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Objectives:

The policy cases form the basis on which end users can graft their own policy scenarios to be
analyzed in SIAT. This deliverable explains why and how the policy cases can fulfil that role. It also
describes the policy cases selected, including their implementation in the respective models.

Activities:

Discussions on the approach to policy scenarios: at the cluster meeting in Warsaw in April
2005; at Wageningen in August 2005 (the bioenergy case); at The Hague in September
2005 (all scenarios); at the project meeting in Malta in October 2005; at Lund in
December 2005 (on cooperation with M4); at Alice Holt in February 2006 (specifically
dedicated to policy cases); and at the cluster meeting in Bratislava in April 2006.
Discussions on terminology (policy case, policy scenario, policy variable, etc.), leading to
an agreed glossary in December 2005.

Meeting with EC officials (DG-TREN) on bioenergy in Brussels in March 2006.

Collection of policy documents and scientific literature on bioenergy.

Writing the draft report (completed 11" July).

After initial review, second draft prepared in September, and a third draft after discussions
at the Saaremaa project meeting. It was decided there to have much shorter descriptions
of policy cases. It was also proposed there to reduce the number of policy cases from six
to five; this was confirmed as a decision at the next project meeting in Vienna, in April
2007. A third version including those was completed in April 2007. The present version is a
revision after a second round of reviews in May 2007.

Results:
Report submitted here

Milestones achieved:
End user consultation by Module 7.1 (Month 4)

Deviations and reasons:

According to the implementation plan, a first version of this deliverable, describing the method,
was supposed to be ready by month 12 (November 2005). The present draft was scheduled for
completion in month 15 (February 2006). Delays have been due to two reasons:
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The need to arrive at consensus within the consortium as to what policy scenarios are, how policy
cases are related to them, what they should look like, and on what basis they should be selected.
Agreement on the last of these points was achieved only in February 2006. The final list of policy
cases might still be subject to revision on the basis of end user needs and recommendations.

It was decided to reallocate the main responsibility for this deliverable to LEI in
October 2005. At the same time, however, the LEI team leader left the institute,
which caused capacity problems as existing team members had to take over both his
work and the new responsibilities.

Publications:
None so far. However, the work presented here has also been used for part of a chapter in a book
on the SENSOR project to be published in early 2008 by Springer Verlag.

Meetings:
Alice Holt, 14 February 2006

Remarks concerning further SENSOR activities:

The work described in this deliverable is pivotal to progress in both M2 and M4. Together with the
baseline scenario storlylines (D2.1.1) and the adaptation of the NEMESIS model (D2.1.3), it will
enable the calculation of model outcomes for the national economies per scenario, on the basis of
which land use and sectoral modelling can be done at NUTS-x level.

The deliverable will continue to be updated several times during the project. This updating will

consist of further specifications of policy cases.

Documents:
See reference list in the report
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EXECUTIVE SUMMARY

This document describes the sets of policy scemaminch SENSOR will be able to assess, and
which the Sustainability Impact Assessment Tool&ATP will be able to work with. The aim of
SIAT is to enable policymakers to design their guolicy scenarios and immediately assess the
impact of these scenarios on sustainability. Thigassible only if such scenarios have been ‘baked
into the cake’ of SIAT, so to speak. That is to,sapolicy scenario must be part of a set of pdssib
scenarios, of which the relationship with the vasi@spects of sustainability has been determined
by modelling. Such sets in SENSOR parlance aredeérpolicy cases, and defining them is the
purpose of this deliverable.

The complete set of five policy cases must covesialsectors with which SENSOR is concerned,
and preferably in such a way that one case wilehav impact on more than one sector; the cases
must be relevant to SENSOR'’s central theme of fonittional land use; and they must be
politically relevant, in the sense that they alkeslly areas of EC policy formulation from 2008
onwards. After a number of discussions, the follmycases were selected:

(1) Bioenergy

(2) Financial reform of the EU in 2012, with particulaitention to the Common Agricultural
Policy

(3) Biodiversity

(4) Forest strategy

(5) Transportation policy.

A sixth case, on regional support, was dropped tduthe difficulty of adequately assessing its
impact. Each case represents a problem area, withich policies can be formulated with different
objectives, using different policy instruments. Teport describes the general structure of a policy
case. The bioenergy policy served as a pilot cadenas therefore described in detail in the first
draft. For the other cases only a brief summary giaen. In the current report, all cases are
described in detail.

Case 1Bioenergy is seen as one of several possible sakifior three problems: climate change,
the danger of exhaustion of fossil fuel resoureesl the security risks involved in dependence on
imported energy. The goals of a bioenergy polieyaefined in terms of these three problems. The
objectives, i.e. the concrete aims which the palcglesigned to achieve, are identifed in relatmn
actual policy initiatives of the European Commissaver the last ten years. On the basis of these
objectives and of the technical options, a numlfgraticy instruments are identified, which have
been grouped for modelling purposes into two pohleyiables, to be adopted into SIAT and
manipulated by end users. These variables rethecextent of the effort to promote bioenergy and
whether or not the effort is combined with a frearket policy or with protection of European
feedstock producers.

Case 2.Financial reform of the EU in 2012 will probablycics on changes in the common
agricultural policy (CAP). Issues are both the alldevel of support to European agriculture, but
also the alternative allocation of public fundsctably on research and development, in support of
the Lisbon Agenda. Furthermore, there is pressuen fexternal trading partners to reduce
protection of European farmers. Assuming that thvefleplay a role in the 2012 financial reform,
the policy variables to be used in modelling areigxtion of agricultural product markets through
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a variety of instruments; direct income supportfaomers (the single-farm payments); and the
option of whether any funds saved on the CAP arested in R&D or returned to the tax-payer.

Case 3Biodiversity is likely to remain an important isst@ European policy-making. Goals are
to reverse present trends in biodiversity reductammd to place species and ecosystems at a
satisfactory conservation status. Specific poligesmoting biodiversity, such the bird and habitat
directives could be further enhanced. Two policyigyovariables have been selected which can
have a major and measurable effect: the expandidheoNatura 2000 area, and a more nature-
oriented management of forests.

Case 4.The challenges to meet and the forest-related comemis of the EU represent a wide

range of policy areas and reflect the multifuncailorole of forests. This is also reflected in the
specific objectives of the Forest Action Plan, vwhare to improve the long-term competitiveness
of European forests; to protect and improve tharenmnent; to contribute to quality of life; and to

foster coordination (one wonders about the logitnofuding the latter objective, but there it is).

Our policy case contains four variables, of whialo tare equivalent to the biodiversity case; the
others are bio-energy from forests and afforestatio

Case 5.The transportation policy case is entirely conceémwéh transport in relation to tourism. It
was born out of the idea to assess the impactmoh dae and sustainability of changes in the tax
regimes of transport modes — such as the currgntifable treatment of air transport. This policy
case has a single variable to be modelled, namedyleon tax on transport.
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1. Whatisapolicy case?
Author: Tom Kuhlman
11 Policy scenarios and policy cases

The aim of SENSOR is to construct instruments f@ éx-ante evaluation of those European
policies that are likely to have a bearing on niictional land use. These instruments, called
Sustainability Impact Assessment Tools (SIAT) sHoethable the end user to quickly and easily
determine what the impact of a policy on sustaiitgst environmental, social and economic — will
be. That impact will be compared to the autonomdaselopment described in the baseline
scenarios (documented in D2.1.1). The SIAT shoelduxch that it enables the end user to analyze a
policy of his choosing. It is to be constructedsimch a way that said end user will not need
specialist knowledge on the models powering thé&stowr should he have to wait for hours for the
various models to run.

This is possible if the various models and the dirdetween them are replaced by simplified
functions representing the correlations betweencigsl land use change and sustainability
indicators. For example, consider a policy encomgagertain behaviour by fiscal means — by
giving you a subsidy if you behave in the apprdprigay, or tax you if you do not. SENSOR will
run this policy through its macro-economic mode¢ tand-use model and the sectoral model, with
numerous iterations until the results of the vasiowdels are consistent with one another and with
other criteria such as may be applied by the medelWe now have what we may calpalicy
scenario If we then vary the level of taxation or subsidig can run the models again and measure
the impact once more. Once we have done this a euailiimes for different settings of the policy,
we can plot the results for each output variablearaph. If there is a direct correlation between
the policy and the output variable, we can constauesponse functiofor the correlation between
that policy and that variable. To the extent thas function is valid and reliable, the policy in
guestion can be represented by a ‘button’ in thETShterface, which the end user can set to any
other values for the level of subsidy or taxati®hAT will then generate the appropriate impact
scores. Different shapes of functions can be plessiimd the more measurements you do with the
models, the better will be the estimation of thepmnse function, as is shown by the linear and the
logarithmic functions depicted in Figure'l.

! This is a simplified example for the purpose aisttation. In actual fact, the response functioorily one step in
arriving at impact assessment. This is explainegtéater detail in section 1.3.
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Figure 1. Two response functions for a correlati@miween a policy and one indicator

We have herewith a method for setting up new padicgnarios simply by interpolating between
values calculated with the models. This is how weppse to solve the problem of flexibility of
policy scenarios. Ideally, one would wish to hav8IAT in which the end user can design any
policy scenario and assess its impact. In practioaever, SIAT can assess a policy scenario only
if it contains response functions for the particutestruments that are to be applied in the policy.
The flexibility consists in the settings chosen #oparticular scenario, i.e. how much subsidy or
taxation is to be applied, or how what quantitggenhouse gas emissions is to be tolerated.

Hence, the flexibility of policy scenarios will ays depend on the number of response functions
available in the system. That number, in turn, depeon the capacity of modellers to construct
these functions. Of course it is always possibledostruct more, but this means returning to the
models behind the SIAT meta-model and run themaferew policy variable or for new output
variables.

Initially, it was thought that the policy scenarimsbe run through the models would serve merely
asexampleshowing the working of the methodology. Howeverthvthe above methodology it can
be seen that they are examples only of settingsotiny variables, which in turn are grouped into
policy cases. Only those variables actually cateddy the models can be incorporated into SIAT.
This insight necessitates a modification of thegioal ambition for SIAT where the policy
scenarios are concerned. Rather than building iselihmumber of policy scenarios as examples for
an unlimited range to be constructed by end usegsconstruct a number gilicy caseswithin
which some scenarios have been calculated thrdugmbdels. Other scenarios within the same
range of options can be set by the end user, adeult will then be calculated by the relevant
response functions rather than by the models.

Together, these policy cases make up the full rarfigmlicies for which SIAT can be used. To be
sure, SIAT can be adapted for completely new patarses, but this can only be done by re-running
the full chain of models, which will be beyond tbapacity of end users. For this, the institutes
responsible for the modelling would have to geetbgr and build a new policy case following the
methods developed in SENSOR.
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Thus, the identification of policy cases now becsraecrucial issue. Chapter 2 described how this
has been done. The cases themselves are descritedchapters that follow.

1.2.  What apolicy case should look like

A policy case is concerned with a particular themgroblem area within which policies can be
formulated. Thus, a case description must firstaiona statement of the problem which the policy
or set of policies is designed to solve or mitigdieat statement leads naturally to the goals which
the policies are supposed to contribute t@odl is seen here as the ultimate rationale of anmctio
It differs from anobjective which is the direct aim which the action is dednte be able to
achieve. For instance, an authority may take meastar protect the habitat of a particular species.
It hopes therewith to contribute to the goal ofdiversity, but it cannot be certain that biodiversi
will improve as this may depend on other factorgope the control of the authority in question.
However, it can be held to account (a) over wheithefifectively protects the habitat (its objecive
and (b) over whether this helps biodiversity (ibether the objective contributed to the goal). One
might say that the goal is the reason why an obds thought to be worth achieving. It should
normally be possible to identify goals as fallimgoi one of the three dimensions of sustainability —
social, environmental or economic.

The term policy itself we shall define loosely adarumented statement on actions which an entity
(in this case the European Commission) intends ndedake. Apart from a statement of the
objectives and the goals, a policy must contairstaof the means by which one hopes to achieve
the objectives. These means we gallicy instrumentspf which there are several types. To the
extent that a policy is aimed at influencing bebaviamong the public, or on the part of
companies, one can distinguish between policies riaaard, those that punish, and those that
attempt to persuade - carrots, sticks and sernamthey have been dubbed (Colletsal. 2003).
There are additional types. Instead of exhortireyghblic, the agency concerned can also simply
provide information, leaving actors to make theanochoices. Furthermore, rather than aiming at
influencing behaviour of others, an agency may atsdertake direct actions that can contribute to
the objectives of a policy: creating institutioasd undertaking or commissioning research. Finally,
it may decide to do nothing — a serious and sonestijustifiable option, which would return us to
the baseline scenario.

