to improve the digestibility of phytate 
(Abelson, 1999).  

 
3.9 Methodology 
Overall methodology 

Based on literature review, a number of strategies were identified for reducing phosphorus use in 
agricultural, food and sewage systems. In this issue study the following phosphorus flows are 
specifically addressed (Figure 3.5): 

(i) Wastes and losses of agricultural products between “farm and fork” 
(ii) P flows of livestock production systems depending on the overall feed conversion and the 

use of P supplements. 
(iii) Integration and recycling of animal manure as fertiliser in crop production systems. 
(iv) Human excreta and their potential use in agriculture to replace fertilisers. 
(v) Recycling sewage sludge as P source for agriculture 

 
Figure 3.5.  Global phosphorus flows (Tg) through the agricultural, food and sewage systems. Source: Van Vuuren et al. 

(2010) 
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Section 3.2 describes in more detail how these strategies are assessed. Phosphorus depletion is 
currently not explicitly modelled in the IMAGE-LEITAP suite and therefore a recently developed 
model at PBL is used to explore the depletion of P resources by directly connecting primary P 
production to final P consumption (Van Vuuren et al., 2010). The model uses exogenous region-
specific demands for P resources and considers trade in P products (e.g. P fertiliser and animal feed) 
between regions. Estimates on phosphorus resources are based on data from the USGS. To explore 
the influence of potential uncertainties related to these estimates we applied two alternative 
assumptions for phosphorus resources (Table 3.2), inspired by a recent re-estimate of resources, 
which included inter alia a tenfold increase in the estimate of Moroccan reserves. Some scholars 
point at the fact that the evidence underlying this re-estimation is very indirect and based on rather 
old information (Bondre, 2011; Cordell and White, 2011). 
 

Table 3.2: Assumed P resources for uncertainty analysis. 

Resources Assumption 
Default Global: USGS 2011 for reserves, and USGS 2009 for reserve base.  

Africa: Half the USGS (2010 and 2011) estimates for the Moroccan reserves 
have been implemented.  
Other resources as described by Van Vuuren et al. (2010) 

Low resources Global: 20% lower estimates than the default estimates.  
For Moroccan reserves, instead the USGS 2010 estimates were 
implemented. 

 
The P flow into a certain region is the net result of trade in ore and P-containing products. The model 
keeps track of seven different resource types, such as reserves, reserve base, and additional 
resources (e.g. low grade ores). Each resource type has a region-specific base production cost being 
used as an indicator for depletion. For the initial year (2000) these costs are taken from literature. 
The production cost of each resource type is assumed to increase linearly with progressive depletion 
to the production cost of the next resource category. The market share of a producing region is 
based on relative costs (incl. transport) compared to all producing regions. Market share and 
regional demand determine the regional production level and (net) trade flows between regions.  

 

Scenarios 

Baseline scenario 
The starting point for the scenario analysis is the GLIMP baseline scenario as reported previously. 
With respect to phosphorus, the baseline describes future phosphorus production reflecting current 
policies and expected technological developments. Demand for agricultural products is driven by 
economic development and population growth, no recovery/recycling of phosphorus is assumed. 
Further, a distinction is made between countries with inputs exceeding the crop uptake (surplus-
countries) and countries with current deficit (deficit countries). In deficit countries, phosphorus use 
efficiency (PUE) will gradually decrease as a consequence of increased fertiliser use with a large 
share of applied fertiliser phosphorus going to the residual pool. For surplus countries it is assumed 
that phosphorus input equals withdrawal (via harvest). 

Phosphorus fertiliser use efficiency scenario 
This scenario describes a world with enhanced technological progress in the agricultural sector so 
that less phosphorus is needed to meet global food demand.  
In countries with a current phosphorus deficit, yield increases will not be possible without major 
increases in phosphorus fertiliser inputs. In these countries, phosphorus is applied until the soil is 
saturated (residual phosphorus is filled). Once this level is reached it will be maintained, i.e. 
phosphorus input equals phosphorus withdrawal from harvest.  
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In current surplus countries, maintenance of phosphorus in soils is assumed, hence no further 
increase in phosphorus application is considered. Hence, improved phosphorus use efficiency is a 
combined effect of improved management and improved crop varieties (i.e. varieties with better 
phosphorus recovery). Furthermore, this scenario accounts for phosphorus saving from excreta 
(considering recycling options for human excreta and less livestock excretion due to improved 
livestock feed efficiencies). Aim of this scenario is to explore to what degree phosphorus use can be 
reduced without experiencing declining yields in the agricultural sector. Assumptions were made on 
the following aspects, which were implemented one-by one in a stacked manner: 

(i) Reduction in food losses 
Large amounts of agricultural products are lost along the supply chain from “farm to fork”. Supply 
chain losses can be caused by numerous factors, such as harvest inefficiencies, poor harvest 
conditions, losses during transport, or deterioration during storage on-farm, on-market, or after 
purchase by consumers. Actual losses are poorly documented and estimates vary strongly; but 
always above 20% of supplies. For this issue study, a reduction in losses by 7% of the total amount of 
agricultural products was assumed, which mainly requires reductions in waste and losses at retail 
and household levels in developed countries, and mostly at upstream (post-harvest and storage) 
levels in developing countries (Lundqvist, 2009; Parfitt et al., 2010; Stuart, 2009).  

(ii) Animal feed conversion  
The ‘Phosphorus fertiliser use efficiency scenario’ includes the simple assumption that P excretion 
per animal will have decreased by 5% by 2030, and by 10% by 2050, compared to the baseline. Such 
improved efficiency can be achieved by fine-tuning feed rations and increasing the use of 
concentrates. Feed P additives in pork and poultry production and thus P excretion can be reduced 
by improving the capability of monogastrics to degrade phytate, or to reduce the phytate contents 
of grain (Abelson, 1999). 

(iii) Manure recycling and integration  
In the ‘Phosphorus fertiliser use efficiency scenario’ manure is assumed to be better integrated. 
First, all manure that ends outside the agricultural system in the baseline is recycled in crop 
production systems to substitute fertiliser use. This is an important process in many countries where 
manure is used as fuel, building material, or remains unused. Second, animal manure can be better 
integrated in crop production systems, particularly in industrialised countries. The share of manure 
in P inputs from both fertiliser and manure determines where and how much fertiliser can be 
substituted by animal manure. In countries where this share is less than 25% we assumed that 
fertiliser can be substituted by the available manure. In countries where animal manure dominates 
the nutrient budget, we assumed that manure integration can not be improved. In general these 
countries are P-deficit countries. The effectiveness of P in animal manure is assumed to be 100%. 

(iv) Recycling human excreta 
Fort this scenario it is assumed that human excreta are recycled in agricultural systems. Yet, not all 
human excreta are readily available for recycling. Based on Van Drecht et al. (2009) the quantity of 
human excreta originating from people with access to ‘improved sanitation’ was estimated 
(WHO/UNICEF, 2000). Access to improved sanitation includes connection to public sewerage, but 
also to other systems such as septic systems, simple pit latrines, pour-flush, and ventilated improved 
pit latrines. For households with a connection to sewage systems, the urine is assumed to be 
collected separately from the solid waste, and completely available for recycling. For both sources it 
was assumed that, by 2030, 25% of the P will have been recycled, and 50% by 2050. This is 
calculated for all world regions, so no cultural taboos would hamper the re-use of human excreta. 
The effectiveness of P in human excreta is assumed to be 100%. 
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(v) Sewage sludge treatment 
At the global scale about 0.9 million tonnes of phosphorus are currently lost annually in sewage 
sludge. For the ‘Phosphorus fertiliser use efficiency scenario’ it was assumed that the treatment of 
sewage systems is improved so that all P from sewage sludge is captured and recycled.  

 

3.10 Results 
Phosphorus fertiliser use 
In the baseline scenario, global phosphorus fertiliser use increases from 16.1 million tonnes of P in 
2010 to 22.3 million tonnes of P by 2050. This implies a global increase of 30% between 2010 and 
2030 and another 7% between 2030 and 2050. Results largely differ between developed and 
developing countries. For developing countries the baseline portrays the results of a rapidly growing 
population and food production. This vast increase leads to rapidly increasing P fertiliser use in P-
deficit countries, by up to a factor of 4 (in Africa) between 2010 and 2050. In developed countries 
the baseline illustrates a smaller increase or even stagnation or decline (Figure 3.6).  
 

 
Figure 3.6. Phosphorus fertiliser use in the baseline scenario 

Reducing food losses, improvement of animal feed conversion, recycling and improved integration of 
manure, as well as recycling of human excreta and treatment of sewage sludge as considered in the 
‘Phosphorus fertiliser use efficiency scenario’ can reduce global phosphorus fertiliser use from 22.3 
million tonnes (baseline) to 18.1 million tonnes by 2050 (Table 3.3). Yet, these different strategies 
have different impacts. According to the projections, reducing food losses by 7% by 2050 would 
reduce global P fertiliser use by 5%, because less agricultural production is required. Improving 
animal feed conversion in addition to the reduced food losses would not further decrease global P 
fertiliser use, however. In fact, even slightly more P is needed (see Table 3.3). This can be explained 
by the increased crop production that is needed for substituting roughages by concentrates, whose 
production requires more fertiliser application. This increase in P fertiliser use compensates the 
lower P excretion due to increased feed conversion and reduction in P supplements for 
monogastrics. 

Recycling of unused manure as well as a better integration of manure into the agricultural system 
appears to be a much more efficient manner to reduce P fertiliser use. This strategy alone could 
reduce P fertiliser use (as compared to the baseline) by more than 3 million tonnes by 2030 and 
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2050. Combined with saving food losses and improved feed conversion, a reduction of 20% in P 
fertiliser use, compared to the baseline, could be achieved by 2050, on a global scale (18.1 million 
tonnes P use). These gains are unevenly spread across regions, however, because, as mentioned 
earlier, that the potential for substituting artificial fertiliser by animal manure is rather small in 
countries with a current P-deficit as fertiliser application rates there are often quite low and animal 
manure is already often applied in crop production systems. 
 
Recycling of human excreta appears to be an additional effective strategy for reducing P fertiliser use 
from primary sources. Global excretion of P was 4.3 million tonnes in 2000, when 62% of all human 
excreta were captured with improved sanitation systems, either with or without connection to 
sewage systems. Recycling this amount would reduce P fertiliser use considerably. Through 
collection of the urine, most of the P (70%) can be made available for recycling in agriculture. 
Assuming that, by 2030, 25% of the urine will be recycled, and 50% by 2050, a saving of 1 million 
tonnes in P fertiliser could be achieved by 2030, and 2.9 million tonnes by 2050. The availability of 
human P varies by world region according to population density and the quality of sanitation. The 
largest potential for its recovery is in China and India.  

Global P losses via sewage systems are expected to increase up to 1.7 million tonnes by 2030 and 3.3 
million tonnes by 2050 (from about 0.9 million tonnes, today, which includes 0.3 million tonnes in 
Europe.). Treatment of sewage can help to recycle at least part of the P. Technologies to do this, 
either from sewage sludge ash (Franz, 2008) or directly from phosphate rich precipitates (Tweed, 
2009) are rapidly evolving. In the Netherlands, a supply chain agreement was recently signed 
between the Ministry of Infrastructure and the Environment and 19 major stakeholders from public 
and private sectors and society (including the Union of water boards, the main farmers organisation, 
a fertiliser company and others) to retrieve significant amounts of phosphorus as fertiliser from 
sewage and other waste waters10. How efficiently this can be done with any kind of sewage sludge is 
debatable as sludge may contain high concentrations of heavy metals or contain pathogens and 
residues from medication, making purging very expensive. Therefore, the projections of P from 
sewage sludge need to be interpreted as maximum potential P recycling rates. These restrictions 
held to a lesser degree for P recovery from urine, where technologies are available to recover almost 
pure mineral forms of phosphorus.  

 
Table 3.3. Global phosphorus fertiliser use [million tonnes per year] in 2030 and 2050 assuming different P use efficiency 

improvement measures 

 2030 2050 
Baseline 20.9 22.3 
Less food losses 19.9 21.2 
Less food losses, improved feed conversion 20.0 21.4 
Less food losses, improved feed conversion, recycling of unused manure 
& better integration of manure 16.8 18.1 
Less food losses, improved feed conversion, recycling of unused manure 
& better integration of manure, recycling of human excreta 15.8 15.2 
Less food losses, improved feed conversion, recycling of unused manure 
& better integration of manure, recycling of human excreta, treatment 
of sewage sludge 14.5 13.6 

 
In summary, it can be stated that global P fertiliser use will increase in the coming decades to meet 
the growing food demand that is expected to evolve. This increase is anticipated to be particularly 
strong in developing countries. Under baseline assumptions, the P required in agriculture will 
                                                      
10  www.rijksoverheid.nl/bestanden/documenten-en-publicaties/rapporten/2011/10/04/ketenakkoord-

fosfaatkringloop/ketenakkoord-fosfaatkringloop-011011.pdf 
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increase from current levels of around 16 million tonnes per year to 22 million tonnes by 2050. 
Facing a growing P demand on the one hand and an expected P scarcity on the other, substantial 
efforts would be required to increase the efficiency in P fertiliser use. The ‘Phosphorus fertiliser use 
efficiency scenario’ explores several strategies to improve phosphorus fertiliser use efficiency. The 
analysis shows that the impacts of each strategy on P fertiliser use are very diverse. Strategies that 
specifically aim to recycle P (human P, livestock P) seem to be most promising, particularly in 
industrialised countries. Combining all strategies, except treatment of sewage sludge, global 
fertiliser P use could be restricted to approximately 15 million tonnes by 2050.  
 
Phosphorus reserve depletion and regional distribution of resources 
Phosphorus depletion was explored for the baseline and the first three alternative scenarios, which 
consider impacts of 1) reducing food losses, 2) in addition, improving feed conversion and 3) in 
addition, recycling of unused manure & better integration of manure (Figure 3.5). The last scenario is 
able to reduce the 2050 P consumption by about 20%, compared to the baseline scenario. After 
2050, the scenarios were extrapolated on the basis of population trends in combination with trends 
in per capita fertiliser use. For consumption categories other than fertilisers, we used the default 
scenarios developed by Van Vuuren et al. (2010), and applied similar reduction rates in consumption 
calculated for fertilisers. For detergents, however, consumption was set at zero for 2050. 
 

 
Figure 3.7. Global phosphorus (Mt P2O5/year) demand in the scenarios analysed 

 
Figure 3.8 shows phosphorus consumption per category for the baseline and the efficient scenario 
(considering less food losses, improved feed conversion, recycling of unused manure and better 
integration of manure). As shown, fertiliser represents by far the most important consumption 
category, both in the baseline and in the most ambitious efficiency scenario. 
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Figure 3.8. Global phosphorus consumption by destination category.  

NB The efficient P use scenario here excludes the potential gains from recycling of human excreta 
 
Figures 3.9 (top) and 3.10 show that under default resource base availability, Africa is projected to 
strengthen its dominant role in phosphorus production. According to our model, by the end of the 
century Africa might actually produce around 80% of the world market (both in the baseline and in 
the efficient P use scenario). 
 
Therefore, we consider the consequences of the recent re-estimation of P reserve levels in the 
uncertainty analysis in Figure 3.9 (bottom). In that case, Africa would still become the most 
important producer worldwide, but the Middle East, Russia and China would also be important 
producers. 

 

   
Figure 3.9. Global phosphorus production from primary sources, by region, assuming two levels of reserve base and two P 

use scenarios. NB The efficient P use scenario excludes the potential gains from recycling of human excreta. 

Obviously the phosphorus re-estimates have also a major impact on the depletion estimates. The 
model results for the baseline combined with the default reserve estimate scenario (based on the 
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2011 USGS estimates) suggest that by the end of the century about 20% of the global resource base 
would be depleted. In the low resource scenario, based on the 2010 USGS estimates, about 40% 
would be depleted. 
 

 
Figure 3.10. Share of Africa in global phosphorus production from primary sources (default and low estimates, baseline). 

The impact of the most efficient scenario on the depletion indicator is less visible as shown in Figure 
3.11. 

 
Figure 3.11. Depletion index of global resource base (baseline and efficiency scenario, default resource estimates). 

In the case of the low resource estimates, the reserves are fully exhausted by 2080, and about half 
the reserve base is also exhausted. In the case of the default estimates, even in 2100 still about half 
the reserves are present (Figure 3.12).  
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Figure 3.12. Resource estimates (by resource category) globally (default estimates vs. low estimates; baseline). 

 
Figure 3.13 shows that an efficient P use can reduce the importance of exporting regions, although 
Africa is likely to remain the most important exporting region, by far. 

 

 
Figure 3.13. Imports (positive) and exports (negative) of P by region. Top: baseline; Bottom: most efficient P-use scenario.  

 
Eutrophication 
The environmental impacts of the scenarios were assessed using the Indicator for Coastal 
Eutrophication Potential (ICEP) (Billen and Garnier, 2007). ICEP represents the potential impact of 
the riverine delivery to the coastal zone. For this study, ICEP is expressed as a river basin 
characteristic, as well as a characteristic of the seas and oceans to which they drain. Its value 
depends on the ratios between the concentrations of nitrogen, phosphorus and silica. Because of 
the importance of both N and P with regard to eutrophication, and their strong interlinkages in 
agricultural production, both elements are accounted for in this analysis.  
 
Increases in nutrient flows, coupled with relative changes in the nutrient ratios (N:P:Si) cause a 
rapidly increasing risk to eutrophication. In the current situation, the regions with high ICEP values 
and thus eutrophication potential correspond to the sea regions where hypoxia and algal blooms are 
observed, with increasing frequency and size. In the coming decades the area of regions with 
positive ICEP values are projected to further increase, although less rapidly than in the past decades. 
The coastal regions of the Atlantic and Indian Oceans show the most rapid changes, similar to the 
nutrient export by rivers.  
 
According to baseline scenario projections, global river N export to coastal marine ecosystems will 
increase from the current 34 million tonnes per year, to 40 million tonnes by 2050 (+20%), and for P 
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from the current 4 million tonnes per year, to 7 million tonnes (+60%) by 2050. The changes 
between 2000 and 2050 vary for N and P as well as per region (Figure 3.14); the river N export 
(+43%) to the Indian Ocean increases less than that of P (+80%). For the Pacific Ocean, the P export 
(+77%) increases much faster than that of N (+30%). For the Atlantic Ocean, the P export (+41%) also 
increases more rapidly than that of N (+7%). These differences in development of N and P flows may 
have important repercussions for coastal marine ecosystem functioning. 
 
In the efficient phosphorous use scenario, the global river export of N (37 million tones per year by 
2050) and P (6 million tonnes per year) increase more slowly than in the baseline, whereby the 
reduction for P is less than that of N, because of the earlier explained build up of residual soil 
phosphorus reserves in most developing regions. 
 
The results for the efficient phosphorus use scenario show that the combined measures to reduce 
nutrient flows relative to the baseline scenario are effective in all world regions. For the Atlantic and 
Indian Oceans, the possibilities to reduce nutrient losses from agriculture into the environment are 
limited beyond 2030, however, due to the rapid production increase. Furthermore, as the river 
export of N and P is expected to be larger by 2030 and 2050 than in 2000, the situation is very 
unlikely to improve, especially with respect to rivers that discharge into the Indian Ocean. 
 
The effects in terms of the Coastal Eutrophication Potential are shown in Figure 3.15 and 3.16. Here, 
ICEP is expressed as a river basin characteristic, as well as a characteristic of the seas and oceans to 
which these rivers drain. The general picture is an increase in eutrophication potential in the 
baseline, whereas, the efficient nutrient use scenario presents a decrease in eutrophication potential 
(i.e. improved water quality) in most developed regions, but no improvement in most developing 
regions where agricultural production and hence fertiliser use are projected to increase most. 
 

 
Figure 3.14. N (left) and P (right) exports by rivers to coastal marine ecosystems for the baseline and the efficient nutrient 

use scenario (R). The analysis includes reductions of point sources and diffuse sources. 
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Figure 3.15. Development of the fraction of the land area with river basins draining into the world’s oceans with ICEP>0 

(left); and average ICEP for the world’s oceans for the baseline scenario (base) and the efficient nutrient use scenario (R).  
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Figure 3.16. Indicator for Coastal Eutrophication Potential (ICEP) for the year 2000 (top) and 2050 for the baseline (middle) 

and for the efficient nutrient use scenario (bottom). 
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4 Bio-energy prospects on longer term  

4.1 Main findings 
 Land-use- and/or land-cover-related sustainability criteria for bio-energy production have a 

substantial effect on the total global potential for bio-energy production. Different 
assumptions regarding such criteria partly explain the disparities between published 
estimates of potential global bio-energy production. Differences in agricultural yield 
projections also contribute to such disparities. High estimates of the bio-energy potential (> 
350 EJ) tend to be based on optimistic yield assumptions and the conversion of large areas of 
natural land. Introducing strict sustainability criteria and more conservative yield projections 
may reduce such estimates to around 50 EJ.   

 Within the time horizon of this analysis (up to 2050), biodiversity gains associated with 
climate change mitigation per se tend to be offset by increased pressure on biodiversity as a 
consequence of increased bio-energy production to accomplish climate change mitigation 
targets. Combining ambitious climate policy with strong sustainability criteria for bio-energy 
production would be consistent with efforts to significantly slow down biodiversity loss.  

 The TIMER/IMAGE model results presented here suggest that a combination of ambitious 
climate change mitigation policies with strict sustainability criteria for the eligibility of land 
for bio-energy production could induce a shift to different types of non-fossil energy, rather 
than cause a geographical redistribution of bio-energy production. Any remaining bio-energy 
production may be destined for power generation rather than transport.  

 Although not the direct subject of this bio-energy study, another finding implicit from the 
analysis is that achieving the 2 °C climate target may be very difficult to reach without 
allowing for a substantial level of bio-energy use. As model-based scenario studies confirm,  
of the bio-energy that is used in installations with carbon-capture-and-storage systems, 
substantial amounts are required in order to stay below two degrees climate warming. The 
bio-energy volumes needed to create sufficiently large ‘negative emissions’, a crucial 
condition to meet the two-degree target (450 ppm), exceed the estimated sustainable 
supply. Therefore, here we used the less stringent 550 ppm climate target, which is 
associated with a much lower probability of achieving the two-degree target. 

4.2 Introduction and background  
Serious concerns have been raised in connection with the production of biofuels and bio-energy 
crops in particular. The land conversion associated with expanding crop production tends to 
contribute to loss of forests and other natural ecosystems. Furthermore, the stronger competition 
for foodstuffs as well as for the required inputs (land, fertilizer, water) gives rise to concerns over 
food security and affordability. For all these reasons, the EU has formulated so-called sustainability 
criteria to reduce the risk of negative effects of crop production for biofuels and bioliquids on the 
environment, the economy and for human development. These criteria are applied to so-called first- 
and second generation biofuels. In the long term, second-generation biofuels are expected to 
dominate. These can be produced from virtually all harvested biomass; not only from annual crops, 
but also from grasses, wood and all kinds of organic residues. For these reasons, second generation 
biofuels could potentially be more efficient in terms of less environmental impacts than first 
generation biofuels. Obviously, however, their production will still require land as well as inputs such 
as fertilizers to achieve economically attractive yields. From a land use perspective, this implies that 
the distinction between biomass production for liquid bio-fuels and direct combustion for energy 
will become blurred and eventually meaningless; thus, sustainability criteria exclusively directed to 
liquid biofuels will lose their relevance.  
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It is therefore useful for a strategic analysis to not only focus on biofuels, but to explore how 
demand and supply of all types of bio-energy compounded can be reconciled while taking account of 
meaningful sustainability criteria. Literature available on this issue is far from unanimous, as 
indicated by several authors [Van Vuuren 2009; Smeets et al., 2007, Smeets and Faaij, 2004; 
Hoogwijk, 2004], who found estimates of potential11 bio-energy production by 2050, ranging from 0 
to more than 1500 EJ. This large range of estimates results from different assumptions on land 
cover, crop yields, food demand, sustainability criteria, conversion paths for biomass, and 
assumptions about the degree to which bio-energy production can be steered by government 
policies.  

4.3 Objectives  
Emphasis of this GLIMP issue study is on bio-energy production in the longer term (until 2050). The 
aim of this issue study is to explore how a sustainable supply of biomass can be provided within and 
outside the EU.  
 To meet this challenge the following questions are addressed: 

• What are the effects of land use/land cover related sustainability criteria on bio-energy 
production? To what extent can disparities in estimates of potential global bio-energy 
production be explained by such criteria? 

• What are the effects of such criteria on how bio-energy is applied (e.g. for power 
generation, or as liquid biofuels for the transport sector)? 

• To what extent would such criteria contribute to slowing down bio-diversity loss, and how 
would this compare to the overall effects of climate change and climate change mitigation?   

Box 4.1: Terminology and concepts used in the GLIMP bio-energy issue study. 
In GLIMP, the term biofuels is used for bio-energy in a narrow sense, i.e. bio-energy in liquid form that is used 
as transport fuels. The term bio-energy describes the use of all types of biomass in the production of energy in 
a wider sense, i.e. generation of electricity, heat and transport fuels. Feedstock for bio-energy, as accounted for 
in this study, includes annual crops (maize, sugarcane) used in the production of first-generation biofuels, as 
well as wood and residues from agriculture and forestry used in the production of second-generation biofuels 
and power generation. Cascaded material is not accounted for. 
The potential of bio-energy production in this study refers to the amount of bio-energy that can be produced 
sustainably, after having taken account of the projected land requirements for the production of food and non-
energy wood products, and for biodiversity preservation; but without accounting for the economic viability of 
bio-energy production, e.g. in remote areas or areas with low yields due to climate constraints. 

 
The results concentrate on changes in agricultural land use per world region, the spatial translation 
of the EU’s ‘bio-energy footprint’. Implications for land cover by main biome type in terms of extent, 
together with biodiversity indicators illustrate the ‘ecological footprint’. Other relevant indicators 
account for avoided GHG emissions and the cost of meeting a stringent climate target (see Box 4.2). 
 

Box 4.2: Indicators provided in this study 

For the following indicators projected changes between 2010 and 2050 are provided: 

• Potential bio-energy production [EJ/yr] 

• Demand/consumption of bio-energy [EJ] 

• Area used for bio-energy production [%] 

• Actual bio-energy production [EJ/yr] 

• Biodiversity change due to production of bio-energy crops and woody biofuels [% MSA, million km2 
nature/wilderness area] 

• Net avoided GHG emissions per sector inside/outside the EU [Gt/yr] 

                                                      
11 See explanation in Box 4.1. 
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4.4 Methodology and scenarios 
Model framework 

The analysis was done by applying the TIMER/IMAGE/GLOBIO model framework. A brief description 
is given below. A more detailed description is given in Appendix.  
The global energy system model TIMER (The IMAGE Energy Regional Model by Van Vuuren, 2007) 
describes the investments in and use of different types of energy options influenced by technology 
development (learning-by-doing) and resource depletion. Inputs to the model are macro-economic 
scenarios and assumptions on technology development, preference levels and restrictions to fuel 
trade. The model calculates, inter alia, primary and final energy consumption by energy type, sector 
and region, and the associated greenhouse gas emissions. Implementation of mitigation policies is 
generally modelled on the basis of price signals (a tax on carbon dioxide). Projections are made for 
24 world regions with Europe being split in Western and Central Europe (see Annex I). 
 
The Terrestrial Environment System (TES) of IMAGE (Alcamo et al. 1994; Bouwman et al., 2006) 
computes land-use changes based on regional production of food, animal feed and fodder, bio-
energy crops and timber considering local climatic and terrain properties. The potential distribution 
of natural vegetation and crops is determined on the basis of climate conditions and soil 
characteristics, on a spatial resolution of 0.5 x 0.5 degrees. Land-use types are allocated at grid cell 
level on the basis of specific rules, such as crop productivity, distance to existing agricultural land 
and distance to water bodies (Alcamo et al., 1998). IMAGE furthermore calculates emissions from 
land-use changes, natural ecosystems and agricultural production systems, and the exchange of 
carbon dioxide between terrestrial ecosystems and the atmosphere.  
 
The GLOBIO3 model computes biodiversity loss expressed for each biome by the mean relative 
abundance of the original species (MSA) (Alkemade et al., 2009). The core of GLOBIO3 is a set of 
equations describing the impact on biodiversity of the degree of pressure using dose-response 
relationships. The pressures on biodiversity considered with GLOBIO3 include land-cover change, 
land-use intensity, atmospheric nitrogen deposition, infrastructure development, fragmentation and 
climate change. For land-use change, the MSA value of a human influenced land-cover type depends 
on the local pristine or reference situation. For instance, a forest converted to pasture has a lower 
remaining MSA than natural grassland converted to pasture, because the converted grassland more 
closely resembles the original situation. The fragmentation effect is related to the size of natural 
continuous land-cover types, and their capacity to sustainably house viable populations of species.  
 
Overall methodology 
In the GLIMP baseline, bio-energy production is by default considered to be subject to some form of 
financial incentives. That practice is supposed to continue assuming that the budget for subsidies is 
kept constant. Hence, if oil prices rise, more bio-energy will be produced for the same level of 
financial support. In the GLIMP baseline, oil prices are projected to increase only modestly over the 
next decades, implying that bio-energy will remain a marginal energy carrier. Historical 
developments of bio-energy are accounted for in the calibration period of 1970 to 2005. For the 
simulation period between 2005 and 2050, alternative policy measures are included to explore their 
potential impacts on bio-energy use and production, as is explained in section Scenarios below. 
 
First, longer term targets and ambitions with respect to the use of bio-energy for the EU and other 
key regions were identified.  
Second, given land use requirements for other purposes and more or less stringent sustainability 
criteria for bio-energy production (e.g. to avoid food production impacts and the conversion of 
forests and other high nature value ecosystems), the range for   for bio-energy potential supply12 is 
                                                      
12 See definition in Box 4.1 
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estimated with IMAGE/TIMER. Besides competing land use claims and sustainability criteria, these 
estimates for the bio-energy potential are based on crop yields, land cover type, water scarcity, level 
of land degradation, and protected areas (Van Vuuren et al., 2009). In our calculations, the default 
criterion is that bio-energy crops can be grown on agricultural land in regions where the agricultural 
area has shrunk or is contracting, and some natural grassland and savanna areas. Under more 
stringent sustainability criteria explored here we exclude bio-energy production from all natural 
areas. 
Finally, the implications of the various cases for land-use changes with associated ecological impacts 
covered by the models (see Box 4.2) are evaluated for their compatibility with sustainability 
concerns and effects on energy supply.  
Box 4.3 gives an overview of the main modelling assumptions applied in the IMAGE/TIMER 
framework.  

Box 4.3: Modelling assumptions applied in the GLIMP bio-energy issue study. 

The following assumptions were applied: 

• Potential for bio-energy crop production is based on land cover/land use type, protected areas 
(regardless of land cover type), water availability and level of land degradation.  

• Sustainability criteria only apply to bio-energy crop production, not to food crop production. 
• The strict sustainability criteria accounted for imply a prohibition of bio-energy crop production on all 

natural grassland/steppe, savanna, scrubland and primary forests. Bio-energy crop production is 
therefore restricted to agricultural land in regions where the agricultural area has shrunk or is 
contracting and tundra (if agricultural production is possible given the biophysical constraints). We do 
not implement criteria for prohibition/exclusion of land based on carbon stock information. 

 

Scenarios 

Baseline: A detailed description of the GLIMP baseline is provided in Chapter 2. Energy projections 
for the baseline have been calibrated to the World Energy Outlook 2009 (IEA, 2009) which contains 
all energy policies that are judged very likely to continue or become effective in the near future. EU 
biofuel policies, for example, are assumed to continue after 2020. An overview of non-EU biofuel 
policies accounted for is given in table 4.2. Other EU policies that are relevant for this issue, such as 
climate policies, are not considered in the baseline.  
The development in the baseline scenario of the OECD study is characterised by an initial increase in 
agricultural land area, driven by a growing population and dietary changes. The land use increase 
only partly follows the increase in agricultural production: most of the production increase is 
achieved by yield increase (according to FAO; Bruinsma 2003). Over time, population growth is 
projected to slow down and even stabilise. As a result, from 2030 onwards, yield improvement 
outruns the increase in production and, at the global level, land area used in food production is 
projected to decrease. The 2030 peak in global land use implies that, from 2030 onwards, large land 
areas in some world regions will no longer be required in food production. 
Next to the baseline, four alternative scenarios describing different conditions and objectives were 
applied (Table 4.1). 
 
Envisaged policy scenario: This scenario assumes the implementation of the low pledges submitted 
in the context of UNFCCC as part of the Copenhagen Accords, based on the work of den Elzen et al. 
[2010]. These reduction targets for the low pledge scenario for the developed countries are similar 
to the reduction targets from the POLES scenario, as presented in the European Commission 
Communication Analysis of options to move beyond 20% greenhouse gas emission reductions and 
assessing the risk of carbon leakage (EC, 2010). The reductions for the major developing countries 
are different, however, based on somewhat different baseline assumptions and interpretation of the 
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pledges that have been made13. We assume that bio-energy policies are continued (as in the 
baseline) but the climate policies will somewhat further stimulate the use of bio-energy.  
 