Not all policy instruments are equally suitable ifacluding in modelling — or in SIAT. The impact
of setting up an institution, for instance, is iflit to predict quantitatively. As for ‘sermonst,
would be a rash modeller indeed who would tie ecifipechange in behaviour to a particular
amount of expenditure on advertisihgnd the same goes for information. Realisticadigrots’,
‘sticks’ and researchare the instruments that best lend themselvaspadt modelling. Moreover,
since a particular policy can contain many différanstruments, modelling all possible
combinations can become very tedious — and the $t#€fface would be complex too. In order to

Z Which is not to say that this cannot be donelabahas never been done. Indeed, numerous stegligisto measure
the impact of advertisements on sales (a famoumpgbeais Stewart 1993). The problem is whether thpaich of
‘sermons’ on the public can be predicted with sigfit confidence on the simple basis of advertisixjpenditure.

3 Although the outcome of any individual researcbjgut is by definition uncertain (otherwise you Wbnot need the
research in the first place), there are well-e&hbt correlations between research in generabaneral measures of
progress such as economic growth or labour prodtycti
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keep the system workable, a limited numbepalicy variableswill be created within each policy
case. Each policy variable will represent one orempolicy instruments. For instance, several
different subsidies on different products can bealzimed into a package with fixed proportions for
each product; the variable will then representttital value of the package, and this value can be
manipulated by the end user. Figure 2 shows tlatioekhips between the various terms used here.

Sectors

Goals
) &) ) D @
= :

: : Policy instruments

h 4 rfluencin behaviouJ .
direct action 9 no action
i subsidies
Dbiggive creating
institutions

— taxes/fines
research

Palicy
variable
5

awareness
campaign

other

0
Jaee

information

Figure 2. The structure of a policy case

1.3. Some methodological remarks

As stated in section 1.1, the output of our modelsondensed into response functions. However,
the models do not directly generate all of the gathbrs that are needed to assess the impact of a
policy on sustainability. For instance, a user mant to know whether a proposed policy might
have any impact on soil erosion. Let us assumethigapolicy leads to increased production of a
certain crop in certain areas, which will be ancoute of the three-model chain containing the
macroeconomic model NEMESIS, the land-use model Eldnd the agricultural sector model
CAPRI. Let us further assume that this increasedlymtion is achieved partially by ploughing up
pasture land. This result must be combined witbrimfaition we have about the areas concerned:
climate, soil type and slope — information we ctilte variablesbecause it refers to a permanent
characteristic of that particular location. Suchmbination can give us a forecast of soil erosion.
The point here is that, in addition to the modelshe SENSOR system, we need an equation for
each indicator expressing the relationship betwaedel outcomes and indicator scores. Thus, in
addition to response functions producing what wk odermediate outputwe useindicator
functionsto arrive at indicator scores, which represenfediht aspects of sustainabilftyThe

* Indicator scores are further processed into sconetand use functions, which are visualized by mseaf spider

10



SENSOR deliverable

relationships between models, response functiarntgymediate output, indicator functions and
sustainability assessment is shown in Figure 3.

baseline i state variables
scenarios SR (spatially
specific)
N

[
drivers  policy variables

policy variables

model chain

response functions

Sy

indicator

functions | L,

indicator /

functions

indicator
scores

Figure 3. How policy variables are used to compaticators of sustainability

As the figure indicates, indicator functions camtean terms referring not only to state variables (
combination with land use change) and to internmtedmodel output, but also other indicators as
well as policy variables directly. More informatiom how the model chain works can be found in
SENSOR Deliverable 2.2.1; on response function®dativerable 2.3.5; and on indicators and
indicator functions in Deliverable 2.3.2.

When deciding whether or not to model a policy nmstent as a separate policy variable or in
combination with other instruments into a jointiadte, it must be borne in mind that the models
will be capable of modelling the impact of only oragiable at a time — not combinations of several
variables. For instance, if one opts for subsidie®ioenergy production as an instrument, one may
separate this into a subsidy for ethanol and ondifadiesel. If so, the impact of each subsidy on
agricultural production of the necessary feedstaks be evaluated, but not the impact of both
subsidies together. In other words, if both sulesidire actually implemented, farmers would have a
choice as to whether to grow sugarbeets (for ethamaapeseed (for biodiesel). Which one they
would grow could not be seen in SIAT. If that regaldesired, a joint policy variable containing
both subsidies (in a fixed relationship) would hdawebe modelled. Usually, in SENSOR those
instruments are combined into policy variables Wwhigll most likely be implemented together, as
a package. The advantages of this approach ardigisngooth a smaller effort in modelling and
ease of use by the client) and comprehensivendss. disadvantage is that the effect of an
individual policy instrument cannot be evaluated.

diagrams. This is the work of Module 3 in SENSOR {\@®hble 3.2.2). However, they can also be seegctijrin
SIAT, by means of maps — the work of Module 4. Lasd is an intermediate output, but is also itsedtiglized in
SIAT.

11
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A problem in assessing the impact of policies & tBuropean policies are often not formulated in
terms of the actions a member state should undgrkak of the targets it should achieve. It isap t
member states to decide how this will be done. iffgact depends, of course, on that decision.
That problem is solved, as is customary in impasteasment, by supposing a likely course of
action that member states will take, and then asseeffects. This assumes that all member states
will act in the same way — unless we have knowlgdgae contrary.

® Such knowledge on member-state policies is sonestiavailable, e.g. in CAPRI. In such cases, it @filtourse be
included in SENSOR. The digital policy informatisypstem set up in SENSOR will also be helpful iis fleispect.

12
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2.  Onthesdection of policy cases

Author: Tom Kuhlman

2.1. Criteriaof selection

Since the policy cases represent the full rangpality scenarios that can be assessed with the
SIAT toolbox, their selection has been an importantimark. For the same reason, the decision-
making process has been time-consuming. Once tbsi@e to translate policy scenarios into
policy cases had been made (Malta, September 2@@5Yhinking about identifying appropriate
cases began. At a meeting in Alice Holt, England;ebruary 2006, it was decided to build a total
of six policy cases. These cases would have to thedbllowing criteria:

(1) Taken together, the cases should cover all 6 scsrmuch as possible, cases should be
identified which cover more than one sector atreeti
(2) The cases should be interesting, in the senséhinat
o0 have a significant impact on land use;
0 are relevant to multifunctionality, and
0 relevant to sustainable development, preferablgyemg significant changes in all
three dimensions of sustainability as well as mdlase;
0 represent hot topics in the policy debate;
o are of long-term strategic significance, and
o realistic, i.e. within the mandate of EC policy.
(3) They should represent new policies, in the sense of
0 newly emerging issues;
o ideally, policies which the Commission will be de@ng in 2008 (the date when
SENSOR should deliver its end product);
0 not revisiting recent policy developments;
0 however, existing policy themes may be chosendéit reasonably be assumed that
they will be further developed beyond 2008.
(4) They should be tractable, i.e. the models usedENSOR should be capable of handling the
impact of the chosen policy.

The end user should have a say in the final selecti cases.

As for thetype of policy to be considered: new strategies in aryestage of the decision process,
such as White and Green Papers and thematic sésitage regarded as suitable for analysis in
SIAT; framework directives and regulations are lestevant. However, there is no formal

restriction on the type of policy.

2.2. Casesselected

The following cases were identified based on thevalzriteria:

1. Bioenergy;

13



SENSOR deliverable

2. The 2012 financial reform of the EU budget, wipecific reference to the Common
Agricultural Policy (CAP);

3. Biodiversity policies, as related to the conaépn of nature areas, but also in relation to
agriculture, forestry, tourism, etc.;

4, The forest strategy;
5. European transportation policy;
6. Regional support, as presently contained irsthectural and cohesion funds.

The promotion of bioenergy is likely to be an imoit issue in European policy-making in the
years to come, as it has been for some time alrdesdproduction will affect land use, and both
production and consumption are likely to have apaat on many different aspects of sustainability
as assessed in SENSOR. Moreover, it affects sesecabrs simultaneously: agriculture, forestry,
energy and transport.

The CAP is the largest item on the budget of theofean Union. It is being reformed, but further
reforms may well have to be considered at the twrhen the next Financial Framework (the long-
term budget) will be on the agenda. That will be2012. The SENSOR policy case will examine
the major options for the CAP, as well as the optid reallocating the agriculture budget to
research & development, as was proposed by thenlZK Q6.

Biodiversity will continue to be a major issue foany years to come. The policy case will explore
several policies designed to ehance biodiversiighsas the protection of natural areas and
regulations of the agriculture and forestry sectors

There exists a European forest strategy, which asenof a framework within which different
actions are possible. In this policy case we exantite impact of policies for sustainable forest
management, bioenergy production from forests, gatitng climate change through forestry,
enhancing the protective role of forests, and pcody more wood and other forest products
(sustainably, of course).

Policies relating to transportation (promotion afbfic transport, road construction, etc.) have an
impact on multifunctional land use and on sustdlitgb Fiscal treatment, in particular, by
influencing the relative costs of different trangpmodes, will influence consumers’ choices. The
policy case studies the effects of these poligreparticular on spatial patterns in tourism.

Policies to reduce inequalities between regionsttagesecond largest source of expenditure in the
European Union. They are likely to have a signiftdanpact on land use, through their influence on
urbanization, infrstructure and economic developmelwever, the diversity of national policies
makes it impossible to analyze them under a Euvade-modelling framework. Hence, this case
unfortunately had to be dropped from the list.

Chapters 3 through 7 describe the five policy casgdemented in terms of the template proposed
in section 1.2. The bioenergy case (Chapter 3)sisudsed in most detail, whereas the others are
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more succinct. This is because, after the firssioarof this deliverable was produced in July 2006,
a new format for the other policy cases was decidexder to save time.
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3. The bioenergy case

Author: Tom Kuhlman

3.1 Introduction

Bioenergy has been chosen as a policy case because (@hiirigportant issue in EU policy and is

likely to remain so for some decades to come; i) groduction of bioenergy has a significant
impact on land use; (c) it cuts across severabsgcagriculture, forestry and energy — and pogsibl
nature as well, since bioenergy production may cgmpvith natural land. Finally, (d) through

existing instruments, impact assessments and aexgeliterature, it can provide a good basis for ex-
post validation of results.

Following the schedule outlined in section 1.2, wegin with a discussion of goals: the problems
which a bioenergy policy is supposed to help sg¢bextion 3.2). This leads to a consideration of
objectives, the concrete things which the policexpected to achieve. We do this by describing
policy initiatives already undertaken by the Eumpé&ommission. Some of these initiatives have
led to directives and regulations, and these aeetbre part of our baseline scenario. Others tare a
various stages in the policy process, which meleg tan serve as a basis for the policy scenarios
which our models will evaluate (3.3). In order t@pare for the modelling of these scenarios, we
must explore some of the technical characterigifcthe main bioenergy options. This is done in
section 3.4. The next section discusses to whanhekiofuels are likely to be imported rather than
produced within the EU, and what policies couldused to manipulated these proportions. Section
3.6 identifies the impacts the policy is likely lmve on sustainability, as a guideline for the
modelling exercise. The final section draws coriols from the preceding sections and identifies
the policy variables to be modelled into responsetions.

3.2. Goals
There are three concerns which are leading manytdes towards promoting the use of bioenergy:

1. The greenhouse effect: burning fossil fuels meatesasing carbon dioxide into the atmo-
sphere which causes a rise in temperature. Butnimigass also releases &®@ut in this
case the C@has first been absorbed from the atmosphere.

2. The looming exhaustion of petroleum and natural: gagplies are finite and non-
renewable, and will eventually become depleted.

3. Security: even while fossil fuels are still relaiy abundant, many countries are concerned
about the risks caused by dependency on an impoesaurce — especially where this
resource comes from potentially hostile or volatitrintries and must be transported over
long distances where transport routes are vulnertabdisruption.

Although the last two goals are closely relate@gytimay give rise to different policies and the
outcomes of these policies will be evaluated déifely according to which goal one is looking at.
For instance, husbanding one’s own fossil oil aasl deposits will help to provide security against

® Bioenergy is defined here as energy generated fimmass. This biomass can be produced specifiailythe
purpose of energy generation (crops), or it cara lweaste product from agricultural, livestock orefstry operations
(biogas, black liquor).
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disruption of transport routes, but will not postpothe day when all deposits will be depleted,;
conversely, importing bioethanol from Brazil wiklp with the second goal, but not with the third.

Sometimes yet other goals are mentioned as seryqublicies to promote bio-energy, such as
employment in rural areas, or new markets for fammducts. However, such potential positive
impacts should properly be considered as seconeffegts of bioenergy policies, not as their
rationale. After all, there are many other and fhgsnore advantageous ways to promote rural
economies. In SENSOR, therefore, these potenfedtsfwill be included in the impact assessment,
but they are not considered goals of energy paliagesuch.

3.3. Objectives: EU policieson bioener gy

On the basis of the above goals, concrete objecfivea bioenergy policy can be established. Such
objectives must be in line with existing EU polievhich is described in this section. The European
Union has supported renewable energy since thesl980first mostly by funding research to
promote technological progress. This support hdpeldeto make European companies major
players in the market for renewable-energy techmgloand promoting the growth and
competitiveness of industries related to renewalergy is an important collateral objective of
European energy policies.