Scenario with low bio-energy potential: This scenario is based on the envisaged policy scenario. 
However, the criteria for potential bio-energy production are further restricted by sustainability 
criteria according to Van Vuuren et al. (2009): the exclusion of water scarce areas, heavily degraded 
soils, and new bio-reserve areas currently considered as part of the CBD ambitions.  
For water scarcity, an estimate of water scarce areas was used as calculated by the Water Gap 
model (Doell et al., 2003). Water scarcity is a function of total water withdrawal as the proportion of 
the maximum available runoff minus environmental water requirements. Values on this index of 
above 0.4 are defined as representing severe water scarcity and are considered to be unsuitable for 
bio-energy production. For land degradation, the GLASOD database (Oldeman et al., 1990) was used 
to explore potential reduction in bio-energy potential through land degradation. Here, only land 
with none to minor degradation (GLASOD cat. 1–2) was considered to be potentially available for 
bio-energy production. Regarding bio-reserves, the Sustainability First scenario from the UNEP 4th 
Global Environmental Outlook (UNEP, 2007) was used, which indicates a geographically explicit and 
ambitious expansion of the global bio-reserve area from 12% to 25%. Under this scenario, bio-
reserves are projected to expand to protecting 20% of each biome type on each continent by 2050. 
The calculations do include a substantial amount of bio-energy from residues (potential by 2050 is 
around 80 EJ). 
 
550 ppm CO2 eq stabilisation scenario: This scenario shares it assumptions with the ‘Envisaged 
policy scenario’, but includes a carbon tax that aims to stabilise greenhouse gas concentration in the 
atmosphere at 550 ppm CO2 eq. 
 
550 ppm CO2 eq stabilisation scenario with low bio-energy potential: This scenario shares it 
assumptions with the ‘Envisaged policy scenario with low bio-energy potential’, but includes a 
carbon tax that aims to stabilise greenhouse gas concentration in the atmosphere at 550 ppm CO2 
eq. 
 
Achieving the 2 °C climate target may be difficult to reach without allowing for some level of bio-
energy use. Substantial amounts of bio-energy used in installations with carbon sequestration and 
storage are indispensable to reach a GHG concentration target in the order of 450 ppm CO2-eq. In 
the default scenario, the bio-energy volumes needed to create sufficiently large ‘negative emissions’ 
under the 2 degrees pathway exceed the estimated sustainable supply based on the criteria applied 
here. Very similar findings are found in analyses with other global integrated model frameworks – 
see for instance Clarke et al. (2008) and van Vuuren et al. (2010). For that reason the less stringent 
550ppm climate target was chosen here, associated with a much lower probability of reaching the 2 
degrees target. 
 

Table 4.1  Overview of scenario assumptions 

                                                      
13 It should be noted that there are several major uncertainties that can strongly influence the emission reductions by 2020 
resulting from the Annex I pledges (den Elzen et al., 2010). These relate to the contingency of the pledges, the use of 
surplus Assigned Amount Units (AAUs), the land use, land-use change and forestry rules and the potential double-counting 
of off-sets. In particular the first, i.e. the contingency of the pledges can have a large effect on 2020 emissions. For 
countries that have only made a conditional pledge, such as Canada, Japan and the United States, but also some emerging 
economies such as Mexico and South-Africa, this pledge is applied for the low pledge scenario. However, if the conditions 
of these pledges are not met, then these countries may follow their baseline emissions, leading to higher global emissions, 
i.e. higher Annex I emissions of about 1990 levels instead of a 12% reduction. The impact of surplus AAUs, notably the 
Kyoto surpluses from Russia and Ukraine, but also Europe, can also be 6-8% of the 1990 Annex I emissions. Due to the low 
pledges, and the resulting lower demand of Annex I countries in off-setting reductions, the impact of double counting will 
be much less. 
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Scenarios  
 
Policies 

Baseline Envisaged 
policy 

Low bio-energy 
potential 

550 ppm 550 ppm with 
low bio-energy 
potential 

RES  Yes Yes Yes Yes Yes 

Climate policy 
 

No Copenhagen 
pledges 

Copenhagen 
pledges 

Policies 
aimed at 
550 ppm 
CO2 eq 
stabilisation 

Policies aimed at 
550 ppm CO2 eq 
stabilisation 

Strict land-related 
sustainability 
criteria  

No No Yes No Yes  
 

 

Table 4.2  Non-EU biofuel targets 

Country Existing targets until 2020 Our proposal for extending these 
targets for 2020-2050 

USA 114 billion litres totally renewable fuels 
to be blended into transportation fuel 

Calculate the share of biofuels from the 
total petrol/diesel use in 2020 and apply 
this percentage as minimum share for 
biofuels in the transport sector after 
2020. 

Brazil Mandatory blend of 5% biodiesel in 
diesel  
Mandatory blend of 25% ethanol in all 
petrol  

Keep the current ethanol share (25%) 
and 5% biodiesel blend as minimum 
target after 2020. 

China 
 

By 2020: annual use of 1) biomass = 50 
million tonnes,  
2) biogas = 44 billion m3,  
3)  bio-ethanol = 10 million tonnes,  
4) bio-diesel = 2 million tonnes. 

Calculate the share of biofuels from the 
total petrol/diesel use in 2020 and apply 
this percentage as minimum share for 
biofuels in the transport sector after 
2020. 

India 20% blending of biofuels in petrol and 
diesel in transport fuels by 2017.  

Keep the 20% share as a minimum target 
from 2018 onwards. 
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Table 4.3  Land exclusion criteria applied in the scenarios 

Land exclusion criteria Default Sustainability criteria 

Land use / land cover eligible 
for bio-energy crops 

Agricultural land in areas where 
the agricultural area is 
declining, and some natural 
grasslands and savannas 

Agricultural land in areas where 
the agricultural area is declining 

Additional criteria Current nature reserves 
excluded 

Areas suffering from water 
scarcity or severe soil 
degradation are excluded.  
Current and potentially new 
nature reserves are excluded. 
Natural grassland/steppe and 
savanna areas are excluded (no 
grass) 
Scrubland and primary forests 
are excluded (no nature).  

4.5 Results 
Area-limitations to potential bio-energy production 

Figure 4.1 (top, left) shows the potential global bio-energy production calculated with IMAGE/TIMER 
as limited by varying types of area restrictions only (i.e. without considering costs nor demand). 
These results suggest that, under baseline conditions in the default variant, 250 EJ energy could 
potentially be provided from bio-energy by 2050. Compared to other IMAGE calculations (e.g. Ten 
Brink et al.,2010), this number is relatively high for a rather benign land-use scenario for 2050; but it 
is conservative compared to some of the results from previous studies.  
Accounting for global land-related suitability criteria reduces the potential to approximately 150EJ. 
This is shown in two steps in the top-left quadrant of Figure 4.1 (no grass and no nature), but the 
difference between the two is minimal, because yields are very low in the tundra areas that are 
included in the no grass variant but excluded in the no nature variant. The remaining 150 EJ of bio-
energy potential still appears to be fairly high. This is mainly a consequence of overall agricultural 
land-use developments; as a result of the peak in agricultural land use in 2030, a relatively large 
potential is available in areas where agricultural land use would decline after 2030.  
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Figure 4.1 Top-left: Global TIMER/IMAGE estimates of the bio-energy potential (in EJ) by 2050; Top-right: with alternative 

assumptions on protected areas (current situation of approx 12% protection; more protection: 17% based on GEO 3, 
sustainability first scenario). Bottom-left: accounting for different levels of water scarcity; bottom –right: combined. See 

Table 4.3 for further explanations. 

 
The top-right quadrant of Figure 4.1 shows the impact of expanding protected natural areas from 
their current extent to the area asked for by the recent negotiations in Nagoya as part of the 
Convention on Biodiversity (CBD). This would reduce the bio-energy potential from 250 EJ to 200 EJ 
in the default variant; and to around 125 EJ in the no nature variant. 
Excluding bio-energy production from water scarce areas can have a similar impact, as shown in the 
bottom-left quadrant of Figure 4.1. Excluding only areas characterised by severe water scarcity 
reduces potential by 25-45 EJ. Excluding also areas with medium water scarcity would exclude 
another 10-25 EJ.  
 
In the bottom-right quadrant of Figure 4.1 we combined the sustainability criteria, i.e. exclusion of 
potentially new protected areas, water scarcity (severe and medium), and land degradation (severe 
and medium). The medium criteria exclude severe water scarcity and severe land degradation. The 
strict criterion excludes medium water scarcity and medium land degradation as well. In this figure, 
the no nature variant with medium criteria corresponds to the sustainability criteria in Table 4.3 . 
 
These calculations can be used to help understand the ranges in published estimates for technical 
bio-energy potential. Figure 4.2 shows the range found in the literature for bio-energy potential. We 
excluded two very extreme cases, leaving an estimate of around 30-1400 EJ.   
As shown before, default estimates in the IMAGE model provide a bio-energy potential of the order 
of 150 to 250 EJ, for dedicated bio-energy crops. Inclusion of residues adds another 100 EJ. To get to 
even higher potential numbers we explored a case in which no sustainability criteria were used at all, 
high agricultural yields were assumed and 100% of all natural grassland and 30% of current forest 
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areas were converted into bio-energy production areas. Under these circumstances the potential 
would be around 500 EJ primary energy.  
 
In conclusion, high estimates of the bio-energy potential (> 350 EJ) can only be based on optimistic 
yield assumptions besides accepting substantial loss of natural areas in favour of bio-energy 
production. Introducing sustainability criteria can considerably reduce the estimate: strict criteria 
and lower agricultural yields may reduce the potential to around 50 EJ. 
 

 

Figure 4.2 Comparison of area limited estimates of potential biofuel production 

Bio-energy use and GHG emissions 
In our scenario calculations, we explored the impact of restrictions to the bio-energy potential in its 
application, as well as the final impact on biodiversity.  
 
The CO2 emissions of the scenarios are defined by the type of policies included. The baseline results 
in the highest emissions. Global implementation of the Copenhagen pledges (and continuation of 
the effort beyond 2020) reduces global emissions by around 15%. 

 
Figure 4.3 CO2 emissions in the scenarios analysed 
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The use of bio-energy in these scenarios is dependent on both the climate policy and the 
sustainability criteria. The highest bio-energy consumption for 2050 is found in the 550 ppm CO2 eq 
stabilisation scenario, i.e. around 90 EJ. The sustainability criteria limit bio-energy use to 50 EJ. The 
remaining bio-energy is in fact mostly from residues. The reference scenario uses around 50 EJ 
without sustainability criteria and 35 EJ without criteria. 
 

 
Figure 4.4  Modern bio-energy use in the scenarios analysed 

Fout! Verwijzingsbron niet gevonden. Fuel use in the transport sector 
 
Figure 4.5 and Figure 4.6 show the share of bio-energy in transport, and the use for power 
generation, transport and industries respectively. The results show that the sustainability criteria 
especially cause a reduction in the use of bio-energy in the transport sector. The most important 
remaining bio-energy use is from residues in the power sector, where it can be used in combination 
with CCS. 
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Figure 4.5  Bio-energy use by sector 

 
The use of bio-energy does clearly depend on the assumed climate target, In total and in terms of 
the distribution over sectors and applications. This was also explored in the ADAM project14, using 
several models. The results presented here roughly confirm the IMAGE/TIMER model results for that 
project, with increased use of bio-energy for very ambitious climate targets and a larger share of bio-
energy used in power generation. Other models show somewhat different application shares. The 
POLES model uses bio-energy mostly in power generation (irrespective of additional criteria). The 
MERGE model uses bio-energy in power and hydrogen generation; and the REMIND model uses bio-
energy to produce biofuels at modest climate targets and to produce hydrogen in case of ambitious 
targets. 
 
Implications for land use and biodiversity 
Table 4.4 gives an overview of the percentage of the total terrestrial area dedicated to commercial 
bio-energy production in the scenarios. These results illustrate the above mentioned notion that in 
the low bio- energy scenarios, land dedicated to bio-energy production only becomes significantly 
available after 2030. 
 

                                                      
14 www.adamproject.eu/ 
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Table 4.4  Shares of land use for bio-energy production in the scenarios analysed 

Land use (% of total terrestrial area) 2030 2050 

Baseline 0.1% 0.6% 

Envisaged policy scenario 0.3% 1.0% 

Envisaged policy scenario with low bio-energy 
potential 0.0% 0.1% 

550 ppm CO2 eq stabilisation scenario 0.2% 1.6% 

550 ppm CO2 eq stabilisation scenario with low bio-
energy potential 0.0% 0.3% 

 
The consequences for biodiversity, here expressed by the mean species abundance (MSA) indicator, 
and its pressure components as calculated by the GLOBIO3 model15 are shown in Figure 4.6  to 
Figure 4.9. Both scenarios with default land criteria for bio-energy production present minor overall 
gains in MSA as compared to the baseline, because, until the 2050 time horizon of the analysis, the 
bulk of the benefits from climate policies in these scenarios is offset by additional MSA losses due to 
the increased pressure resulting from extra bio-energy production. The low bio-energy scenarios 
present substantially higher gains in MSA because the pressures from both climate change and land 
use for bio-energy are relieved as compared to the baseline. In 2050, the net difference in global 
MSA between the baseline and the 550 ppm CO2 eq stabilisation scenario with low bio-energy is 0.88 
percentage points. This compares to a net overall MSA loss in the baseline of 7.0 percentage points 
between 2010 and 2050. 
 

 
Figure 4.6  Difference in MSA in 2050 between the Envisaged Policy scenario and the baseline scenario; positive values 

represent MSA gains compared to baseline levels; negative values represent losses 

 

                                                      
15 See Appendix II for model description and explanation of the MSA concept. 
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Figure 4.7  Difference in MSA in 2050 between the Low bio-energy potential scenario and the baseline scenario 

 
 

 
Figure 4.8  Difference in MSA in 2050 between the 550 ppm CO2 eq stabilisation scenario and the baseline scenario 
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Figure 4.9   Difference in MSA in 2050 between the 550 ppm CO2 eq stabilisation scenario with low bio-energy potential 

and the baseline scenario 

4.6 Conclusions 
Land use / land cover related sustainability criteria for bio-energy production have a substantial 
effect on the total global potential for bio-energy production. Different assumptions regarding such 
criteria partly explain the disparities between published estimates of potential global bio-energy 
production. Differences in agricultural yield projections also contribute to such disparities. High 
estimates of the bio-energy potential (> 350 EJ) tend to be based on optimistic yield assumptions 
and the conversion of large areas of natural land. Introducing strict sustainability criteria and more 
conservative yield projections can reduce the estimate to around 50 EJ.  
 
Within the time horizon of this analysis (until 2050), biodiversity gains associated with climate 
change mitigation per se tend to be offset by an increased pressure on biodiversity, as a 
consequence of increased bio-energy production to accomplish climate change mitigation targets. 
Climate mitigation strategies consistent with the target to halt or significantly slow down biodiversity 
loss could consider strong sustainability criteria for bio-energy production.  
 
The TIMER/IMAGE model results presented here suggest that a combination of ambitious climate 
change mitigation policies with strict sustainability criteria for the eligibility of land for bio-energy 
production, induce a shift to different types of non-fossil energy rather than causing a geographical 
redistribution of bio-energy production. Any remaining production – bio-energy that is not 
necessarily needed to achieve the ambitious climate targets – is tentatively used in power 
generation rather than transport.  
 

 
 

-2,0%

-1,5%

-1,0%

-0,5%

0,0%

0,5%

1,0%

1,5%

2,0%

EU27+
net diff:

0.4%
OECD net
diff: 1.3%

BRIICS
net diff:

0.6%
RoW  net
diff: 0.9%

M
SA

-d
iff

er
en

ce
2050  550 ppm CO2 eq stabilisation scenario with low bio-energy potential - Baseline  

Total

Encroachment, infrastructure

Climate

N-deposition

Loss after former land use

Forestry

Pasture

Bio-energy crops

Food & feed crops



75 
 

5 Biofuels and (indirect) land-use change, history and projections to 2020  
 
Main Findings 
 

• Biofuel consumption has increased strongly in the EU27 over the last decade, and associated 
imports have contributed to land-use change and associated environmental problems in 
other parts of the world. 

• Indirect land-use change (ILUC)  associated with EU27 biofuel consumption is estimated to 
have increased from a very small  area size (500 km2) in 1998 to between 10,000 and 18,500 
km2 in 2010 (equalling a third to half of the Netherlands land surface). 

• Additional carbon emissions from land conversions to grow biofuel  feedstocks are 
substantial, and according to an assessment made in 2007,  it may take an average 35 years 
(range: 12-70 years) for bio-ethanol, and 50 years (range: 15-106 years) for biodiesel to 
offset these emissions by reduced (net) emissions in the transport sector. 

• To achieve the EU target of a 10% share of renewables in transport fuel consumption by 
2020, production of biofuel feedstock in the EU and imports from other world regions will 
increase further. Total  global foodcrop production (+8%) and crop area (+9%) will increase at 
the expense of nature areas, biodiversity and carbon stocks in  ecosytems. 

• Other world regions also more or less firmly plan to use more biofuels. If these plans were to 
unfold in the time leading up to 2020, worldwide impacts on foodcrop production, nature 
areas and carbon emissions would become more serious. The impact that can be attributed 
to EU policies would not change much, if biofuel consumption is also increased in other world 
regions. Some production shifts will be induced by increased competition over resources in 
other parts of the world. 

• The net impact of the assumed high worldwide biofuel production on Mean Species 
Abundance (MSA), an aggregate measure of biodiversity, for all world regions including the 
EU, would represent a loss of about  0.8 percentage point by 2020. For comparison: the total 
MSA loss between 2010 and 2020 in the absence of any biofuel policies would amount to 2.2 
percentage points. 

• To keep the negative impacts of a high worldwide biofuel production in check, measures to 
exclude forested areas and other carbon-rich biomes from agricultural expansions are 
explored using recent model extensions. Conserving carbon-rich natural areas (as targeted in 
the so-called REDD mechanism) look very promising in this novel  analysis. Net carbon 
emissions from land conversion are very similar to those in a situation without any biofuels. 
Losses of tropical and other forest areas would be much smaller, but this would be at the 
expense of other types of natural land cover, such as savanna, scrubland and grassland. 

5.1 Biofuel developments in the EU up to 2010  
Background and introduction 
The EU Renewable Energy Sources Directive (RES-D) sets a target of a 10% national share of energy 
from renewable sources in transport by 2020. The bulk of this target is likely to be met by biofuels 
and, given the timeframe and current developments, mostly by so-called first-generation biofuels 
(produced from food crops).  
Many other countries around the world have recently also developed policies and incentives aiming 
to use and produce more biofuels. Together with other existing (e.g. increasing food demands) and 
new uses of agricultural products (for biomass, for bio-chemistry) this is bound to lead to increasing 
demand for land and therefore increased competition over access to more productive land. Even 
with ongoing trends in yield improvement and more intensive livestock production, this leads to land 
use change, e.g. in the form of forests, grasslands and other natural ecosystems being converted 
into agricultural land. 
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To keep the environmental effects of such conversions under control, additional counter-acting 
measures are discussed. For example, the EU RED establishes sustainability criteria for biofuels and 
bioliquids. Some of them being expressed in terms of place of origin of the raw material used for 
producing biofuel, excluding land with high biodiversity, such as primary forest, protected areas, 
high value certain grasslands, land with high carbon stocks and peatland. 
However, while such sustainability criteria are based on the place of origin of the biofuel crop, they 
therefore do not take into account the indirect impacts of expanding agricultural production for 
biofuels. They foster growing biofuel feedstocks on existing arable land, and push other production 
activities into new areas, including the very same forests or grasslands excluded under the biofuels 
sustainability criteria and potentially leading to significant environmental impacts (GHG emissions, 
biodiversity loss, affecting the water cycle…) as well as more pressure on land and food prices. 
In the last few years this phenomenon, referred to as ILUC: indirect land-use change, has received 
widespread attention, reflected also in policy discussions inspired by concerns over undesirable side-
effects of increased use of biofuels. This includes various model-based attempts to capture the 
magnitude of ILUC and possible ways to account for it in rules and regulations. One clear obstacle 
has been the incomplete knowledge base, e.g. how much land use has been and will be changed due 
to biofuel policies and other evolution of agricultural demand. And, when assessing environmental 
impacts of EU policy, what is due to EU consumption of agricultural products originating from non-
EU countries. 
This study aims to address these questions for the recent history, and explore possible future 
developments up to 2020.  
 
Subject of the study 
Many studies and datasets exist on the subject of impacts of biofuels on (direct and indirect) land-
use, but also on food prices and food security, on net greenhouse gas emissions, etc. Still, there is a 
need to gather relevant information and put it into perspective. Given the link to physical production 
and consumption, an appropriate common basis used here for comparing between and aggregating 
across different crops is by weight. Other options could have been to express quantities in terms of 
nutrition value (for food crops) or energy value (for fuels and all crops), but these are less universally 
applicable. In addition, results are presented in terms of import and export shares of production or 
consumption. This solves the problems of converting crops into energy and/or food, and allows 
assessment of the EU dependency on non-EU countries for different products, and the relative 
importance of biofuel (feedstocks) in total product flows.  
For each relevant group of crops (cereals, oil crops, sugar cane/beet), distinguished between bio-
ethanol and biodiesel, the study considers the main relevant crops in the EU using GTAP, EuroSTAT 
and other data considered relevant. In principle a wide range of crops within the different crop 
groups could serve as feedstock for biofuels, subject to sufficiently high content of oil, starch or 
sugar. In practice, for both the current situation and the future projection a more limited set is 
identified. This includes rape seed (produced in Europe), soybeans (imported from the Americas) 
and palm oil (imported from Southeast Asia) to produce biodiesel. And sugar and cereals (wheat and 
other cereals in Europe: maize in the US and other world regions) to produce bio-ethanol. 
For the current status, biofuel consumption data and production, export and import data of the 
dominant feedstocks are gathered from various sources, including Eurostat, FAO and processed data 
from unofficial sources. As for the ILUC implications, the procedure laid out in (Overmars, 2011) is 
followed; see below under Approach. This employs a mix of data and simple model calculations to 
arrive at an estimation of LUC effects in terms of additional land-use and equivalent CO2 emissions. It 
distinguishes the major crops, produced inside the EU and/or imported, used as feedstock to 
produce ethanol (wheat, sugar beet, sugar cane, other cereals) and biodiesel (rapeseed, soy and 
palm oil) and their main region of origin. 
For the projection until 2020, the coupled IMAGE-LEITAP suite of models will be employed, similar to 
what was done for a paper presented at the 2011 GTAP conference (Banse, 2011). The biofuel 
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production chains comprise vegetable oil used as biodiesel from dominant oil crops in each region 
and ethanol from sugar beet/sugar cane or from cereals, both also dependent on the region. For 
more details, see the section Approach below, together with specification of the scenarios to run 
and analyse. 
In order to capture the (net) land-use effects in the region of origin, the main concern regarding 
ILUC, imports into the EU by region of origin will be the basis for the analysis 
Focus is on raw materials used as feedstock for biofuels, and less on imports of ready-made liquids, 
as the interest is on land use. Nonetheless (Overmars, 2011) indicates that the treatment of finished 
biofuels imports and exports did make a difference for allocating ILUC effects to European 
consumption. This is due to differences in feedstock type and production intensity and efficiency. 
Here, it is consistently assumed that all of the imported biofuel (as a finished product) is being 
consumed within Europe, and that only biofuels produced in Europe are exported. So, re-export of 
imported fuels has been excluded (for more details see Overmars, 2011).  
Projections for the coming years, up until 2020, will start from the GLIMP Baseline scenario for 
biofuels16, for general economic development, for population and hence food demand, etc. A variant 
scenario will consider a future with much fiercer competition for biofuels, e.g. assuming 
implementation of planned and announced biofuel policies in major and other economies (Banse, 
2011). 
 
EU27  Biofuel Consumption and Supply 
Contrary to other countries where biofuels are used in significant quantities, in the EU the biggest 
share is in the form of biodiesel. In Brazil, ethanol from sugar cane has dominated supply, initially 
blended with gasoline or used in dedicated vehicles. In the US the major biofuel consumption is in 
the form of ethanol, mostly from maize, blended with gasoline and sold as ‘gasohol’. 
In Europe the use of biofuels has started only recently, but from 2004 onwards consumption has 
increased sharply in response to rising oil prices and fostered by national and EU-wide policies. 
According to Eurostat information, total consumption increased by a factor of 5 in just 4 years; see 
Figure 5.1. The GAIN (2009) report shows a very similar trend, continuing after 2008. Absolute 
numbers from different sources are not identical, but trends shown are very similar. 

 
Figure 5.1: Total consumption of biofuels in the EU 

 
As mentioned, consumption levels of biodiesel within the EU are much higher than those of bio-
ethanol, and they are also increasing. This is shown by the solid lines in Figure 5.2, expressed in 

                                                      
16 In the GLIMP Baseline the EU 10% renewable transport policy is assumed to be implemented. 
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million tonnes of oil equivalent (Mtoe) to account for the difference in energy content per kg of the 
two fuels17.  
Until 2008, imports of biodiesel covered the larger part of the increase in consumption until new 
production capacity came on line within the EU. Over the four year period between 2006 and 2010, 
EU27 production18 of both bio-ethanol and biodiesel roughly doubled.  

 
Figure 5.2: Consumption and supply of biodiesel and bio-ethanol in the EU27 

 
Steadily increasing consumption, stepwise increase in production of biodiesel and almost constant 
imports of bio-ethanol make for rather erratic development of the import shares; see Figure 5.3.  On 
the whole, it seems reasonable to assume the EU will increasingly rely on imports, in particular of 
feedstocks for the production of biodiesel. 

 
Figure 5.3: Import share of EU27 biofuels  consumption 

                                                      
17 Tonne of oil equivalent (toe) is defined as 41.87 GJ. One tonne of biodiesel is around 0.9 toe, and one tonne of ethanol is 
0.64 toe.  
18 Relatively small amounts of bio-ethanol and biodiesel are also exported outside the EU27. Here, it is assumed that this 
concerns products made in the EU, therefore the reported production represents net production for consumption within 
the EU27, corrected for exports. As a consequence, all imports are assumed to be consumed within the EU27. 

0

2

4

6

8

10

12

2006 2007 2008 2009 2010

[M
to

n/
ye

ar
]

EU27 Bio-ethanol and Biodiesel Supply 

Biodiesel-Prod

Biodiesel-Imp

Biodiesel-Cons

Bioethanol-Prod

Bioethanol-Imp

Bioethanol-Cons

Source: GAIN (2009)

0%

10%

20%

30%

40%

2006 2007 2008 2009 2010

[%
 im

po
rt

 o
f c

on
su

m
pt

io
n]

EU27 Biofuels Import Shares

Biodiesel

Bioethanol

Source: GAIN (2009)



79 
 

Given the dominant role of internally produced biodiesel in the EU biofuel market, it is worth looking 
at it specifically. Information from the European Biodiesel Board (EBB; Garofalo, 2011) and from 
USDA (GAIN, 2009) confirms the development of biodiesel production in the EU, from a very small 
amount of 400 kt in 1998 to more than 10 million tonnes in 2010. Figure 5.4 also shows the 
acceleration after 2003/2004, and confirms differences between different sources, notably the 
stagnation in 2008 reported by GAIN but not by EBB. 

 
Figure 5.4: Production of biodiesel in the EU27 

 
Notwithstanding the steep increase in production, only few EU member states reach or exceed the 
5.75% target for the share of renewable sources in road transport energy consumption.  In 2008 this 
share for the EU27 reached 3.5% (Eurostat), and despite the increase in biofuel supply, the share did 
not reach 5% in 2010. 
 
Production and trade of biofuel feedstock 
From the preceding section, it becomes clear that, in terms of volume, the import of feedstocks for 
biodiesel production – and to a much lesser extent that of bio-ethanol – is an important factor for 
international trade in agricultural commodities. In order to evaluate if and where these imports may 
have a notable influence on trade flows and production volumes, we look here at several questions: 

1. How much is produced; focus on the major producing countries 
2. How much do these major producers export, and how large a share of their production is 

exported? 
3. How much of that volume is imported by the EU27; and what share are the EU27 imports of 

the exports from major producers? 
4. How much of the imported volume is used as feedstock for biofuel production? 

Data from FAOSTAT are used to answer the first three questions, see the following sections. FAO 
does not provide data to answer the fourth question; for that aspect see the section on (indirect) 
land-use below   
 
Production by major producing countries 
Focus is on the dominant biodiesel feedstock commodities that are traded internationally: soybeans 
and palm oil (or palm oil fruits, the common production metric used by FAO). 
For soybeans, three countries in the Americas stand out: the United States, Brazil and Argentina 
produce by far the largest quantities. Allowing for inter-annual variability in production, all three 
increased their production steadily over the last decade; see Figure 5.5 (top). 
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Rapidly increasing palm oil (fruit) production occurs mainly in Indonesia and Malaysia; in recent 
years, the more rapid increase in Indonesia has closed the gap in production volumes from earlier 
years: see Figure 5.5 (bottom). 
 

 

 
Figure 5.5: Production of soybean (top) and palm oil (bottom) in major producing countries. 

 
Yield and harvested areas 
According to FAO statistics, the harvested yield did not differ much between the major producing 
countries for each of the two oil crops. For soybeans, yields ranged between 2.3 and 2.6 tonnes/ha 
in the early years of the period,  and between 2.8 and 3.0 tonnes/ha in the 2007–2009 period19. 
Productivity in Brazil and Argentina increased less than in the United States. The productivity of palm 
oil was much higher, with yields of about 6.4 tonnes/ha (measured in palm oil, the total fruit weight 
is almost 3 times higher). In Malaysia, yields increased further to about 7.4 tonnes/ha in recent 
years. Indonesia showed no increase in yields over the period considered.  
 
 
 

                                                      
19 For Argentina a low outlier value of 1.85 tonne/ha is reported, confirming the sudden drop in exports and production 
reported for the same year. 
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Export by major producing countries 
The second step is to look at how much of the production of the major producers is exported to 
other countries. In other words, are total production volumes and/or increases over time driven by 
domestic demand or by exports? The latter can be read from the trend in export share. For the 
biofuels discussion this is relevant, as higher export shares mean that changes in imports driven by 
biofuel production are bound to have a more significant effect on production and land-use in the 
exporting countries. 
For the same commodities and producer countries, the results are shown in Figures 5.6 (exports) 
and 5.7 (export shares). For soy it is worth noting that major producer countries also export large 
amounts of soybean cake, the residue of the soybeans after extraction of the oil (18-20% by weight). 
The protein and carbohydrates rich cake is used in large quantities as feed for livestock. 
Figure 5.6 shows that exports increase for all major soybean and palm oil producing countries, very 
rapidly in Indonesia with regard to palm oil (fourfold increase in nine years) and Brazil with regard to 
soybeans (two-an-a-half time increase). 
 

 

 
Figure 5.6: Export of soybean (top) and palm oil (bottom) by major producing countries 

 
In terms of the export share, however, Argentina shows no increase at all and for almost all others 
the export share increases only to a limited extent; see Figure 5.7. Only for Indonesian palm oil did 
the export share increase strongly, which explains together with the expanding production the 
strong growth in exports from that country. Figure 5.7 illustrates that exports are an important 

0

10

20

30

40

50

2000 2002 2004 2006 2008

[M
to

n/
ye

ar
]

Major Soybean Exporters

United States of America

Brazil

Argentina

0

5

10

15

20

2000 2002 2004 2006 2008

[M
to

n/
ye

ar
]

Major Palm Oil Exporters

Malaysia

Indonesia



82 
 

driver of production in these countries. Around 60% of the increase in production of soybean in the 
major producing countries (United States, Brazil and Argentina) between 2000 and 2009 was 
exported. For oil palm even 70% of the increased production in Indonesia and Malaysia together was 
exported. 
 

 

 
Figure 5.7: Export share of soybean (top) and palm oil (bottom) for major producing countries as percentage of their 

production 
 
EU27 import  
Next, it is important to know the role of EU27 imports on the international market. In absolute terms 
the EU imports of soybeans did not increase and was around 14 million tonnes from 2004 onwards; 
see Figure 5.8. For Palm oil a very different trend is observed: EU imports increase and end up about 
2.5 times higher in 2009 than in 2000. For comparison, EU imports of wheat, potential feedstock for 
bio-ethanol, are also included.  Contrary to the two oil crops, wheat is also produced in large 
quantities in the EU27, and is exported to third countries in similar quantities as the imports. Hence, 
on a net basis EU27 is self-supporting with regard to its wheat demand, but relies on import for soy 
and oil palm. 
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Figure 5.8: EU27 Imports of soybean and palm oil (wheat added for comparison)  

 
The more or less stable EU import level of soybeans implies that the EU27 share of what is exported 
by the major exporters (see above) will drop, over time. After the turn of the century, the EU 
represented about one third of major producers’ exports, reflecting an EU deficit in the livestock 
feed needed to support its large, intensive meat and dairy producing sectors. From 2003 onwards, 
the import share started to drop, and by 2009 ended up at about half of the 2000–2003 level; see 
Figure 5.9. 