More needed to be done in order to meet the gremsehgas emission targets of the Kyoto Protocol,
however, and in 1997 the Commission published at&aper on Renewable Sources of Energy
(EC 1997). This document gives an indicative tgrfmt both the then 15 member states and the
prospective new members, of doubling the overalaslof renewable energy in the EU from about
6% in 1995 to 12% by 2010. Table 1 shows how tuigdt is distributed over the various sources
of renewable energy.

Table 1. Targets for renewable energy by source, 2010, lihiomitonnes of oil equivalent (Mtoe),

EU-15
1995 2010 2004 (EU-25)
hydro-power 26.3 30.6 26.1
Wind 0.4 6.9 5.0
solar (panels) 0.3 4.0 0.6
solar (photovoltaic cells) 0.002 0.26 0.09
geothermal power 2.1 4.2 4.5
heat pumps 0.4 1.0 0.9
bio-energy (incl. municipal solid waste) 44.8 135.0 71.4
total renewables 74.3 182.0 108.8
total energy consumption 1366 1583 1747
share of renewables 5.4% 11.5% 6.2%

Source:EC 1997; 2004 figures: Eurostat & calculated froom@bservER 2005.

" The figures for 1995 refer to the EU-15; the quatitie targets and total energy projection for 20/&de also made
for the EU-15, but the percentage target for refdsvanergy is meant to include the 10 new mem@énis. table does
not include the share of other sources of renewatdegy, for instance tidal and wave energy. N@&sdbinclude what
the White Paper calls passive solar energy, satmpeating and cooling buildings due to betteuiaton and similar
innovations. These savings are projected at 35 ldbdeeen 1995 and 2010.
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We can see from the table that bioenergy is thersemost important source of renewable energy,
after hydro-power. Since the perspective for expanthe latter is limited (due to environmental
considerations which militate against large darhg);energy is set to become the most important,
accounting for three-quarters of the target figimeall renewables. It can also be seen that the
relatively slow progress in increasing the useiotbergy is the main reason why overall progress
is far below target. Wind power, photovoltaic celigothermal power and heat pumps are doing
quite well, but their contribution to overall engrgroduction is small. In hydro-power, there is
good progress on small plants, but they contribatg 9% to total capacity; and while that capacity
has increased, production of electricity from thiess declined. This underscores the importance of
bioenergy in the policy on renewables.

The White Paper outlines a number of measures wihielCommission would like to undertake.

These include fiscal incentives (also for investireemd research); but also regulating preferential
access of renewable energy to electricity netwostandardization of products; incorporating

renewable energy into existing programmes; andipuklations (networks of NGOs and local

authorities, conferences, awards).

This White Paper has become the basis for furticypinitiatives on the part of the European
Commission, including several directives (which bimeding on member states). These documents
can supply us with several targets, i.e. objectiveguantified form, relating to bioenergy. The
Biofuels Directive of 2003, for instance, specifiésmt 5.75% of all petrol and diesel should be
biofuels by 2010; and the Directive on Renewablecticity states that by 2010, 21% of all
electricity in the EU should be produced from reable sources — a large share of which will come
from bioenergy. The Biomass Action Plan (BAP) ofcBember 2005 (EC 2005) sets the target for
the use of biomass in 2010 at 150 Mtoe — more nmidtas the White Paper, considering that this
target is for the EU-25, not for the EU-15. Waysl aneans to promote the use of biomass for
heating and electricity generation as well asf@angport are discussed in this important document.

Summarizing this section, the principal objectivgbich the EC will attempt to achieve in
bioenergy are (1) quantitative targets for the propn of bioenergy in the three categories of
energy output (transport fuels, electricity and theé2) sustainability of production; and (3)
fostering a competitive bioenergy industry (alsa fexport purposes) through technology
development.

3.4. Policy instruments

The instruments which the Commission wishes to fadlewing the schedule of Figure 2, include:
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Table 2. Policy instruments for promoting bioenergy

Carrots Sticks Sermons Information Research Institutions
Reduction of | Compulsory | Work with | Set up networks for | On supply chain | Adapting regul-
excise duty for | percentage of NGOs and | communicating ations to
biofuels biofuel in local information in the remove barrierg
transport authorities | fields of technology, to bioenergy
fuels finance, and use
environment
Subsidy for Institute Organize On efficiency of | Standardization
energy crops awards conferences production and labelling of
products
Support to On reducing Trade agree-
investment negative environ- ments on bio-

mental effects fuels
(solid waste)

Promoting use
of surplus
forest growth
for bioenergy

Promoting use
and modern-
ization of dis-
trict heating

3.5. Technical aspects
3.5.1. Introduction

We may conceptualize bioenergy issues by distimgugsbetween the sources of bioenergy; the
forms in which it is delivered to consumers; and ttays in which the one is converted into the
other (Figure 4). The sources can be annual cropduping oilseeds for biodiesel or sugar for
ethanol (either directly as with sugarbeets orregatly through starch as in cereals); wood, either
surplus growth from permanent forests or dedicaladtations of fast-growing trees; and various
forms of organic waste: crop residues, wood wasia fforestry operations, manure from livestock
farming, and also sewage and solid waste from eesial area$. There are also the so-called

second-generation fuels: ethanol from cellulosegieisel from algae; hydrogen fuel made from
biomass; and transport fuel made by liquefying agg

8 Known as municipal solid waste (MSW). It is delégawhether this should be considered bio-energyehive do
because it consists at least partly of organic rizdte
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Figure 4. Overview of bioenergy options
Source:adapted from a schedule by S. Sieber

There are three basic forms in which energy isvdedd: as liquid fuel for transportation, as
electricity and in the form of heat for cookinglwating. So far, biofuels are used to substitute fo
petrol or diesel oil, not for kerosene (used iraien). Heat and electricity can be produced from a
wide variety of sources and processes, and theralso plants which produce both in combination.
The term district heating refers to communal hepphants, which are important particularly in
Central and Northern Europe. Biogas is treateddnré 4 as an intermediate product, which can be
compressed into liquid fuel, or used to generatetatity or heat.

In the conversion process, it is important alseadasider the by-products of bioenergy: several of
the waste products of producing biofuels are use@ramal feed, and the production of biogas
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produces fertilizer as a by-product. The producpioocess for biodiesel also leads to the production
of glycerine, which like the other products canypdarole in making the plant commercially viable.

Out of the possibilities shown in Figure 4, thddaling are considered most relevant for SENSOR:

* Dbiodiesel made from oilseeds;

» ethanol made from starch, sugar or cellulose;

* biogas made from animal manure, crops or agricilinaste; and
» the role of forestry in bioelectricity and bioheat.

These are discussed in the following subsectioablel'3 shows their importance at present. It can
be seen that municipal solid waste (MSW) is alsoimportant source of energy, but it is not
considered in SENSOR because its influence ondaeds small.

Table 3. Major forms of bioenergy (Mtoe)

Form of energy 1995 2004
Biodiesel 0.15 1.7
Ethanol 0.05 0.3
Biogas 1.3 3.7
Wood 43.1 56.4
MSW 5.3 9.3
Total 49.9 71.4

Source:Eurostat, European Commission (DG-TREN)
3.5.2. Biodiesel from crops

As Table 3 shows, biodiesel is by far the most irtgo@ biofuel in the EU. Its use is rising rapidly,
although the 2004 figure still represents only 0.@%ctotal diesel consumption. In 2005, total
production of biodiesel was 3.2 million tonnes (FlGcht 2006), equivalent to 2.75 Mtoe. The
Rabobank (2005:18) expects that biodiesel consomptill rise to 4.4 Mtoe by 2010, or 2.6% of
the total. The EU is the main producer and conswhbiodiesel in the world.

Many different oil crops - as well as animal fatelaised cooking oil - can be used as a basis for
biodiesel. It is also possible to produce biodiekem wood, using gas as an intermediate
(http://www.choren.com/en/biomass_to_energy/sundipseduction). The main source in Europe,
however, is rapeseed, which is the feedstock fdnggues 90% of all biodiesel (Rabobank 2005:18).
It is grown mainly in Germany and France with tvinirds of total rapeseed production between
them; significant quantities are produced alsdh&nWK, Poland, the Czech Republic and Denmark.
In 2000-2003, about 4 m ha of rapeseed were grawthe EU-25, producing 11 m tonnes of
rapeseed per year (Eurostat). The production adsegd oil is estimated at 4.2 m tonnes, of which
about 1.3 m is used for biodiesel (Rabobank 2005)2th the fast growth in biodiesel demand,
there is strong competition in demand for rapes#idoketween the food industry and the fuel sector;
this has already led to a rise in price of rapesgleds a vegetable oil it was traditionally cheam
comparable to soybean oil, but its market price fgen significantly and is now similar to the
more high-grade sunflower oil. It is clear thatremsed production of biofuels based on crops
which are also food crops will cause a rise in fpades.
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Sunflower oil is also of some importance (notablytaly and Spain), but as mentioned above it is a
more high-grade oil and therefore more suitablectmrsumption. Other oils are used only in small
guantities: soybean oil (mostly imported) and palmThe latter in particular is much cheaper, but
its use in biodiesel is limited at present becafdbe official EU standard for biodiesel (known as
EN14214). This document does not actually prohtbh#é use of other oils; but because the
specifications are based on rapeseed, investmdd&i would be needed to certify other oils. In
view of the rising demand for biodiesel, it is pably safe to assume that such investments will be
made and the proportion of other oils will rise,ufp to 50%. It is also possible that the European
Commission will prepare an amended version of EN44#¥hich would provide an impetus to the
biodiesel industry. Animal fats and used frying are presently used only on a small scale as
feedstock for biodiesel, but this may well increas¢he coming decades, in line with the use of
other alternatives for rapeseed.

The conversion of rapeseed into oil involves cmighaind refining. The former yields rapeseed
meal as a by-product, which is used as animal fedlatter results in the production of glycerine,
which is used in the pharmaceutical, cosmetic amdl findustries. Table 4 shows the principal
conversion rates from hectares to energy, for efr@mwell as biodiesel

Table 4.  Biofuel conversion rates

Agricultural | Annual Predicted annugl Oil/ethanol Energy Energy
yield  per| increase in increase in fue| yield per| yield per| yield
hectare in| crop yield| yield from crop| tonne of crop tonne  of| per
2004 1995-2004| 2010-2020 (%§ | produce () | fuel (toe) | hectare
(tonnes) (%) (toe)

Biodiesel from 3.1 15 0.48 0.38 0.86 1.0

rapeseed

Biodiesel from 1.8 1.5 0.49 0.38 0.86 0.6

sunflower

Ethanol from 6 0.8 0.48 0.27 0.61 1.0

common wheat

Ethanol from 59.7 2.0 0.49 0.09 0.61 3.1

sugar beet

Ethanol from 15 - 0.49 0.27 0.61 2.5

lignocellulose

short-rotation 12 - - 0.34 0.61 2.6

trees

perennial grasses 6-20 - - 0.34 0.61| 1.3-4.2

Source: (crop yielddturostatconversion ratesyarious sourced-igures are indicative only.

Biodiesel is currently blended with petroleum-baggbkoil in a proportion of 5%, which is
approved by the automobile industry. However, waitimor adaptation it is possible to run engines
at 100% biodiesel. The demand for biodiesel islyike rise not only as a result of the biofuels
policy, but also because the proportion of diessigred cars is increasing and because freight
transport by road (by diesel-powered lorries) iswgng faster than passenger transport: from 54%
in terms of tonnes of oil equivalents in 2004 t&®® 2010 (Rabobank 2005:13).

% Calculated from Broekt al. 2003, Hamelinck 2004.
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3.5.3. Ethanol from crops

Ethanol is conventionally manufactured by fermegsngar and then distilling the result. The sugar
can be obtained either from milling a crop suchsagar beet or indirectly by using enzymes to
convert starch into sug&t.For this latter case, cereals (mostly wheat anitehare particularly
suitable. This is the way that ethanol has beenufaatured up to now, but it has some major
disadvantages:

» Its production cost is quite high; even with cutrbigh oil prices, domestically produced
ethanol cannot compete with petrol (although imgabethanol can);

* It competes with food production;

» Its production requires high inputs of energy ie tbrm of fertilizer, agricultural machinery,
transport and distilling. This greatly limits itdtimate effect on reducing greenhouse gas
emissions.

Ethanol produced from cellulose (one of the magcosd-generation fuels) offers much more
promise in these respects: the feedstock can beegstable material containing fibre, such as crop
waste, grass or wood. These are much cheaper doiggdhan starch or sugar crops, and they are
also more efficient in terms of the amount of egetftey generate relative to the amount spent on
their production. The technology for producing gkse-based ethanol already exists, although it is
not yet commercially viable. Major efforts to ackeethis are well advanced, however. Although at
present the production cost of cellulose ethanainoa yet be given which makes economic
modelling somewhat difficult, it is essential ftwetrelevance of SENSOR that this be done, for this
second-generation fuel is likely to make converaldnofuels obsolete before 2025, and because its
impact on land use and sustainability may be vanyd — and predictable.

The crops that can be used for lignocelluloseifath two groups, namely woody (short-rotation
trees such as poplar, willow, black locust or eygils) and herbaceous (grasses such as
miscanthus, switchgrass or cereals including theaast It is expected that ethanol based on these
crops will lead to a reduction of 80-90% in greamb®gas emissions as compared to petrol; for
sugar- and starch-based crops, the reductionimmasd at only 20% (OECD 2006:17).

The fuel ethanol industry competes not only witle thod uses of sugar and cereals, but also with
the alternative uses of alcohol. At present ab&@b ®f ethanol presently produced in the EU-25 is
used for fuel. The total production of fuel ethamo2005 was 750,000 tonnes, or 458,000 tonnes of
oil equivalent (F.O. Licht 2006). Spain and Framace the major producers (Rabobank 2005:36).
Both production and processing capacity are ri¢asg, and the Rabobank projects that the EU-25
will consume 3.1 Mtoe of fuel ethanol by 2016id.:14).

Fermenting and distilling ethanol cost energy, \wHimits its competitiveness with petrol. Refining
crude oil into petrol also costs energy, but teiemly a loss of about 16%; in ethanol from starch,
the loss is 62%, although in fibre-based ethanad iteduced to 46%. Ethanol production from
cereals also produces a by-product suitable fomalnfeed, called distillers’ dried grains with
solubles (DDGS).

19 wine surpluses, for instance, are also convertmldthanol for fuel. 6.4 million hl were earmarked this in 2006
(International Herald Tribuneof 8 June 2006). This would add some 350,000 toohas! equivalent to bioenergy
production — a very sizeable amount.
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Ethanol is usually blended with petrol in ETBE (gttertiary butyl ether). This is a chemical which
contains 50% ethanol and is blended with petr@ proportion of 5% - which means an effective
proportion of ethanol of 2.5%. It can also be bkshdvith petrol directly, and in this process a
proportion of 5% ethanol can be achieved. Howetés,blend cannot be transported in the regular
pipelines: it must be trucked to fuel depots amuest in special tanks. Most blending is therefore
done with ETBE, which can be blended at the rejinBetrol engines can in principle be adapted to
run wholly on ethanol, but this is not presentlyydan Europe.

3.5.4. Biogas from animal manure, crops and crogte/a

Biogas is a mixture of methane (QHCO, and small quantities of other gases, producechby t
anaerobic digestion of organic matter. It is pralby bacteria in swamps and animal intestines,
and can be obtained for generating energy frontyaks of organic waste - including animal
manure, vegetable matter, sewage and landfillsofwhbobntinuously exude methane and @
may even be worthwhile to grow crops specificatlyptoduce biogas.

Table 5 gives an idea of the potential of the nagjricultural sources of biogas. In SENSOR, it is
these sources that we shall be dealing with becatigeeir relevance to land use, although the
potential of biogas from urban waste (landfills as®lvage) is probably larger than that from
agricultural wastes (Braun 2005). It can be sedmnvcomparing with Table 4, that the biogas
potential from crop waste such as sugar beet leagtds about one third to that gained by making
ethanol out of the beet; and that more energy neagained from turning cereals into biogas (with
the straw) than from using the starch alone to netkanol. Moreover, biogas can play a role in
multiple-cropping systems, where one of the cropa rotation cycle can be used specifically for
producing biogas.

Table 5. Biogas potential of different feedstocks

Animal manure wet manure per biogas yield per | energy yield per | energy yield per
animal per year wet kg (m3 of 1000 m3 (toe) 1000 animals per
(kg) methane) year (toe)

cattle (under zero- 1,200 0.03 0.52 18.5

grazing conditions)

pigs 990 0.02-0.04 0.52 10.2-20.4

poultry 31 0.08 0.52 1.3

Vegetable material | dry matter per methane yield per | energy yield per | energy yield per ha|
hectare per year | dry kg (m3) 1000 m3 (toe) per year (toe)
(tonnes)

sugar-beet leaves 7.5 0.32 0.52 1.2

maize (incl. straw) 12 0.29 0.52 1.8

Source:calculated from various sources. Figures are itishea@nly.

The largest producers at present are the UK andh&wr, with respectively 1.5 and 1.3 Mtoe in
2004 (EurObservER 2005). Smaller quantities arelyred in Spain, France and ltaly; together
these five countries account for 84% of all biogagthe EU. Growth in biogas production (see
Table 3) has been below the rate required to ftti@ 2010 target of 15 Mtoe. However, it is
expected that further improvements in technology fead to much larger quantities of biogas over
the next two decades (EEA 2006:26).
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Biogas is produced in a digester, which requiretenor its operation. This makes it less suitable
for areas with a water shortage. The productiorcgss leaves a residue called digestate, which can
be used as a nitrogen-rich fertilizer. Thus, evennutrients used in growing crops for biogas are
partially returned to the land. A problem with thisocess is that it may run against regulations
restricting the application of nutrients to thel soi

Biogas can be used in the same way as naturabga$or some applications (for instance when
entering into gas pipelines) it needs to be putifenly the methane fraction is useful as fuel.eLik
natural gas, it can also be compressed to be wséduad fuel in vehicles. It is most suitable for
producing heat, but actually most of the gas igldse generating electricity. The joint production
of heat and electricity is an efficient way of izithg biogas potential.

3.5.5. Forestry and bioenergy

As Table 3 shows, wood is at present by far thgelstrsource of bioenergy — as it has been of tens
of thousands of years. As a matter of fact, wooergnis of relatively little importance in most of
Europe (except in heavily forested regions), comgaio most developing countries. There are
many ways in which wood and wood waste can be asedsource of energy:

* Green wood used to make charcoal (a major actimitpnany poor countries, but of little
importance in the EU);

* Wood taken from forests for direct domestic use@kaay and heating);

» Waste from forest harvesting operations (tree tbpanches, etc.), which can be used as a
biomass fuel,

* Waste from wood-processing operations (chips amedsst, and black liquor from pulp
processing), used for electricity generation witiiose operations or at a short distance;

* Wood waste processed into pellets to be shippexbksre for use as solid fuel; they are
particularly useful in that they allow wood prodsitd be transported over longer distances,
and used in a variety of incinerators.

» Surplus growth in forests, harvested as a biomasg$o-called complementary fellings);

» Short-rotation forest plantations grown specificals biomass fuel;

» Biodiesel produced from wood via gas (see sectié2B may become an important new
source of energy from forestry.

Out of these possibilities, we shall consider m 8ENSOR policy case complementary fellings and
wood waste from harvesting, whether used direatlgrocessed into chips or pellets. Short-rotation
plantations are here considered as agricultural lese (see section 3.5.3).

The biomass fuel can be solid (wood or woodchipspmcessed into pellets), liquid (ligno-
cellulose ethanol) or gaseous. Since liquid fual$ laiogas are discussed in previous sections, this
section is mainly concerned with the generatiohezt and electricity from forest products. Table 6
shows conversion rates from feedstock into enavgynfajor wood products.
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Table 6. Conversion rates for wood into energy

Type of conversion yield in odt/halyr | % of energy needeflenergy yield | in toe/ha
for conversioff in GJ/odt

wood pellets into heat 12 27% 14.5 3.9

wood residue into heat (per 1000 m?3) 9.0 -

wood into electricity’ 12 72% 5.5 1.5

wood into ethanol 12 46% 3.3 0.9

wood into biogas 12 - 6.9 1.9

Source various. Figures are indicative only.

The final use can be as transport fuel (ethanaoonpressed biogas), heat or electricity (whether
alone or co-fired with other fuels such as coaBatiat a household or district scale is probalily st
the major use, but electricity is important too2B04, the capacity of wood-fired power stations in
the EU was 7,800 MW, about 1% of total generatiagacity. This represents an increase of 70%
compared to 1995 (Eurostat). The increase of enprgguction from wood in general is more
modest: 31% over the same period (Table 3).

The largest producers of wood energy in absoluteime are France, Sweden, Finland and
Germany; however, in relation to its size Austigaalso a major producer. Spain, Poland and
Portugal also produce large quantities of wood ggn@eurObservER 2005).

3.6. Domestic production or imports?

The policy options chosen in any bioenergy poliglf determine to what extent the feedstock will
be produced within the EU and to what extent it i imported. Our models will have to simulate
these consequences. The policy instruments thatbeansed in the policy case are limited by
existing policies in other areas. In the case otbergy, the most relevant of these are in thd fiel
of international trade. We must base ourselvedierassumption that existing trade agreements will
be adhered to, unless there are strong indicatibat these agreements will be changed. In
particular, the commitments made by the EU on redumarket-distorting agricultural subsidies in
the Uruguay round of world trade negotiations wdlve to be kept. In the present Doha round,
there is strong pressure on the EU and other mehtcies to further reduce agricultural support,
and current restrictions on such support are likelge tightened further if anything.

So what are these restrictions? The Agreement aicélture, which is part of the Uruguay Round,
groups protection measures into three so-callddrgil domestic support (production subsidies);
market access (tariffs, quota and the like); ambebsubsidies. The first pillar is further subdied
into three ‘boxes’:

1 Odt: oven-dried tonnes. Yields can vary widelynir 1.5 odt/ha/yr upwards. The figure in the tabléased on
expectations of willow coppicing in the UK (Beale@Brien 2000). The figure for ethanol from woodnist directly
comparable to the figures in Table 4: in that tatie, energy cost of fermenting and distilling ig mcluded in the
final yield per hectare.

2 For wood pellets into heat: energy needed forefiehition; for pellets into electricity: pelletizan plus the loss of
converting heat into electricity (66%); for wooddrethanol: net of the energy spent in fermenting distilling; and
for wood into biogas there is no net loss, sineediitput of the digester is already net of anygnérst in the process.
13t is also possible to pelletize wood first andrituse it to generate electricity. In that case ldss of energy is 75%,
and the final energy yield 5.0 GJ/ha (or 1.4 toe).
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» the amber box, which includes direct subsidiesgicaltural products;

» the blue box, which includes subsidies coupledrtmpction restrictions, for instance milk
quota;

» the green box, in which are support measures teategarded as not strongly distorting the
market, such as farm payments decoupled from ptimihy¢

Subsidies for producing bioenergy crops can onlyufader the amber box. In the Uruguay round it
was agreed that the OECD countries (which inclbeeBU) will limit the total amount of subsidies
in this box to a maximum of 5% of total agricultupaoduction. This virtually excludes any scope
for subsidizing oilseed, sugar or starch cropsfoenergy. It is a little different for low-valueaps
(miscanthus, eucalyptus and the like), which arékely to be traded over large distances.
However, if they are used to produce ethanol, tieeroduct will compete with imported ethanol;
this importation is governed by the market accekar pwhich means there are limitations on the
extent to which domestic production can be shieldeh foreign competition. The only subsidies
permitted are those already existing: a premiuré 46/ha, tied to a maximum of 1.5 m ha, which
falls in the blue box; and the implicit subsidy tained in the permission to grow energy crops on
set-aside land, to a maximum of 1 m ha, which lg=do the green box.

This means that promoting bioenergy will lead t@eatain amount of additional imports. Yet,
Europe does have some leeway in steering the egfehese imports. As concerns the biodiesel
sector, the EU is competitive for rapeseed oil, rtiegor feedstock. There are no import tariffs on
vegetable oil, so in principle there is considegattope for using imported oils in the future. The
main barrier to this actually happening is the aefioentioned standard EN14214, which makes it
difficult to use oils other than rapeseed. If teiandard were modified to enable other oils to be
used, this would probably lead to the rapid adaptibpalm oil as a major component of biodiesel
— perhaps up to 40%. Palm oil is much cheaper ria@seed oil.

For ethanol the situation is different. WhereasEkkis the world’s largest producer of biodiesel, i
is a much smaller player in ethanol. Total produtif fuel ethanol in Brazil was nearly 8 Mtoe in
2005, and in the USA it was almost 9 Mtoe, compaoe@d.5 Mtoe in the EU-25 (F.O. Licht 2006).
The EU is a large net importer of ethanol, withatamports (for both fuel and other purposes), of
445,000 tonnes — as compared to domestic productidhl million tonnesibid.). Ethanol is
heavily protected, with import duties of € 10.24fl denatured alcohol (i.e. made unsuitable for
human consumption) and € 19.2 for undenatured alcatthough a large part of actual imports are
from countries which can export duty-free to the @C 2005:32-33). Imported bioethanol can be
up to 25% cheaper than local production, so withatitfs the European ethanol industry probably
would not exist. The EU is able to steer the externwhich it wants to encourage local production
vis-a-vis imports by reducing import tariffs; armd limited extent it could also increase them, by
reducing access to preferential tariffs. Raisingfsaacross the board would, however, run afoul of
the Agreement on Agriculture and attract heavy [tisafrom the WTO and trading partners.