  
Figure 5.9: Share of EU27 Imports as percentage of volume exported by major producers 

 
The situation for palm oil is quite different; imports into the EU27 grew at about the same rate as 
the exports from Indonesia and Malaysia taken together.  
 
Direct and Indirect Land-Use 
The data presented in the previous sections allowed estimating the biofuel consumption per type, as 
well as the production and trade of relevant feedstocks, focusing on the major oil crops (soybean 
and palm oil). However, no consistent data are identified about how the volumes used to produce 
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biofuels in Europe compare to other uses (food, feed, industrial processing). Also, it is unclear if 
using the same breakdown by country of origin for biofuel feedstock and for other applications is 
justified. In light of comparable yields in the main producing countries, the effect on total land-use is 
not influenced much, but obviously the geographical distribution remains uncertain. 
 
ILUC Approach 
As mentioned, the (recent) historical and current status will be investigated using the approach 
described in (Overmars, 2011). In the article, the situation in the year 2007 is elaborated, and lack of 
time series data or estimates of crucial assumptions make it impossible to conduct a robust analysis 
for other years. The second-best approach was to do a simple scaling of the 2007 approach, using 
biodiesel end bio-ethanol volumes in other years and apply these to the breakdown over feedstock 
types and  regions of production, and the relevant yield and conversion factors, and other 
parameters as in 2007; see section ILUC trend 2006-2010 below. 
The approach identifies six steps: 

1.1. EU biofuel consumption and shares of EU-produced and imported fuels 
1.2. Biofuels feedstocks and their origin 
1.3. Yields per hectare for the various feedstocks in the region of origin, taking by-products into 

account 
1.4. Calculation of LUC extent based on historical land expansion and yield increase 
1.5. Total land conversion to agricultural land 
1.6. CO2 emissions from land-use conversion 

 
In order for the approach to remain practical, some simplifying steps are taken. Such as reassigning 
exports to make the main exporting regions represent the total volume, so ignoring the smaller 
exporters, together responsible for 2% to 7% of the total, and (slightly) inflating the main exporters. 
The production and trade statistics reported in the preceding Section made similar simplifying 
approaches by focusing on a small number of major producing countries per crop. 
 
ILUC results for 2007 
The outcome for the year 2007 reported in (Overmars, 2011) is summarised here, together with a 
first estimate of the physical “footprint” in the form of million ha land attributable to ILUC of biofuel 
production for the European market.  
According to EUROSTAT data, the final consumption by road transport in 2007 amounted to around 
50 PJ biogasoline (or bio-ethanol) and 280 PJ biodiesel. With the assumption that all imported 
biofuels are consumed in the EU and not re-exported, 13%20 of all bio-ethanol and 17% of all 
biodiesel consumed was imported; see Table 5.1.  
  

                                                      
20 Numbers can differ due to rounding 
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Table 5.1: EU27 biofuel production in 2007 by feedstock and origin in 2007 

Biofuel/ Feedstock Origin TJ % 
Bio-ethanol  49714  

Wheat EU land set aside*  6463 13% 

 EU land non set aside 19339 39% 

Sugar beet EU land set aside*  2436 5% 

 EU land non set aside 14765 30% 

Sugar cane Brazil 5767 12% 

 Pakistan 945 2% 

Biodiesel  279488  

Rapeseed EU land set aside 64282 23% 

 EU land non set aside 168531 60% 

Soy United States 38849 14% 

 Brazil/Argentina 2236 1% 

Palm oil Indonesia 4472 2% 

 Malaysia 1118 0% 

* Production on set aside land is omitted from land-use calculations 
 
Using the same import assumption, (raw) sugar from Brazilian sugar cane dominated bio-ethanol EU 
imports: over 12% out of 14%. For biodiesel the picture is more diverse, with two feedstocks 
imported from four countries. Soy from the US making up 14% of EU imports (out of 17%). Smaller 
amounts of soy came from Argentina and Brazil (1%), and palm oil was imported from Indonesia and 
Malaysia (together 2%). 
The yields per hectare assigned to the biofuels produced from the feedstock vary with the estimated 
amount of by-products and the efficiency at which these are utilised. Inclusion or exclusion of by-
products can create large differences for the net land-area required (for soy up to a factor five). 
After these steps, it is possible to calculate the ILUC effect per feedstock/biofuel combination for 
Europe and the exporting regions considered. Averaged for the whole world, the ILUC factor 
amounted to 32%21, meaning that for each hectare of feedstock produced for biofuels consumed in 
the EU, an additional 0.32 hectare was converted to arable land. This number probably is an 
underestimation  as production on set-aside land in the EU in 2007 is considered to have had no 
ILUC effect. The direct land use is estimated from volumes used and (average) yield per hectare in 
the region of production, the latter adopted from the FAO statistical information used in the 
production and trade section above. 
Taking into account uncertainty ranges in the subsequent steps, the total worldwide ILUC effect 
attributable to the 2007 EU consumption of biofuels (see Box 5.1) amounts to 6,000 to 11,000 km2. 
The average estimate is 8,400 km2. For comparison, the global harvested area of the seven crop 
types distinguished in the IMAGE model, calibrated against FAO data, amounts to 8 million km2 in 
2005/2010. And the total food crop area, adding not (fully) harvested land and other crops not 
included in the seven IMAGE groups, was 13.6 million km2 in the same year. 
Using information from the IMAGE model, calibrated against FAOSTAT data, land converted to 
arable land was broken down by original land-cover type in each of the 24 regions and the global 
total. And for each land-cover type a range of emissions from soil and biomass due to conversion per 
land-cover type was estimated. The emission factor as tonne of CO2 per hectare can vary from 110 
tonne/ha for non-tropical grassland to 1862 for tropical forests. Hence,  the resulting ILUC emission 
per unit of biofuel shows comparable wide ranges, and the lifetime over which to average the one-

                                                      
21 The number represents the observed, global average contribution of land-expansion to agricultural output growth: for 
each percentage output growth the crop area increased by 0.32% 
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time conversion emissions is an important variable, in (Overmars, 2011) 20 and 50 years are 
assumed. By comparing the one-time additional emissions from the land conversion with the 
emissions saved by substituting oil products in the transport sector, the “pay-back” time can be 
calculated: the number of years it takes to compensate the LU emissions by reductions in emissions 
from the transport sector.  Taking all variations into account, the minimum ‘payback’ time ends up at 
12 (bio-ethanol) to 15 (biodiesel) years. Under least favourable assumptions, this could be as high as 
70 and 106 years for the two respective fuel types. The mean number of years is 35 for bio-ethanol 
and 50 for biodiesel. 
 

Box 5.1: ILUC area and emissions estimated from EU27 biofuel production 

 
 
ILUC trend 2006-2010 
As mentioned, crucial data needed to evaluate the trend in ILUC over the last decade could not be 
obtained. In particular data on feedstock composition by input type, and on the origin of those 
feedstocks, are missing. Instead an attempt is made to estimate the development using a simple 
scaling of the 2007 analysis described above. This implies that the shares of feedstock by type and 
region of origin are kept over time at the 2007 values presented in Table 5.1. 
These shares are then applied to the annual biodiesel and bio-ethanol volumes for the period from 
2006 to 2010 published in GAIN (2009), scaled to match the 2007 numbers used in the preceding 
section. With this simplified approximation, the ILUC area increases from just under 0.6 million ha 
(range: 0.4 to 0.75) in 2006 to over 1.4 million ha (range: 1.0 to 1.85) in 2010; see Figure 5.10. So, 
over this five-year period, the biofuel ‘footprint’ increased more than 150%, or 20% per year. 

 
Figure 5.10: ILUC due to EU27 biofuels consumption over the 2006–2010 period 
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The volumes of biofuel produced, broken down by type and feedstock (see Table 5.2) are multiplied with a factor 
representing the feedstock required (in kg) per unit biofuel (in GJ). The amount of feedstock is then translated to ha 
cropland needed in the country of origin, using average yields (tonne/ha) for the relevant crop in the production 
region. This constitutes the direct land required in the producing country. Key uncertainties are associated with the 
allocation of feedstock to biofuel, taking co-production of by-products into account. And secondly, the estimate of 
the indirect effect induced by the direct land-use (expressed as ha/ha), the –very uncertain- core of the ILUC 
discussion. 
To estimate emissions associated with the ILUC area, the key uncertainty is the emission factor (t CO2/ha), which 
varies by more than an order of magnitude in the IMAGE model. Here it matters if a global or regional average 
emission factor is used for all hectares, or if grid cell-by-grid cell specific factors are used as reported here, 
considering the land conversion patterns in the model. In the average and range reported here, the global average 
and an area-weighted average over regions affected were used. 
 
For more details see (Overmars, 2011) and (Marelli, 2011) 
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For earlier years than 2006 no complete data were available, but given the development of biodiesel 
production in (Garofalo, 2009), an extrapolation to less than 500 km2 in 1998 may be justified. 

5.2 Scenario projections 
As mentioned in the introductory part of this chapter, projections up to 2020 were explored with the 
IMAGE-LEITAP suite of models. The quantitative analysis builds further on the work reported by 
Banse et.al (2011), which was presented at the annual GTAP conference of 2011. 
The coupled models allowed investigating how the additional production of agricultural 
commodities that is needed to meet the demand for (first-generation) biofuels would unfold under 
different scenario conditions. In the LEITAP model, in each region22 the share (or amount) of biofuels 
to be used in the transport sector can be prescribed, and this feature is implemented to represent 
the different scenarios reported here. 
The LEITAP model was adjusted for that purpose several years ago, allowing for bio-ethanol and 
biodiesel to enter the transport fuel mix in competition with the common oil products of gasoline 
and diesel.  
Depending on the relative prices and the scenario settings, LEITAP estimates how much biofuels are 
used in each region, in which region they are produced and from what source. Ethanol can be 
produced from sugar cane or sugar beet according to the region, from temperate cereals (wheat, 
barley, etc.) or from coarse grains (mainly maize). The use of residual products from the ethanol 
production process for animal feed is accounted for.  The ethanol by-product is Dried Distillers 
Grains with Solubles (DDGS). Biodiesel can be made from a wide range of oil crops, requiring varying 
degrees of processing. The most commonly used today are rapeseed, soy and oil palm fruits; see 
also the section on the current situation of biofuels production. The biodiesel by-product (BDBP) 
considered is oilseed meals. Straw and similar by-products from cereals and oil crops such as 
rapeseed and sunflower are not accounted for in the models. 
The simple, first order effect would be that the additional production of agricultural products used 
as feedstock for biofuel production will simply augment resource use and environmental impacts to 
the production of the same commodities for human consumption and to feed livestock. Several 
factors are bound to adjust those first order effects, and are captured in the integrated model –
based analysis: 

• Increasing demand will be met by both expanding the cultivated land area and increasing 
the yield per hectare, so increasing the productivity of the land.  

• However, the additional land will not be homogeneous with respect to its productivity, and 
cultivation closer to marginally productive areas will reduce average productivity. 

• More biofuel production will increase demand for agricultural commodities used as biofuel 
feedstock. This will tend to increase prices of such commodities, and thereby reduce 
demand for food and feed applications. 

• Additional demands will be unevenly distributed over producing regions, as conditions for 
increased production differ between the regions.  

 
Scenario definition 
Throughout the GLIMP study, the Baseline scenario developed for the OECD Environmental Outlook 
2012 (OECD, 2012) has been used as point of reference for the analysis. In this Baseline it was 
assumed that the EU directive on the use of renewable energy sources (RES) was implemented in 

                                                      
22 LEITAP as used fort his study is broken down into 45 world regions, including almost all EU27 member states. For the 
coupling with the IMAGE 24 world regions, EU regions are aggregated to Western Europe and Central Europe. Together 
these two regions are close to the EU27, but they include other W-European OECD member states such as Switzerland, 
Norway, Iceland and parts of former Yugoslavia. 
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full. This implies that by 2020, 10% of the fuel used for road transport should be from renewable 
origin.  While other options to meet this requirement by member states exist, such as driving on 
‘biogas’23 and on electricity to the extent this is produced from renewable energy sources, it seems 
most likely that biofuels will remain the major source. This is also confirmed by the estimate of 
biofuels demand by 2020 in (Garofalo, 2009): the total of bio-ethanol and diesel is very close to 10% 
of transport demand. 
In order to estimate the effect of this Baseline assumption on agricultural markets, emissions and 
environmental impacts, a so-called ‘counter-factual’ scenario was added, in which the EU-RES 
targets were removed.  Only if and when biofuels are commercially viable anywhere in the world in 
the absence of specific EU policies are these produced in this scenario. This implies, for example, 
that also the current US policies are excluded that make production and (compulsory) delivery of a 
mixture of gasoline and bio-ethanol named ‘gasohol’ viable through financial incentives. According 
to the outcomes, this only holds for limited quantities of sugar cane based ethanol in Brazil. In this 
report this scenario will be referred to as the ‘No-Biofuel’ in the EU or simply ‘NoBF’ scenario.  
Comparisons between the NoBF and the GLIMP Baseline scenario showed which effects the EU RES-
D would have according to the models. 
In addition, a scenario is defined in which current commitments of other countries and world regions 
to use more biofuels are assumed to materialise in full until 2020. Many countries have adopted 
binding targets or mandates, while others have only formulated voluntary policy intentions. Here, 
both categories are assumed to become reality by 2020, in the interest of creating a high biofuels 
demand scenario. The assumptions used for this scenario are as follows: 
 

Table 5.2: Share of biofuels in transport fuel in the HiBF scenario (%) 
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As can be read from Table 5.2, several major economic regions, such as the United States, India, 
China and Brazil, aim for larger biofuels shares than the 10% of the EU27. 
In the following sections, the NoBF scenario has been taken as the reference for comparison 
between the GLIMP Baseline and the High Biofuel  or HiBF scenario.  
The 10% EU target in the Baseline implies that by 2020 around 30 Mtoe (million tonnes of oil 
equivalent) of biofuels will be required; based on the 27 National Action Plans consisting of around 
25 Mtoe biodiesel and 5 Mtoe bio-ethanol (Garofalo, 2011). In the HiBF scenario that is the same for 
Europe, but the total global demand for biofuels then rises to 211 Mtoe or seven times more than in 
the Baseline. The United States makes up the largest part of the global total (42%) and the emerging 
economies China, India, Brazil and Indonesia together consume close to 40%; see Figure 5.11. 

                                                      
23 Gas produced form organic waste materials, upgraded to natural gas equivalent quality and used in compressed form 
similar to vehicles running on Compressed Natural Gas (CNG). 
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Figure 5.11: Consumption of biofuels in the HiBF scenario by world region 

 
Results  
 
Agricultural production by region 
In the absence of any mandatory or voluntary policies in the NoBF scenario, agricultural production 
already increases by some 17% from 2010 and 2020 to feed an increasing global population, with on 
average a higher per capita income. The higher income will allow to increase the calorie intake for 
those who are currently undernourished, but also to increase the share of animal products in the 
diet. Obviously, the production increase is not the same in all regions, and not the same for all 
commodities.  
Under the RES-D in the EU27, the demand for bio-ethanol and biodiesel would require close to 70 
Mt in additional production by 2020, or 1.6% more than under the NoBF scenario for the same year; 
see Table 5.3. The major part of the (net) additional production concerns the widely used biofuel 
feedstocks in Europe: temperate cereals and oil crops; see also the next paragraph. For these 
commodities, global production in 2020 will increase more: +2.1% for temperate cereals and no less 
than +10.5% for oil crops. 
As was observed for the current situation, a substantial part of the additional production occurs 
within the EU27+ boundaries: around 40% of the temperate cereals (mostly wheat). The remainder 
is produced in other regions, including major producers such as North America (Canada and United 
States) and the Former Soviet Union (Russia, Ukraine and other republics). Given the very large 
production volumes in these regions, the increase represents only a small percentage of their 
production in the NoBF scenario. Temperate cereals production is seen to increase in many regions 
around the world, together making up the balance. This reflects the long-standing, intensive 
worldwide trading practice for wheat and other grains. 
About 30% of the additional oil crops produced are grown in the EU (mostly rapeseed). Also here 
Canada and the US contribute a large share of the global increment, mostly soy. Brazil and other 
South America together contribute also around 25% of the additional oil crops, also mostly soy. 
Indonesia and other SE Asia contribute around 8% of the global production increase (mostly palm 
oil).In the HiBF scenario many countries and regions, including all major economies except Russia, 
are assumed to invoke biofuel targets (see Table 5.2 above).  
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Table 5.3: Effects on production of food crops in 2020; Baseline and HiBF scenarios compared with NoBF. Production 
volume total and per food crop group, and share of regions in additional production per food crop group. 

 Baseline HiBF 
Total food crops 
(% change from NoBF scenario) 

+70 Mt 
(+1.6%) 

+357 Mt 
(+8%) 

Temperate cereals - global 
(% change from NoBF scenario) 

+22 Mt 
(+2.1%) 

+17 Mt 
(+1.6%) 

Of which:             EU27+ 40% 60% 
North America 16% --     

FSU 18% 35% 
Oil crops - global 
(% change from NoBF scenario) 

+48 Mt 
(+10.5%) 

+194 Mt 
(+31%) 

Of which:             EU27+ 30% 13% 
North America 25% 27% 
South America 25% 17% 

SE Asia 8% 34% 
Maize - global 
(% change from NoBF scenario) 

n/a +145 Mt 
(+23 %) 

Of which:         North America  60% 
China  25% 

India and Southeast Asia  10% 
 
Obviously, this has a much more profound impact on global production of biofuel  feedstocks than 
the EU RES-D alone assumed in the baseline (BL). First, the additional production of foodcrops 
increases by more some 360 Mt in the year 2020, compared to the NoBF scenario. This implies that 
the net additional foodcrop production due to the global biofuel ambitions adds 50% to the increase 
projected to meet growing demands for food and feed between 2010 and 2020. Secondly, the 
worldwide mix of biofuel crops is different than in the baseline (BL): the extra amount of temperate 
cereals is in fact slightly less than in the Baseline. By contrast, the additional production is 
concentrated in maize and oil crops. For these two crop groups, by 2020, this equals a very 
substantial increase in their production volumes from 23% to 31%. 
For Europe, the stronger competition for agricultural products from other regions implies that more 
biofuel crops will be produced within the EU27 area: 10  Mt cereals (9.1 in the Baseline) and 19.1 Mt 
oil crops (14.3 Mt in the BL). 
The vast additional amounts of maize are produced in the United States, China and other Asian 
countries. For oil crops, the main contributing regions to the additional production are Indonesia and 
other Southeast Asian countries, the United States, and Brazil and other South American countries. 
The production in the EU27+ contributes around 13% of the global total. 
It is worth noting that changes in production volume of a crop serving as biofuel feedstock in a 
certain region does not automatically imply that all the extra output from that region will be 
transported to the biofuel consuming regions. Rearrangement of trade flows between regions can 
modify how much of feedstock X gets actually shipped from region Y to region Z. For the net 
outcome this is of course not relevant, as the increase in production in region Y would still directly or 
indirectly be driven by the demand in region Z. Nevertheless, differences in productivity, differences 
in land cover and other natural conditions between regions still warrant further attention for the 
actual trade flows. 
 
Trade in biofuel feedstocks 
To estimate the impact of the EU RES-D on other regions of the world, the import of  feedstocks to 
produce biofuels is essential; not only the total imported volume is important, but also the regions 
of origin.  As noted earlier, the share of maize-based bio-ethanol is relatively small in the EU27, but a 
small increase is still observed in the Baseline when compared to the NoBF scenario; see Figure 5.12. 
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Imports from South America and from various parts of the former Soviet Union (FSU; including 
Russia and the Caspian republics, Uzbekistan and Belarus, Kazakhstan and other Central Asian 
republics) increase slightly in the Baseline. In the HiBF scenario, the increase is reversed again due to 
stronger competition from other regions for the same feedstocks: imports from the Americas are 
less than in the NoBF scenario. But import from the FSU remains close to the volume in the BL, as no 
biofuel demand is foreseen in the HiBF scenario in these regions. 
For wheat the picture is somewhat similar as for coarse grain, but the total volume imported 
increases by around 50% from the NoBF amount. Again, imports from North America decrease 
slightly from their BL value if regional demand for biofuels is assumed (HiBF scenario); and the 
imports from the FSU region remains close to the BL level. 
For oil seeds, however, the results look markedly different than for the two bio-ethanol feedstock 
commodities. In relative terms, the import volume in BL shows the strongest increase: around 50% 
more than in the NoBF scenario.  Imports from all major production regions, including (Southeast) 
Asia increase strongly. Under the HiBF scenario, import volumes are even higher than under the 
Baseline scenario, while imports from Indonesia and other Southeast Asian countries decline. 
 
Wheat and oil seeds used for food and feed, for  other uses, as well as for biofuel production, can be 
distinguished in the LEITAP model into domestic supply and imported supply, see Figure 5.13. The 
Figure shows that import shares do not differ much between the different uses, but are very 
different for the products. For wheat, the share of biofuels in domestic supply is around 14% in all 
cases and around 16% of imports are used for biofuels. For oil seeds, imports supply about half of 
the volumes consumed. In the Baseline, biofuels make up 53% of domestic oil seeds supply and 48% 
of imports. In the HiBF scenario the biofuel shares are even somewhat higher: 57% of domestic 
supply and 56% of the imports. 
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Figure 5.12: EU27 imports of coarse grains (top), wheat (centre) and oil seeds (bottom) by 2020. Note: different scales. 
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Figure 5.13: EU27 consumption of wheat and oil seeds, by 2020, for food and feed (incl. other uses) and for biofuel 

production, for both domestic and imported supply 
 
Agricultural land area 
The substantial (net) additional volumes of agricultural products required to produce biofuels in the 
Baseline, and much more so in the HiBF scenario, will be associated with substantial expansion of 
agricultural land beyond the area already needed to produce more food and feed. In the LEITAP-
IMAGE model suite increases in demands for agricultural commodities, either over time or  between 
different scenarios, in each world region is met by a mix of (1) expansion of agricultural land; (2) 
higher intensity agriculture, so higher yield per area harvested; and (3) more (net) imports from, or 
less (net) exports to, other regions.  In LEITAP relative price changes, taking into account price 
wedges representing production and trade policies, govern the composition of the mix. 
Opportunities for expansion of suitable agricultural land in a region is guided by biophysical 
characteristics in IMAGE, further constrained by built-up areas and nature conservation areas. 
As the demand for biofuels increases the demand for food, feed and industrial processing of suitable 
foodcrops sharply, it is unavoidable that the total foodcrop area increases. In the model the area 
increases even more than the output: +3.1% to produce 1.6% more foodcrops in the Baseline, and 
9.0% to produce 8.1% more in the HiBF scenario. This reflects the fact that the yield of the relevant 
crops is relatively low compared to the average of all crops considered, and the phenomenon that in 
several world regions the production expands to less productive land and thereby lowers the 
average yield. These two factors outweigh the tendency to (slightly) higher productivity arising from 
higher land prices. Naturally, the area expansion by region largely follows the increase in product 
output, but at varying rates due to different composition of the product mix, different yields and 
different balances between yield reducing and yield enhancing factors as described above.  
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Figure 5.14.: Change in crop area per world region, by 2020; as compared to NoBF 

 
In total, by 2020, around 560,000 km2 more land will be used as cropland in many regions of the 
world under the BL sceanrio than under the NoBF scenario. As Figure 5.14 shows, the expansion 
outside the EU27 is much stronger than inside its territory. Major other regions are North and South 
America and the FSU regions. In the HiBF scenario, more than 1.6 million km2 is required, and 
agriculture expands much more in North and South America, but also in emerging Asian economies: 
India, China, Indonesia and others. 
 
Land cover 
Obviously, any expansion of agricultural land must go at the expense of other land cover types, e.g. 
(semi-)natural ecosystems. Depending on the biofuel feedstock producing region, the main effects 
on the extent of natural area occur in different ecosystem categories. Another way to accommodate 
more agricultural land is to keep land in production that would otherwise have been discontinued, 
and subsequently, after some delays, return to a more natural state. Eventually they will resemble 
the potential vegetation in an undisturbed state at the same location. For the world in total, the 
change in land cover in the Baseline and HiBF scenarios for 2020 is presented in Figure 5.1524. As 
Figure 5.15 illustrates, keeping land in production for biofuel feedstock, otherwise bound to be 
abandoned from agricultural use and taking land in production after clear-cut logging is important 
(label ‘less regrowth’). This accommodates 34% (in the BL) and 16% (in HiBF) of the total additional 
area required for crop production. Almost half (44 to 48%) of the additional production area goes at 
the expense of temperate and tropical forests. Savanna, scrubland and natural grassland of often 
high natural value, are affected less in the Baseline, but still 22% of additional production takes place 
on these areas. In the HiBF scenario they provide for about one third of all additional land 
requirements.   
 

                                                      
24 By 2020, the regrowing areas are in no case close to a (semi-)natural state, given their relatively recent history. They are 
included here as they potentially would return to more natural vegetation patterns. 
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Figure 5.15: Change in natural areas in the Baseline (BL) and High Biofuel scenario (HiBF) for 2020; as compared to NoBF 

 
Of course, the breakdown over biome groups in the major biofuel producing regions are bound to 
differ from the global outcome, as dominant biomes and their extent vary strongly between regions. 
As an example, the additional production in Indonesia in the HiBF scenario would go at the expense 
of more than 90,000 km2 of tropical forest, or 5.5% of the extent remaining by 2020. In absolute 
terms, smaller areas are lost in tropical woodland and savanna, but the share of savanna area lost by 
2020, compared to the baseline scenario, will be no less than one third. In Western Europe more 
agricultural land is kept in production, and a range of other natural biomes are reduced in size, 
including grasslands and scrublands of high nature value. Also, in the United States, more land is 
kept in production than in the baseline, but among the natural biomes the reduction in various types 
of temperate and warm forests takes the lion’s share (55%) of the total decrease in nature areas. 
 
CO2 emissions 
The change in land-cover associated with biofuel production is bound to induce additional emissions.  
This section looks at the (net) CO2 emissions due to changes in the carbon stock as calculated by the 
carbon cycle model of IMAGE. This is done at the grid cell level, distinguishing different land-cover 
types and a representation of exchanges between atmosphere, above-ground and below-ground 
carbon stocks. 
Typically, these additional CO2 emissions tend to spike, as the period in which the land is converted 
is relatively short, and after 2025, emissions tend to return to a level very close to that under the 
NoBF scenario; see Figure 5.24. The annual flux reaches its peak around 2015, at 0.7 GtC25 in the 
HiBF scenario and 0.18 GtC in the Baseline, both compared to the NoBF scenario. On an annual basis, 
these emissions exceed by large the reduction in combustion emissions in the transport sector in the 
scenarios, which are at maximum 200 MtC (HiBF) and 29 MtC (Baseline). From a different 
perspective, it seems more useful to consider the cumulative land-use emissions over the period of 
land conversion (2010-2020/2025). These are estimated to be around 6.6 GtC for the HiBF scenario 
and 0.9 GtC for the Baseline. This implies an average ‘carbon-payback-period’26, of around 31-33 
years. This compares well with findings by Overmars (2011): median 35 years for bio-ethanol (range 
12-70) and median 50  years for biodiesel (range 15-106). More details can be found in the 
preceding sections on current and historical biofuel use. 

                                                      
25 GtC – billion tonnes of C (carbon). In land-use modelling it is more common to use the carbon metric, rather than the 
gaseous emission in the form of carbon dioxide (CO2). To go from C to CO2, multiply all numbers by the factor 44/12. 
26 Defined as:  cumulative (LU) emissions (MtC)/annual (transport) emission reduction (MtC/year) 

-1750

-1500

-1250

-1000

-750

-500

-250

0

BL HiBF

[1
00

0 
km

2]
Change in natural areas in 2020

Less regrowth
Other biomes
Natural grassland
Scrubland
Savanna
Temp. & warm Forest
Trop.Forest & woodland



96 
 

Biodiversity 
In the IMAGE model suite, impacts on biodiversity are evaluated using the Mean Species Abundance 
(MSA) indicator of the coupled GLOBIO model. The MSA is an aggregated, single indicator reflecting 
the state of each geographic entity in terms of its ‘naturalness’ compared to a (hypothetical) totally 
undisturbed situation on that same land area. Undisturbed means that no human influences are 
assumed, and vegetation has reached a mature, equilibrium state, subject to natural conditions, 
such as temperature and precipitation only. Each pristine, natural ecosystem is then characterised 
by the number of species and the number of individuals per species. This distribution is used as the 
reference MSA, set at unity or 100%. A suite of so-called pressure factors, directly or indirectly 
brought about by human activity, is then identified, each exerting an impact on the environment. 
The relationship between each pressure factor and the MSA is based on statistical relationships 
derived from hundreds of observational studies.  The total effect on MSA in a certain grid cell in a 
particular moment in time is then estimated as the multiplication of the MSA effects per relevant 
pressure factor. The pressure factors used in GLOBIO include: human settlements, conversion to 
cropland and pastures, climatic change, nitrogen deposition, forestry operations, and infrastructure, 
encroachment and fragmentation (a function of GDP/capita). As a result of historical developments, 
the global average MSA is already reduced to around 68.3%. Obviously, those regions and biomes 
that have been and still are most attractive for human settlement and agriculture, show lower MSA 
values than for example polar, tundra and desert lands. 
As shown in the Baseline (Chapter 2), MSA loss is projected to continue. After 2020, the net 
expansion of agricultural land will come to an end, but regionally expansion is still projected, for 
example, in Africa. Other factors, such as forestry, climatic change and infrastructure related 
pressures are bound to increase further. Altogether, by 2020 the MSA in the Baseline ends up at 
66%. 
In the Baseline, some part of the total agricultural area is in use to produce feedstocks for biofuels 
needed to fulfil the EU RES-D requirement. By comparison   the counterfactual NoBF scenario, the 
food-crop extent can be identified with its associated effect on MSA; see Figure 5.16. 
Understandably, if global biofuel demands are much higher than in the Baseline, such as under the 
HiBF scenario, the impact on MSA increases further. This would be the scenario, in particular, in 
those world regions where additional production is concentrated. 

 
Figure 5.16: Change in global MSA in 2020, compared with the NoBF scenario 

The additional area required to grow foodcrops to meet the demand for biofuels is the dominant 
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-1,5%

-1,0%

-0,5%

0,0%
Crops Total

M
SA

 [%
-p

oi
nt

]

Change in Global MSA in 2020; compared with NoBF scenario

BL HiBF



97 
 

NoBF scenario, the global MSA loss in the Baseline, attributable to the EU RES-D policy, amounts to 
just under 0.18%. The HiBF scenario adds another 0.64% MSA loss to the Baseline level. These 
numbers may seem small, but must be put in the context of the total MSA loss between 2010 and 
2020, which is 2.4% in the Baseline. In other words, the loss over this ten-year period would increase 
by 25%, under the HiBF scenario, compared with the Baseline scenario. 

 
Figure 5.17: Change in MSA in key regions, in 2020, compared with the NoBF scenario 

 
As Figure 5.17 shows, the implementation of the EU RES-D in the Baseline leads to relatively 
significant biodiversity effects inside the EU27 area, with smaller effects in regions where more of 
the crops is produced that serve as biofuel feedstock, such as the United States, Brazil and 
Indonesia. 

 
Figure 5.18: Change in MSA for aggregate biomes, by 2020, compared with the NoBF scenario 
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While biomes like deserts, ice and tundra and boreal forests are hardly affected, others including 
scrublands and savanna, and temperate, warm and tropical forests and woodlands all lose about 0.2 
percentage points MSA value in the Baseline (compared to NoBF); see Figure 5.18. Temperate 
forests lose another 0.25% in the HiBF scenario, but much larger effects are found for scrubland and 
savanna, and for tropical forest. These biomes will have lost around 4 times more MSA value by 
2020 than under the Baseline scenario, both compared with the situation under the NoBF scenario.  

5.3 Effect of REDD  
Introduction 
As shown in the preceding sections, production of feedstock for biofuels induces loss of natural 
areas in the producing regions, with (potential) negative impacts on ecosystems services and 
biodiversity. The impacts are increasing if larger volumes of biofuels are demanded, as is the case in 
the HiBF scenario with assumed full realisation by 2020 of all mandatory and voluntary biofuel 
targets across all world regions. 
Another side-effect concerns the loss of carbon stored in above-ground biomass and soils, when 
natural areas are converted to agricultural land. As discussed in the preceding sections, these carbon 
emissions vary between biomes and locations, but can be sufficiently high to offset any gains from 
burning biofuel, made from products grown on converted land and substituting oil products, for 
decades. Recognising the potential to keep such land-cover change related carbon emissions in 
check, in the climate negotiations steps are discussed aiming to  foster Reducing Emissions from 
Deforestation and Forest Degradation (REDD). These considerations sparked the idea to investigate 
if, and to what extent, implementation of REDD measures could play a role in shortening the ‘carbon 
pay-back-time’ of biofuels, and decrease the impact of valuable ecosystems. 
 
Approach 
In the model suite used for the analysis presented here, only reduced deforestation can be captured 
as degradation effects are not modelled explicitly. These can therefore not be modified by enhanced 
management practices. 
What is implemented in the coupled IMAGE-LEITAP model suite thus constitutes a proxy for the 
reduced deforestation part of REDD. In principle two methods are considered to implement the 
concept (Overmars, 2012 – in preparation). The first one is employed in this analysis and means that 
future land-conversion is constrained in the IMAGE model by excluding grid cells of natural land 
cover types from the potential for future conversion to agricultural land. In the standard model this 
is already the case for nature reserves and other protected areas. Now, additional grid cells are 
excluded, starting from the cells with the highest net carbon content. The information on above-
ground and soil carbon is taken from the carbon cycle model of IMAGE (Bouwman, 1996). In the 
approach, 100% of the above-ground and 25% of the soil carbon are accounted for. Cells that would 
release the largest amount of carbon when converted are no longer available for expansion of 
agricultural land. Next, cells with carbon content falling in the second-highest range are excluded, 
and so on. Increasingly stringent constraints on land-conversion are then achieved by excluding 
more and more cells from the area potentially available: land not converted to agriculture to date, 
not occupied by human settlements and not protected under nature conservation policies. Thereby 
stricter constraints are imposed on the possibilities to expand agricultural areas, and only cells of 
comparatively lower carbon content remain available for conversion to agricultural land, if and when 
needed to meet demands. 
As the carbon content of grid-cells varies between biomes, and is subject to local conditions 
(climate, soil, etc.), the mechanism described here has an effect in many areas of the world. In 
practice, however, most of the land-cover change is projected to occur in developing regions. As 
discussed in climate negotiations and policy proposals, REDD is considered an additional instrument 
targeted at less developed and emerging economies not bound by emission constraints under the 
Kyoto protocol. Early experiments with the approach employed here revealed that application of the 
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REDD constraints only to less developed and emerging economies would induce a massive 
deforestation in temperate regions, including the Annex I countries. This would lead to significant 
additional LULUCF (Land Use, Land-use Change and Forestry) emissions in these regions, which 
would count under their GHG inventories and reduction targets under the UNFCCC rules and 
guidelines. Therefore it was decided to extend the geographical coverage of protection of carbon-
rich cells to all regions. So, on the one hand the mechanism imposed here is more limited in scope 
than what REDD encompasses: it does not include measures to avoid emissions from degradation of 
forests. On the other hand it covers more biomes than just those labelled as ‘forests’, such as 
savanna (with up to 60% tree cover). And it ensures that carbon-rich biomes in Annex I regions are 
also protected from conversion to agricultural land. 
In IMAGE, adjusted land-supply potential projections are made, following the approach described 
above. These are then carried over to the LEITAP model as adjusted land-supply curves, typically 
steeper in shape than in the absence of REDD. In particular if the current production level becomes 
relatively close to the production border or asymptote.  
Obviously, the additional constraints imposed on land-cover change across regions and biomes will 
lead to a series of adjustments in the agricultural system. First, if more production is needed over 
time to satisfy growing demands, agricultural expansion is bound to occur in different (less carbon 
rich) locations than in the absence of REDD, but still in the same world region. As an example: rather 
than expanding agriculture on tropical forest land, new cropland is established on other land cover 
types like savanna or grassland. Production on less suitable land, however, tends to drive up 
production prices and erode the competiveness against other world regions less affected by the 
REDD constraints. In addition, higher commodity prices tend to lower demands, and promote yield 
improving measures to offset the higher land rent. As a result, total consumption may be lower, 
production shifts between regions and within regions, and the management improves on land 
actually harvested. These factors are resolved in LEITAP and then used in IMAGE to project the 
physical and environmental consequences of agricultural production in 24 world regions. Trade-
flows, commodity prices and macro-economic effects follow directly from the LEITAP model. By 
considering the GDP losses (from LEITAP) and the carbon saved (from IMAGE), the opportunity cost 
of reducing deforestation can be estimated; see (Overmars, 2012 – in preparation). 
 
The HiBF+REDD scenario 
To explore the potential for REDD, the high biofuel demand (HiBF) scenario introduced in the 
preceding sections was repeated, but now with relatively severe constraints on agricultural land 
expansion. The maps in Figure 5.19 shows which areas are excluded, and how these overlap with 
agricultural land in the HiBF scenario. Thereby the map indicates where and to what extent changes 
in land-allocation will be needed to comply with the REDD assumptions. 
  



100 
 

 
Figure 5.19: Agricultural area by 2020 in the HiBF scenario (top); areas protected – nature reserves and REDD –  under the 

HiBF+REDD scenario (centre) and areas where expansion of agriculture occurring in HiBF is no longer possible in 
HiBF+REDD (bottom) 
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Results 
 
Production and consumption 
The global, total production of food crops is hardly affected by the REDD regime. Here we focus on 
impacts on the three crop groups relevant for biofuel production: temperate cereals, maize and oil 
crops. The biggest change is projected to occur for oil crops: 7.7 Mt less produced in 2020 under the 
HiBF+REDD scenario than under the HiBF scenario. This amounts to 1.25% of the HiBF production, 
which implies that less oil products are available for consumptive and industrial uses, and also for 
biofuel production. As regards the biofuels requirements, this loss in production is offset by 
increases in the production of temperate cereals (+ 2 Mt; 0.2% more than in HiBF) and maize (+1 Mt; 
0.1% of the HiBF volume). Obviously, these relatively small changes at the global scale work out very 
differently for different world regions. Figure 5.20 illustrates this by highlighting those regions where 
the biggest volume changes are found, for each of the three crop groups. For oil crops, the 
production in Indonesia and other SE Asia is significantly reduced, and only partly offset by increased 
production in the United States. The effect on Brazil is modest. For maize, the relative modest 
increase is the net result of larger changes upward (China, United States) and downward (Indonesia 
and SE Asia). Finally for temperate cereals, the small global increase is composed of increases in 
various production regions, including the EU27. 
 
On the global level, the net changes in production imply relatively small differences in consumption 
for human food and livestock feed; see Table 5.4. Non OECD regions together are affected slightly 
more, but the decrease in consumption remains well below 0.2%. In some non-OECD regions, 
however, the REDD measures induce more significant effects on the level of consumption, up to 
4.8% in the Rest of Central America. 
 

Table 5.4: Change in consumption of food and feed by 2020; HiBF+REDD compared with HiBF scenario.  
(measured in value terms; USD2001) 

Consumption Oil Seeds Coarse Grain Wheat 
Food & Feed (Oil crops) (Maize) (Temp.cereals) 
World 0.02% -0.05% -0.12% 
EU27+ 0.01% -0.03% -0.04% 
Non-OECD -0.01% -0.08% -0.16% 
Rest C America -4.81% -2.81% -2.64% 
SE Asia -0.79% -3.23% -2.13% 
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Figure 5.20: Change in production of foodcrops used for biofuel production; global total and breakdown over key regions: 

oil crops (top), maize (centre) and temperate cereals (bottom) 
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Agricultural area 
By and large, trends in agricultural area will follow the trends observed in production in the 
preceding section; see Figure 5.21. However, yields per ha differ between crop types and between 
regions, and yields are further influenced by increased constraints on land expansion. In all regions 
the so-called Management Factor (MF)27 increases slightly. However, expansion of agricultural land 
may occur on less suitable land, with lower yield potential, and despite the higher Management 
Factor the overall effect on harvested yield may still point downward. The compounded effect on 
the harvested yield is shown in Table 5.4. In those regions where REDD measures have a decisive 
effect on the availability of agricultural lands a consistent upward (net) effect on yields is found. In 
regions where agriculture expands, the net effect on yields points consistently downward. How the 
regional differences play out for the world in total differs from crop to crop; see the bottom row in 
Table 5.5. 
 

 
Figure 5.21: Change in crop area by 2020, under the HIBF+REDD scenario (compared to HiBF) 

 
 

Table 5.5: Change in harvested yield by 2020, under the HIBF+REDD scenario (compared to HiBF) 
 Oil crops Maize Temp. Cereals 

Brazil 2.0% 1.6% 1.2% 
Rest C America 5.9% 0.7% 0.7% 
W Africa 1.0% 1.3% 2.9% 
Indonesia 0.6% 4.1% n/a 
Other SE Asia 0.7% 1.3% 4.1% 
United States -1.6% -1.1% -1.0% 
Rest S America -1.3% -0.4% -2.5% 
World average -0.9% 0.8% -0.3% 
 
 

                                                      
27 The Management Factor is an aggregate measure in the IMAGE-LEITAP model suite that represents the intensity with 
which agricultural land is used. It comprises exogenous ‘technological’ improvement and (relative) factor price induced 
effects. The actual, harvested yield equals the MF times a potential yield per crop type, which represents the maximum 
yield achievable given local growing conditions (soil properties, water availability, climatic conditions). 
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Natural area 
As expected from the change in global agricultural area, the net change in global natural area is 
slightly smaller (120,000 km2) after introduction of the REDD measure. More important, however, 
are the shifts in distribution over the main categories; see Figure 5.22. In the absence of REDD, all 
natural areas distinguished  decline, the most in temperate and warm forests, but also in tropical 
forests and woodland, savanna and scrub- and grassland. With REDD, the biggest change is observed 
for the tropical forests and woodland: from a decline to an increase compared to the NoBF scenario, 
and more than 400,000 km2 more area remains in place. Also, non-tropical forests are retained due 
to the REDD mechanism. To compensate for these changes, more savanna, scrubland and natural 
grassland is converted. 

 
Figure 5.22: Net global change in natural areas by 2020 from introducing REDD. Note: the rightmost bar ‘REDD’ equals the 

difference between HiBF+REDD and HiBF 
 
These net changes at the global level work out very differently for different world regions. This 
depends on whether or not many grid cells are excluded under thethe REDD regime assumed, thus 
on the extent and composition of natural areas, and their carbon content.  
In Brazil, production is reduced and more tropical and other forests remain in place to preserve their 
high carbon stock; see Figure 5.23. REDD is particularly effective for the tropical forests and 
woodlands, e.g. Amazonia. The savanna area converted to accommodate biofuel production remains 
unaffected, and some additional expansion occurs on scrubland. In total the natural area lost in the 
HiBF+REDD scenario is about one third smaller than in the HiBF scenario. 
In Indonesia (top right) the situation looks quite different, given the fact that the vast majority of 
uncultivated land consists of tropical forest and woodland, with only limited amounts of other land 
cover types. This is confirmed by the area lost in the absence of REDD: additional land for biofuel; 
production goes almost exclusively at the expense of tropical forests and woodland. So, with the 
REDD constraint in place the major change is that much of the forest-to-cultivated land conversion is 
no longer feasible, and moving to other landcover types is no option. Production is strongly reduced 
and the total loss of natural area is cut by two-thirds. About 80,000 km2 more tropical forest remains 
in place. 
In Africa (center) the situation is very different again. Already in the absence of biofuel policies 
(NoBF), extensive forest and woodland areas are converted to serve as agricultural land and the 
addional biofuel demand in the HiBF scenario leads to relatively limited conversion of savanna and 
grassland. REDD changes that outcome drastically: expanding agriculture on forest and woodland is 
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essentially banned, and instead agriculture moves to savanna and grassland areas. As the latter are 
less suitable for agriculture, average yields are lower and the net natural area increases. 
Given the fact that the total production of foodcrops for food, feed and biofuels is practically 
identical in the HiBF and HiBF+REDD scenarios, the lower production in tropical regions is 
compensated in other world regions, e.g. the United States, Russian and other FSU regions; see also 
the earlier section on Production and Consumption. 
As an example, Figure 5.23 shows the result for the United States (bottom left). In total some 
100,000 km2 more natural area is converted if REDD is implemeted, mostly natural grassland and 
scrubland. At the same time the forest extent increases somewhat, adding to the loss of the other 
natural areas. 
In Europe (bottom right) nothing much is changed if REDD ism imposed. Agriculture tends to shift 
somewhat from forest land to scrubland, and the net effect is minimal. 
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Figure 5.23: Change in natural areas by 2020 due to introduction of REDD; compared with the NoBF scenario. For three 
tropical regions Brazil (top left), Indonesia (top right), Sub-Sahara Africa (centre); and for two temperate regions in the 
United States ((bottom left) and EU27 (bottom right). Note: vertical ranges differ between the panels, but gridlines are 

consistently spaced at a 40,000 km2 interval 
.
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Greenhouse gas emissions 
For close to the same level of production of foodcrops for human consumption, livestock feed and 
biofuels, the CO2 emissions will be significantly reduced due to the REDD measures; compare the 
situation under the HiBF and HIBF+REDD scenarios in Figure 5.24. 
Up to 2020, the emissions under the HiBF+REDD scenario are just a fraction above those of the NoBF 
scenario, and below the Baseline (BL). Over the 2015–2025 period, emissions under the scenario 
that includes REDD (HiBF+REDD) will end up being 0.6 GtC lower than excluding REDD (HiBF). In 
addition, the emissions under the HiBF+REDD scenario will only return to a level comparable to the 
other scenarios by 2035. Aggregated over the 2010–2035 period, a total of 10 to 11 GtC less carbon 
will be emitted due to the REDD measures assumed. Over the same extended period, cumulative 
emissions under the HiBF+REDD scenario will be even less than under the NoBF scenario. This 
suggests that REDD will bring about lower GHG emissions also in scenarios with less ambitious (BL) 
or no biofuel policy (NoBF) assumptions. 

 
Figure 5.24: CO2 emissions from land use 

 
As expected, the major contribution to the reduction in CO2 emissions from land use is concentrated 
in tropical less-developed and emerging regions; see Figure 5.25 for a breakdown for 2020. The Latin 
American regions together make up about one third of the total of 610 MtC, West Africa one 
quarter, and Indonesia one fifth.  
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Figure 5.25: Contribution to CO2 emissions from land-use, per region, by 2020; HiBF+REDD compared with HiBF 

 
Biodiversity  
Using the Mean Species Abundance (MSA) aggregate indicator, there is precious little change in total 
global biodiversity between the HiBF and HiBF+REDD scenarios; see Figure 5.26. Given the fact that 
all pressure factors determining the MSA outcome are very close between these two scenarios, this 
could be expected. The additional area used to grow crops is the major factor for the loss of MSA 
from the baseline.  

 
Figure 5.26: Change in Global MSA by 2020, compared with the Baseline scenario 

 
However, a closer look at MSA per main biome group and the regional distribution tells a different 
story. As mentioned earlier, the REDD regime  leads to a relocation of additional cropland, which 
expands more into savanna and scrubland areas, and less in temperate and tropical forests; see 
Figure 5.27. 
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Figure 5.27: Change in Global MSA for key aggregate biomes; compared with the Baseline 

 
And, as Figure 5.28 shows, the REDD regime results in a bigger loss of MSA in temperate regions with 
ample potential to produce more agricultural commodities, such as the United States. As could be 
expected, tropical regions, such as Brazil and even more strongly Indonesia, show the opposite 
effect: a smaller loss of MSA. For the EU27 the net effect on MSA is negligible. 
 

 
Figure 5.28: Change in Global MSA for key world regions; compared with the Baseline 
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Economic indicators 
More production of biofuels will induce higher demand for the feedstocks from which they are 
produced, and this in turn tends to drive up the prices of agricultural commodities. If additional 
restrictions are imposed on where to allocate agricultural land to meet the total demand for food, 
feed and biofuels, prices will rise further. As an illustration, Figure 5.29 shows the increase in the 
prices of three commodities representative for the three crop groups from which biofuels are 
produced. Compared to the Baseline, in which prices are already substantially higher than in the 
absence of any biofuel policy, the prices of wheat and coarse grain increase by up to 2%. The price 
increase for oil seeds is more than three times bigger and ends up close to 7%.   

 
Figure 5.29: Change in commodity prices due to higher biofuels demand (HiBF) and to the REDD measures (HiBF+REDD) 

 
The REDD measures add another 1.5 percentage points to the price increase. As reported earlier, see 
the section Production and Consumption, price increases will reduce consumption of the 
commodities, but to a limited extent as demands are relatively insensitive to prices. 
Higher commodity prices and the associated reduction in consumption have a downward effect on 
GDP. By 2020, global GDP will be reduced by around USD2001 10.1 billion. Per tonne of carbon 
reduced in that same year (total: 610 million tonnes C), this indicates average (opportunity) costs of 
the REDD measures of around USD200116.5 per tonne C, or USD2001 4.5 per tonne CO2. These costs 
represent global average opportunity costs, not including costs for implementation or for monitoring 
and enforcement. It is worth noting that beyond 2020 the GDP losses will continue to increase, while 
the reduction in carbon emissions from the baseline level will gradually decline. On a per unit basis, 
this means that annual costs will increase after 2020; see also (Overmars, 2012 – in preparation). 
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Introduction and reader’s guide 

The project ‘Global integrated assessment to support EU future environment policies’ 
(acronym: GLIMP), was initiated by DG ENV with the aim to explore issues of potential 
strategic importance for the Commission’s future policies. The results should assist in its 
preparedness for emerging and/or to date underemphasized issues. For more information; see 
the Inception Report, section 1. Background, aims and goals on pages 3-4 below.  
 
This document was prepared by the contractor, the Netherlands Environmental Assessment 
Agency (PBL), to serve as input for the Steering Group meeting on May 3rd, 2010 at the 
premises of DG Environment (DGENV) in Brussels. 
 
In accordance with the work plan and schedule; see pp. 31-34 of the Inception Report plus 
adjustments as agreed and noted in Appendix A: Inception Meeting Report, the main 
objective of the Steering Group Meeting is to select substance issues for further elaboration. 
The Steering Group is called together to give advice on the selection, anticipating further 
advice and guidance in subsequent stages of the project. See the next section ‘Steering Group’ 
(page 3) for more details on the role of the Steering Group in general, and the subsequent 
section ‘Procedure for selection' for the further procedure on page 4.. 
 
The current paper was compiled on the basis of several helpful and instrumental meetings 
with representatives of DG ENV, notably the Inception Meeting on February 22nd. The 
outcome, together with numerous earlier and later exchanges between Tom Kram and Jan 
Bakkes of PBL and Mihai Tomescu, desk officer at DG ENV, shaped the direction and focus 
of the project and approaches to develop the content and procedures. In addition, suggestions 
for issues and options to consider were made by DG ENV. The identification and pre-
selection process was also greatly helped by a series of meetings with colleagues at PBL and 
with the subcontractors LEI and UBC. 
 
In the end, a list of no less than thirty-nine topics and areas was compiled, subsequently 
reduced to the list of fifteen topics plus one Baseline described in this paper. As part of the 
discussions with DG ENV, but also emerging from the internal PBL meetings, a set of seven 
‘filter criteria’ emerged that were applied to reduce the list from thirty-nine to sixteen. See the 
bottom part of the template (Table 2 on pages 15-16 of this document). 
 
A smaller set of key criteria is presented on pages 5-6 of this paper, that is deemed better 
suited for the purpose of pinpointing the most relevant and/or interesting studies to pursue in 
2010, see section ‘Criteria to select. . . ‘  
 
Obviously, the earlier seven ‘filter’ criteria might very well play a role in the process of 
further selection to five substance issues during the Steering Group Meeting. Brief summaries 
of the sixteen issues, starting with the common Baseline, are presented in the subsequent 
section, followed by a summary Table 1 with the preliminary scores, and an explanation of 
the criteria and scoring applied. 
 
Finally, Table 2 provides the template for the Issue Descriptions, followed by the actual 
descriptions. 
 
Note that Steering group members are invited to review the contents of this paper and the 
issues proposed carefully; and briefly present their findings at the Steering group Meeting, 
using the criteria on pages 5 and 6 below. See also the annotated the agenda for the meeting. 
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Steering Group 

 
The Steering Group (SG) consists of some seven external experts invited by the Contractor, 
and approximately seven Commission experts, including staff of the Joint Research Centres.  
 

Role of the Steering Group: 

The primary objective of the Steering Group is to guide the strategic orientation and to ensure 
the analytical soundness of the assessment work performed under the ‘Global integrated 
assessment to support EU future environment policies’ (GLIMP) project, and to provide 
advice to the Commission and the contractor to help to improve the relevance and impact of 
this project.  
 
For each of the modelling rounds envisaged in the framework of the GLIMP Project, both 
scientific rigour and relevance of the issues and scenarios/cases proposed, and the methods 
and tools used to address these issues should be scrutinised by and debated with the Steering 
Group. To achieve this, the SG will: 
 
• Provide argued opinions on the selection of five key study issues of major environmental 

significance over the 2020 – 2050 time horizon. 
• Provide advice for the approval of the analytical set-up, the tools and the key 

assumptions of the baseline and of the scenarios proposed, after the consultant has fine-
tuned these elements. 

• Review and comment on preliminary results and findings, and on the concluding report 
from a point of view of technical and analytical adequacy. 

 
The primary purpose of the SG contributions is that the contractor can use the comments and 
suggestions to improve and amend if necessary, and the Commission can use them to decide 
on acceptance of the contractor’s work.  
 
An important extra benefit is that the steering group members can provide a good orientation 
for the project on work being considered or in the pipeline elsewhere, and can help to alert 
others to the work of the GLIMP project, if and when appropriate. 
 
It is expected that the Steering Group will meet four to five times over the next two years. 
After the first meeting on May 3, 2010, half-day meetings will probably be sufficient and 
teleconferences or similar should be considered if and when appropriate. 
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Procedure for selecting the five issues for further elaboration 

 
 
Based on this discussion paper and using the selection criteria outlined on pages 5-6 below, 
all Steering Group members present and motivate their initial preferences at the beginning of 
the first Steering Group Meeting on 3 May 2010 see also the annotated agenda. 
 
The Steering Group and project team discuss these preferences underlying themes, any 
missing criteria if important at the Steering group meeting. Where possible, clustering of 
issues may be considered, taking into account the limited time and resources available for the 
project; see also the Caveats on page 6. 
 
The preferences are revisited by the Steering Group with the aim to reach consensus, to the 
extent possible, on the five most relevant study issues; the chair draws conclusions. Final 
confirmation of the five issues will be given by DG ENV within three working days after the 
meeting. 
 
The consultant writes the minutes of the meeting. Within two weeks following confirmation 
of the selected issues by DG Environment, the consultant produces a working programme that 
includes the precise specification of the first set of scenarios to be addressed and a clear 
description, planning and timeline for the model runs. 
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Criteria to select five major environmental issues for the time horizon 2020 – 
2050 

 [With reference to information contained in the Issue Descriptions; see Table 
2 and pages 17-54] 
 
 

1. Environmental significance, considering the following 
aspects:  
• Magnitude of the risk involved;  

[see row “Explanation of the issue”] 
• Immediate salience (urgent) vs. long-term importance (strategic);  

[strategic orientation is the focus for this project – see also Selection Criterion II; 
nevertheless, where identified and where suitable for this exercise, issues of 
immediate salience can be put at the heart of the assessment.] 

• Geographical scale of the problem;  
[scale should be larger than the EU – see also Selection Criterion I.] 

• Complexity of the issue and possibility to identify and to isolate key drivers;  
[see rows “Key drivers and policies”, “Description of the Analysis” and 
“Models and other knowledge elements to be used”.] 

2. Novelty: 
• To what extent is the problem known already?  

[See row “Explanation of the Issue”] 
• To what extent has the problem and its drivers been analysed quantitatively 

before?  
[See row “Has a similar analysis been done before”] 

 

3. To what extent is the problem, or its drivers or solutions, 
controversial and would require further assessment? 
• Can the assessment be instrumental to provide a platform for discussion in case of 

opposing views and stakes? 
 
 

4. Main limitations / Feasibility of performing the quantitative 
assessment: 
• Data availability and reliability;  
• Suitability of the proposed modelling infrastructure;  

[see rows “Main limitations” and “Models and other knowledge elements to be 
used”.] 
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Although not directly applicable to the aims and purposes of this project, the following 
aspects may provide additional insights in the prospects for putting the results from the 
issue into perspective for policy orientation: 

5. EU-policy relevance: 
•  Including considerations on the easiness to develop regulatory solutions;  

 

6. To what extent have solutions already been identified and 
policy recommendations formulated? 

 
 

Important caveats for the selection 

 
• Not all studies can be undertaken immediately for a variety of reasons; this is 

indicated in the row “When could this be done”. In selecting studies for 2010 this is 
an important consideration. 

 
• Starting from issue 12, the set of interlinked models covered by the contract, currently 

operational or with further enhancements and extensions as planned in ongoing 
projects, will be insufficient for a meaningful analysis. Hence these cannot be 
selected without consideration of an extension or modification of the current contract.  

 
• A rough estimation is made of the manpower resources needed for analyzing each 

issue, see row “How demanding is ….”. This should be taken into consideration 
when composing a package of five, as selecting only the High demanding ones may 
easily stretch the available time and budget provided by the contract. 

 
• In some cases issues, or elements thereof, might lend themselves to some form of 

clustering into larger issues. While this may be attractive, it can only be done with 
careful consideration of the implications for the timing and budget restrictions. E.g. 
merging two issues which are both not labelled Light demanding can imply that the 
total of five studies in 2010 becomes unrealistic and should be reconsidered.  
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Study issues selected for consideration at the Steering Group Meeting 

 
As mentioned in the Introduction, in total sixteen (16) issues for consideration by the Steering 
Group have been identified and elaborated to a point suitable for further selection. 
 
Number 1 in the summaries and in Table 1 below describes the common Baseline to use 
throughout the entire study, and as such in not subject to selection. Core issue is to agree on a 
recent, solid and referenced source of information to draw upon, and the scope and detail for 
analysis of implications of the Baseline development. 
 
The next numbers 2 to 16 represent the preselected issues for discussion and selection. In part 
they were included in the Draft Inception report, discussed at DGEnv on February 22, 2010. 
But some of those were subsequently dropped, and many others added subsequently. 
 
Besides the identification of issues themselves, the various exchanges have helped to 
formulate a list of aspects or criteria to pre-select from the original long list, and preliminary 
rank the ones left. See the column headers in Table 1 and their explanation provided after the 
table. Finally, a legend indicates what entry options were applied and how to interpret them. 
 
Note that starting from Issue 12 the set of interlinked models covered by the contract, 
currently operational or with further enhancements and extensions as planned in ongoing 
projects, will be insufficient for a meaningful analysis. 
 
The summaries below briefly introduce the issues considered, with more information and 
details following in the section ‘Description of Study Issues’ on pages 17-54. 
 

1. Baseline 
The Baseline serves to describe how the world might develop without new policies in the 
thematic areas under consideration. Starting from macro-drivers like population and GDP per 
capita, sector and regional projections are inferred. Sector and more detailed assumptions are 
also part of the Baseline, such as climate, agricultural technology, trade and energy 
technology development. Implicitly the Baseline assumes no significant materialisation of 
risks posed by increased environmental degradation and decreased resilience. E.g to the point 
that substantial negative impacts on population and the economy are expected. The baseline is 
not the most plausible scenario, but a reference case to be used in exploring emerging risks 
and the cost of policy inaction as well as counterfactual analysis of (hypothetical) policy 
strategies. 
 

2. Bio-energy 
The use of bio-energy, and policies aimed at accelarated and enhanced use, are drawing 
considerable attention in recent years. On the one hand as climate mitigation option, on the 
other hand as means to reduce the import of high-priced oil from geo-politically challenged 
areas. Questions about the efficacy of (current) bio-energy production chains, and concerns 
over unintended negative effects of production have led to sometimes pitched debate. 
Assuming that more attractive or at least less controversial new alternatives can be developed, 
one question that remains to be addressed is the ‘best’way to use the limited supply. E.g. 
supposing that no biomass is used in power generation, but instead all biomass is used in 
transport only, where alternatives are more difficult to come up with, would there be enough 
sustainable biomass supply available? Would (sustainable) EU biomass production be 
sufficient, or would we still rely on imports? Starting with what point in time would we need 
to stop burning biomass in order to use biomass as fossil fuel replacement in the transport 
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sector? How does the issue look at global level? What can be said about lock-in effects into 
current biomass power/heat/CHP stations? And what about the reverse: lock-in into transport 
fuels, given the notion that on the very long-term combined bio-energy/carbon sequestration 
and storage (CCS) technologies may be called upon as unique opportunity to actively remove 
CO2 from the atmosphere? 
 

3. Animal protein from land and sea 
Key issue is the growing demand for animal food products, the dominant source of proteins 
for humans, from both land and sea. On land, livestock growing is an important driver of 
land-use changes: vast amounts of grazing land and cropland for feed production at relatively 
low overall conversion rates are in use to produce various meat and dairy products. In the 
richest countries and in some poorer countries, the share of animal products containing 
unsaturated fat constitutes a health risk. On sea, the growing demand has led to increasing 
efforts in fisheries, often at increasingly large scale. As a result, in recent decades fish stocks 
declined and landings from wild-catch ceased to grow and roughly stabilized. Selected 
species in certain areas came under threat of extinction, inspiring policies to impose controls 
such as EU quota systems. In other cases like cod in the North Atlantic, stocks dropped to 
close to zero level and did not recover after fishing halted. Increasing demand for fish 
products hence is increasingly met by aquaculture, not always with environmentally 
compatible practices (strong local effect on coastal sea pollution).  
 

4. Climate Change Policies and Land-Use Change 
To date, climate mitigation policy tends to focus on the major contributor to enhanced 
radiative forcing: the burning of fossil fuels. But land-use related emissions are very 
significant as well, and effective mitigation options are largely unexplored. This becomes 
even more an issue if on the long-term very low emission levels are called upon to meet 
ambitious climate targets such as the two degree limit. Moreover, both unchecked GHG 
emissions and (ambitious) strategies to combat climate change impact land-use changes. This 
leads to the question of what is the compounded effect of changes in productivity from 
(residual) climate change and land-use related mitigation efforts? The latter are taken to 
include bio-energy production, carbon plantations and forestry activities. 
 
 

5. Food and feed dependencies and vulnerabilities  
Today the food and feed supply of the EU is not balanced with internal demand. Several 
major commodities depend critically on imports and pose a potential vulnerability to price 
hikes and/or supply limitations. Rising demands, compounded by possible changes in WTO 
and/or CAP policies, may induce further changes in trade flows. At the same time, imports 
and exports lead to economic, environmental and social impacts in other parts of the world. 
The case of soybean (products) import from Brazil is a clear example. It may be possible to 
identify alternative policies to reduce the import share, but keeping these compatible with 
current trends towards more open trade regimes is a challenge. 
 

 

6. Energy from Sahara and Sub-Saharan Africa 
The shift away from fossil fuels, inspired by concerns over climate change and security-of-
supply for the EU will offer good prospects for non-fossil alternatives. The climatic 
conditions prevailing in the Sahara region and the absence of competing human activities 
make solar energy options particularly attractive. The inevitable diurnal pattern poses a 
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specific concern and options to levelize the flow of energy are being explored. Further south 
on the African continent, large untapped potentials for hydropower exist, that might also be 
considered for production for Europe. Linking this –literally- with solar power from the 
Sahara region is in principle attractive: as hydropower is particularly well suited for fast load-
following operation, it offers a means to fill part of the nightly gap left by the solar supply. 
This may offer better economic perspectives for both options, as to some extent economies of 
scale apply to part of the infrastructure. 
 
 

7. Water scarcity and water-stress 
The global total amount of sweet water in liquid form is rather limited. Of the total amount of 
precipitation over land areas, only a certain portion eventually makes it into run-off feeding 
river systems. From there water is extracted for irrigation, for animals, for industry and 
electricity production and for households: drinking water, washing, food preparation, etc. In 
many densely populated river basins, the annually extracted volume makes up a substantial 
share of the average annual river flow. Yearly fluctuations in run-off around the average are 
common and in addition, seasonal patterns may poorly match, e.g. if maximum run-off occurs 
in winter and irrigation is needed in summer. Run-off is also influenced by human induced 
land-cover and land-use changes, and of course climate change is expected to alter 
precipitation patterns and the water cycle. Altogether, this makes water at least intermittently 
scarce in large parts of the world and, given population growth and settlement patterns, the 
situation is bound to become more severe in future. Part of the water extracted, notably for 
agriculture (irrigation and husbandry), is linked to EU consumption and production of the 
associated commodities. A well-known example is cotton grown for clothing bought by 
Europeans. Sustainability concerns may suggest limitations for imports into EU of goods 
contributing directly or indirectly to water scarcity elsewhere. Inside the EU, the concerns 
over increasing desertification in parts of Southern Europe may form another incentive to 
explore (rules for) trade patterns that would alleviate this problem. 
 