Naturally, the options of domestic production orports would have large consequences for
sustainability impact, as will be described in tiext section. Therefore, these options have to be
included in the SENSOR policy scenarios. We proposéngle policy variable for the degree of

14 Actually, direct income support (such as decreedhe 2003 CAP reform) does also affect market itimm,
because it reduces the downside risk of being #inless: European farmers are able to produce mespbhand carry
larger risks because part of their income is ayeadranteed.
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protection, consisting of two components: in bigedie the technical standard maintaining rapeseed
as the main feedstock; and in ethanol, the impoitft As a policy variable, these would vary
jointly. According to the Biomass Action Plan, reviv@ all present restrictions (the standard for
biodiesel and import duties on bioethanol) woulabl¢o all ethanol and 50% of biodiesel feedstock
being imported — which at a proportion of 56% diesel 44% petrol would mean 72% of the raw
material for biofuels (EC 2005:39).

3.7. Bioenergy and sustainability

In this section we attempt to identify the prindigapacts which bioenergy policies may have with
regard to sustainability. We are concerned onlyhwdentifying them as a guideline to the
modelling exercise. Quantification of these impast®f course, the task of the models themselves.

First of all, we must consider the impact lamd use and in particular multifunctional land use,
which is after all a central concept in SENSORtHe case of oilseed, sugar and starch crops for
liquid biofuels, their cultivation would lead to axpansion of arable land as compared to the
baseline scenarios. This does not necessarily meaexpansion as compared to the present
situation, but rather a lower rate of abandonmdnarable land. In many countries there are
restrictions on converting grassland, forest omratland to arable, which are reinforced by
international agreements such as the Kyoto prot@it@se conversions usually involve loss of
organic carbon in the soil); hence, any arable lasdd for annual bioenergy crops such as
rapeseed, sugarbeets or maize will be at the egpeitiser of food crops or will involve the
conversion of fallow into arable land. There isoadsn EU-wide restriction (under the Blair House
Agreement with the United States), that no mora thamillion hectares of set-aside land may be
cultivated for biodiesel crops. Finally, there is a restriction that lands for ahidirect farm
payments are made may not grow crops which wenaddy protected; this affects sugar and
starch crops, but not rapeseed.

Crops grown for cellulose-based ethanol (i.e. Bpreill most often be classified as either perehnia
(short-rotation trees) or as arable (grasses ahner atrops). It is unlikely that grasses grown as
biofuel feedstock would be classified as grasslasidce the aforementioned restrictions on
conversion of pasture would preclude farmers froianging to other crops.

For biogas production, two types of areas are densd the most suitable:

1. areas with sizeable intensive livestock producmgs, poultry, zero-grazing dairy and calf-
fattening), providing sufficient animal manure agdstock; crop waste from nearby arable
agriculture may be used as supplementary feedstock.

2. areas with potential for fibre-crops (miscanthastfgrowing trees) as well as being within
easy reach of manure sources for supplementargtaed

The first type has no impact on land use, but tiygaict on sustainability will be significant. Apart
from producing renewable energy, the environmemahct of intensive livestock will be reduced.
Consideration has to be given to the impact of yapglthe digestate as fertilizer on the one hand
and, on the other, to the removal of crop wastpg@ally in relation to erosion and organic carbon

1> Most of this area is already used for rapesed@® f ha according to a press release from the Earogommission
(MEMO/06/65 of 8 February 2006). This means thataeimg the Blair House restriction would have a majopact
on biodiesel production potential in the EU.
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content of the soil). As regards the second typprofluction area, here there is an obvious impact
on land use. As in the case of fibre crops for mtharoduction, this land use may substitute for
pasture or forest, but there is a difference iatr@h to world trade: since these low-value crops
themselves are unlikely to be traded over largéadces, and since the domestic production of
biogas is not covered by world trade agreementsi)libe possible to subsidize production of these
crops if they are used for biogas.

Bioenergy from forests has no direct influence amdl use, since dedicated plantations are treated
as agricultural land (see above). However, it caveha large impact ornvironmental
sustainability. Complementary fellings and the removal of wastama lower volume of dead-
wood, which is one of our indicators for biodivéysiBiomass removal can have environmental
benefits where there is an excess of nitrogen,vamete removal of deadwood reduces the risk of
fire (EEA 2006:40); but a reduction of food supplgr organisms remains an inevitable
consequence. EEA has assessed the potential fat emergy for the EU (minus Greece, Cyprus,
Luxembourg and Malta). This potential is currergstimated at 24.1 Mtoe, which is expected to
increase to 26.8 Mtoe by 2020. However, the enwiramtally sustainable potential in 2020 is only
15.9 Mtoe (bid.:42).

The production of dedicated bioenergy crops alsorhajor impacts on sustainability, which need
to be considered in SENSOR:

* The energy cost of producing the crops: the fuehsm cultivating and harvesting, and the
energy contained in the fertilizer; as mentionedvab the net reduction of greenhouse-gas
emissions for conventional ethanol may be 20%,oalgh estimates vary widely. For
biodiesel it is thought to be 50% (OECD 2006:17).

* The impact of fertilizer application for biofuelaps on emissions of X (laughing gas).
N>O is about 300 times as potent a greenhouse da®asnd just replacing the nitrogen in
the soil which is taken out with biomass will havatrong effect on greenhouse emissions.
Crutzenet al. (2007) suggest that this effect will be largemtliae saving in emissions from
burning fossil fuels, except perhaps in ethanolenffaom sugar cane. Particularly high is the
rate of NO emissions from rapeseed.

» Water used for producing the crops.

* Producing these crops on a large scale may le&dttteer intensification, with the familiar
consequences of eutrophication, erosfospil compaction, and reduced biodiversity —
unless compensatory measures are taken. Theseeshailigalso affect the landscape.

» Possibly lower air pollution from bioenergy, espdlgi as regards NOx and particulates.

The EEA study quoted above estimated that it waxelgbossible to sustainably allocate 18 million
hectares for bioenergy crops by 208%d. 22). According to the figures in Tables 4-6, thisuld
mean a potential gross energy production of betvi@eand 76 Mtoe, depending on the technology
chosen. However, EEA presents a much more optonedtimate, based on second-generation
bioenergy technology, an expansion of arable lamd lagher yields: 120 Mtoe in 2025, which
would be equivalent to about 6% of total energystwnption by that time. All of this is based on
lignocellulose crops, of which most will be usedgenerate heat and electricity directly, with
biogas as the second most important product arehetloccupying the third place. With crops

16 Although rapeseed tends to reduce erosion, beazfupeoviding dense soil cover (Dr John Boardmaerspnal
communication, April 2007).
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dedicated to conventional liquid biofuels, a maikely energy output would be 18-63 Mtoe —
depending on the biodiesel-ethanol mix.

These sustainability effects do not apply to biogpefrom waste streams, such as biogas from
animal manure plus crop wastes. The potential fos {in line with the requirements of
environmental sustainability) in 2025 is estimabgdEEA at about 25 Mtoe for crop waste and 18
Mtoe for animal manure (EEA 2006:48).

We also need to consider impacts other than tHusteare the consequence of land-use and land-
cover change within Europe. Prominent among these¢he consequences of importing biofuel or
its feedstock from other countries. This can haeaeficial income and employment effects on
middle-income countries such as Malaysia (palmanil Brazil (ethanol). However, we must also
consider that the expansion of arable land needesatisfy European demand may go at the
expense of tropical forests, with consequencesbfodiversity and greenhouse-gas emissions.
These need to be taken into account under theargiéndicators.

Concerning theeconomic dimension of sustainability, the major questioms él) under what
conditions the EU will be able to produce the bergy described above; and (2) what the
consequences of biofuel production will be for comdlity markets. As stated above, the answers
can be given only for the first-generation fuelsgantly being produced. Table 7 shows production
costs of major liquid biofuels in the EU-15 in 20@bmpared with fossil fuel prices net of tax. In
evaluating these figures we must consider (a)ftssil fuel prices have risen some 90% in the last
two years; (b) that production costs of biofuels decreasing; (c) that the cost of sugar will ahecli
with the reform of the EU sugar regime decidedyesrl2006; and (d) that the production cost of
some agricultural feedstocks is likely to declinettier with the accession of the ten new member
states in 2004. In Poland, for instance, the cbstlmnol based on maize is 25% lower than in the
EU-15 (OECD 2006:11). At the oil price in mid-2006$ 72 per barrel, ethanol from maize can
compete with petrol, but ethanol from other whead augar beet cannot, and Brazilian ethanol is
much cheaper. Biodiesel may soon be competitive, @rtainly will be if it is blended with
cheaper imported oils.

Table 7. The competitiveness of biofuels (in US$)

Fuel Price per litre (EU-15,Corrected for energyCrude oil price at
2004) equivalent of fossil fuel | which  biofuel s

competitive in 2004
($/barrel)

Biodiesel 0.607 0.69 90

Ethanol from sugar beet 0.560 0.84 95

Ethanol from wheat 0.573 0.89 98

Ethanol from maize 0.448 0.69 72

Ethanol from Brazil 0.219 0.34 29

Petrol 0.311 0.31 (actual price, 2004) B9

Diesel 0.301 0.28

Source:OECD 2006:11-12. Fossil fuel prices are excludaxges, industry margin and distribution
costs.
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The OECD has calculated the impact of large ina@®a&é biofuel production, such as contained in
the policy targets of the EU Biofuels Directive, tile market for agricultural products. The
conclusion is that by 2014, 49% of oilseed produttil 7% of sugarbeets, and 9% of cereals will be
used for biofuel®p. cit:25). This would lead to a large decrease of wlka&pbrts and an increase
of imports of vegetable oils. Since similar thingsuld happen in other OECD countries (notably
the United States and Canada), the prices of tmsenodities on the world market would increase
substantially, compared with the scenario with tamsbiofuel production: prices for vegetable oils
would rise by 15%, that of wheat by 4% and thaswdar by a whopping 60%b{d.:26).*" These
higher prices will also make it more difficult telaeve the targets, because biofuel will be more
expensive. The livestock sector will show modeatee rises® The impact will be very different
when second-generation biofuels come on streame thidl be less effect on produce markets.

The economics of biogas and forest biomass haveetadbeen examined. Biogas produced from
waste may also have an impact on agricultural codityonarkets (by making the crops producing
the waste more attractive as compared to competiogs), and therewith on land use. Forest
biomass from waste or complementary fellings, haweis not thought to have an effect on the
price of timber.

There is little we can say at this point social sustainability, most indicators for which are
derived from the economic ones. The most importaat is employment. According to the recent
Green Paper on Energy of the European Commisdienienewable-energy business in the EU is
currently worth 300,000 jobs (EC 2006:11). Certaitle decrease of agricultural employment will
be slower than under the baseline scenarios.

3.8. Conclusions:. policy variables

The targets of the 1997 White Paper on renewaldeggrare set for 2010, so the policy will need to
be reviewed before that time. The 2003 BiofuelseBlive (Art. 4) specifies that a progress report
has to be presented by the end of 2006 and agd#ie &nd of 2008. Therefore, an instrument that
can assess the sustainability impact of such aypuwlill be timely.

In these policy documents, targets are usuallytsdte achieved by a certain year, such as 12%
renewable energy or 5.75% biofuels by 2010. A bletsarget for renewable energy for 2025 could
be 25%, i.e. a doubling of the 2010 target. Biognevould probably have to make up 15-18% of
total energy use, which amounts to a demand of330Mtoe (four to five times the current level).
However, such targets cannot be used as the lmasisoidelling. Instead, we must imagine policies
which will achieve them, and examine whaeir impact will be. These policies are typically
decided at national level and may differ from ooardry to another.

For liquid biofuels in road transport, two diffetgolicies are currently followed by member states
to achieve the 2010 target:

* lower taxes on biofuel as compared to fossil foeleven no tax at all (as in Sweden and
until recently in Germany);

Y This is assuming lower oil prices in the futurethé oil price remains at it current high levele impact of rising
agricultural prices will be more pronounced — bigiduction costs will be higher too.

¥ Important fodder crops such as maize will becorneenexpensive, although products such as rapesealwiil
become cheaper. The price of butter will rise beeducan substitute for vegetable oil.
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* amandatory percentage of biofuel in fuels marketed (e.g. France and Austria).

These policies will have different effects on vasoaspects of sustainability. Tax exemption is
most commonly used up to now, but it has two drakba

Firstly, there is a risk of overcompensation: theeraption should compensate only for the
difference in cost price between fossil fuel ané thost competitive biofuel. Setting the tax
reduction too high would bring inefficient produseMoreover, with fluctuating oil prices the
exemption must also be adjusted constantly.

Biofuel production requires major investments, dag exemptions can be granted only for a
maximum of six years, according to the EU Energyafian Directive. This provides insufficient
investor certainty (EC 2005:30).