 

8. Scarce key resources: fish and phosphate 
Some natural and mineral resources are susceptible to become scarce for various reasons. 
Sometimes a once abundant resource base, established over long periods many hundred 
million years ago, is extracted at such a rate that in the foreseeable future their supply is 
deemed to peak and decline. Examples often mentioned include crude oil (see issue 10) and 
phosphate rock. Phosphate is a critical fertilizer component, indispensable and irreplaceable 
for modern high-yielding agriculture. The resource base known today is large, but estimated 
to run out in a few hundred years, in worst case scenarios even before the end of the century. 
Moreover, finds are concentrated in just a few countries and this adds a geo-political side to 
the concerns. In addition, prices have risen sharply in recent years and can be expected to rise 
further in future. Phosphates also create environmental problems in ground- and surface 
water, but using less rock phosphate based fertilizers puts limits to productivity gains in 
agriculture, urgently needed to reduce malnutrition and hunger.  
Another form of scarcity arises if an annually replenished stock is exploited at a rate that 
undermines the complex food webs, so that stocks decline and ultimately even may collapse. 
Fish is a well known example of this type. Worldwide efforts are made to protect at least the 
most threatened species, but fishing volumes and practices may have to change to restore 
more sustainable oceans. Often markets will work and prices for scarce commodities will rise, 
inducing a search for more efficient use, recycling and substitutes. However, the transients 
may give rise to conflict and more environmental impacts as less accessible resources are 
tapped.  
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9. CAP and WTO reform effect on EU ‘footprint’ 
Many activities inside the EU borders impose a direct impact outside due to trade in all kinds 
of raw materials, intermediate and finished products. Arguably, on the other hand the 
economic value of the traded goods means transfer of wealth and utility. The (net) EU 
impacts outside its borders can be translated in physical impacts per region, often referred to 
as the ‘footprint’ of EU citizens. Obviously, the size and regional distribution of this footprint 
will alter if traded volumes change from the current situation. This is heavily influenced by 
alternative regimes of tariffs and non-tariff measures, subsidies and other price interventions 
as imagined under reforms of the EU Common Agricultural Policy (CAP) and as negotiated 
under the World Trade Organization (WTO). 
 

10. Depletion of fossil fuel (oil/gas) resources 
Given uncertainties about remaining, recoverable oil and gas resources, and increasing 
demands from emerging economies, it is argued that they may be depleted some time before 
the end of the century. Some representatives of the 'Peak Oil' community even warn for peak 
production to occur very soon, and decline to follow. In one sense this may seem favourable 
for environmental problems associated with burning oil products and gas. Sustained high 
price levels will foster energy savings and stimulate development and deployment of non-
fossil technologies; all helping to cut emission of greenhouse gases and air pollutants. On the 
other hand, however, coal and tar sands based production of electricity, and gaseous and 
liquid fuels are also becoming more economical and these options have much higher 
emissions per unit of production. The balance of both trends is therefore important to 
investigate, together with the implications for energy security-of-supply. 
 

11. Waste water treatment, nutrient loading & P recycling 
The compounded effect of connection to sewerage systems and waste water treatment leads to 
more/less loading of surface water, ending up in coastal seas. This loading creates a suite of 
environmental problems related to overfeeding and ultimately biologically dead zones. As a 
side benefit, removing such elements like N and P from waste water yields more concentrated 
flows, from which in particular P may be extracted again for re-use. In that way, at least part 
of the P originally applied as fertilizer to crops, grass and fodder can be recovered, thus 
reducing the potential problem of depleting phosphate rock deposits; see issue #8. 
 

12. Forests and forestry 
Forests, both temperate and tropical including rain forests are among the strongest declining 
biomes in many parts of the worlds. At the same time forests are valued for the wide range of 
ecosystems goods and services they provide and support. Forest management and/or resource 
efficiency measures can contribute to slow or ultimately halt the decline of forest areas. In 
recent years the climate change issue has inspired discussion of new mechanisms and 
financial incentive structures from a new perspective: the role of forests in the carbon cycle.  
 

13. Mitigation and Development Collaboration 
Current focus on development and climate is strongly on adaptation, with 
possible exception of a few large players (like BRIICS). From longer term perspective, 
mitigation cannot be left out of the equation, over and above use of mechanisms like CDM; 
see Issue #15. This raises policy coherence questions (climate change and foreign aid) and 
could help inform donor country conversations on the shifting definition of development aid 
to longer term structural changes. The role of currently developing countries in global 
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mitigation efforts has also implications for the efforts by the industrialized countries, 
including Europe. 
 

14.  Ageing population adding to environmental concern 
In some cases, age matters critically in determining the impact of environmental stress on 
human health. This goes for exposure to air pollution, which tends to build up the longer it 
lasts. Another example may be climate induced heat stress, although depending on the current 
climate this may work positively as well by reducing premature mortality and morbidity from 
cold weather spells. 
 

15. Role of CDM in climate policy 
Under the rules of the Kyoto Protocol and successive agreements, parties can meet parts of 
their commitments from emission reducing measures in other countries, provided they 
provide financial supports to cover the additionalities of the projects. As climate mitigation 
may have other benefits as well, such as air quality improvement, the division of mitigation 
efforts over domestic and foreign measures can lead to different outcomes in other fields of 
concern. 
 

16. Water quality restrictions on agricultural intensity 
If the Water Directive was entered in full force in all EU member states, current intensive 
livestock holding may no longer be feasible in some regions. While reallocation within the 
EU27 may result, on a net basis probably less animal products can be put on the market at 
competitive prices. Hence production will shift to other world regions, and create impacts 
there. Recognizing that in many emerging economies and developing regions intensive 
livestock keeping is rapidly expanding, and that fertilizer application is sometimes high to 
very high, similar problems as in the EU are bound to spread worldwide with potentially 
serious consequences. 
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Table 1: Overview of study issues for consideration 
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1 Baseline ++ N.A. 
2 Bio-energy ++ ++ ++ ++ ++ + + 
3 Animal protein from land and sea ++ ++ + + + + + 
4 Climate change policies and Land-use change ++ ++ ++ + + + + 
5 Food & feed dependencies and vulnerabilities ++ + + +/- +/- + + 
6 Energy from Sahara  (and Sub-Saharan Africa) ++ ++ +/- N.A. + + + 
7 Water scarcity and water stress ++ ++ + +/- + + 0 
8 Scarce key resources: phosphates and fisheries ++ ++ +/- +/? +/? 0 +/? 
9 CAP and WTO reform effect on EU ‘footprint’ ++ + +/- ++ + + - 

10 Depletion of  oil&gas resources + ++ +/- + + + + 
11 Waste water treatment, nutrient loading and P recycling +/- ++ +/- + + + + 
12 Forests and forestry ++ ++ ++ +(a) +/-

(a) 
+ + 

13 Mitigation and development collaboration ++ +/- +/- +/-
(a) 

?(a) + +/- 

14 Ageing population adding to environmental concern ? ++ + +/-
(a) 

+/-
(a) 

+ + 

15 Role of CDM in climate policy ++ +/? ++ +/-
(a) 

+/-
(a) 

+ + 

16 Water quality restrictions on agricultural intensity + + ++ +/-
(a) 

+/-
(a) 

+ + 

                                                      
∗ The scoring in this table reflects internal discussions at PBL only  
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1.1.1 Explanation of column headers in Table 1 
 
Strong external dimension 
How strong and/or important is the linkage between the EU and the Rest-of-the-World 
(RoW)? A + or ++ score points at global issues to which EU contributes decisively, but 
impacts inside EU can also be the motivation. Key consideration is that measures to mitigate 
the problem cannot be found within the borders of the EU or at least they are expected to 
cast a shadow outside the EU. 
 
Long-term issue, relevant beyond 2020 
Indicates if it is a recently, or even not at all, recognized issue of concern for policy 
development. Or it is a well established issue for which no effective remedies have been 
found yet, so they are expected to continue into the decades to come. 
 
Undeniably an ENV issue 
The focus for this project is assumed to be with problems and issues that are unchallenged 
primarily inspired by environmental concerns, or in other words the undisputed scope of 
DGEnv. Other issues may well be expected to have serious implications for the environmental 
quality, but are not driven by those concerns. 
 
Demonstrated quantitatively in the Baseline (BL) 
The issue should lend itself to quantitative assessment with the toolkit proposed for the 
project. So, relevant indicators should at least be represented by the Baseline (BL). It may be 
that proposed measures cannot easily be translated in quantitative model settings, but at least 
they should be amenable to meaningful analytical analysis. 
 
Quantifiable alternatives with existing tools 
Strong preference for issues for which alternatives can be explored to can be implemented and 
elaborated with the quantitative tools available for the project. For example this would 
exclude purely institutional measures with unknown effect on physical or economic processes 
covered. 
 
Fits in larger framework  
The issues selected for analysis should have a clearly delineated goal and scope. A broader 
and overarching overall frame for the analysis would be helpful and appreciated, but such a 
broad frame itself is unsuited for this project. 
 
Issue of environmental substance 
The issue should have a clear substantive orientation and focus. Hence, issues organized 
around instrumental (eco-taxation) or methodological issues (back-casting) are not suitable. 
Nor are issues like consumption volumes or composition, population policies, etc. These can 
be (important) elements of alternative solutions to explore, but not the central subject of 
study. 
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1.1.2 Explanation of entries in Table 1 
 

+/++ In principle, a single + or double ++ indicates that the issue agrees full and 
well to very well with the criterion in the column, see above for what that 
implies. 
 

-/-- Means the opposite: issue does not score well to very poorly 

+/- In some cases it is not straightforward to answer: partly positive/partly 
negative or only true if interpreted in a certain, more narrow sense.  
 

0 Is entered if a criterion is essentially not relevant for the issue. For example: 
it is not relevant for the analysis whether or water scarcity is studied 
separately or as element of broader human (sustainable) development. 
  

? Unclear/unresolved (distinctly different from +/- or 0) 
 

(a) Stands for additional: in some cases the issue can only be analyzed in a 
meaningful way with use of a broader set of tools than anticipated in the 
project. Hence it would require additional expertise and models, and thus 
budget, to address them. 
 

N.A. Not Applicable 

 
 
. 
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1.1.3 Table 2: Template for description of study issues  
 

Number, title Preferably a title reflecting significance of the issue. For 
example, ‘phosphate scarcity’ rather than ‘nutrient cycles’. 

Analytical question(s) The concrete, succinctly formulated question(s) that the study 
would seek to answer.  

Explanation of the issue How and why important; e.g. how serious is the potential risk? 
To whom? Is the issue itself and/or possible remedies 
controversial? What new knowledge or evidence would the 
study generate for the Commission?   

Description of the analysis In terms of substance. Brief but covering all steps that are 
important to portray the study. For example, covering data 
conversion, modelling, interpretation.   

Key drivers and policies Identify the key direct and indirect drivers, policies assumed in 
the baseline and in alternative cases. 

Cases to be analysed For example: catch fisheries in own waters of EU member 
states versus buying quota elsewhere. 

Main limitations Main limitations, assumptions, strengths or other qualifications 
of the eventual results. Including availability and reliability of 
data and of functional relationships. 

How could the core result look like? For example,  
 Tables and graphs illustrating development of the relevant 

indicators under Baseline conditions and alternative cases; 
on global scale and broken down by relevant regions 

 Interpretation and discussion of results; highlighting the 
improvement in terms of the key issue addressed together 
with trade-offs and synergies  

Models and other knowledge 
elements to be used 

A very brief listing, and only if necessary a few words on how 
models etc would link up – for example, A setting boundary 
conditions for B.  
Specific mention of what additional models and elements will 
be required beyond the current state of those models covered 
under the contract. 

When could this be done? E.g. ‘anytime’ or ‘not before ….’ 

Has a similar analysis been done 
before? 

Indicate what elements of the issue have been addressed in 
recent, quantitative studies. And in what respect the issue 
would enhance and extend the earlier knowledge.  

How demanding is this analysis in 
terms of staff capacity? 

‘Low’, ‘medium’ or ‘high’; e.g. to ensure that total capacity 
requirements will stay within the limitations of the current 
contract. 

  

GLIMP ‘filter’criteria Application of seven GLIMP selection criteria 

I. This issue has a strong external 
dimension 

The criterion is that for this issue, solutions will not be available 
within EU boundaries, or solutions will have impacts beyond 
EU boundaries. This is the most important of all seven criteria. 

II. This is a long-term issue, relevant 
beyond 2020 

I.e. an emerging or recently recognized problem or a very 
persistent problem. Therefore typically not easily connected 
with salient, urgent problems for which policies are already 
identified. 
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III. This is undeniably an ENV issue  For example, ageing without focus on environment is an 
important issue for the EU and EU member states. But it would 
only count as an ENV issue through specific connections such 
as increased vulnerability of the elderly for air pollution, or 
financing of the transition in the welfare state being a predator 
on the budget.  

IV. The evolution of this issue over 
time can be demonstrated 
quantitatively in the baseline 

I.e. the issue can be portrayed quantitatively using output of 
the models presently identified in the GLIMP contract. For 
example, neither exports of waste; scarcity of rare metals; 
regulation of nano-compounds; or environmental pollution by 
overuse of animal medicines fulfil this criterion.   

V. This issue can be explored 
quantitatively using the existing 
tools 

There is a strong preference for issues that can be explored 
quantitatively using the tools presently identified in the GLIMP 
contract. This includes the ability to model the impact of 
alternative policies, if that is part of the issue.  

VI. This issue fits in a larger 
framework 

The analytical scope of the project allows for consideration of 
the results in a broader area of concern. For example to study 
the linkages of land-use and climate change policies can fit in 
the broader ambition of controlling climate change 

VII. This an issue of environmental 
substance 

I.e. not instrumental such as tax reform or methods to weigh 
societal preferences. Also not methodological such as back 
casting from a vision. Neither ‘deep drivers’ such as the 
volume and pattern of consumption, or population policy. The 
latter are reason for concern as well as potentially a part of 
policy approaches to solutions, but not the issues of 
environmental substance GLIMP has to focus on.    

  

Additional explanation For example, if the issue is particularly important for the EU 
neighbourhood, it would be flagged here. 

Further reading Regarding the issue or regarding the assessment method 
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1.1.4 Description of Study Issues 
 
 

Number, title 1. Baseline 
Analytical question How would the world develop without new policies in the 

thematic areas under consideration, such as environment 
including climate; transport; agriculture; trade; technology 
development? 

Explanation of the issue The baseline is not the most plausible scenario, but a 
reference case to be used in exploring emerging risks and the 
cost of policy inaction as well as counterfactual analysis on 
hypothetical policy strategies 

Description of the analysis Based upon an exogenous socio-economic scenario of 
demographic and macro-economic drivers, demands for and 
production of agricultural products are estimated with the 
LEITAP, interacting with IMAGE to capture biophysical 
constraints. These are then translated into the quantities to be 
produced of each of seven crop types and five groups of 
animal products in IMAGE in each region and allocated at the 
grid cell level.  
 
For energy and wood products, macro-economic drivers at the 
regional level are translated into energy demands by main 
sector (industry, services, households, transport and others) 
and by electricity and non-electricity. Together with 
assumptions on such factors like technological progress, 
agricultural productivity changes, animal production systems 
division over grazing and mixed/landless, etc. the IMAGE 
model than calculates a wide range of indicators representing 
the development over time under baseline conditions. These 
include the energy system (demand, supply sources, trade, 
emissions to air, investments in equipment, etc.), the 
agricultural system (demand, trade, production, land-use, 
yields, emissions to air, ground- and surface water, etc.). 
Anthropogenic emissions are complemented with natural 
sources (affected by human activities) to arrive at the total 
emissions. For climate, all radiative forcing agents are 
calculated and added to establish global mean average 
temperature. That in turn is used to generate spatial patterns 
of temperature change and precipitation, with hard-wired 
feedback on natural vegetation, water supply and agriculture. 
 
A range of indicators from IMAGE is used as direct and 
indirect driver of biodiversity loss in terrestrial systems by the 
GLOBIO model to calculate the indicator Mean Species 
Abundance. 
 
Separately the EcoOcean model estimates the Baseline 
development of fish stocks, and fisheries catches and 
landings. This starting from assumptions with regards to 
development of fishing effort in the future.  

Key drivers and policies - Population (UN Median) 
- GDP/capita and (main) sector composition of GDP 

according to (to be decided) 
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- Trade regimes (unchanged from current WTO) 
- No new environmental and agricultural policies after 2010 

(climate policy only for 1st Kyoto period; CAP only including 
amendments in force today; no renewable energy target  
for 2020 and beyond; biofuels only the current target, no 
extension) 

- Technological progress (long historical trend) 

Cases to be analysed One single Baseline for operational use; possible option is to 
explore uncertainties in key drivers. 

Main limitations No feedback on population and/or economy from significant 
materialisation of risks of increased environmental degradation 
and decreased resilience. 
  
No provision of sudden, unforeseen excursions from gradual 
trends like economic or political crises, or price spikes; no 
capturing of regular business cycles and volatile price 
movements. 

How could the core result look like? Projection of ‘real GDP’ and sector value added (industry, 
agriculture, services) with associated environmental and land-
cover/land-use implications. 
Series of tables, graphs and maps showing main 
demographic, economic, environmental and land-cover/land-
use developments. 
 
Global coverage, broken down in 24 world regions, to be 
aggregated for most presentation purposes (allowing for 
comparing EU with other main regions and global 
total/average 
 
Temporal coverage 1970 – 2050 with some intermediate years 
shown. 

Models and other knowledge 
elements to be used 

Core set: IMAGE suite, LEITAP and EcoOcean 

When could this be done? First, but subject to availability of exogenous projections 

Has a similar analysis been done 
before? 

Yes, many times 

How demanding is this analysis in 
terms of staff capacity? 

Average, depends also on source origin of macro-economic 
projection, extent of uncertainty analysis and extent of impact 
analysis (‘COPI’). 

  

Selection criteria  

I. Strong external dimension ++ 

II. Long-term issue, relevant beyond 
2020 

N.A. 

III. Undeniably an ENV issue  N.A. 

IV. Demonstrated quantitatively in 
the baseline 

N.A. 

V. Can be explored quantitatively 
using the existing tools 

N.A. 

VI. Fits in a larger framework N.A. 
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VII. Issue of environmental 
substance 

N.A. 

  

Additional explanation The baseline should enable strategic orientation and permit 
credible policy positions in discussions in the context of the EU 
2020 strategy as well as reflections on EU 2050. It should 
permit putting the spotlight on policy issues as much as 
possible, not on the baseline assumptions. Therefore, it should 
be as conventional and authoritative as possible. It should 
therefore comprise a relatively low (or strictly no new) policy 
setting and be free of surprises and breaks in trends. 

Further reading IPCC SRES, OECD Outlook 2008 Background Report, MA 
Scenarios Chapter 
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Number, title 2. Bio-energy 
Analytical question(s) Should use of bio-energy be prioritized to applications with few 

low carbon alternatives? How does that apply for instance to 
car transport? What are possible implications for lock-in risks 
in light of long-term ‘back-stop’ option bio+CCS power plants? 
Is there enough sustainable biomass available to meet EU 
demands, in light of the 2050 EU commitment to reduce GHG 
emissions from power and transport sectors; domestic or 
imported? What is by 2050 the EU’s maximum contribution to 
hunger in the world via effect on food prices? 

Explanation of the issue Development of an EU Transport & Energy package in a way 
that serves a decarbonisation and energy security vision for 
2050 as well as 2020 targets requires careful consideration of 
optimal routing of the limited bio-energy supplies. This to avoid 
constraints dictated by shortfalls in resource availability, taking 
potentially significant environmental and social impacts into 
consideration. 
 
If the EU is going to make its contribution to meeting an 
ambitious climate target (e.g. the 2 degrees target), a set of 
energy technologies will be needed in the EU to mitigate 
emissions from the energy/power sector. Supposing that no 
biomass is used in power, but instead all biomass is used in 
transport only (where alternatives to fossil fuels are more 
difficult to come up with, in particular for long-range transport) 
– the question needs to be answered if there is sufficient 
sustainable biomass available. And if so, what share can be 
covered from EU biomass output and how much will the EU 
rely on imports, adding to import of food and feed products.  
As part of the prioritization of the transport sector, at some 
point in time burning biomass in electricity would have to stop 
in order to use more biomass as fossil fuel replacement in the 
transport sector. It will be interesting to say something, if very 
tentative, about that point in time. 
 
As the EU is not isolated from the outside world, it is also 
necessary to look at the global level and investigate how 
equivalent choices in other regions simultaneously play out. 
 
In the EU, power generation and industrial activities are 
regulated under the EU ETS, which provides an incentive to 
these sectors to reduce their emissions of CO2. For its third 
trading phase, the revised EU ETS introduces full-auctioning of 
allowances for the power sector (It also foresees the gradual 
transition to full-auctioning for all other sectors by 2020, and 
the inclusion of aviation and possibly of maritime transport 
under an enlarged ETS in/after 2011). Since burning of 
biomass is considered by the EU ETS to be carbon-neutral, 
bio-energy represents an important decarbonisation option for 
all sectors and in particular for the power sector where some 
2/3 of the existing capacity will have to be replaced over the 
next decade. A large-scale retrofit / replacement of the EU’s 
ageing fleet with new bio-energy plants with an average 
lifetime of 40 years bears the risk of a lock-in into using 
biomass resources predominantly in the power sector, thus 
influencing negatively the availability of biomass for transport. 
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Vice-versa, future lock-in effects from directing all biomass to 
(road) transport can also occur. Given the possible urgency of 
potentially significant environmental and social implications, 
but also to keep sufficient prospects for developing bio+CCS 
power plants in the post-2050 era, this trend warrants more 
attention. 
 
Risks of (unintended) negative impacts inside and outside the 
EU are potentially serious, and not easily contained or 
compensated. In particular current sources of bio-energy and 
production chains to convert them into liquid products give rise 
to concern. The tendency to focus on sectors relying on liquid 
energy forms with few low-carbon alternatives might induce 
lock-in in less desirable practices from a broader and longer-
term perspective.  

Description of the analysis In the Baseline, already some biomass based energy is being 
produced in some regions of the world, subject to some form 
of financial incentive. That practice is commonly supposed to 
continue, e.g. in LEITAP assuming that the budget for 
subsidies is kept constant. If oil prices then rise, more bio-
energy will be produced for the same financial support amount. 
On a global scale, this will not account for a sizeable share. 
 
Different regimes can be tested against the baseline outcome, 
imposing the use of a given volume biomass in different 
applications. Off-line estimates will have to be made to capture 
the difference between using biofuels in different transport 
modes for energy flows and associated emissions. 

Key drivers and policies All as in Baseline; except: 
- Oil price (exogenous-IEA, or from model) 
- Overall, long-term climate policy target (450 ppm) 
- Additional bio-energy deployment rules (see cases below) 
- Induced technological change (learning-by-doing in model) 

Cases to be analysed - Maximum bio-energy deployment in road transport 
- Maximum use of biofuels in transport modes for which no other 

low-carbon option exists (air, sea, road freight) 
- Deployment for maximum climate benefit, keeping long-term 

requirements in focus 

Main limitations Modal split currently not implemented in IMAGE/TIMER; 
requires out-of-model estimates and calculation of implications 
for energy consumption and emissions. Limited detail of 
biomass supply feedstocks and associated conversion chains. 
Modelling of lock-in not straightforward and only partially 
possible with current models.  

How could the core result look like? - Change in agr land use per region; EU’s bio-energy ‘footprint’ 
- Net avoided GHG emissions inside/outside EU 
- EU energy security index 

 

Models and other knowledge 
elements to be used 

IMAGE suite and LEITAP; for impact on hunger: GISMO (a) 

When could this be done? Summer 2010; except addition of GISMO 



I-22 
 

Has a similar analysis been done 
before? 

Many analyses of bio-energy futures, implications of EU 
directive. Not yet on impacts of alternative priority uses and 
lock-in. 

How demanding is this analysis in 
terms of staff capacity? 

Average to heavy, depending on depth of analysis. First order 
estimate of significance can be done relatively quickly. 

  

Selection criteria  

I. Strong external dimension ++ The key arguments for using biomass (climate change and 
energy security) are global problems with the EU as major 
actor influencing relevant markets. 

II. Long-term issue, relevant beyond 
2020 

++ Climate change and energy security will remain an issue on 
the longer term, as they cannot be resolved on shorter term.   

III. Undeniably an ENV issue  ++ Concerns over (net) greenhouse gas balance, direct and 
indirect land-use are central themes, but also impacts on 
global and regional food markets  

IV. Demonstrated quantitatively in 
the baseline 

++ Continued high and rising GHG emissions and fossil fuel 
consumption from imports emerge under BL conditions.  

V. Can be explored quantitatively 
using the existing tools 

++ Energy supply and demand, greenhouse gas emissions 
from all relevant sources, land-cover and land-use, 
international trade volumes and commodity prices under 
varying cases. 

VI. Fits in a larger framework + Constitutes one option among many others to alleviate the 
two key concerns; plus clear linkages with agricultural 
production, prices and trade, land-use, water and nature 
conservation/biodiversity. 

VII. Issue of environmental 
substance 

+ Predominantly driven by climate change mitigation 
discussion. 

  

Additional explanation -- 

Further reading Numerous; PBL report on sustainability of current biofuels 
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Number, title 3. Animal protein from land and sea 
Analytical question (s) What are the interlinkages between (i) increased animal 

products and fish demand for human consumption, (ii) 
aquaculture and (iii) increased crop demand for aquaculture 
feed? And how and where does this play out in environmental 
terms? 

Explanation of the issue The production of animal protein, both from land and sea, 
increases more rapidly than population. For the most part 
because of the trend towards a higher share in the diet with 
higher income levels. On land, the production is associated 
with vast land areas for grass, fodder and feed at the expense 
of natural land areas. In addition, emissions or air pollutants 
and GHG emissions are high per kg of final product. On sea a 
main problem is the threat of overfishing, compounded with 
habitat and environmental pressures. Health recommendations 
for rich countries point at reduced animal product 
consumption, certainly those with high saturated fat content, 
but with exception of fatty fish.  
 
A change in preference for low-fat products tends to boost 
consumption of (lean) beef, poultry and fish, adding to the land 
(beef) and sea impacts. For many currently less developed 
regions, animal product consumption today falls often below 
recommended levels. 
 
Globally, aquaculture makes up a rapidly increasing share of 
total fish sales, with impacts on water quality and feed 
requirements. The number one worldwide concern is 
overfishing and stock depletion, aggravated by other pressures 
such as rapidly increasing demand, climate change and water 
pollution. Current trend is that roughly stable wildcatch is 
augmented with increasing aquaculture, not always with 
environmentally compatible practices and strong local effect on 
coastal sea pollution; predominantly outside the EU. The 
impacts on coastal seas may in turn limit fish population size 
and quality, with implications for global fish stocks. 
 
Concerns over fish stocks in European waters may limit EU 
fisheries with implications for global fish production from 
wildcatch and aquaculture. 
 
The condition of the oceans under multiple stresses pose a 
very serious risk to human food security, biodiversity and a 
variety of environmental issues including climate change. 
Aquaculture is also associated with a range of negative 
impacts on the environment. Land-based livestock production 
is a major source of GHG emissions and other pollutants, thus 
contributing strongly to enhanced risks of climate change. 

Description of the analysis Fish consumption and production (fisheries) are currently not 
modeled explicitly in the IMAGE-LEITAP models. Fish is 
considered as an important part of food available to humans, 
but not produced by the agricultural sectors represented in the 
models. 
 
Exogenous projections of growing demand for fish products in 
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the broad sense (including shellfish, crustaceans, etc.) are 
available as drivers. With alternative assumptions about more 
or less sustainable wild-catch supplies from EcoOcean, the 
contribution demanded from aquaculture can then be derived 
to balance demand and supply. 
 
Demand for animal products on land is a standard feature of 
the IMAGE-LEITAP suite. Deviations from baseline diets, 
based on FAO projections, need to be implemented, for 
example by changing income and (cross-) price elasticities in 
the demand formulation of LEITAP. As a fall-back option, 
manual adjustments can be made to the Baseline volumes 
carried over to IMAGE, so without considering economic 
feedback.  
 
Coverage should include land demand for aquaculture feed 
production in order to maintain oversight of the total, overall 
balance of water pollution and of terrestrial and marine 
biodiversity. 

Key drivers and policies All as in Baseline; except: 
- Future fish strategies (short-term gains vs. long-term) 
- Animal products demand 
- Shifting diet preferences 

Cases to be analysed - Central fish products demand, roughly stable wild-catch with 
steep decline on longer term (post 2050?) and Baseline 
demand for animal products from land. This gives a moderate 
increase in aquaculture. Assumed low share of vegetarian 
feed; gives low demand for land-based production and 
pollution. 

- High fish products demand, with declining then stable 
‘sustainable’ wild-catch; gives high increase in aquaculture. 
Further increased by assuming less meat and dairy products 
for health reasons. A high share of vegetarian feed (that is: 
species living – primarily- on crops and processed crop 
products) gives high demand for land-based aquaculture feed 
production. 

Main limitations No effective policy instruments and measures identified so far; 
monitoring and enforcement particularly difficult for fisheries. 

How could the core result look like? - Development of total meat, dairy and fish products demand, 
broken down into wild catch and aquaculture and by main 
species group 

- Associated development of marine fish stocks and biodiversity 
- Aquaculture production, feed requirements and nutrient 

discharges 
- Vegetarian feed production, associated land-use and 

environmental and biodiversity implications 
- Total nutrient loading of coastal seas, risk of atrophy and algal 

bloom 

Models and other knowledge 
elements to be used 

IMAGE, LEITAP, EcoOcean 

When could this be done? Not before end 2010 (model development needed on 
implementing dietary changes, as well as work on exchanging 
data in ‘soft-coupling’ with EcoOcean) 
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Has a similar analysis been done 
before? 

Very first exploration done as part of PBL contribution to 
TEEB: off-line estimates not using any formal models and no 
accounting of overall net effects or their regional distribution. 

How demanding is this analysis in 
terms of staff capacity? 

High 

  

Selection criteria  

I. Strong external dimension ++ The EU is a big player on global markets for animal 
products, comprising imports of feed and exports of finished 
products. Changes in volume and composition of consumption, 
but also in agricultural policies will influence prices, production 
volumes and trade flows.  

II. Long-term issue, relevant beyond 
2020 

++ Given growing population and per capita incomes, the 
demand for animal products is deemed to increase sharply 
and will continue to be an issue for at least the largest part of 
the century. 

III. Undeniably an ENV issue  + A suite of environmental and biodiversity impacts in different 
domains  

IV. Demonstrated quantitatively in 
the baseline 

+ The suite of models allow to present all relevant indicators, 
subject to the limitations outlined above, under Baseline 
conditions 

V. Can be explored quantitatively 
using the existing tools 

+ As above for the alternative cases 

VI. Fits in a larger framework + The consumption and production of fish products are part of 
the overall issue of protein intake in human diets. The specific 
contributions to environmental problems can be traced in the 
overall levels from all relevant sources. 

VII. Issue of environmental 
substance 

+ Environmental concerns are the main reason for 
investigating the problem, but concerns over (healthy) diets 
also are an important consideration.  

  

Additional explanation -- 

Further reading Diets and Climate article and Aquaculture articles (PBL); draft 
report PBL analysis in support of TEEB 
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Number, title 4. Climate Change Policies and Land-Use 

Change 
Analytical question(s) How do (ambitious) strategies to combat climate change 

induce land-use changes? What is the compounded effect of 
changes in productivity from (residual) climate change and 
land-use related mitigation efforts?  

Explanation of the issue One of the often mentioned arguments in favour of more 
ambitious climate mitigation policies is the concern over 
agricultural productivity impacts, in particular in populous and 
currently less developed regions. Changes in average 
temperature and precipitation, but even more changes in their 
variability, can reduce agricultural outputs. At the same time, in 
other regions climatic conditions for agriculture may improve, 
so impacts are probably unevenly distributed. And globally the 
elevated CO2 concentration of the atmosphere can increase 
yields through the so-called fertilization effect. The overall 
balance and the spatial distribution of net positive and negative 
impacts remain uncertain. 
 
Another issue is that (net) emissions of greenhouse gases can 
become subject to pricing and/or mitigation strategies. This will 
raise production cost of common agricultural commodities with 
implications for management decisions, competitiveness, etc. 
 
Thirdly, some classes of mitigation measures require land and 
thereby interfere with overall land-cover and land-use.  These 
are taken to include bio-energy, carbon plantations and re- and 
aforestation as well as forest management.  
 
The main risk involved is constituted by the risk of stronger 
and accelerated decline in natural area, in particular from the 
equator up to temperate climate zones. A rough estimate is 
that some 60% of the terrestrial surface of the earth is in 
principle suitable for some form of productive agricultural 
purposes. The current area occupied is around 40%, so that 
further expansion opportunities are limited and will inevitably 
go at the expense of more natural land cover.  

Description of the analysis Given a certain overall climate target, the magnitude of the 
land-use sources and sinks of greenhouse gases govern the 
ambition level for the other sources. In particular for ambitious 
targets, such as the EU 2 degree climate objective, the 
residual size of the land-use related forcing matters critically 
for the currently –and in the Baseline continued- dominant 
energy sector. 

Key drivers and policies All as in Baseline; except: 
- Climate change pattern under Baseline 
- Overall climate change target (450 ppm) 
- GHG pricing applied to LU sectors 
- Restrictions on land conversion for climate mitigation  

Cases to be analysed For a given global climate target, a high and low estimate of 
the contribution from land-use related mitigation, comprising 
CO2-equivalent costing of land using processes and mitigation 
options. 



I-27 
 

Main limitations -- 

How could the core result look like? Forward looking strategy development towards climate 
stabilization. Challenges for the energy sector posed by 
low/high estimates of the LU sector contribution to mitigation. 

Models and other knowledge 
elements to be used 

IMAGE, LEITAP, GLOBIO 
 

When could this be done? Summer 2010 (first order); accounting for effects of emission 
charges in LEITAP will require development of an appropriate 
model formulation, not foreseen before end 2010. 

Has a similar analysis been done 
before? 

Yes, e.g. as part of the low mitigation scenarios studies by 
PBL and other IAM groups in support of the new scenarios 
development in support of the IPCC AR5 process. 

How demanding is this analysis in 
terms of staff capacity? 

Medium 

  

Selection criteria  

I. Strong external dimension ++ On issues of land-use, the relatively small area of the EU 
(as compared to Africa and the Americas) implies that more 
often than not changes will tend to have effects outside its 
boundaries. 

II. Long-term issue, relevant beyond 
2020 

++ The role of land-use in climate strategies becomes 
particularly relevant on the longer term. Currently prospects for 
relatively low-cost options are of interest, e.g. as pursued 
under the REDD+ mechanism. 

III. Undeniably an ENV issue  ++ Climate change is the central focus 

IV. Demonstrated quantitatively in 
the baseline 

+ All relevant indicators are directly available from the model 
suite under Baseline conditions 

V. Can be explored quantitatively 
using the existing tools 

+ Idem for alternative cases.  

VI. Fits in a larger framework + Specific niche, not as widely covered in many analyses, of 
comprehensive climate discussion. 

VII. Issue of environmental 
substance 

+ Driven by climate change and nature/biodiversity concerns. 

  

Additional explanation  

Further reading RCP articles 
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Number, title 5. Food and feed dependencies and 

vulnerabilities 
Analytical question(s) For which food and feed products is the EU critically 

dependent on imports? What if for some reason this would 
become unattractive or even impossible (high prices, diseases, 
harvest failures, conflict)?  

Explanation of the issue Already today the food and feed supply of the EU is not 
balanced with internal demand. Several major commodities 
depend critically on imports and pose a potential vulnerability 
due to price hikes and/or supply limitations. On the one hand 
this may affect the food-security situation for the EU; on the 
other hand it may harm currently important exporting sectors 
(dairy and meat products). 
 
Due to rising demands and compounded by possible changes 
in WTO and/or CAP policies, the trade flows may change 
further. At the same time, imports and exports lead to 
economic, environmental and social impacts in other parts of 
the world. The case of soybean (products) import from Brazil is 
a clear example. It may be possible to identify alternative 
policies to reduce the import share, but keeping these 
compatible with current trends towards more open trade 
regimes is a challenge. 

Description of the analysis Analysis of import dependencies for the EU in the Baseline, 
with consideration of import for production of exported animal 
products. 
 
Specify one or more cases with reduced imports of food and 
feed commodities, controlled by price mark-ups or quantity 
restrictions. Details of regional and/or commodity focus to be 
established. 

Cases to be analysed One or more cases with higher restrictions and barriers to 
import of food and feedstuffs than in the Baseline 

Key drivers and policies All as in Baseline; except: 
- Changes in CAP and WTO regime in favor of domestic 

production (for environmental reasons) 
- Steep price rises in food/feed supply outside EU (e.g. from 

protective policies) 

Main limitations No meaningful indicators for dependency/vulnerability 
identified 

How could the core result look like? - Import/export balances of selected commodities 
- Prices of agricultural commodities 
- Consumption volumes 
- Land-use and environmental impacts by region 

Models and other knowledge 
elements to be used 

IMAGE, LEITAP (option to add GLOBIO for biodiversity) 

When could this be done? Summer 2010 

Has a similar analysis been done 
before? 

Yes, partial analysis at Alterra of Brazilian soy import stop 

How demanding is this analysis in 
terms of staff capacity? 

Medium 
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Selection criteria  

I. Strong external dimension ++ Focus is on international trade issues and role of EU 

II. Long-term issue, relevant beyond 
2020 

+ May remain relevant also on the longer term 

III. Undeniably an ENV issue  + Inspired by concerns over deforestation and other 
environmental impacts associated with imports. 

IV. Demonstrated quantitatively in 
the baseline 

+/- most relevant indicators for the baseline all directly 
available from the models; meaningful indicators for 
dependency/vulnerability to be identified 

V. Can be explored quantitatively 
using the existing tools 

+/- idem for alternative cases 

VI. Fits in a larger framework + Specific issue within broader context of dependencies, EU 
‘footprint’ and vulnerability for supply shocks 

VII. Issue of environmental 
substance 

+ Environmental concerns of direct and indirect ‘footprints’ 
more important than geopolitical argument 

  

Additional explanation  

Further reading PBL report Scarcity and Transition (Schaarste en Transitie)  
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Number, title 6. Energy from Sahara and Sub-Sahara 

Africa 
Analytical question(s) What are the prospects for large scale non-fossil energy 

supplies from Africa to Europe?  

Explanation of the issue The shift away from using fossil fuels, inspired by concerns 
over climate change and security-of-supply for the EU will offer 
good prospects for non-fossil alternatives. The climatic 
conditions prevailing in the Sahara region and the absence of 
competing human activities make solar energy options 
particularly attractive. The inevitable diurnal pattern poses a 
specific concern and options to levelize the flow of energy are 
being explored. 
 
Further south on the African continent, large untapped 
potentials for hydropower exist, that might also be considered 
for production for Europe. Moreover, linking this –literally- with 
solar power from the Sahara region is in principle attractive. As 
hydropower is particularly well suited for fast load-following 
operation, it offers a means to fill part of the nightly gap left by 
the solar supply. This may offer better economic perspectives 
for both options, as to some extent economies of scale apply 
to part of the infrastructure. 
 
In itself the issue does not pose an environmental risk for the 
EU, though large-scale deployment of hydropower is bound to 
have impacts in SSA. The biggest risk associated with the 
options is the geo-political stability related security-of-supply. 

Description of the analysis Exploration of potential supply of solar electricity in North 
Africa and hydropower in Sub-Saharan Africa (SSA). Rough 
cost estimates of systems including transport to EU, both 
separate for each option and for a combined system with 
balanced shares of solar and hydro to match the demand 
pattern. Testing the options in TIMER/IMAGE for system 
effects in a low-GHG scenario (e.g. 450 ppm). 

Cases to be analysed Starting from an existing/updated 450 ppm scenario: three 
cases with the solar option, the hydropower option and the 
combined system. 

Key drivers and policies All as in Baseline; except: 
- Overall (or EU specific) climate target (450 ppm or 80% 

GHG emission reduction for EU) 

Main limitations The energy modelling does not allow for a high degree of 
detail in describing the technical systems and their 
performance under varying supply and load conditions. The 
element of risk of supply disruptions, for technical or 
geopolitical reasons, cannot be captured. 

How could the core result look like? Power supply to Europe under Baseline, under standard 450 
ppm conditions and under alternative assumptions for supply 
from African sources. 
Emission and power production cost for the cases. 

Models and other knowledge 
elements to be used 

TIMER/IMAGE, with regionalized hydro and solar potentials. 
Complemented with transport cost and a combined system.  

When could this be done? Fall 2010 

Has a similar analysis been done Not known 
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before? 

How demanding is this analysis in 
terms of staff capacity? 

Medium/high (depends on depth of additional work on options) 

  

Selection criteria  

I. Strong external dimension ++ Large-scale import of non-fossil electricity is the very 
subject 

II. Long-term issue, relevant beyond 
2020 

++ Systems cannot be imagined at large scale in the next 
decades 

III. Undeniably an ENV issue  +/- Inspired by climate change issue and fossil fuel depletion 
concerns, plus geo-political aspects.   

IV. Demonstrated quantitatively in 
the baseline 

N.A. 

V. Can be explored quantitatively 
using the existing tools 

+ Needs out-of-model work 

VI. Fits in a larger framework + One option in portfolio to reduce GHG emissions 

VII. Issue of environmental 
substance 

+ Option itself is more energy oriented, but potentially 
important to reach EU climate targets 

  

Additional explanation The large business consortium Desertec is actively promoting 
large-scale energy production in the Sahara and adjacent 
regions.  

Further reading -- 
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Number, title 7. Water scarcity and waterstress 
Analytical question(s) How much (irrigation) water is embedded in imports of 

agricultural products to the EU? To what extent does that 
contribute to water scarcity and water stress in the regions of 
origin? What other factors contribute to water stress in these 
regions? What are prospects to reduce the EU- and non-EU 
related factors?  

Explanation of the issue The global total amount of sweet water in liquid form is rather 
limited. Of the total amount of precipitation over land areas, 
only a certain share eventually makes it into run-off feeding 
river systems. From there water can be extracted for irrigation, 
for animals, for industry and electricity production and for 
households: drinking water, washing, food preparation, etc. In 
many densely populated river basins, the annually extracted 
volume makes up a substantial share of the average annual 
run-off volume. Yearly fluctuations in run-off around the 
average are common and in addition, seasonal patterns may 
poorly match, e.g. if maximum run-off occurs in winter and 
irrigation is needed in summer. Run-off is also influenced by 
human induced land-cover and land-use changes, and of 
course climate change is expected to alter precipitation 
patterns and the water cycle. 
 
Altogether, this makes water at least intermittently scarce in 
large parts of the world and, given population growth and 
settlement patterns, the situation is bound to become more 
severe in future. Part of the water extracted, notably for 
agriculture (irrigation and husbandry), is linked to EU 
consumption and production of the associated commodities. A 
well-known example is cotton grown for clothing bought by 
Europeans. Sustainability concerns may imply limitations for 
imports into EU of goods contributing directly or indirectly to 
water scarcity elsewhere. Inside the EU, the concerns over 
increasing desertification in parts of Southern Europe may 
form another incentive to explore (rules for) trade patterns that 
would alleviate this problem. 
 
Shortages in the supply of water pose a serious risk to many 
regions, as water is the indispensible resource supporting their 
livelihood and economic activities. Climate change may add to 
the stress in some river basins, but population growth in 
already water stressed basins poses the biggest risk factor. 

Description of the analysis Explore the current and future expected development of water 
availability and demand under Baseline conditions. Estimate 
the role of EU consumption to the problem areas. Next 
investigate alternative cases, aiming to reduce the number of 
people under severe water stress. Focus on potential for 
measures in/by the EU, e.g. targeted import restrictions, and 
increased agricultural production where more favourable water 
conditions apply to offset lower production in regions under 
serious water stress. 

Key drivers and policies All as in Baseline; except: 
- Food demand and production per region 
- Extent of irrigated area 
- Irrigation efficiency 
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- (optional: rainfed water use efficiency?) 
- Pricing of (embedded ‘blue’) water 

Cases to be analysed Baseline, one case with import restrictions and one with 
production shift 

Main limitations Only partial analysis possible, leaving out key economic and 
social implications. Wetlands are no recognized land-cover 
type in the model. 

How could the core result look like? Number of people under water stress by severity class, and 
water availability per capita, both at large river basins level and 
aggregated over global regions. Changes in production 
location and associated trade impacts, with price impacts for 
commodities at stake. 

Models and other knowledge 
elements to be used 

IMAGE (with LPJ hydrology) and LEITAP 

When could this be done? End of 2010 or later (needs additional work) 

Has a similar analysis been done 
before? 

Some elements: water stress estimates are fairly common. 
‘Water footprint’ analysis increasingly done and used, but often 
hampered by methodological problems of adding ‘real’ and 
‘virtual’ water. 

How demanding is this analysis in 
terms of staff capacity? 

Medium to High. Data analysis and development of meaningful 
cases not straightforward. 

  

Selection criteria  

I. Strong external dimension ++ Role of EU as driver of water related problems in other 
regions, and possible EU contribution to mitigate them. 

II. Long-term issue, relevant beyond 
2020 

++ Water scarcity is a persistent problem that cannot be 
solved on shorter term. On the longer term additional 
challenges will emerge from growing population and climate 
change impacts.  

III. Undeniably an ENV issue  +/- Socio-economic developments, e.g. the population living in 
water stressed areas outweighs by far the environmental 
factors. Water scarcity can have impacts on nature and 
biodiversity, in particular wetlands are vulnerable.   

IV. Demonstrated quantitatively in 
the baseline 

+ Water supply and demand by river basin is standard output 
of the model. Water limitations 

V. Can be explored quantitatively 
using the existing tools 

+ Idem as baseline. 

VI. Fits in a larger framework + EU contribution to problem and possible improvements to 
problems at global scale 

VII. Issue of environmental 
substance 

0  

  

Additional explanation  

Further reading OECD Outlook Background Report 
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Number, title 8. Scarce key resources: phosphate and 

fisheries 
Analytical question(s) How does the EU depend on and contribute to consumption of 

key scarce natural resources? Are there options to prepare for 
reductions in supply and/or price excursions? 

Explanation of the issue Some natural and mineral resources are susceptible to 
become scarce for various reasons. Sometimes a once 
abundant resource base is extracted at such a rate that in the 
foreseeable future supply is deemed to peak and decline. 
Examples often mentioned include crude oil and phosphate 
rock. In other cases, an annually regenerated resource is used 
beyond its carrying capacity with risks of (partial) collapse of 
the system itself or other systems requiring the resource. Fish 
and water are examples here. Relatively rare compounds 
enter the market and their use become widespread. In some 
cases fostered by new applications for environmental 
technologies, such as platinum for car exhaust catalysts. In 
others unrelated, such as coltan for light and compact 
electronic devices like mobile phones. Often markets will work 
and prices for scarce commodities will rise, inducing a search 
for more efficient use, recycling and substitutes. However, the 
transients may give rise to conflict and more environmental 
impacts as less accessible resources are tapped. 
 
The current EU practice of predominantly taxing income and 
value added can be seen as working against more efficient 
use of resources in general, and play down the price signals 
from scarce ones in particular. Taxing resources more, and 
income and value added less, may improve the situation 
 
As oil and water are suggested as separate issues already, 
and the third category of rare compounds is outside the scope 
of the modelling framework in this project, phosphate and 
fisheries are selected. 
 
Phosphate is a crucial fertilizer component, indispensible and 
irreplaceable for modern high-yielding agriculture. The 
resource base rock phosphate known today is large, but 
estimated to run out in a few hundred years, in worst case 
scenarios even before the end of the century. Moreover, finds 
are concentrated in just a few countries and this adds a geo-
political side to the concerns. In addition, prices have risen 
sharply in recent years and can be expected to rise further in 
future. After application, phosphates also create environmental 
problems in surface water. Using less rock phosphate based 
fertilizers or none at all, however puts limits to productivity 
gains in agriculture that are urgently needed to reduce 
malnutrition and hunger while keeping the agricultural land 
area in check for nature and biodiversity conservation 
purposes. Even if physical exhaustion of the resource base 
may be centuries away, a lock-in to intensive, high-input 
farming may pose a risk for the longer term. 
 
In the second half of the last century, commercial marine 
fisheries have grown strongly. Up to the point where, at least 
regionally, stocks decreased markedly (e.g. Atlantic cod) and 
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increasing efforts needed for additional catches led to roughly 
stabilizing supply from wild catch. Even so, the increasing 
demand at constrained supply induced high prices and 
continued catches of the highest valued species. At the same 
time, other applications including fish oil, fishmeal and feeding 
carnivorous aquaculture, induce continued large-scale catches 
of species not attractive for direct human consumption. In the 
EU and some other countries, the risks of collapse of fish 
stocks have been recognized and various types of intervention 
policies are imposed for waters and ports under their control.  

Description of the analysis Based upon implied intensities of agricultural production, and 
development of sewerage and water treatment deployment, 
the total phosphate (P) balance is calculated in the nutrients 
flow model of IMAGE under Baseline assumptions. This runs 
from rock phosphate production volumes to build-up of P in 
soils and loading of coastal waters. The EU share in global P 
production can be derived. Point sources of P, sewage 
systems and P trapping water treatment facilities, may lend 
themselves to recovery and re-use as a means to reduce the 
primary production. On the other hand, very high fertilizer 
prices will tend to reduced inputs, with implications for overall 
productivity and hence land-use. The simultaneous effect will 
be simulated with the IMAGE and LEITAP model suite. 
 
For fisheries, alternative cases to be elaborated with 
EcoOcean will explore more sustainable catch levels and 
pathways to achieve them, including possible policy 
interventions aiming to realize those pathways (caps on effort, 
strictly enforced maximum catches, less wasteful practices for 
by-catch, etc.). Demands for fish products beyond what wild 
catch can supply are assumed to be covered from 
aquaculture. 
 
A specific EU issue is the possible impact of very strict 
maximum catch policies in EU controlled waters on fisheries in 
other world regions. 

Key drivers and policies All as in Baseline; except: 
- Quantity limitations and/or price hikes for phosphate supply 

to the EU 
- Catch volumes and modalities (e.g. by-catch) 

Cases to be analysed One case with reduced (primary) P production due to assumed 
reduced application (level to be estimated in response to 
elevated price) and recovery from waste streams for re-use.  
One or more cases with EcoOcean describing more 
sustainable catch levels by main ocean basin. Feasibility of 
unilateral EU constraints like maximum catch levels and their 
possible impacts on fisheries outside waters under EU control. 

Main limitations Effects, efficacy and enforcement of assumed fish regulatory 
measures. 

How could the core result look like? - Total P balance and development of P resource base in BL 
and alternative case 

- Associated crop/grassland productivity and land-use by 
region 

- Fish catches and landings, and stock development in BL 
and alternative case(s); marine biodiversity (species, MSA) 
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- Associated aquaculture demand and production 

Models and other knowledge 
elements to be used 

For P: IMAGE (with global nutrient balance model) and 
LEITAP 
For fish: EcoOcean, exogenous aquaculture demand 

When could this be done? First explorations: summer 2010 (with exogenous estimate of 
P scarcity feedback on agriculture). For agro-economic effects 
of reduced P / high P prices additional modelling work is 
needed at LEI: not before 2011. 

Has a similar analysis been done 
before? 

Phosphate: no. 
Fish: yes, several studies by UBC for GEO/UNEP, TEEB and 
others. Here the latest version with aquaculture and 
biodiversity indicator will be used 

How demanding is this analysis in 
terms of staff capacity? 

Medium/high 

  

Selection criteria  

I. Strong external dimension ++ Resource scarcity issues essentially a global issue, with 
specific attention for EU implications 

II. Long-term issue, relevant beyond 
2020 

++ P scarcity not expected to become acute in the next 
decades. Fisheries already on the agenda, but solutions will 
need to ensure long-term sustainability. 

III. Undeniably an ENV issue  +/- Not in every respect: economic and geo-political arguments 
also relevant aspects of scarcity questions 

IV. Demonstrated quantitatively in 
the baseline 

+/? Most relevant indicators come directly from the models to 
be used for the Baseline. P resources and their depletion must 
be added separately. Agro-economic implications of 
scarce/expensive P not explicitly modeled. 

V. Can be explored quantitatively 
using the existing tools 

+/? Idem for alternative cases 

VI. Fits in a larger framework 0 Covers two examples from broad concept of (more 
sustainable) use of natural resources 

VII. Issue of environmental 
substance 

+/? P partly inspired by environmental concerns: emissions to 
water, accumulation in soils. Fish driven by a combination of 
economic interests, food supply and biodiversity concerns 

  

Additional explanation  

Further reading Phosphate depletion article (PBL, in press); Report Scarcity 
and Transition (PBL, in Dutch); OECD Environmental Outlook 
2008 
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Number, title 9. CAP Reform and WTO effects on EU 

‘Footprint’ 
Analytical question(s) How will the EU trade balance for agricultural commodities 

change under alternative incarnations of reformed CAP 
policies and WTO regimes? How will that change the direct 
and indirect impacts on the environment in producing regions? 

Explanation of the issue Many activities inside the EU borders impose a direct impact 
outside due to trade in all kinds of raw materials, intermediate 
and finished products. Arguably, on the other side the 
economic value of the traded goods means transfer of wealth 
and utility. The (net) EU impacts outside its borders can be 
translated in physical impacts per region, often referred to as 
the ‘footprint’ of EU citizens. Obviously, the size and regional 
distribution of this footprint will alter if traded volumes change 
from the current situation. This is heavily influenced by 
alternative regimes of tariffs and non-tariff measures, subsidies 
and other price interventions as imagined under reforms of the 
EU Common Agricultural Policy (CAP) and as negotiated 
under the World Trade Organization (WTO). 
 
Environmental considerations may play a role here, as 
accounting for external effects is an important issue in 
discussing trade regimes. Inclusion of secondary ecosystems 
goods&services delivered or supported could be considered in 
future regimes. In particular the in the current CAP reform 
discussions. 
 
In itself the issue does not constitute an environmental risk, but 
effects on international trade and associated production 
patterns may have impacts on land-use and associated 
emissions as well as industrial emissions. 

Description of the analysis In the Baseline, the most recently implemented CAP and WTO 
policies shape the price, consumption volume and regional 
distribution of production of agricultural commodities. This is 
handled in the LEITAP model through a detailed set of price 
and quantity parameters, with linkage in biophysical factors 
from IMAGE. 
 
Alternative assumptions on future CAP and WTO regimes, 
ranging from ultimately liberalized systems to re-regulated or 
even intensified interventions, to be implemented in LEITAP. 
Here, the impacts of CAP reforms at the outer border of the 
EU area are of primary concern. 

Key drivers and policies All as in Baseline; except: 
- CAP and WTO alternative policies 

Cases to be analysed One case with maximum liberalization and subsequent 
abolishment of all production and income related CAP 
measures, no substitutes. 
 
One similar case, but now with high degree of support for non-
market services and least favoured areas. 

Main limitations -- 

How could the core result look like? - Production, trade, and price of selected agricultural 
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commodities 
- Land-use and related greenhouse gas emissions by region 

Models and other knowledge 
elements to be used 

IMAGE, LEITAP. Optional to add GLOBIO for biodiversity 
impacts. 

When could this be done? Summer to Fall 2010 

Has a similar analysis been done 
before? 

Yes, several joint PBL/LEI studies, incl. Eururalis 

How demanding is this analysis in 
terms of staff capacity? 

Limited (builds on ongoing work) 

  

Selection criteria  

I. Strong external dimension ++ Impacts of international trade regimes and of alternative EU 
policies 

II. Long-term issue, relevant beyond 
2020 

+ Unclear what the future of such policy discussions could be. 
Major shifts may occur in next decade, but carry over into later 
years (assuming continuity in the measures) 

III. Undeniably an ENV issue  +/- Big environmental impacts and partly inspired by nature 
and landscape conservation aspirations (CAP reform) 

IV. Demonstrated quantitatively in 
the baseline 

+ Key Baseline indicators all come from models used; rural 
development and social/cultural impacts not covered 

V. Can be explored quantitatively 
using the existing tools 

+ Idem as Baseline, interventions need to be amenable to 
formulation in LEITAP 

VI. Fits in a larger framework + CAP and WTO reform implications for land-use and intensity 
are part of regional developments and other intensity effecting 
trends like technology. 

VII. Issue of environmental 
substance 

- Primarily driven by economic, equity, and social/cultural (rural 
livelihoods) discussions; but substantial environmental impacts 

  

Additional explanation  

Further reading Eururalis Special Issue; OECD Environmental Outlook 2008 
and Background Report 
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Number, title 10. Depletion of oil&gas resources 
Analytical question(s) How will increasingly depleted (or otherwise scarce) and 

thereby expensive oil and gas resources play out with respect 
to greenhouse gas emissions and mitigation challenges? 

Explanation of the issue Given uncertainties about remaining, recoverable oil and gas 
resources and increasing demands from emerging economies, 
it is argued that they may be depleted some time before the 
end of the century. Some representatives of the 'Peak Oil' 
community even warn for peak production to occur very soon, 
and decline to follow suit immediately.  
 
Even if physical depletion of global resources is not the main 
issue of concern, the uneven global distribution may give rise 
to geopolitical supply constraints and sustained very high 
prices. 
 
In one sense this may seem favourable for environmental 
problems associated with burning oil products and gas, such 
as climate change. Sustained high price levels will foster 
energy savings and stimulate development and deployment of 
non-fossil technologies. All helping to cut emission of 
greenhouse gases and air pollutants. On the other hand, 
however, coal and tar sands based production of electricity, 
gaseous and liquid fuels are also becoming more economical 
with much more severe emissions per unit of production. The 
balance of both trends is therefore important to investigate, 
together with the implications for energy security-of-supply. 
 
Resource depletion and/or other limitations to supply of oil and 
gas can have serious implications for economic viability, but 
also on GHG emissions and opportunities to mitigate them. 

Description of the analysis Compared to the standard assumptions, lower end estimates 
of recoverable oil and gas resources (specified by region) are 
assumed in the model. In conjunction technical progress 
(learning) is assumed to be very low, so that resource 
depletion translates more strongly in the supply price. In 
addition, price mark-ups representing limited interregional 
trade opportunities can be added, e.g. for the EU. The model 
is then run under otherwise unchanged baseline conditions to 
reveal the net effect on demand and supply of energy by 
primary carrier per region, as well as greenhouse gas and air 
pollutant emissions. 
 
Next, an ambitious climate target can be tested under the 
same limited oil and gas supply conditions to investigate the 
impact on mitigation portfolios and costs. 

Key drivers and policies All as in Baseline; except: 
- Quantity limitations or (sustained) high oil and gas import 

prices for Europe 

Cases to be analysed One reduced oil and gas supply case 

Main limitations Missing basis for restrictions on interregional trade can be left 
out. The model is not well suited to endogenously represent 
non-competitive behaviour of important players on the market; 
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hence this must be added manually. 

How could the core result look like? - Primary energy supply by carrier global and per region 
- Energy trade volumes 
- Greenhouse gas and air pollutant emissions global and per 

region 
- Mitigation portfolio and cost 

Models and other knowledge 
elements to be used 

IMAGE/TIMER (energy module) 

When could this be done? Summer/Fall 2010; resource base data need to be updated 
and low-end estimates added and implemented 

Has a similar analysis been done 
before? 

Not to this extent, only (exogenously imposed) high oil price 
variant indicating a net upward effect on GHG emissions. 

How demanding is this analysis in 
terms of staff capacity? 

Limited/Medium (depends on depth of resource data collection 
and implementation of interregional trade ‘penalties’ or not) 

  

Selection criteria  

I. Strong external dimension + Essentially a global problem. Role of EU in global oil 
consumption is declining, but important gas user and 
increasingly importer 

II. Long-term issue, relevant beyond 
2020 

++ (Physical) depletion and impact on mitigation strategies 
only relevant on the longer term 

III. Undeniably an ENV issue  +/- Possibly significant impact on GHG and air pollutant 
emissions, but economic and security considerations dominate 
discussion 

IV. Demonstrated quantitatively in 
the baseline 

++ Resource depletion, consumption, production and trade of 
energy and emissions central to IMAGE/TIMER in Baseline 

V. Can be explored quantitatively 
using the existing tools 

+ Alternative, low resource base estimates can be 
implemented easily, interregional trade mark-ups may require 
additional work 

VI. Fits in a larger framework + Constitutes one defining element of greenhouse gas and air 
pollutant emissions problems 

VII. Issue of environmental 
substance 

+ Relevant for development of emissions and –possibly- for 
composition and cost of climate mitigation policy response.  

  

Additional explanation -- 

Further reading -- 
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Number, title 11. Waste water treatment, nutrient loading 

and P recycling 
Analytical question(s) To what extent do ongoing and accelerated sewage building 

projects contribute to water quality problems, notably in the 
form of nutrient loading? How would adding and improving 
waste water treatment reduce those problems? To what extent 
could more advanced systems contribute to recover (what) 
part of phosphorous originally applied on agricultural fields? 

Explanation of the issue Connection to improved sanitation constitutes one of the basic, 
effective measures to improve human health and living 
conditions. Hence an important and attractive means to 
contribute to meeting the MDGs. In many cases the improved 
system comprises connection to a sewage system. 
Historically, newly established sewage systems tended to 
discharge on rivers, lakes and coastal waters without adequate 
water treatment. Thereby creating large point sources of 
nutrients but also pathogens in water systems. More recently, 
water treatment facilities are added to remove solid and 
dissolved polluting substances. Only more advanced treatment 
processes (e.g. waste water treatment plants equipped with 
tertiary treatment stages. However, tertiary treatment raises 
the cost of WWTP substantially. The share of WWTP with 
tertiary treatment, which can capture also phosphorous 
compounds from the waste water, is roughly 90% in Northern 
Europe, yet only roughly 20% in South-Eastern Europe.  Due 
to considerably higher costs, in less wealthier regions it is 
unlikely that smaller settlings connected to WWTP include also 
tertiary treatment for their sewage treatment. 
 
The compounded effect of connection to sewerage systems 
and waste water treatment leads to more/less loading of 
surface water, ending up in coastal seas. This loading creates 
a suite of environmental problems related to overfeeding and 
ultimately biologically dead zones. As a side benefit, removing 
such elements like N and P from waste water yields more 
concentrated flows, from which in particular P may be 
extracted again for re-use. In that way, at least part of the P 
originally applied as fertilizer to crops, grass and fodder can be 
recovered, thus reducing the potential problem of depleting 
phosphate rock deposits; see also Issue #8. 
 
In various coastal seas temporary and lasting episodes of 
serious hypoxia (lack of oxygen) have been observed, 
ultimately resulting in biologically ‘dead’ zones. The negative 
impacts on marine life are expected to stretch far beyond 
these zones, as marine food webs tend to be large-scale 
connected. Unintended, ambitious sewage expansion 
strategies may exacerbate the situation, already affected by 
increasing nutrient loading from agriculture and aquaculture. 

Description of the analysis As part of ongoing development processes and a trend 
towards more urbanisation, a larger share of the global 
population is equipped with improved sanitation, to a large 
extent in the form of connection to sewerage. Increasingly, 
waste water treatment facilities are added to the sewage 
systems. Together these trends determine the size of the point 
sources under Baseline conditions. They will be altered if 
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connection to sewerage is higher (upwards) and if –enhanced- 
water treatment is applied (downward).  

Key drivers and policies All as in Baseline; except: 
- Sewage connection rates, water treatment rate and 

efficacy. 

Cases to be analysed One alternative case would assume accelerated and higher 
sewage connection rates. With Baseline assumptions for other 
assumptions, this is bound to lead to higher nutrient loads in 
surface water. In addition, accelerated and more widespread 
deployment of waste water treatment and upgrading existing 
facilities will reduce the water pollution and enhance P 
recovery opportunities. 

Main limitations Cost aspects of adding waste water treatment 

How could the core result look like? - Numbers of people connected to improved sanitation and 
share with sewerage 

- Share of sewerage with waste water treatment and 
estimated efficacy of N and P removal 

- Total N and P loading at major river mouths, broken down 
into point- and non-point sources 

Models and other knowledge 
elements to be used 

External add-on to IMAGE nutrient balance model, IMAGE 

When could this be done? Summer 2010 

Has a similar analysis been done 
before? 

Yes, for OECD Outlook 2008, one Baseline and alternative 
policy cases. For UNESCO-NEWS project, four contrasting 
scenarios from Millennium Ecosystem Assessment 

How demanding is this analysis in 
terms of staff capacity? 

Limited, can draw on existing studies. Added component is P 
recovery potential. 

  

Selection criteria  

I. Strong external dimension +/- Given population dynamics and current connection rates, 
problems more concentrated in emerging economies and 
developing countries. Foreign aid programs of EU and 
member states could take environmental issues into account  

II. Long-term issue, relevant beyond 
2020 

++ More likely that emerging en developing economies will 
follow similar, staged pathways as industrial countries. Adding 
waste water treatment facilities to sewerage mostly seen as 
secondary to immediate need to improve health conditions. 

III. Undeniably an ENV issue  +/- Primarily driven by health concerns, but important and often 
overlooked implications for the environment. 

IV. Demonstrated quantitatively in 
the baseline 

+ Indicators available under baseline conditions from external 
add-on tool and IMAGE 

V. Can be explored quantitatively 
using the existing tools 

+ Relatively simple adjustment of parameters in add-on tool 

VI. Fits in a larger framework + Specific area of policy intervention in much broader issues 
including human health, pollution of coastal waters and foreign 
aid priorities 

VII. Issue of environmental 
substance 

+ Addresses connection between human development and 
environment. 
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Additional explanation  

Further reading OECD Outlook 2008; PBL articles for UNESCO-NEWS 
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Number, title 12. Forests and forestry 
Analytical question(s) How to find balance between the many goods and services 

associated with forested areas? More specifically: how to 
balance conservation of forests for biodiversity (inside/outside 
biodiversity hotspots), REDD to conserve and enlarge carbon 
stocks, demand for food and wood products, and other 
purposes such as recreation like human settlements? To what 
extent can better management of demand (resource 
efficiency), and supply (wood plantations) assist to reconcile 
the competing claims? 