Biofuel obligations avoid these drawbacks: theyidvarge state payments and reward efficient
production of biofuels. It is proposed to use b&fabligations as our first policy variable for the
bioenergy case. Apart from being more efficienpractice, they also allow a direct link between
EU policy targets and their implementation at nadidevel. Which of the two solutions is chosen
would make little difference to land use, but ittAdbhave an impact on public finance.

So far, policies on biofuels have only considetsase used in road transport. Aviation is another
important user of fossil fuel, and moreover growirggy rapidly. The quality requirement is very
high, which is one reason why biofuels have notbgxn incorporated in aviation fuel. Another is
that this fuel is not subject to excise dutiesfasoexemption would have no impact. For the more
distant future (beyond 2010), it is likely that toiel would play some part in aviation also, and a
target percentage will be incorporated into ourigyokcenarios. The same can be done for sea
transport, although its share of total fuel constiompis much smaller.

Direct subsidies to farmers for producing biofue¢dstocks do exist, as described above (section
3.3). They are, therefore, part of the baselinenage which includes the impact of existing
policies. Since international trade agreements wkkely to permit the expansion of such
subsidies, they will not be considered in our polscenarios. In forestry, on the other hand,
subsidies are very well possible, as long as theyerc only products which are not traded
internationally. They could be used, for instartoestimulate the use of pre-commercial thinnings
for bioenergy.

The second variable will be the promotion of andbssdy for research and development in
bioenergy. This is likely to increase the efficignwith which bioenergy can be produced and
therefore reduce its cost. This will affect the wension rates between land and energy (i.e. crop
yields and the processing of crops into energyhSumpport will cover not only liquid biofuels, but
all forms of bioenergy.

The third variable will be concerned with promotisgecifically theproduction of heat and
electricity from biomass. As can be seen in Figure 4, these forms of biggneostly come from
biogas and wood (including black liquor). This imbbs:

* Subsidies/tax exemptions for the production of b&g
e Support for forest owners for the production ofdnmergy;
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» Subsidies for constructing biogas pipelines linkiognatural gas lines;
» Subsidies for installing district heating systemmsning on bioenergy;
» Tax discounts for boilers capable of using biomass;

» Tax exemptions for electricity based on biomass.

The variable itself will be expressed as the tatabunt of fiscal subsidies available for the above
measures. It is assumed to be complemented bydigismeasures promoting access of biomass
suppliers to energy networks. Such a package ofunea will lead to an increase of the production
of biogas and of biomass for energy in forestrys firoposed to distribute the funds over the above
activities as follows:

* Biogasproduction 30%

» Biogas pipes 5%
e Forestry 25%
e District heating 10%
* Boilers 10%
* Electricity 15%

The final policy variable will be concerned withetlextent to which bioenergy feedstock (i.e. the
raw material) and liquid fuels will be produced it the EU or imported. Policies covered under
this variable aremport duties on ethanol and restrictions on biodiesel feedstocks. These two
types of products are at present the only formsiaénergy imported into the EU. It is theoretically
possible to import biomass-based electricity, fuad and biogas from other countries. We shall
assume that the policy variable covers these aptidsn. Although in practice it would be difficult
to increase protection beyond its current exteetshall model the consequences of full protection,
i.e. all bioenergy produced within the EU.

Thus, we propose four policy variables, as conthineTable 8. For each of them minimum and
maximum values for the policy options are stateztwieen which SIAT can operate. For the first
variable, the minimum is the existing target foO2qwhich has not been achieved). For 2015, it is
estimated that 58% of all road transport fuels Wil diesel and 42% petrol. For 2025, these
percentages will be 61% and 39% respectively, lowt fuel for shipping (mostly diesel) and for
aviation (kerosene) will be included. As for theximaum, the Biofuels Directive mentions a target
of 20% for 2020, for road transport alone; 25% ddirtransport sectors by 2025 is an extremely
ambitious target and therefore an appropriate maximalue for the policy variable.

The minimum value for the second and third varigbteeans no additional funds beyond what is
allocated under current policies. The maximum vddueboth together is equivalent to 0.1% of the
EU’s GDP in 2004, or 0.3% of all public expendituiteis comparable to what is now spent on the
EU’s rural development programmes, which appearket@an appropriate maximum amount for
what could be spent on bio-energy research andosufapbio-energy other than liquid fuels. As for

the fourth variable, in between the minimum and imaxn protection scenarios, the impact of the
current level of protection will also be calculated
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Table 8. Policy variables for the bioenergy case, effectieen the base year
Variable code Description Unit Default Maximum
BIOE_SUP® 1. liquid biofuel % of total 2 25

obligation transport fuel
(road transport
up to 2015, all
transport
thereafter)
2. research & millions of 0 5,000
development euros spent
annually by EU
and member
states
BIOE_GASELEC bioheat and bio- | millions of 0 5,000
electricity euros spent
annually by EU
and member
states
BIOE_MAR import restrictions | Yes/no domestic no restrictions
on bioenergy production up to
products maximum
potential,
remainder
imported

¥ In the scenarios calculated by the models, sattiogvariables 1 and 2 are run in unison; theeefbey have a joint

code.
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4., 2012 Financial Reform/CAP
Author: David Verhoog
4.1 Introduction

In 2005 there was considerable debate in the Earo@muncil of Ministers on the long-term EU
budget (known as the financial perspective) for peeiod 2006-2013. There was pressure from
some members to reduce or abolish the Common AgrieuPolicy (CAP), and there was a British
proposal to spend the funds which would be releésedrds achievement of the Lisbon Agenda —
by spending them on research & development (R&MeSE proposals were unsuccessful, but in
2012 a new financial perspective will have to beidied upon, and undoubtedly two major issues
will be:

* How large the budget of the European Union shoeldabd
e What it should be spent on.

Since the CAP is the largest part of the EU budget because it is controversial, it is bound to
figure in the discussion. Therefore, it will be fudaf the SIAT toolbox would be able to analyze

the consequences for sustainability and multifumeti land use on a regional basis of different
options. The present policy case will allow to stalkde impact of reducing or abolishing the CAP,
with the options either to spend the funds theredlgased on R&D or returning them to the
taxpayers.

Moreover, since agriculture is the most importaseruof land in Europe as well as a key
determinant of the quality of the countryside ane &nvironment, it is important to have at least
one policy case which has a major impact on agticel The CAP and trade policies are important
factors that determine the future of agriculturel anral development in the EU. These policies
consist of export subsidies, import tariffs, prodlut quota, tariff rate quota, product subsidies
(coupled) and decoupled income payments.

4.2 Goals
The problems which the 2012 financial reform magirads are:

* The high cost of the CAP to the taxpayers and aoess:;

» The trade-distorting effects of the CAP, which are obstacle to the trade liberalization
desired by the EU; one aspect of this is the lommetitiveness of some subsectors of
European agriculture; and

» The slow progress of the Lisbon Agenda (cf. Kuhlratal.2006, p. 23-26).

Through the ongoing GATT/WTO negotiations on adtimal trade and the internal EU
agricultural policy reforms the CAP has already engdgne some major reforms. The 1992 reform
of the CAP focused on production limits (quota) amdoduced the concept of direct payments for
some agricultural sectors. This was expanded teroslectors in 1999 (Agenda 2000). Many
subsidy schemes operating in individual agricultgectors have been replaced in the June 2003
reform. This latest reform now focuses on a Sirgggment Scheme (SPS) instead of product-
related subsidies and it further cuts the link leetv market price support and production (further
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decoupling of support from production). Farm suppoo is now geared to consumer concern and
public priorities. Farmers will have to respect ieonmental, food safety and animal welfare
standards, accompanied by clearer obligations toag® the farms in a sustainable way (cross-
compliance). Besides this there is a strong tendanceinforce rural development. In order to keep
CAP spending beneath strict budgetary ceilingshanitial discipline mechanism will be applied.
This instrument, known as modulation, will ensune transfer of CAP funds from direct aid to
farmers and market measures (Pillar 1) to ruraébgment measures (Pillar 2).

In 2005 the European Commission put some new eiffitot the Lisbon Strategy with its goal to
create higher economic growth, jobs and greaterpetitiveness in world markets. Innovation
(through R&D expenditure) as well as informatiord aommunication will play an important role
to reach the goals set. Besides this the R&D exp@edshould contribute to improve sustainability
in line with the Géteborg sustainability goals.

4.3 Objectives

Based on the short term goals described aboveptbjsct wants to specify and investigate a more
drastic full liberalization objective, which is Ime with the Lisbon Strategy, for EU agriculture i
2025. This full liberalization is aimed at a mompetitive agricultural sector in world markets.
This means that the agricultural sector must be sbtompete at world market prices without any
support. As a consequence of this, all differentkiof existing market support measures should be
abolished. On the other hand this full liberaliaatishould not mean that the agricultural sector
becomes insensitive to the environment, food safatyanimal welfare. For this reason, the money
saved by abolishing the market support should metiarough innovations in agriculture that will
stimulate the agricultural sector to produce mdfieiently and sustainable under the conditions of
environmental, food safety and animal welfare stansl

The measures to be implemented in both models (NEHMEand CAPRI) to reach this full
liberalization will be first to abolish export suthes and import tariffs for all agricultural sertan
order to have EU agricultural production at worldriket prices. Furthermore, EU domestic support
will be abolished for all sectors. This means thiegct income payments will no longer exist. Next,
the existing quota systems for sugar and milk &edset-aside regime will be abolished. Further the
Single Farm Payment (SFP) will first be redefined aoupled to green services and then will be
abolished to a certain degree (scale 0% to 100%agllfF the money saved by abolishing these
market support measures and the single farm payowemnd either be used to increase the general
R&D expenditure (to be simulated in NEMESIS) ordbelirect benefit for the taxpayers.

4.4 |nstruments

The objectives described above must be translaténl ¢oncrete instruments to enable the
Sustainability Impact Assessment Tool (SIAT) to kvarth this CAP policy scenario. The aim of
SIAT is to allow policymakers to change the givestiuments in order to assess the impact on
sustainability (environmental, social and economif)is impact will be visualized against the
autonomous development described in the baseline.

Policy instruments for the CAP policy scenarios are

* Reduction or abolition of EU export subsidies amgart tariffs for all agricultural products;

36



SENSOR deliverable

* Reduction or elimination of all trade agreementsl(iding bilateral tariffs);

* Reduction or abolition of market support (coupled decoupled) in agriculture;

* Abolition of sugar and milk quota and set-asideutatons;

* Increase of R&D expenditure in the EU budget; ¢hpenditure will be economy-wide, not
for the agricultural sector alone.

4.5 Policy variables

The number of combinations of the five policy instents listed above is potentially very large.
The amount of model runs required to construct aese functions covering all possible

combinations would be astronomical. Fortunatelypiiactice a policy-maker would be interested
only in a limited number of plausible combinatiofifie challenge of the SENSOR project is to
design such combinations while also retaining aee@f flexibility so as to allow the end user to

build his own policy scenarios. This is achieveddmynbining several policy instruments into a

single policy variable that can be set by the SUSEr (see also section 1.3 of this report). The
instruments contained within one such variablecargsidered likely to be changed in tandem. The
policy variables for the present policy case are:

1. Agricultural market support (import tariffs and expsubsidies) and quota (sugar and milk).
Two scenarios are provided for, namely continuatibpresent schemes and their complete
abolition — in other words, market regulation vébaralization of agricultural markets.

2. Direct farm income support, such as presently giedithrough the single-farm payment
scheme. This support is linked to services provitdgdfarmers other than agricultural
produce, e.g. maintaining the land in good conditio

3. Research & development: The amount of public experelsaved by abolishing market
support and/or reduction of farm income can bernetd to the tax-payer or reallocated to
research & development (public expenditure), ineortlb promote innovation in the
economy as a whole rather than specifically onagecultural sector. As in the case of
variable 1, this variable has the form of a togyléch — yes or no.

The baseline scenario (no change in policy) comedp to variable 1 set to O (present situation) and
variable 2 to 100%. Since there is no expenditaneed, variable 3 remains inactive. Figure 5
schematizes the policy options from which the SUsEr can choose.

Decision | 1. Market support 2: Direct support | 3: Re-invest in R&D No. of
Type YES/NO CONTINUOUS YES/NO simulations
»( 0-100% —YEsT
100% :
YES “NO-—_
> 5
_»(D 5
NO  YES
A 0-100% —
NO
s

Figure 5. Variables (buttons) in SIAT for the pgltase
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4.6 Conclusions

The Lisbon Strategy (higher economic growth, jobd greater competitiveness) and the Goteborg
sustainability goals are high on the political adgef the European Commission. The Commission
is now on the line of decreasing expenditures orketasupport and direct payments (modulation)
in favor of rural development.