Explanation of the issue Temperate forests, starting centuries ago, and more recently 
tropical forests including rain forests are among the strongest 
declining biomes in many parts of the world. Continuation of 
the trend may reduce the forest cover outside boreal zones 
and inaccessible to very low levels, with large impacts on 
biodiversity and other ecosystem goods and services they 
provide. 
 
At the same time forests are valued for the wide range of 
goods and services they provide and support, and for 
preserving biodiversity rich areas. Main drivers of forest area 
decline and degradation include loss of area for other 
purposes (mining, settlements, infrastructure, agriculture, 
logging, recreation, etc) and environmental pressures (climate 
change, water extraction, nitrogen deposition, etc.). 
 
As a result, the extent of primary forests continues to decrease 
steadily, only partially compensated by regrowth. And the 
quality of the remaining forest areas is often affected by 
human activities and influences (logging, fragmentation, N-
deposition, etc.). 
 
An important determinant of deforestation and negative 
impacts on forests is logging for timber, paper, firewood and 
charcoal and other purposes. Various logging practices include 
clear cut logging (cutting down entire areas), and selective 
logging. In addition, wood can be grown in plantations and 
wood can be harvested from clear cutting for other purposes, 
e.g. conversion to agricultural land, human settlements and 
infrastructure. The current forestry module of IMAGE includes 
all four categories. 
 
In order to slow down the negative trend for forests, two routes 
can be imagined: reduce demands and make supply more 
efficient. 
 
Plantations are attractive as they aim to maximize the 
production of particular species that are fit for certain uses and 
have high market values. Hence, for a certain harvested 
amount, a much smaller area is required than using a mixed 
forest. Not all species of choice, however, can be grown 
successfully in plantation mode. It is assumed that the 
remaining supply is from Reduced Impact Logging, a forest-
sparing variant of selective logging.  
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On the demand side, a wide range of options can contribute to 
reduce the primary wood requirements. These include 
technologies to reduce wastes when sawing logs, use 
remaining waste streams to meet other demands (chipboard, 
hardboard, etc.), cascading, re-cycling and re-use, etc. As a 
whole, this can be framed as enhancing Resource Efficiency.  
 
In recent years the climate change issue has inspired 
discussion of new mechanisms and financial incentive 
structures from a new perspective: the role of forests in the 
carbon cycle. An example is the currently discussed REDD+ 
proposals in the UNFCCC discussions. It will be interesting to 
see if and how such mechanisms could contribute to 
preserving forests. Overlap between areas with large carbon 
stocks (in standing biomass, underground biomass and soils) 
and with high nature and biodiversity value would be of special 
interest for forest conservation. 

Description of the analysis Start from the baseline assumptions, including wood and wood 
products demand, exogenously imposed trade flows and 
breakdown of production by category in each world region. 
 
Next develop an estimate of reduction in demand per region 
from enhanced resource efficiency and test the effects of the 
alternative case under otherwise Baseline conditions. 
 
Estimate the maximum production potential for plantations and 
adjust the breakdown by category in each region accordingly, 
assuming a phase-out of clear cut operations so all remaining 
production will have to come from selective logging. 

Key drivers and policies All as in Baseline; except: 
- Wood products demand 
- Enhanced resource use efficiencies 
- Production shares for plantations, clear cut and 

selective/reduced impact logging 

Cases to be analysed Baseline development of forest extent by category (original in 
place, regrowth, plantations, selective logging). One case 
exploring the effect of lower demand through ambitious 
resource efficiency improvement, and one combining that with 
maximum plantations and reduced impact logging. 

Main limitations Demands for timber and wood products are not differentiated 
by quality, let alone specific species in the modelling. 
Additional assumptions and off-line calculations will be 
required to simulate the effect of resource efficiency 
improvements.  

How could the core result look like? Forest cover by main biome category and type (primary, 
secondary, logging practice, etc.). Impacts on water 
availability, greenhouse gas (net) emissions and biodiversity 
indicators. 
• Trends of forest area decline and (selected) ecosystem 

goods and services from forests, biodiversity in forests 
under baseline conditions 

 
• Improvement from forest management (note: builds on 

TEEB analysis) and/or resource efficiency improvements 
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• Impact of concrete policy measures, like valuing carbon 

stocks and flows  

Models and other knowledge 
elements to be used 

LEITAP (with development of forestry sector), IMAGE (with 
forestry module and full coupling of LPJmL carbon cycle), 
GLOBIO. Exogenous simulation of effect of resource efficiency 
improvement on demand to be developed. 

When could this be done? After completion of PBL analysis of options for TEEB. (Fall 
2010). Then depending on depth of resource efficiency 
estimation, could start with simple what-if x% lower wood 
demand. Adding forestry to IMAGE-LEITAP consideration of 
land-use economic factors and international trade not 
expected before well into 2011 (currently no concrete plans or 
financing secured). 

Has a similar analysis been done 
before? 

Yes, a similar set of options at the supply side is being 
considered in the Adding the demand side would be new (out-
of-model estimates), as will including wood trade through 
LEITAP be a new element (additional development work). 

How demanding is this analysis in 
terms of staff capacity? 

Limited (supply) to Medium (analysis of resource efficiency 
gains potential) to High (adding forestry production and trade 
in LEITAP) 

  

Selection criteria  

I. Strong external dimension ++ Wood products, in which the EU plays its role. As in most if 
not all EU member states forests are relatively well protected, 
additional demands are bound to increase the pressure of 
forest areas outside the EU. The EU also has an interest in 
‘buying’ credits from REDD+ projects in meeting its climate 
targets. 

II. Long-term issue, relevant beyond 
2020 

++ Given the long life times of trees and long recovery times of 
forests after conversion, this is by definition a long-term issue. 

III. Undeniably an ENV issue  ++ Driven by forest and biodiversity conservation, also by 
climate change concerns 

IV. Demonstrated quantitatively in 
the baseline 

+ (a) Relevant indicators on the supply side including 
biodiversity impacts are part of the established modelling. 
Trade can only be imposed exogenously, full-fledged land-use 
economic will require additional development work not 
foreseen in this project.  

V. Can be explored quantitatively 
using the existing tools 

+/- (a) Supply side settings can be changed easily, demand 
side also but the magnitude needs to estimate exogenously. 
The role of and impact on trade and other land-use through 
economic analysis needs additional development work not 
foreseen in this project. 

VI. Fits in a larger framework + Forestry is just one factor in determining forest extent and 
quality; others are area loss for other purposes, fragmentation 
and disturbance, climate change and air pollution. 

VII. Issue of environmental 
substance 

+ Extent and quality of forests are main  

  

Additional explanation Study will build on case explored within TEEB analysis, new 
element is the inclusion of demand side management. 
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Further reading Numerous; PBL study in support of TEEB 
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Number, title 13. Mitigation and Development 

Collaboration 
Analytical question(s) Are development co-operation policies ‘climate-proof’ in the 

sense that their positive interventions are not eroded by 
climate impacts? 
How can climate change mitigation be made ‘development-
proof’ in the sense that low-carbon projects fit in the context of 
development collaboration?  

Explanation of the issue Current focus on development and climate is strongly on 
adaptation, with possible exception of a few large players 
including emerging economies. From a longer term 
perspective, if climate stabilization is to be achieved, mitigation 
cannot be left out of the equation, over and above use of CDM, 
REDD+, etc. A major obstacle for globally concerted actions is 
the notion that low-carbon energy is more costly and hampers 
economic development. 
 
This raises policy coherence questions on the topics of climate 
change and foreign aid, technology transfer, technical 
assistance, etc. and could help inform donor/developing 
country conversations on the shifting definition of development 
aid. 
 
Access to commercial energy is accepted as an important, if 
not indispensible, element of human development. On top of 
better opportunities for education, access to information, 
enhanced living conditions, etc. even fossil-fuel based 
commercial energy use creates far less indoor air pollution 
problems than traditional biomass based energy forms. For 
those reasons, access to energy is included as target under 
the MDG framework. In the absence of additional incentives 
and financial support, the tendency will be to choose the 
lowest cost option, in many instances fossil fuels. Side-benefits 
like improved air quality, distributed access, enhanced energy 
security and lower energy import bills associated with 
renewable energy may warrant additional funding to support a 
break away from fossil-fuels that is not perceived as 
detrimental to development ambition. 
 
The main risk of not including currently developing countries in 
global mitigation efforts is that opportunities to contain climate 
change to levels avoiding dangerous interference, e.g. ’the 2 
degree target of the EU, become unattainable. 

Description of the analysis Infer investment support needed for low-carbon energy 
development in DCs from Baseline. Assess (cumulative) effect 
on slowing down climate change from Baseline and/or less 
mitigation efforts in industrialized countries under global 450 
ppm target.  

Key drivers and policies All as in Baseline, except: 
- Global (450 ppm) and regional climate targets and policies, 

including burden sharing regime 
- Additional transfers to DC for renewable energy 

development 

Cases to be analysed One or more cases with accelerated deployment of low-carbon 



I-49 
 

energy options in (selected) DC regions. Additional transfers 
from EU and other industrial regions required to facilitate low-
carbon development. 

Main limitations Limited insight in role of energy in general, and renewable 
energy in particular, in development in current DCs. 

How could the core result look like? - Energy and associated GHG emissions, global and by 
main developing region (Africa, S-America, SE Asia) 

- Climate impact 
- Changes in industrial country action under a ambitious 

climate target 
- Transfers to induce low-carbon development 

Models and other knowledge 
elements to be used 

TIMER-IMAGE, including FAIR, but also GISMO to capture 
development benefits including health related (currently not 
foreseen in the project) 

When could this be done? Not before 2011: will need additional time to investigate 
feasibility and viability of elaborating the study. 

Has a similar analysis been done 
before? 

Not known, not at PBL 

How demanding is this analysis in 
terms of staff capacity? 

Medium to High (depending on depth of development analysis) 

  

Selection criteria  

I. Strong external dimension ++ Is essentially about development collaboration and global 
climate policies 

II. Long-term issue, relevant beyond 
2020 

+/- Climate and development are essentially long-term, but the 
specific issue proposed may be most relevant if and when 
initiated relatively early to avoid lock-in in conventional 
pathways. 

III. Undeniably an ENV issue  +/- Combined with broader development issues 

IV. Demonstrated quantitatively in 
the baseline 

+/- (a) Energy and emission indicators are standard output, 
development related indicators are less straightforward 

V. Can be explored quantitatively 
using the existing tools 

? (a)  Needs further exploration about possible transfer 
mechanisms and rough estimates of their size. 

VI. Fits in a larger framework +  Specific aspect of (much) broader climate and development 
concerns 

VII. Issue of environmental 
substance 

+/-  GHG emissions and air pollution, but more driven by 
development questions and challenges(‘Development First’) 

  

Additional explanation -- 

Further reading Numerous; PBL analyses and articles on low mitigation 
scenarios, international climate regimes and effort sharing. 
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Number, title 14. Ageing population adding to 

environmental concern 
Analytical question(s) How important is ageing population for impacts of 

environmental stress on health? What additional targets would 
be required to offset the effect of ageing? 

Explanation of the issue In some cases, age matters critically in determining the impact 
of environmental stress on human health. This goes for 
exposure to air pollution, where chronic exposure leads to 
higher incidence and health risks. Hence, an improvement in 
air quality to a certain level will work out differently if the share 
of elderly people in the population is higher. Maintaining a 
certain air quality standard while the population is ageing 
therefore leads to more severe premature deaths and 
disabilities. 
 
Another example may be climate induced heat stress, 
assumed to be important for older people with reduced health 
condition in particular. The impact of the 2003 heat wave on 
death rates in Europe is a well-known example in this regard. 
In order to address the issue properly, however, it must be 
noted that there is more to the problem than just age. First, 
there is the income aspect: many elderly people live on low 
income which correlates with lower health condition. And low 
income means a higher chance of poor quality housing, less 
access to cooling devices and thus higher impacts. In this 
sense it is as much an economic and income related problem 
as strictly an ageing issue. 
 
In addition, depending on the current climate, future climate 
change might play out positively as well by reducing risks from 
cold weather. How to balance the negative and positive effects 
is thus subject to controversy. In particular as, speaking very 
generally, many people living in more temperate climate zones 
are in richer countries. So, from an economic impacts point of 
view their health impacts weigh in heavier than those of people 
in –often less wealthy- (semi-)tropical areas. 

Description of the analysis Starting form Baseline conditions, explore how health impacts 
play out by age cohort. For air quality assuming a fixed 
standard value in future. Then infer how much cleaner air 
would need to become to offset the ageing effect. Estimate 
also the effect of climate change heat/cold stress on health in 
older population. 

Key drivers and policies All as in Baseline; except: 
- Age and income distribution 
- Urban and rural energy choices and associated 

indoor/outdoor air pollution 
- Expenditures on health care 

Cases to be analysed Besides baseline: one case to explore additional effort needed 
to offset the additional (net) health impacts from ageing trends. 

Main limitations Possibility to estimate future frequency and severity of relevant 
events like heat waves and cold periods under high or low 
climate change conditions. Degree by which (older) population 
may become less vulnerable due to growing income and better 
health care. 
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How could the core result look like? - Development of health indicators like premature mortality, 
Years-of –life-lost (YoLL) and Disability Adjusted Life 
Years (Daly’s) 

- Efforts to reduce health impacts by air pollution reduction 
and climate change mitigation 

Models and other knowledge 
elements to be used 

IMAGE,  GISMO incl. the GUAM outdoor air quality / health 
impacts module and a heat/cold stress health impacts module 

When could this be done? Not clear, can only be done in a meaningful way if adding 
models currently not foreseen (GISMO) 

Has a similar analysis been done 
before? 

No, not at project partners 

How demanding is this analysis in 
terms of staff capacity? 

Medium/high (additional models needed) 

  

Selection criteria  

I. Strong external dimension ? No clear link between EU action (besides contribution to 
climate problem) and other regions 

II. Long-term issue, relevant beyond 
2020 

++ Issue becomes increasingly relevant in many world regions, 
and notably in EU, on the longer term 

III. Undeniably an ENV issue  + This is about environmental stress induced health problems, 
but focused on ageing population 

IV. Demonstrated quantitatively in 
the baseline 

+/- (a) Health impacts can only be done by including the 
GISMO model with GUAM and climate related health impacts; 
not foreseen in the project. 

V. Can be explored quantitatively 
using the existing tools 

+/-(a) Only if GISMO is available; not foreseen in this project 

VI. Fits in a larger framework + Environmental factors are just one contributor to ‘Burden of 
Disease’  

VII. Issue of environmental 
substance 

+ Underlines the importance of ambitious environmental 
policies 

  

Additional explanation -- 

Further reading To be identified 
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Number, title 15. Role of CDM in climate policy 
Analytical question(s) What benefits and drawbacks are associated with the role of 

CDM and other actions outside the EU to meet GHG reduction 
targets? 

Explanation of the issue Under the rules of the Kyoto Protocol and successive 
agreements, parties can meet parts of their commitments from 
emission reducing measures in other countries, provided they 
provide financial supports to cover the additionalities of the 
projects. This can be advantageous, e.g. if the costs to the EU 
based actors is lower than achieving a comparable emissions 
reduction domestically. A more indirect benefit can be that the 
hosting country enjoys other benefits from employing more 
advanced technologies. For example by cutting back air 
pollution or reducing imports of fossil fuels. It can also be 
argued that introduction of newer and cleaner technologies in 
the hosting countries may have a spill-over effect outside the 
projects co-financed by EU.  Finally, the transfer of money 
from the EU to the hosting country under CDM flag can create 
some additional economic activity in the hosting country. 
 
However, likewise climate mitigation inside the EU may have 
side benefits as well, such as making existing air quality 
policies less expensive. And this would work in favour of doing 
less mitigation abroad and more inside the EU. In short, the 
division of mitigation over domestic and foreign measures can 
lead to different outcomes in other fields. 
 
The main risk is that allocation of mitigation efforts 
inside/outside the EU without taking side-effects into account 
may induce unduly additional negative impacts in the EU and 
abroad. 

Description of the analysis Investigate the side benefits (either positive or negative, in 
relevant metrics) in the EU and outside the EU associated with 
CDM under standard conditions. These are: ambitious climate 
policy inside the EU and other Annex I regions, no binding 
commitments in developing regions. So, in principle large CDM 
potential, but competition for the ‘low hanging fruits’. The 
characteristics can be derived from a suitable analysis with the 
FAIR model. 
 
Besides comparison between high and low CDM contributions, 
comparison with the Baseline will reveal how the difference 
works out against having no ambitious climate policy at all. 

Key drivers and policies All as in Baseline; except: 
- Overall global and EU climate targets (e.g. 450 ppm; 50-

80% emission reduction by 2050) 
- CDM potential, subject to (assumed) UNFCCC rules 

Cases to be analysed One case to estimate what would be the outcome in the 
absence of CDM potential. And one case with the upper limit 
for use of CDM to meet EU targets: no competitors. 

Main limitations There are many different CDM options in many different 
sectors; hence it is not straightforward to estimate the effects 
of the CDM volume in the hosting countries. Also, on the 
longer term CDM may become obsolete if and when at least 
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the major hosting countries would adopt some form of 
mitigation policy and wish to include the lower cost options in 
their own portfolio. 

How could the core result look like? - Energy consumption, GHG emissions 
- Indoor/Outdoor air quality and health impacts 
- Mitigation cost and transfers from EU to hosting regions 

Models and other knowledge 
elements to be used 

IMAGE/TIMER,  GISMO incl. the GUAM outdoor air quality / 
health impacts module 

When could this be done? Not clear, can only be done in a meaningful way if adding 
models currently not foreseen (GISMO) 

Has a similar analysis been done 
before? 

Not known, not at project partners 

How demanding is this analysis in 
terms of staff capacity? 

Medium/High (depending on depth of CDM opportunities 
screening to estimate effects of their use on selected 
indicators in the hosting regions) 

  

Selection criteria  

I. Strong external dimension ++ CDM links the EU directly to less developed regions, 
impacts both inside and outside the EU 

II. Long-term issue, relevant beyond 
2020 

+/?  Not clear, projects and technologies built under CDM rules 
may last for decades. But CDM itself may well become 
obsolete beyond 2020. 

III. Undeniably an ENV issue  ++ Primarily focused on greenhouse gas and air pollutant 
emissions 

IV. Demonstrated quantitatively in 
the baseline 

+/- Energy, economic and emissions data are in standard 
model set. Health impacts, arguably a the major factor in 
shifting the balance can only be done by including the GISMO 
model with GUAM; not foreseen in the project. 

V. Can be explored quantitatively 
using the existing tools 

+/- (a) Distribution of efforts over parties available from the 
FAIR model. But effects from CDM, depending on sector and 
project, very difficult to assess. Similar for spill-over of 
technology and money transfer. 

VI. Fits in a larger framework + Element of overall, global climate change mitigation policy 

VII. Issue of environmental 
substance 

+ Focused on environmental and related issues 

  

Additional explanation  

Further reading  
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Number, title 16. Water quality restrictions on 

agricultural intensity 
Analytical question(s) To what extent can ambitious (ground and surface) water 

quality policies have implications for the intensity and location 
of agricultural activities?   

Explanation of the issue An important factor for agricultural productivity is application of 
at sufficient nutrients to crops in the form of animal manure 
and/or -industrially produced- fertilizers. Subject to the state of 
all other growth limiting (for example water) and reducing (for 
example pests) factors, applying more nutrients will return 
higher yields. Keeping everything else unchanged, the fertilizer 
use efficiency will decline with higher application rates. This 
then gives rise to a variety of environmental impacts, like 
emissions to air (NOx, N2O), to the soil, groundwater and 
surface water bodies (nitrates, phosphates). Together with 
other sources, like natural land and industrial and human 
settlement (point) sources, the nutrients from agriculture 
contribute to elevated concentration with environmental 
consequences in rivers, lakes and coastal seas. 
 
Applying animal manure instead of fertilizers has positive sides 
as well as negative. On the one hand it contains a much richer 
set of elements, many of which are important to replenish the 
micro-nutrient content in the soil. And it helps to improve the 
soil organic content and soil structure, important elements of 
soil quality. On the other hand it adds ammonia to the 
emissions to air, much more difficult to control than from 
animal housing. In areas where intensive livestock operations 
are concentrated, oversupply of manure tends to create 
specific problems. High application on surrounding land, either 
grassland for feed purposes or cropland for feed and food 
production, can create local to regional scale problems in 
groundwater and surface water. For environmental reasons, 
but also for health protection (related to nitrate in drinking 
water), policies are put in place in particular in the EU. The 
Water Framework Directive sets out provisions for agricultural 
operations to reduce the water pollution problems. 
 
It is argued that if the WFD was entered and enforced in full in 
all member states, current intensive livestock holding may no 
longer be feasible in some regions. While reallocation within 
the EU27 may result, on a net basis probably less animal 
products can be put on the market at competitive prices. 
Hence production will shift to other world regions, and create 
impacts there. 
 
In other areas of the world, the need for more intensive 
agriculture and the ongoing trend to intensive livestock 
practices imply that there their nutrient related problems are 
bound to increase also. In some major economies the priority 
for eradication of hunger and malnutrition has lead to fertilizer 
subsidies, an incentive for high application rates. It can be 
assumed that sooner or later the negative impacts in other 
world regions will be tackled, and the EU experience can 
possibly serve as an example. 
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The smaller scale local and regional problems cannot be 
addressed in a meaningful with coarse scale global models, 
but the larger scale impacts of nutrient loading at the river 
mouth/coastal sea level can be tracked. 

Description of the analysis Investigate the nutrient loading and other environmental 
effects of fertilizer use and livestock raising under Baseline 
conditions. 
 
Estimate, from external analysis, what impacts on intensive 
livestock raising inside the EU could result from full and strict 
implementation of the Framework Water Directive. If 
significant, explore the global consequences for the sectors, 
emissions and nutrient loading. 
 
Explore options to reduce the agricultural contribution to 
(growth of) nutrient loading in regions of the world where 
severe problems are at stake. 

Key drivers and policies All as in Baseline; except: 
- Limits to nutrients loading 
- Fertilizer use efficiency 
- Livestock management 

Cases to be analysed To be identified in more detail. A global case associated with 
WFD impacts may prove of too little use to embark on. Other 
cases may include more efficient fertilizer application (lower 
losses to the environment) and enhanced animal housing and 
manure storage, treatment and application practices. A more 
drastic case might assume lower fertilizer input in regions with 
severe problems in the baseline.  

Main limitations Uncertain viability of estimating the WFD effect in the EU, and 
this holds even more for possible restrictions in other parts of 
the world.  

How could the core result look like? - Crop and livestock production per region 
- Nutrient balances of main river basins, aggregated per 

region and distinguishing natural, agriculture (non-point) 
and human (point) sources 

- Coastal sea loading 

Models and other knowledge 
elements to be used 

IMAGE (incl. nutrient balance model) and LEITAP (to explore 
significant and probably unevenly distributed shifts in 
production per region, with trade impacts) 

When could this be done?  

Has a similar analysis been done 
before? 

Partly: alternative baseline developments under four MA 
scenarios (for UNESCO-NEWS) project. 

How demanding is this analysis in 
terms of staff capacity? 

Medium 

  

Selection criteria  

I. Strong external dimension + Problems outside EU probably larger than inside; impacts of 
EU regulation on other regions uncertain.  

II. Long-term issue, relevant beyond 
2020 

+ WFD discussions currently ongoing, but problems in other 
regions not widely recognized 
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III. Undeniably an ENV issue  ++ Environmental problems are key issue 

IV. Demonstrated quantitatively in 
the baseline 

+/- (a) In the models the larger scale problems are addressed, 
but smaller scale (in the EU: related to WFD) cannot be 
covered. Needs additional work at finer scale (for example the 
CLUE model) 

V. Can be explored quantitatively 
using the existing tools 

+/-(a) Reduced fertilizer inputs can be imposed, but relation 
with yields is complex and can only be roughly estimated 

VI. Fits in a larger framework + Environmental problems associated with agriculture, 
including livestock, may become serious concern besides 
multiple other developments 

VII. Issue of environmental 
substance 

+ Environmentally motivated restrictions  

  

Additional explanation  

Further reading Numerous; Eururalis Special Issue; PBL articles for UNESCO-
NEWS 
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Annex II: Issues considered in the various stages of the GLIMP project 
 Examples in inception report  Phase 1: scoping excercise Phase 2: quantified 

studies 
Result See… 

  Begin Intermediate  
selection 

Resulting 
programme of work  

Per revisions 
2010 

Per revisions  
2011 

  

         
  1 Baseline K  

Ch. 2. 
  2 Impact of trade liberalisation and tariff 

reductions on worldwide land use, 
biodiversity and associated emissions 

CAP and WTO reform effect on EU ‘footprint’ CAP and WTO reform effect on EU 
‘footprint’,  water scarcity and water stress 

Agricultural and 
trade policies 
reform 

O Annex I 

  3 Intensification or extensification strategies 
in agriculture; impacts in the EU 
contrasted with impacts worldwide 

Water quality restrictions on agricultural intensity --   I Annex I 

  4  Food & feed dependencies and vulnerabilities --   I Annex I 
  5 Economic and environmental 

consequences of different climate change 
burden sharing schemes 

Climate change policies and Land-use change Impacts on land-use, ecosystems, 
biodiversity and water availability of 
climate change (policies) 

-- O Not  
further 
pursued 

 
  6  Mitigation and development collaboration --   I Annex I 
  7  Role of CDM in climate policy --   I  
  8 Economic and environmental 

consequences of different trade regimes 
and sustainability criteria in bio-energy 
commodities 

Bio-energy Biomass use for  
energy, fuel, other 
uses 

Biomass use for  
energy, fuel, 
other uses 

Bio-energy 
prospects in the 
longer term 

K Ch. 4 

  9      Biofuels and 
land use 

K Ch. 5 

10 Investment priorities in water supply &  
sanitation – as in Millennium Development 
Goals – analysed for impacts on nitrogen 
loading in coastal zones 

Waste water treatment, nutrient loading and 
phosphorus recycling 

--   I Annex I 

         
11 Exploring instruments for biodiversity 

protection, e.g. via a ‘land conversion tax’ 
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12 Environmental effects and trade-offs of sustainable forest management options -- O Annex I 
13 Impacts on marine resources of shifts in 

the priorities in catch fisheries and of 
consumption scenarios 

--       

14 Effects on water stress and water 
availability for agricultural use in relation to 
regional agricultural possibilities in and 
outside the EU 

Water scarcity and water stress    I Annex I 

15 Analysis of the effectiveness of 
biodiversity policies 

       

 
16  Animal protein from land and sea   O Annex III 
17  Energy from Sahara  (and Sub-Saharan Africa)    I  
18  Scarce key resources: phosphates and fisheries (deselected for first 

programme of work) 
Scarce key resources: phosphates 
and fisheries 

K Ch. 3 

19  Depletion of  oil & gas resources    I Annex III 
20  Aging population adding to environmental concern    I Annex III 
 
21  Achieving post 2015 MDG goals     I Annex III 
22  Urbanisation & deforestation     I Annex III 
23  Trade & resource effects from 

polar ice melt 
    I Annex III 

24  Climate, air quality and short-lived 
gases 

    I Annex III 

25  Ecosystem collapse leading to 
migration 

    I Annex III 

 
  Consumption patterns     I Annex III 
26  Decision making with 

imponderabilia 
    I Annex III 

27  Global safe landing scenario – EU 
leading the way 

    I Annex III 

28  New substances (nano 
compounds, animal medicines, 
etc.) 

    I Annex III 
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29  Financial incentives for population 
growth 

    I Annex III 

30  Back casting in stead of forward 
looking scenarios 

    I Annex III 

 
31  Waste exports     I Annex III 
32  Mega EU extension (Turkey, 

Eastern Europe including Ukraine, 
Mediterranean) 

    I Annex III 

33  Large, consumer responsive 
retailers as instrument of change 

    I Annex III 

34  Agriculture intensity level in 
relation with ecosystem goods 
and services (maximizing some, 
or optimal mix) 

    I Annex III 

35  EU resource efficiency options in 
relation to land and water footprint 

    I Annex III 

 
36  Human alteration of the nitrogen 

cycle: problems, where, causes 
    I Annex III 

37  Port cities: what clusters in EU will 
be particularly influenced by 
globalisation 

    I Annex III 

38  Agriculture key options: trump 
cards held by the EU for feeding 
9 billion 

    I Annex III 

 Legend 
I = short description of the issue and assessment of its appropiateness for GLIMP using a common set of criteria  
O = one or more study outlines, based on model adaptations and test runs if necessary 
K = quantified assessment and report; included as a chapter in this report 
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ANNEX III: Issues not selected for consideration by the Steering Group 
  in its 1st Meeting on 3 May 2010 
 
 
Explanation of this note 
The discussion paper for the Steering Group meeting 3 May 2010 presents a list of sixteen 
issues, with the purpose of eventually programming five of those for issue studies to be 
carried out in 2010-2011.  
 
This note briefly describes the other issues in the larger set of approximately forty issues that 
was compiled at PBL in preparation of the discussion paper. Its main purpose is to maintain a 
paper trail of the scoping process.  
 
In fact, the very start of the scoping process was the discussion at the February inception 
meeting of ten issues. These issues reflected the currently recognized policy agenda and were 
slightly more general. They are listed in the Inception Report.  
 
Thus, assuming the Steering Group will indeed select five issues for the GLIMP work 
programme, the scoping process will have proceeded as follows: 

10 issues (inception report)  
↓ 

40 issues (initial set at PBL), condensed to the 33 described in this note 
↓ 

16 issues elaborated (discussion paper) 
↓ 

5 issues (GLIMP work programme 2010-2011) 
 

 
Brief description of the not selected issues 

11. Achieving post 2015 MDG goals 
Assuming that not all of the Millennium Development Goals adopted in 2000 will be reached 
in full by 2015, and considering that beyond the MDG targets for 2015 cannot be regarded as 
ultimate end-points, the question is what next steps in the same vein could be. Increasingly it 
is recognized that environmental considerations are underplayed in the official MDGs, so 
strengthening that perspective deserves more attention. The linkage with EU concerns is at 
best indirect, e.g. creating more level playing fields may change terms of trade. And a 
possible specific role for the EU in fostering the issue is unclear.  
 

12. Urbanisation & deforestation 
At first glance it might be assumed that ongoing trends towards urbanization, in particular if 
aimed towards high-density urban areas would reduce the pressure on deforestation. This 
would then have beneficial effects on a variety of environmental and nature concerns. Recent 
research, however, points at the opposite: more urbanization inducing more deforestation. 
Further analysis might reveal what drives this phenomenon (urban lifestyle?), how serious it 
is in the overall deforestation trend and changes in human land use, and what options might 
exist to break that trend. 
 

13. Trade & resource effects from polar ice melt 
Recent observations suggest that the polar sea-ice cover is declining much more rapidly in 
extent and volume than anticipated from observed climate change today. Outside climatic 
effects, this is associated with two different fields: on the one hand, substantial fossil fuel 
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resources may become accessible and shorter routes for seaborne trade e.g. between Asia and 
NW Europe open up. The first may have the somewhat cynical effect of potentially worsening 
the environmental problem (climate change from fossil fuel burning) that created the 
opportunity. The second may enhance the opportunities for Europe to capture benefits from 
access to the dynamic Asian economies. Despite the linkage with climate change, in itself it is 
not a direct ENV related issue. 
 

14. Climate, air quality and short-lived gases 
Climate change mitigation by 2025 could be framed as co-benefit of air pollution control 
policies. That is, the primary driver would be the pressure from Asian middle class urban 
dwellers. The air pollution perspective would also limit the extent of climate action. 
Conversely, climate change mitigation could be negated by ambitious air pollution control in 
urban agglomerations in Asia, if these air pollution control policies would be really ambitious 
and lead to less cooling by aerosols. 
 

15. Ecosystem collapse leading to migration 
In some parts of the world, ecosystems may be at risk of drastic and sudden collapse as the 
compounded effect of human activities and natural or indirectly human-induced breakdown of 
essential goods and services provided to sustain the settlements. An ultimate example is 
islands and coastal zones becoming uninhabitable due to sea level rise. If and where such 
collapses are structural, they are bound to induce migration. Directly (people desiring to 
relocate to the EU), or indirectly (people occupying land and resources producing 
commodities for Europe) this may be relevant for the EU. While obviously linked with ENV 
problems, and an argument in favor of countermeasures, the migration issue does not lend 
itself well to ENV policy interventions. 
 

16. Consumption patterns 
The volume and composition of consumption of goods and services is the ultimate driver of 
environmental impacts and depletion of natural resources. Hence, besides more 
environmentally compatible production modes, lowering the level of consumption or 
changing the composition may be important to consider. Such options include reducing 
wastes, less long-range travel, changing the modal split in transport towards public transport 
and walking/biking, and lowering the share of animal products in European diets  
 

17. Decision making with imponderabilia 
In making policy decisions, there is the pressing desire to weigh all positive and negative 
aspects in a balanced way. In part in the more narrow sense of comparing financial costs and 
benefits, supported by methods to express as many elements as possible in monetary units: 
external costs, full cost pricing, etc. In practice it proves often impossible to find 
unchallenged methods and/or data for valuation, so how to account for such factors that 
cannot be usefully weighted in (the imponderabilia) is an important question. Environmental 
policy making is more often than not confronted with such problems. 
 

18. Global safe landing scenario – EU leading the way 
Attempts are made to identify which changes in volume and nature of human activities would 
be required to remain compatible with the long-term carrying capacity of the global systems. 
The ultimate outcome can be described as 'safe landing', as opposed to more conventional 
developments ultimately leading to a catastrophe. Similar to the leading role the EU aims to 
take in the global climate debate, it can be imagined that it assumes the same role by setting 
an example for other regions to follow. This would not be so much about identifying the 
assumed safe landing characteristics (see for example the PBL study Growing within Limits) 
as about what early actions to take within Europe to allow it to pave the way for other regions.  
 

25. New substances (nano compounds, animal medicines, etc.) 
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Whereas many substances are recognized as (potentially) harmful, and action is taken to 
contain and counter the problems, others are only just emerging or even still largely overseen. 
Nano compounds are one example; the spread of medication given to animals into various 
food chains is another. As such substances are currently not recognized in established 
analytical tools, they need specific mapping and exploratory work first. 
 

26. International transfer matrix for environmental burden of disease 
The WHO publishes estimates of causes of impaired health and ultimate death by various 
stress factors, some of which are directly or indirectly related to environmental conditions. As 
those conditions are -partly- mutually influenced between regions, it can be tried to tabulate 
the magnitude of the inter-regional contributions to the regional total burden of disease. 
Measures taken to improve the environment inside the EU will then change the regional 
balance, and vice-versa. 
 

27. Financial incentives for population growth 
In many countries different forms of financial incentives for families with children exist that 
lead, intentionally or not and with uncertain returns, to higher birth rates than otherwise. As 
the size of the population, all else assumed identical, contributes to environmental problems 
and resource depletion, taking away such incentives may help to mitigate problems. A 
question is how important these incentives are, relative to other factors. 
 

28. Back casting in stead of forward looking scenario 
Regardless of what specific issue or sector is at stake, long-term challenges can be addressed 
quantitatively by imposing alternative model settings and let it run forward. If a given future 
goal or target is then not met, settings can be revisited and the procedure repeated. The 
alternative is also possible and referred to as back-casting: a predetermined end-point is 
assumed and next a reverse calculation procedure should reveal the pathway(s) connecting it 
to the present.  
 

29. Waste exports 
Currently, waste materials are exported from the EU (extent, what, where?). It is not always 
certain if processing, dumping or incineration is done under standards comparable to EU. In 
order to recover as much as possible any materials for re-use, and to avoid problems with 
pollution of soils, air, ground- and surface water reducing such exports is an option. 
 

30. Mega EU extension (Turkey, Eastern Europe including Ukraine, 
Mediterranean) 

If in the years to come the EU should expand considerably beyond the current 27 members, 
this would pose both new environmental challenges to bring new members in line with 
current member countries, but also prospects for improved standards and practices for many 
millions of inhabitants and a much larger area.   
 
 
 

31. Large, consumer responsive retailers as instrument of change 
Entrepreneurs increasingly recognize that, over and above regulation, striving for high 
standards on issues of concern to the public is a worthwhile effort. Animal welfare concerns, 
and biodiversity and nature conservation are already targeted. Environmental concerns could 
emerge more strongly as well. Hence, large retailers with full control over vast areas of the 
total supply chain, could decisively influence prevailing practices around the world..  
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32. Agriculture intensity level in relation with ecosystem goods and services 

(maximizing some, or optimal mix) 
In principle, higher intensities in agriculture on the one hand keep the area requirements in 
check, and prevent currently natural areas from conversion to cultivated land. The trade-off 
between intensity and the delivery of other ecosystem goods and services is fairly complex 
and warrants further investigation. In particular if payments for providing ecosystem goods 
and services (EGS) becomes central to spatial planning and nature policies, different 
emphasis on maximizing one or more classes of EGS becomes a relevant consideration, with 
varying environmental impacts. 
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 Initial application of selection criteria to the not selected issues  
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17 Achieving post 2015 MDG goals 0 P +/- 0 (a) + (a) - +/- 
18 Urbanisation & deforestation ? E + ? ?/- + + 
19 Trade & resource effects from polar ice melt ++ E + ?/- ?/- - +/- 
20 Climate, Air Quality and short-lived gases ++ P ++ + (a) + (a) ? + 
21 Ecosystem collapse leading to migration ++ E + ?/- ?/- +/- ? 
22 Consumption patterns ++ E + +/? +/? +/- - 
23 Decision making with imponderabilia ? P +/- - - - - 
24 Global safe landing scenario – EU leading the way ++ E +/- + ? +/- - 
25 New substances (nano compounds, animal medicines, etc.) +/? E ++ - - + + 
26 International transfer matrix for environmental burden of disease  ++ E +/- +/-

(a) 
+/-
(a) 

+/- + 

27 Financial incentives for population growth + E +/- +/-
(a) 

+/-
(a) 

+/- + 

28 Back casting in stead of forward looking scenario - P +/- n.a n.a - - 
29 Waste exports ++ E ++ - - +/- + 
30 Mega EU extension ++ E +/- - - +/- - 
31 Large, consumer responsive retailers as instrument of change + E ++ + + - - 
32 Agriculture intensity level in relation with EGS + E ++ +/- +/- + - 
Not retained from inception report as proposals per se         
 EU resource efficiency options in relation to land and water footprint ++ ? + +/- ? - - 
 Human alteration of the nitrogen cycle: problems, where, causes ++ E/P ++ +/- ? - + 
 Port cities: what clusters in EU will be particularly influenced by 

globalisation 
+/- E/P ++ -- -- + +/- 

 Agriculture key options: trump cards held by the EU for a feeding 9 
billion 

++ E +/- + +/- ? ? 



III-6 
 

Explanation of column headers 
 
EU/non-EU linkage 
How strong and/or important is the linkage between the EU and the Rest-of-the-World 
(RoW)? A + or ++ score points at global issues to which EU contributes decisively, but 
impacts inside EU can also be the motivation. Key consideration is that measures to 
mitigate the problem cannot be found within the borders of the EU, or at least they are 
expected to cast a shadow outside the EU. 
 
Emerging/ Persistent 
Indicates if it is a recently, or even not at all recognized issue of concern (E). Or it is a well 
established issue for which no effective remedies have been found yet, so they are expected to 
continue into the decades to come (P). 
 
ENV linked issue 
The focus for this project is assumed to be with problems and issues that are unchallenged 
primarily inspired by environmental concerns, or in other words the undisputed scope of 
DGEnv. Other issues may well be expected to have serious implications for the environmental 
quality, but are not driven by those concerns. 
 
Identifiable (BL) indicators 
The issue should lend itself to quantitative assessment with the toolkit proposed for the 
project. So, relevant indicators should at least be represented by the Baseline (BL). It may be 
that proposed measures cannot easily be translated in quantitative model settings, but at least 
they should be amenable to meaningful analytical analysis. 
 
Quantifiable alternatives 
Strong preference for issues for which alternatives can be explored to can be implemented and 
elaborated with the quantitative tools available for the project. For example this would 
exclude purely institutional measures with unknown effect on physical or economic processes 
covered. 
 
Specifically targeted issue 
The issues selected for analysis should have a clearly delineated goal and scope. A broad and 
not well delineated overall frame for the analysis would be helpful, but such a broad frame 
itself is unsuited for this project. 
 
Substance issue 
The issue should have a clear substantive orientation and focus. Hence, issues organized 
around instrumental (eco-taxation) or methodological issues (back-casting) are not suitable. 
Nor are issues like consumption volumes or composition, population policies, etc. These can 
be (important) elements of alternative solutions to explore, but not the central subject of 
study. 
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Explanation of table entries 
 
+/++ 
In principle, a single + or double ++ indicates that the issue agrees full and well to very well 
with the criterion in the column, see above for what that implies. 
 
-/-- 
Means the opposite: issue does not score well to very poorly on the criterion considered. 
 
+/- 
In some cases it is not straightforward to answer: partly positive/partly negative, or only true 
if interpreted in a certain, more narrow sense. An example is the entry for #3 resource 
efficiency under Identifiable (BL) Indicators: some macro-indicators are conceivable (say 
fossil fuel use per unit output), but probably not those of immediate relevance for resource 
efficiency. 
0 
Is entered if a criterion is essentially not relevant for the issue. For example: the MDGs are 
formulated for less developed countries, not for EU member states. 
 
? 
Unclear/unresolved (distinctly different from +/-) 
 
(a) 
Stands for additional: in some cases the issue can only be analyzed in a meaningful way with 
use of a broader set of tools than anticipated in the project. Hence it would require additional 
expertise and models, and thus budget, to address them.  
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ANNEX IV: Regional classification 
 

In GLIMP all environmental analyses have been conducted using a regional classification that 
is relatively detailed, namely 24 global regions1 (Figure IV.1). For visualization purposes 
regional results have been aggregated into seventeen clusters and four groups (EU27+, rest 
OECD, BRIICS, rest of the world (ROW)). Table IV.1 shows this aggregation. 
 

 
 

Figure IV.1 IMAGE regions 
 
 

                                                      
1 Greenland and Antarctica are added for the purpose of completing the global terrestrial area, they 
don’t play any role in modelling socio-economic activities and associated environmental aspects. 
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Table IV.1 Default clustering of the IMAGE regions 
 
 
 

24 IMAGE regions 

 
 

17 clusters 
4 groups 

EU27+ Rest 
OECD 

 

BRIICS Rest 
of the 
world 
(ROW) 

Canada 
OECD North America  X   USA 

Mexico 
Rest Central America & 
Caribbean Rest Central America    X 

Brazil Brazil   X  
Rest South America Rest South America    X 
Western Europe 

EU27+ X    
Central Europe 
Turkey Turkey  X   
Japan 

Japan and Korea  X   
Korea  
Oceania OECD Pacific  X   
Russia & Caucasus Russia & Caucasus   X  
India region2 India   X  
China region China    X  
Middle East Middle East    X 
Indonesia Indonesia   X  
Rest SE Asia Rest SE Asia    X 
Ukraine region Eastern Europe & Central 

Asia    X 
Kazakhstan region 
Northern Africa 

Rest of Africa    X Western Africa 
Eastern Africa 
Southern Africa1 Southern Africa   X  

 
 

                                                      
2 For the energy/climate modelling in TIMER/FAIR these two regions are split up. The India region is 
broken up in India and Rest of South Asia, and Southern Africa into South Africa and Rest of Southern 
Africa 
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ANNEX V:  Key modelling assumptions 
 
Food demand, production and agricultural trade (LEITAP model): 
• The objective of each sectoral producer (LEITAP-IMAGE considers 26 sectors) is profit 

maximization. The produces are price takers, i.e., they operate in perfectly competitive 
market environment. To produce output, they chose the cheapest combination of 
imperfectly substitutable labor, capital, land, natural resources and intermediates. 

• Input and output prices are endogenously determined by the markets to achieve supply-
demand equilibrium 

• Factor markets are competitive between sectors but not between regions (for GLIMP 
LEITAP-IMAGE considers 24 world regions). 

• Households are assumed to distribute income across savings and (government and 
private) consumption expenditures according to fixed budget shares. Consumption 
expenditures are allocated across commodities according to a non-homothetic dynamic 
CDE expenditure function which allows for changes in income elasticities when 
purchasing power parity (PPP)-corrected real GDP per capita changes.  

• Factor markets are segmented into agricultural labour and capital and non-agricultural 
labour and capital in order to account for differences in wages and returns to assets 
between the agricultural and non-agricultural sector. 

• Land, labor, capital and natural resources (primary production factors) are fully 
employed in each economy and the aggregated supply of each factor equals its demand 
(equilibrium). 

• Land supply is modelled by land supply curves, which specify the relationship between 
land supply and a land price. It is assumed that the most productive land will be used 
first for agricultural production to meet a certain agricultural demand. The higher the 
demand the more land will be used for production leading to land scarcity and therefore 
increased land prices. 

• Land is heterogeneous, hence differs in space with respect to environmental and 
economic conditions. This heterogeneity is introduced by using a Constant Elasticity of 
Transformation (CET) function which allocates these factors among the agricultural 
sectors. 

• LEITAP assumes different substitutability (elasticity of transformation) amongst groups 
of land use types. Hence, the degree of substitutability differs between land use type 
groups but is constant between land use types within these groups. Three hierarchical 
land use type groups (so-called nests) are considered. The applied elasticities come from 
the OECD Policy Evaluation Model.       

• Products are differentiated between regions, i.e. products from different regions (import 
versus domestic commodities) are imperfect substitutes. 

 
Energy demand and supply (TIMER model): 
• Technological progress, as one key driver of energy supply, is based on learning-by-doing 

(considering one global learning curve). Learning-by-doing influences the capital/output 
ratio of coal, oil and gas production, investment costs of renewable and nuclear energy, 
costs of hydrogen technologies and the development of energy conservation costs. The 
technological progress is based on historic trends. 

• Sectoral energy intensity is assumed to be a bell-shaped function of the per capita 
activity level. Hence, a changing mix of activities could, with rising activity levels, first 
lead to an increase of energy intensity before energy intensity drops 

• Economic growth is a main driver of the autonomous energy efficiency increase 
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• Energy imports depend on the ratio of production costs in the export region, transport 
costs and production costs in the region considered. 

• Substitution of fuels and technology depends on the price of a production method and 
the sensitivity of the markets to relative differences in production costs 

• Emission reduction costs are based on an emission permit price (carbon tax). Energy 
options with high carbon emissions become more expensive as compared to low 
emission options. 

• Oil prices are endogenously determined based on regional oils reservoir availability and 
the costs for exploring them. 

• Future potential of solar and wind power and related cost changes are determined by 
depletion, learning-by-doing and grid penetration 

• Investment costs for nuclear power are assumed to decrease over time while fuel costs 
are assumed to increase as result of depletion 

 
Environmental Assessment (IMAGE model): 
• IMAGE operates at a geographical 0.5 x 0.5 degree grid for land use and environmental 

parameters. 
• Data for 1970-2000 are used for calibrating IMAGE. For the simulation period 2000-2050 

IMAGE is driven by TIMER and LEITAP data as well as additional scenario assumptions 
(e.g. yield development, animal production efficiencies) 

• Land-use changes are computed based on regional production of food, animal feed, 
fodder, grass and timber, and changes in natural vegetation due to climate change. 
Consequently, emissions and carbon exchange from land use changes, natural 
ecosystems and agricultural production systems are calculated. The Atmospheric Ocean 
System then computes changes in atmospheric composition and climate using these 
emissions, and the emissions from the TIMER model. 

• Grid cell specific allocation of agricultural land use types is determined by crop 
productivity, distance to existing cropland, distance to water bodies and a random 
factor. 

• IMAGE applies a hierarchical allocation procedure for the grid cell specific land use 
distribution: 1) Adaptation of natural vegetation, 2) Treating unsuitable land and 
extensive grassland, 3) Extracting timber, 4) Abandoning and reallocating existing 
agricultural land, and 5) Expanding agricultural land 

• Developments of future agricultural yields (for crops and animal products) are taken 
from the FAO projections of ‘World agriculture towards 2030/50’. 

• Livestock production systems are distinguished between pastoral and mixed/landless 
(industrial) livestock production systems. Pastoral systems rely mainly on grazing by 
ruminants, whereas mixed/landless systems have integrated crop and livestock 
production in which animal diets consist of a mix of several feedstuffs. 

 
 
More detailed information on IMAGE, TIMER and LEITAP can be found in MNP (2006), OECD 
(2008), Kram and Stehfest (2012)  and at 
http://www.pbl.nl/en/themasites/image/index.html 

http://www.pbl.nl/en/themasites/image/index.html
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ANNEX VI  Methodological details: scarce resources - fisheries 
General outline 
The approach used in this study consisted of the following steps: 

a. Establish three scenarios of different marine fisheries strategies and implement 
them in the EcoOcean model (Alder et al., 2007). 

b. Run the EcoOcean model to calculate wild marine catches and stock depletion in 
the world’s main fishing regions for each year until 2050; 

c. Establish a simple projection for global future wild freshwater catches; 
d. Establish projections for global fish demand; 
e. Calculate global annual aquaculture production for each scenario as: (global 

demand) – (wild marine catches) – (wild freshwater catches). 
f. Calculate requirements of crop-based aquafeed and land to produce these crops, 

for each scenario. 
 
Modelling scenarios of marine fisheries 
Catch projections under various effort scenarios were provided by the University of British 
Columbia (UBC) using a slightly modified version of the EcoOcean model (Alder et al., 2007). 
This global marine model distinguishes 43 functional groups comprising 25 groups of fish, 3 
marine mammals, 1 marine bird group, 11 invertebrates, 2 primary producers, and 1 detritus 
group (Table VI.1). The fish groups are based on size categories and feeding and habitat 
characteristics. Geographically, the analysis includes 15 of the 19 FAO marine statistical 
areas; see Figure VI.1.  

 

 
Figure VI.1  FAO Marine fishing Areas (Source: FAO; http://www.fao.org/fishery/en) 
 
Together, these 15 areas represent 99.8% of reported marine catches (FAO FishStat, 2011). 
Due to data deficiencies and because of minimal catches, polar regions are excluded. Five 
major fleet categories [demersal, distant-water, baitfish tuna (purse seine), tuna longline 
and small pelagic] are considered to distinguish different fishing effort based on historical 
information.  
 

http://www.fao.org/fishery/en
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Table VI.1 Overiew of functional groups in the EcoOcean model (Source: Alder et al., 2007 ; 
Christensen, 2012, Personal Communication)  
No Group name Depth 

distribution 
Examples of species 

1 Pelagics small 
All, tapering 

Anchovy, menhaden, spra 
2 Pelagics medium Jacks, mackerel, herring 
3 Pelagics large Tuna, Spanish mackerel 
4 Demersals small 

<1000m 
Sculpins, gobies, sand lan 

5 Demersals medium Rockcod, mullet, snapper 
6 Demersals large Ling, grouper, haddock 
7 Bathypelagics small 

1000-3000m 
Lanternfish 

8 Bathypelagics medium Orange roughy, grenadiers 
9 Bathypelagics large Escolar, opah 
10 Bathydemersals small 

1000-3000m 
Dragonfish, cardinalfish 

11 Bathydemersals medium Dories, gurnards, hakes 
12 Bathydemersals large Monkfish, Sablefish, Patagonian toothfish 
13 Benthopelagics small 

50-500m 
Codling, croaker, seabream 

14 Benthopelagics medium Seabass, pompano, icefish 
15 Benthopelagics large Cod, salmon, hakes, grenadiers 
16 Reeffish small 

<500m 
Wrasse, bream, damselfish, rabbitfish 

17 Reeffish medium Moray, snapper, grunts, groupers 
18 Reeffish large Groupers, snappers, trevally, barracuda 
19 Sharks small medium 

All, tapering 
Dogfishes, catsharks, smooth-hound 

20 Sharks large Tresher, hammerhead, tiger, mako 
21 Rays small medium 

<1000m 
Skate and rays 

22 Rays large Eagle and manta rays 
23 Flatfish small medium 

<1000m 
Sole, flounder, plaices 

24  Turbot, halibut, European plaice 
25 Cephalopods All, tapering Squids, cuttlefishes, octopus 
26 Shrimps <1000m Pandalus, tiger prawns, brown shrimp 
27 Lobsters crabs <500m Snow crab, king crab, spiny lobster 
28 Jellyfish All, tapering  
29 Molluscs <1000m Clams, scallops, sea urchins 
30 Krill All, tapering Euphausia, Antarctic krill, Norwegian krill 
31 Baleen whales All, tapering  
32 Toothed whales All, tapering  
33 Pinnipeds <200m  
34 Birds All, tapering  
35 Megabenthos <1000m  
36 Macrobenthos <1000m  
37 Corals <100m  
38 Softcorals, sponges, etc <200m  
39 Zooplankton other All  
40 Phytoplankton All  
41 Benthic plants <50m  
42 Pelagics large young All, tapering  
43 Meiobenthos All, tapering  
44 Dolphins porpoises All, tapering  
45 Detritus   
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Fishing effort (Anticamara et al., 2011)1 is the most important driver for the ecosystem 
model simulations. Parameter estimates and calibration are based on the database of the 
Sea Around Us project (www.seaaroundus.org). This database comprises data from FAO 
FishStat and numerous other sources. Calibration is made against some 2500 time series of 
fishing efforts, reported catches and stock-biomass trends. Compared to the description by 
Alder et al. (2007), some modifications were made to more realistically capture changes in 
fishing effort. The most notable is the application of a ‘technology creep’ factor to the 
previously used effort time series. To capture this effect a ‘technology creep’ of 3% a year 
was applied, based on reported global averages for this (Pauly and Palomares, 2010), after 
which the effort time series were recalibrated with some additional adjustments to the diet 
composition matrix. The latter were deemed necessary because fisheries only target a sub 
component of each functional group, which may represent some fraction of a predator’s 
diet.  The net results of these model refinements were better fits to the observed catches. 
Unreported catches (e.g., discards) are not accounted for in the model. 
 
In the Increasing fishing efforts scenario, effort levels were determined exogenously by 
extrapolating the historic trend; and effort levels in constant fishing efforts scenario were 
frozen at 2004 levels. In the reduced fishing efforts scenario, however, optimal effort levels 
were calculated by the model through incrementally reducing effort on all fleets per fishing 
region and projecting catches forward through 2049. The optimal effort level was 
determined to be the effort level that maximizes catch in the final year. Note that this 
procedure does not necessarily maximize the total (summed over all fleets in a fishing 
region) catch in year 2049. It does, however, prevent all effort from being allocated to a 
single fleet when gears compete through technological interaction, which is common in 
effort optimization exercises. 

 
Fish production from freshwater catches 
Wild freshwater catches are relatively minor compared to marine catches and aquaculture; 
about 10% of total wild catches, yet, with a high degree of uncertainty (FAO, 2010). For the 
purpose of this study, we assumed for all fishery scenarios a constant level of wild 
freshwater catches at the 2004 level. 
 
Global fish demand 
The total projected demand for finfish and shellfish until 2050 used in this study is based on 
Overbeek et al. (2011) and Bouwman et al., (2011) respectively. These authors compiled 
projections for fish demand for the four Millenium Ecosystem Assessment (MEA) scenarios 
(Cork et al., 2005). For this study we used their projections of fish demand for the MEA 
Global Orchestration scenario, which shows the highest fish demand, based on high income 
growth and high growth in per capita fish consumption, combined with low population 
growth. According to this scenario the total global fish demand is projected to increase from 
almost 140 million tonnes in 2004 to more than 225 million tonnes by 2050. These demand 
projections were used for all scenarios in this GLIMP study. 
 
Fish production from aquaculture 
For all scenarios we assumed that the gap between wild catches and total fish demand is  
covered by aquaculture production. Furthermore, we assumed that the demands for 
                                                      
1  In EcoOcean, fishing effort is expressed in KWh, an energy measure of the fleets. Effort levels are 

standardised accross fleets in order to compare e.g. sailing boats with motor vessels. A detailed 
description of the concept is given by Anticamara et al. (2011). 



VI-4 
 

shellfish from aquaculture follow the projections of Bouwman et al. (2011); whereas the 
demands of omnivore and carnivore finfish species follow the projections of Overbeek et al. 
(2011). Hence the differences in aquaculture production between the scenarios concern 
finfish herbivore species only. These assumptions were made to facilitate calculations, and 
to obtain estimates of the maximum effects of the changes in aquaculture production on 
land use for aquaculture feed production.  
 
Feed for aquaculture and demand for land to produce crop-based aquafeed 
The feed demand for aquaculture was calculated by specifying diets for carnivore and 
herbivore fish species and for crustaceans. No feed use was calculated for molluscs since this 
group feed on phytoplankton and does not require feed from agricultural or fishery sources. 
Feed calculations were based on the diets of three fish species: salmon as a representative 
for carnivore/omnivore species, pangas catfish as a representative for herbivore species, and 
the pacific white shrimp as a representative for shellfish. Feed conversion ratios and feed 
composition for salmon and catfish were obtained from Blonk et al. (2009). For the pacific 
white shrimp this information was obtained from Weimin and Mengqing (2007). Feed 
efficiency was assumed to gradually improve over time; and the share of vegetable 
components in the feed was assumed to gradually increase while the shares of fishmeal and 
fish oil are gradually reduced; see Table VI.1. 
 

Table VI.1. Feed conversion ratio and fraction fishmeal and fish oil in aquaculture feed for three fish 
species in 2000 and 2050. 

 salmon catfish shrimps 
2000 2050 2000 2050 2000 2050 

Feed conversion ratio (FCR, kg.kg-1) 1.2 1.0 1.8 1.0 1.8 1.7 
Fraction fishmeal + fish oil in feed .56 .22 .12 .03 .25 .05 
Source: 2000 values based on Blonk et al. (2009) for salmon and catfish and Weimin and Mengqing 
(2007) for shrimps. 2050 values from Overbeek et al. (2011) for salmon and catfish; and Bouwman 
et al. (2011) for shrimps. 
 
Land demand for aquaculture feed production is included in the analysis to obtain an 
integral picture capturing effects on terrestrial and marine biodiversity.  
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ANNEX VII: Methodological details: scarce resources – phosphorus 
 
Urban wastewater 
Calculations of urban wastewater flows were made according to the model by (Van Drecht et al., 
2009) using data from the OECD Outlook, including population, per capita income, urbanization and 
access to improved sanitation. 
 
Diffuse (nonpoint) sources 
The model used to simulate nutrient flows from the soil via leaching through the groundwater 
system, and via surface runoff to surface water is a modification of the model published by Van 
Drecht et al. (2003). Modifications include the inclusion of P (alongside N), a better representation of 
surface runoff, groundwater transport and denitrification, and retention in freshwater systems. The 
calculations are based on the precipitation surplus, which is the precipitation minus 
evapotranspiration. This flow is subdivided into surface runoff and leaching. 
 
Surface runoff carries both N and P in particulate organic matter and soil material. The leaching N 
flux flows into shallow groundwater where present, and deep groundwater, where present, 
accounting for the history of N inputs, the denitrification rate and travel time. Weathering of rocks is 
an additional source of P to surface water. For P we account for the build-up of soil P in regions with 
large cumulative P applications in agriculture. Surface runoff from soils with high P contents is 
assumed to be higher than from soils with low historical P inputs. Surface runoff from soils under 
grass or natural vegetation is much less than from arable land. 
 
In-stream retention 
 N in surface water may be lost through denitrification, and both N and P can be temporarily retained 
by aquatic plants, be deposited as organic material and P is also absorbed by the sediment. Absorbed 
P can also be released to the water column. This implies that there is a memory effect in river basins. 
Firstly, eroded soil has a P content which is related to historical P inputs. Secondly, P has a long 
transport time in river systems during which it may change from dissolved to absorbed to plant and 
back to dissolved many times on its way to the Ocean (Ensign and Doyle, 2006), and can be exported 
to the coastal zone years after it entered the river. This memory effect was simulated by assuming 
that a fraction of P surpluses in agriculture in a specific year contribute to P loading of surface water, 
and this fraction decreases with time. This memory lasts 30 years, and during this period half of the P 
surplus of the first year has been contributing to river loading, decreasing in magnitude over time.  
 
Indicator for Coastal Eutrophication Potential (ICEP)  
ICEP values are calculated for more than 6000 river basins globally to assess the potential risk that 
non-siliceous algal growth may lead to harmful algal blooms in coastal marine ecosystems. ICEP is 
calculated on the basis of riverine N, P and Si deliveries. Compared to N:P ratios which are often 
considered (e.g. Glibert et al., 2008), the ICEP adds information about the role of Si in determining 
potential eutrophication impacts of changing element stoichiometry. ICEP represents the new 
production of non-siliceous algal biomass potentially sustained in the receiving coastal water body by 
either nitrogen or phosphorus delivered in excess over silica. ICEP is based on the Redfield atomic 
C:N:P:Si ratio 106:16:1:20 (Redfield et al., 1963). The molar weights of these elements are 16, 14, 31 
and 28. 
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ICEP is calculated as follows: 

 If NT,river/(14*16) > PT,river/31: ICEPriver = [NT,river/(14*16) – SiD,river/(20*28)]*106*12/365 

 If NT,river/(14*16) < PT,river/31: ICEPriver = [PT,river/31 – SiD,river/(20*28)]*106*12/365 
 
Where NT,river is total nitrogen river discharge; PT,river is total phosphorus river discharge; and SiD,river is 
dissolved silica river discharge. 
 
These equations can be applied using concentrations or total loads. 
 
A negative value of the ICEP indicates that Si is non limiting as compared to the other nutrients, 
which would thus characterize a low risk of potentially harmful non-siliceous algal development or 
harmful algal blooms (HABs) associated with eutrophication. Positive values indicate an excess of 
either N or P over the requirements for diatom growth, thus a high risk of HABs. 
 
The calculation of river discharge of nitrogen and phosphorus from point sources (sewage) and 
nonpoint sources (agriculture and natural ecosystems) is described in the previous sections. River 
discharge of dissolved silica was calculated using the model presented by Beusen et al. (2009), for the 
Global NEWS project. 
 
There are several omissions in this approach (i) the data for point sources do not include those 
wastewater flows from inhabitants with no sewage connection. It is known that many cities in 
developing countries have no sewage system, and wastewater is discharged to surface water via 
open sewage canals. In many coastal cities, wastewater thus ends directly in coastal waters. (ii) The 
ICEP does not take into account the particular morphological, climatic and hydrological conditions 
such as stratification or upwelling that locally determine the response of the marine algae in the 
receiving coastal zone (Kudela et al., 2005; GEOHAB, 2006); (iii) The impact of nutrient dynamics in 
aquaculture systems has not been included. In parts of Asia, aquaculture nutrient discharge, 
particularly of reduced nitrogen and organic nitrogen, may be of the same order of magnitude as 
river export. 
 
All the above omissions may lead to underestimation of the HAB risk. In case of omission of impacts 
of nutrient enrichment from upwelling water, the contribution of riverine nutrient export and ICEP 
may be limited to near-shore ecosystems such as estuaries, lagoons and deltas. 
 
We compare the ICEP data with observed occurrences of HABs worldwide for the following species: 
Prorocentrum minimum, Noctiluca, Pseudonitschia and Karenia. The data is provided by the Scientific 
Committee on Ocean Research (SCOR) / Land-Ocean Interactions in the Coastal Zone (LOICZ) 
workgroup 132 on “Land-based Nutrient Pollution and the Relationship to Harmful Algal Blooms in 
Coastal Marine Systems”. 
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ANNEX VIII: Abbreviations 
 
BRIICS Brazil, Russia, India, Indonesia, China and South Africa 
  
CBD  Convention on Biological Diversity 
CCS  Carbon capture and storage 
CFC  Chlorofluorocarbon 
CH4  Methane 
C-eq  Carbon dioxide equivalents expressed as the carbon mass involved. One unit of C-

equivalent corresponds to 3.67 (=44/12) units of carbon dioxide 
  
CO  Carbon monoxide 
CO2  Carbon dioxide 
CO2-eq  Carbon dioxide equivalents. One unit of carbon dioxide-equivalent 

corresponds to 0.27 (=12/44) units of carbon involved 
  
ETS Emission Trading System 
EU27 Current European Union of 27 Member States 
EU27+ IMAGE model regions W-Europe+C-Europe; covers EU27 plus Switzerland, 

Norway, Iceland, Gibraltar, Albania, FYR of Macedonia, Croatia, Bosnia and 
Herzegovina,  and Yugoslavia 

  
FAO  Food and Agriculture Organisation of the United Nations 
  
GDP  Gross domestic product 
GHG  Greenhouse gas 
  
HFC  Hydrofluorocarbon 
  
ILUC  Indirect land use changes 
IMAGE Integrated Model  to Assess the Global Environment 
IPCC  Intergovernmental Panel on Climate Change 
  
N  Nitrogen 
NH3  Ammonia 
NO2  Nitrogen dioxide 
N2O  Nitrous oxide 
NOx  Nitrogen oxides 
  
O3  Ozone 
OECD Organization for Economic Co-operation and Development 
  
P  Phosphorus 
PBL  Netherlands Environmental Assessment Agency 
ppb  Parts per billion 
ppm Parts per million 
PFC  Perfluorocarbon 
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RoW Rest of the world 
  
S  Sulphur 
SO2  Sulphur dioxide 
SOx  Sulphur oxides 
SF6  Sulphur hexafluoride 
  
VOC  Volatile organic compound 
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