From January 2007 onward there will be two funcde fior CAP measures related to direct aids and
market related measures (EAGF-European Agricult@ahrantee Fund) and another will cover
rural development (EARDF- European Agricultural Bdar Rural Development). The expenditure
on the EAGF will be decreased with 3% and the edjpere on the EARDF will be increased by
22%.The total EU budget for agriculture will becaws this decrease by 7%.

It is still difficult to implement the impact of aneased expenditures on rural development with the
current models used in the SENSOR project. Forrdason we have chosen for the policy scenario
that best reflects the direction the Commissiontwan go with EAGF expenditures and has the

Lisbon Strategy in. Since our scenario horizon @3 we have opted for the rather extreme

scenario in which all market support measures arettdpayments are abolished and where the
savings of this abolishment are either used toesme general R&D expenditure in the whole

economy or be returned to the taxpayers.

The models we will use to run the scenarios are RIAPr the agricultural sector), NEMESIS (for
the economy as a whole) and CLUE (land use). Tischdea is that the strong elements of all
models will be used. This means that CAPRI will\pde the impact of abolishing market support
and direct payments in agriculture. NEMESIS intiten will show the effect for the agricultural
sector of increased expenditures in R&D, and CLUIEskow the impact on land use.
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5. The biodiversity policy case

Authors: Ole Hjort Caspersen and Thomas Sick Nmelse

5.1 Goal

The last decades are characterized by a largetredwnd losses of biodiversity at both European
and global scale. This loss has accelerated dreatigtiand it is estimated in UNEP’s Global
Biodiversity Assessment that biodiversity is desneg at a faster rate now than at any other time in
the past; this development is also recognizeder&iropean Union (European Commission 1998).

Biological diversity is here recognized on threeels (European Commission 2001c):

» Genetic diversity- the variety of genetic buildibipcks found among individual represent-
atives of a species

» Species diversity — the variety of living organisiognd in a particular place

» [Ecosystem diversity — the variety of species armloggical functions and processes, both
their kind and number , that occur in different pilogl settings

European landscapes have developed as a combimdfudtysical conditions and human influence
in the form of differences in land use. The biodsity that relates to these landscapes and
ecosystems influences our daily lives and is egdetat maintain life as we know it. Long-term
viability within sectors like agriculture and situlture depends on sufficient biodiversity. The
decline in biodiversity within these sectors desiveainly from rapid intensification, fragmentation
and degradation (EEA 2004).

Existing measures have proved to be insufficientrdeerse present trends, and the loss of
biodiversity is likely to accelerate if no measueee taken to halt this trend. Hence the European
Commission in 1998 adopted a Communication on afgan Biodiversity Strategy. The strategy
aims to anticipate, prevent and attack the caussgynificant reduction or loss of biodiversity at
the source (European commission 1998).

Hence, the goal for this policy case is to reveysesent trends in biodiversity reduction and to
accord species and ecosystems, including agro-siemsy, a satisfactory conservation status.

5.2 Objectives

The European Union ratified the UN convention oaldgical diversity in 1993. The convention
states that:

“In ratifying the Convention, the parties have cottedi themselves to undertaking national and
international measures aimed at its achieving thodgectives: the conservation of biological
diversity; the sustainable use of its components] &he fair and equitable sharing of benefits
arising out of the utilization of genetic resour¢gsJN, 1992)

Following ratification, the EU developed a biodisiy strategy in 1998 (European Commission,
1998), as well as more specific biodiversity actmans in the areas of conservation of natural
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resources, agriculture, fisheries, and developraadteconomic corporation (European Commiss-
ion, 2001c).

The 1998 biodiversity strategy defines four themued a number of policy areas and objectives that
should be further developed in the later actiom@laAmong the themes and policy areas, theme
one: conservation and sustainable use of biologloadrsity; and policy areas: conservation of
natural resources (1), agriculture (2), and forésfsare the ones that can be expected to have the
most immediate impact on land use patterns. Hehesg are the most relevant to SENSOR.

The 2001 biodiversity action plan (BAP) focusestbe integration of biodiversity concerns into
sectoral policies (European commission, 2001c). Bioeiversity action plan on conservation of
natural resources aims at the protection of deseghhabitats and species of community interest
(Birds and Habitats directives) and at setting nitress for the protection of biodiversity acros® th
wider territory based on a range of non-biodivgrspecific instruments (e.g. the water framework
directive, integrated coastal zone managementr@mwviental impact assessment). However, it is
emphasized that changes in land use are among dire saurces of biodiversity loss and that
biodiversity considerations also should be integtanto land-use policies.

The BAP on agriculture points to seven priorities &ction, among others: ensuring a reasoned
intensification in agricultural practices; maintaig agriculture in biodiversity-rich areas where
agricultural activity has been weakened; using-agvironmental measures to support biodiversity;
and ensuring the existence of an ecological infuatire at the level of the entire territory.

The European Council, at its meeting in Goteborgd@1, supported the content of the action plans
and included the target that the decline in biodiie should be ‘halted’ by 2010:

“... the European Council agrees:

—that the Common Agricultural Policy and its futuevelopment should, among its objectives,
contribute to achieving sustainable developmentirmyreasing its emphasis on encouraging
healthy, high-quality products, environmentallytairgable production methods, including organic
production, renewable raw materials and the pratecof biodiversity;

- that biodiversity decline should be halted witle &aim of reaching this objective by 2010 as set
out in the 6th Environmental Action Programme.”
(Council of the European Union, 2001)

This resolution is supported by the member couwsitrratification of the UN convention on
biological diversity, which states that the lossbaddiversity should be significantly reduced by
2010.

5.3 Instruments

The instruments available at the European leveltlier enhancement and protection of inland
biodiversity can be divided into:

» designated nature protection/site protection;

» other important policies, such as the agricultpdicy; and
» horizontal environmental principles (European Cossian, 2001c).
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5.3.1 Nature protection

The main policy instruments for site protectionEdl level are the Birds and Habitats Directives
(79/409/EEC; 92/43/EEC). The Habitats Directiveludes a list of “Natural habitat types of
community interest whose conservation requiresddgsagnation of “special areas of conservation”
and a list of “Animal and plant species of commyriiiterest whose conservation requires the
designation of special areas of conservation”. Bas® surveys and suggestions (sites) from the
member countries, sites of community interest Wil identified and eventually designated as
“special areas of conservation” to form “a coheréatopean ecological network....Natura 2000”
(92/43/EEC). Protection under the Habitats Direxiiv principally guided by community interests
in nature protection, however the criteria set mghe directive may be applied more “loosely”
should a member state have priority species reptedeon more than 5% of their territory - and
host more than one priority natural habitat typke Bpproach adopted in the Habitats Directive
may be further refined and used to develop the ortwf protected areas based on certain criteria.
For wetlands the Water Framework Directive may &lsaleveloped and applied to the protection
of biodiversity (European Commission, 2001c).

Following the Birds and Habitats Directives, themfxer states are obligated to evaluate plans and
projects that may effect the designated Natura 28@@s, and only agree to such projects or
changes which have no significant adverse effatthe site. Member states must also establish the
necessary conservation measures involving, if @cgsmanagement plans for the site (European
Commission 2005b).

5.3.2 Agricultural policy and forestry

The other important policy areas that affect biedsity are agriculture and forestry. In the repogrt
the European Environment Agency (2004) the agucaltpolicy (CAP) is considered to be the
most relevant framework when it comes to the caradem of ‘high nature value farmland’ and
thus biodiversity on farmland. The CAP is composédwo ‘pillars’ The first pillar contains the
financial support to agricultural production and lsance 2003 been subject to some environmental
conditions. The second pillar allows member coestrio implement measures that reduce the
ecological impacts of agriculture, e.g. ‘agri-eoviment’ schemes and less-favoured-area
payments. Within the framework of agri-environmsohemes farmers can be supported in return
for environment-friendly practices. Principally ghiallows for the promotion of a range of
biodiversity-protecting initiatives on existing faland. One of the challenges in the agricultural
sector is that it is not just intensification ofriaglture that threatens biodiversity. In many area
agricultural activities contributes positively taobiversity and the maintenance of agriculture in
less-favoured or marginal areas must also be searbadiversity-enhancing contribution from the
CAP. The report by the EEA (2004) suggests tha-lagoured-area payments, agri-environment
schemes in combination with first-pillar supportidasufficient environmental standards could
contribute to the protection of high-nature-valaeland.

There is no specific Biodiversity Action Plan ftietforest sector even though one was advertised in
the 1998 biodiversity strategy. Objectives of thediversity strategy for the forest sector are
mainly directed towards sustainable management aksfs with respect to ecological
characteristics. (European Commission, 1998). Atiogr to the BAP for the conservation of
natural resources (European Commission, 2001c)reratiented forest management techniques
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(e.g. limitation of pesticides and fertilizers, iease of dead or decaying wood, protection of key
habitats) should be supported through the Rurak@gwment Regulation (1257/1999).

5.3.3. Horizontal regulations

The horizontal regulations consist of the inclusémmd promotion of biodiversity concerns in other
policies and principles. The BAP (European Commnissi2001c) suggests, among others, the
promotion of biodiversity in Environmental Impacsgessments, Eco-labelling and Eco-audits.

5.4 Policy variables

The policy variables for use within SIAT must beided from the European policy on biodiversity,
but will also be bounded by the abilities and pcéde powers of the models applied within the
project. There is of course a discrepancy betweeanthe one hand, the policy emphasis on
obligations and intentions to act in agreement wiith overall objective (e.g. protect species or
areas of community interest); and, on the otherdhaime modelling chain within the SENSOR
project, which requires translating the policy itémd use or land use intensity. To represent the
potential impact of the biodiversity policy in SIAI is therefore necessary, besides the protection
of land/sites implicit in the Birds and Habitatgetitive, to also include variables that represent
desirable practices in agriculture and forest mamamnt, and which most likely can be induced
through the Community policy on biodiversity.

The model for the agricultural sector applied witBENSOR (CAPRI) provides few possibilities
for modelling of biodiversity policies. The shifithin the CAP, from the ‘traditional’ first-pillar
support measures towards the agri-environmentaénsel of the second pillar could make an
important contribution to the bio-diversity targetdowever, the schemes vary considerably in
content and scope between countries, and theicteffannot be modelled across the board with
one-size-fits-all rules. One policy option relevantbiodiversity that is supported by the CAPRI
model is a targeted promotion/subsidy of less-sitenagriculture. This is particularly relevant to
agricultural land within Natura 2000 areas, whemntenance of less-intensive agriculture is likely
to be desirable.

Within the forestry sector, the EFISCEN model akofer indicators of biodiversity-enhancing

forest management to be included in the scena@p$ions are the incorporation of management
constraints applied to forests over a certain agallow an increasing share of old forest; and
reductions to the share of deadwood that is remdkamu the forest (presently the removal is
around 50%). These practices would lead to an asong portion of old forest and higher volumes
of deadwood, for the benefit of biodiversity.

In the context of the SENSOR project, that focuseshe effects of land use changes, the Natura
2000 network is the most relevant policy at the dpean level, when it comes to targeted
promotion of biodiversity. Based on the obligatimfsthe member states to protect and maintain
nature areas, Natura 2000 status should significaatluce the likelihood of future land cover
changes in the Natura 2000 areas, as well as ssaatainable forest management and extensive
agriculture within the areas.

For use within the modelling chain, two policy \aiies are suggested: Expansion of the Natura
2000 network; and General shift towards biodivgsgiendly forest management.
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5.4.1 Expansion of the Natura 2000 network witlemives to promote biodiversity-friendly land
management on added sites:

The main policy variable affecting biodiversity iMile expansion of the Natura 2000 network. To
model the effects a spatially explicit, suggest@sgansion will be developed based on certain
criteria: building of a coherent Natura networkisting land cover (urban, nature); location (coast,
rivers); sites and species of community interestastified in the CORINE biotope data. From a
biodiversity point of view, a desirable developmenthe Natura 2000 areas will be to ensure the
continuation of agricultural land use, but with iied intensity. Similarly, it will be desirable to
ensure reduced intensity of forest management nvitie Natura 2000 areas. Agriculture with less
intensive land use can be represented in the CARIEl as a subsidy for low-yield exploitation of
agricultural land. The EFISCEN model allows for matirect measures and the moderations to
management practices can be represented as refélloegiprobability of forests.

5.4.2 General shift towards biodiversity-friendbydst management:

A general shift towards nature-oriented forest nganaent in all forest areas could be a reduced
rate of felling in old forests, which will increasiee age of the forest, and provide a greater velum
and selection of natural forest habitats.

5.4.3 Limitations to the present scenario and miaugl

It should be noted that several observers of #id fie.g. EEA, 2006; Spangenberg, 2007) point to
the fact that biodiversity loss has multiple cau3é®w EEA (2006) concluded that the target to halt
biodiversity loss is unlikely to be reached with@dditional integrated policy efforts, including
improvements to the biodiversity value of intenivenanaged farmland. In the same vein
Spangenberg (2007) concluded that biodiversity exwation “cannot be restricted to just one
policy area, but has to cover a broad range of @oldomains in systematic fashionThus a
successful biodiversity strategy must depend uptar aroader range of measures than suggested
in the present policy case. Adequate modellinguahsefforts will also require major advances to
the state of modelling of land use effects as abiodiversity outcomes.

The following table summarizes the two policy vatés and how they are to be implemented in the
modelling framework. Each row contains a policyiable, and the columns contain information
about how that variable is implemented. The fieldrlable code" refers to the variable in the
response functions and indicator functions. "Deditmn” contains a short description of the policy
variable, suitable for display in the SIAT useremidce. "Domain” denotes whether it is a
continuous or discrete variable and what differatties it is allowed to take. The columns bearing
the names of models define how the variable isémginted in the different models.
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Table 9. Policy variables in the biodiversity policy cas¢2K is short for "Natura 2000")
Variable code Description Domain Default CLUE-S AP EFISCEN Nature
‘model’
BIOD_N2KEXPAND | Expanded Continuous 0 Land Direct Management| Expanded
N2K network | in the probability paymentto | practice spatially
with interval for extensive only: 50% of | explicit N2K
incentives for | [0,1] agriculture AG in available network
extensification increased by | relation to wood can be
in areas 0,2 times share of land| harvested in
variable that is N2K. | N2K areas
value in Basic
N2K areas subsidy is
No 3445
conversions | EUR/Ha
allowed in
N2K areas,
except from
semi-natural
to forest
BIOD_FOREST Biodiversity | Continuous 1 - - Management -
friendly forest | in the practice: %
management | interval of available
[0,1] wood that
can be
harvested in
forests older
than 150
years
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6 Forest strategy policy case
Authors: Hans Verkerk and Marcus Lindner
6.1 Introduction and goals

In 1998 the European Commission (EC) formulatedoees$iry Strategy for the European Union
(Council, 1999) This is a framework for actions sopport of sustainable forest management
(SFM), based on the co-ordination of the forestiged of the Member States and Community
policies and initiatives relevant to forests angefry. Forest policies are within the competerice o
member states. However, the EU can contribute éairtiplementation of SFM through common
policies. A review report on the implementatiorttod EU Forestry Strategy proposedigvelop an
EU Action Plan for Sustainable Forest Managemetictv should provide a coherent framework
for the implementation of forest-related actionsdaserve as an instrument of co-ordination
between Community actions and the forest polidiegseoMember Statg&C, 2005c).

That Action Plan was published in 2006. Its oveodljective is to support and enhance sustainable
forest management and the multifunctional rolearés$ts (EC, 2006b). It identifies the following
issues as challenges to policy-making (EC, 2006f):

* Increased globalisation has led to global marketsvarious forest products. EU forest
owners have difficulties to compete because of thigh production costs.

* To reduce the loss and degradation of forests, ptiagn SFM has become an important
issue.

* Economic growth results in an increased demanavémd; at the same time, standing wood
volumes are increasing. However, due to a pootioelship between forestry activities and
manufacturing industry, this economic opportungyot used.

* Changes in population and employment structure leadhanges in demand for wood
products and also changes in other functions efstsr

» Forests can play a role in mitigating climate ctenthey are themselves also affected, and
adaptation to climate change is needed.

» Growing concern about biodiversity led to effods¢store habitats and natural ecosystems,
but the EU’s biodiversity remains impoverished andtinues to decline.

» Because of public debates on issues such as bisiiweonservation and climate change,
good governance has become more important.

It may safely be assumed that these issues remi@want to policy-making for the coming years.
Furthermore, there are a number of internationedegents and commitments that must play a part
in EU policies, of which the International Agreerhen Forests (UN-IAF, on promotion of SFM),
the Ministerial Conference on the Protection ofdsts in Europe (MCPFE, also on promotion of
SFM), the UN Framework Convention on Climate ChafigedFCCC, on greenhouse gas emission
reduction, of which the Kyoto protocol is an updatend the UN Convention on Biological
Diversity (CBD) are particularly relevant to SENSOR

Consequently, these are the challenges and comnignie be met by the EU, reflecting a wide
range of policy areas and the multifunctional fiéorests.
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6.2 Objectives

The goals described above are specified by 18 k&grs contained in the Forest Action Plan,
several of which are relevant to SENSOR:

» Key action 4: Promote the use of forest biomas&if@rgy generation;

» Key action 6: Facilitate EU compliance with theightions on climate change mitigation of
the UNFCCC and its Kyoto protocol and encourageptdiimn to the effects of climate
change;

» Key action 7: Contribute towards achieving the sedi Community biodiversity objectives
for 2010 and beyond;

* Key action 9: Enhance the protection of EU forests;

* Key action 11: Maintain and enhance the protedtinetion of forests;

» Key action 17: Encourage the use of wood and otbesst products from sustainably
managed forests.

These key actions offer a wide range of possibleadives for EU forest policies. The current

Forest Action Plan mostly speaks of improving camaition and communication, and facilitating

research. The Action Plan will be evaluated in 2848 may result in new policies regarding forest
land use. This policy case describes some pogsillieies, focusing on just a fraction of the topics
covered by the key actions.

6.2.1 Use of forest biomass for energy

One of the actions mentioned in the Action Plan goomoting energy generation from forest
biomass is to let each member state ad$esavailability of wood and wood residues at nadib
and regional levels, in order to consider furthastians in support of the use of wood for energy
generation(EC, 2006b). A study on the environmentally conipatbio-energy potential from
European forests estimated an annual potentiappfoximately 40 Mtoe until 2030. Rising oil
prices will result in an additional energy potehfram competitive use of wood (Figure 6; EEA,
2006). The difficulty, however, is how to mobilizbese potential resources. Technical (e.g.
accessibility), economical and social factors (écggmented ownership, (un)willingness to cut
trees) hamper the harvest of wood from Europeasstsrthat could be used for bio-energy
production (Becker et al., 2006).

Based on similar assessments, new targets fohtre sf forest biomass for energy will be defined.
Currently, these targets are included in the taigeall biomass, which is set at 150 Mtoe for the
EU25 in 2010 for bio-heat and bio-electricity (EZD05). Discussions on targets beyond 2010 have
commenced (EEA, 2006) and targets will probablydiged.
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Figure 6. Environmentally compatible bio-energy guatal from forests in the EU25 without
Cyprus, Greece, Luxembourg and Malta (EEA, 2006).

6.2.2 Role of forests as carbon sinks and for totg soils and water catchments

One way to achieve this objective is afforestatMhereas it is for the member states to develop
policies for this, the EU provides funding for a#etation programmes. According to the ECCP
(2003) Working Group on Forest Sinks, afforestatioil reforestation activities between 1990 and
2000 have extended the total EU forest area by0B@0ha yt* -or 3%- through natural forest
expansion and through planting of forests. In meases, these plantings were supported by the EU
2080/92 Afforestation Scheme and Rural DeveloprmRagulation 1257/99. Estimates show that if
this process continues at the same rate duringribgent decade, it may result in a sequestration
potential of approximately 3.84 Mt C ha’yduring the first commitment period. In case of a
sustained afforestation trend and taking into astthe extension of the EU to 25 member states, a
technical sequestration potential of 34 Mt C Ha ynay be reached in the long term (ECCP, 2003).
This potential is probably higher given the recémther extension to Bulgaria and Romania.

Afforestation is pursued by national governmentsviirious objectives; not only to contain climate
change, but also to combat erosion and deseriditaamong others. Quantitative targets for
afforestation are incorporated in many nationaldRirevelopment plans until 2013 and are thus
defined at the national level, rather than at tbhielé&vel. However, afforestation remains a European
issue, because of its dependence on EU fundingrseheCurrently funding for afforestation is
included in the European Agricultural Fund for Rub@velopment (EAFRD; Counci2005). The
EAFRD regulation covers - similar to the Rural Dieyenent plans - the period 2007-2013. A tool
to assess sustainability impacts of new afforestaichemes from 2014 onwards is therefore
timely.

6.2.3 Forestry and biodiversity

Forests are home to a large number of species andhwch of European biodiversity is
impoverished, accelerated action is required ttoreshabitats and natural ecosystems. This key
action refers to the Communication from the Comimais®n halting the loss of biodiversity by
2010 and beyond (EC, 2006e). This communicationindef 10 objectives of which two are
particularly relevant to the forest land use wittiie EU. These are:
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* Objective 1: To safeguard the EU's most importafitats and species
* Objective 2: To conserve and restore biodiversitgt acosystem services in the wider EU
countryside

Headline targets for these two objectives are tblwadiversity loss by 2010 and showing recovery
by 2013 (EC, 20069). It may safely be assumedfthiate policies (post 2013) will aim at further
recovery of biodiversity.

These objectives correspond with the view that isEdity is not evenly spread and that certain
habitats and species are more at risk than aresothibe Natura 2000 network was established to
protect such habitats and species. Biodiversitp a¢sides in forests outside these areas and is
strongly affected by forest management, becausealkers the composition of tree species, stand
density and horizontal structuring, distribution age-classes and rotation periods, regeneration
methods, etc. (EEA, 2006e). Felling cycles in madafprests are generally shorter than natural
cycles and this affects the presence of older ferdZartly due to a recent development towards
more close-to-nature oriented management, the shiad forests is increasing. Old forests
contain generally more large trees with tree cavitind dead wood and provide therefore numerous
microhabitats to forest species of various taxaEE06e; Harmon et al., 1986; Siitonen, 2001).

6.3 Policy instruments
6.3.1 Bio-energy from forests

Regarding the use of forest biomass for energyrgéing, the Forest Action Plan currently focuses
on research on availability and mobilisation of waend wood residues and on development of
technologies for the production of energy from &reesources. This will eventually result in a
policy to mobilise these resources as energy feekstVood is mainly used to produce heat and
electricity. Suitable instruments for such a polstyuld deal both with the supply and the demand
side. At the supply side a possible instrument wdug support to forest owners to implement
complementary fellings and/or extract harvest gssd On the demand side, possible instruments
are subsidies for installing district heating sysderunning on bio-energy, or tax exemptions for
electricity from biomass.

6.3.2 Afforestation

Afforestation policies are developed at the natidesel, but afforestation projects are largely
funded by the EU. Currently the most relevant poirstrument is the EAFRD by which countries
may develop national afforestation guidelines and prtenafforestation for environmental and

protective objectivesThe EAFRD regulation covelgter alia establishment costs, maintenance
costs and compensation for loss of income. The mabstant instrument to promote afforestation
after the year 2013 will probably remain similandiing schemes.

6.3.3 Forest biodiversity

Several policy instruments to halt the loss of bietsity are presented in the biodiversity policy
case description. One of the most important insénis is the protection of important habitats
through the Natura 2000 network. Currently almo8%3of the designated Natura 2000 sites
concern forest habitats (EC, 2006f). Financialrumsients to increase biodiversity in forests are
currently included in the EAFRD, which provides pap to compensate for costs and loss of
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income resulting from the restrictions on the uséocests as Natura 2000 or forest environment

payments. Support is also available for forestmvnent investments that increase public amenity
value, but that are not related to production (Ehli@il 2005). Other instruments that have been

applied for meeting biodiversity objectives areding of research and awareness raising and public
engagement (EC, 2006e).

6.4 Policy variables

The current EU Forest Action Plan covers the peB007-2011. We assume that after this period
the Forest Action Plan will result in new policids.is these policies of which the sustainability

impacts will be assessed. These new policies shadtitess the role of forests in bio-energy
production, afforestation for carbon storage aingioprotective functions of forests and to conserve
and restore biodiversity in European forests.

The first policy variable deals with bio-energyrirdorests. The variable will be expressed as the
total amount of fiscal subsidies for promoting tireduction of heat and electricity from biomass,
ranging from 0 to 5 billion euros spent annuallytbg EU and its member states. It is assumed to
be complemented by legislative measures promotioccess of biomass suppliers to energy
networks. The policy will be implemented in NEMES&8d provide a demand for fuelwood to
EFISCEN. In EFISCEN fuelwood demand is distributaer regular wood harvests and harvest
residue extraction. The variable is the same as \heable Bio-heat and bio-electricity
(BIOE_GASELEC) in the bio-energy policy case.

The second policy variable deals with afforestatorenhance the role of forests as carbon sinks
and enhance the protective functions of forestse Pblicy variable is defined as an annual
afforestation area and can be varied between ooesthition and the total areas currently defined as
national targets in, for instance, Rural Developm@tans for 2007-2013. The policy is
implemented from 2014 onwards, i.e. after endindghef period foreseen in the EAFRD and the
Rural Development plans. The policy to afforeshag assessed through a continuation of funding
schemes due to given model limitations, but ratisea continuation of the afforestation targets set
by each EU member state. Nationally defined aftates targets will be disaggregated by CLUE
to the grid level (1x1 kA), by allocating afforestation patches to intermaéaliCLUE outputs. The
total amount of allocated afforestated area isvedrifrom national afforestation rates (as defined
within the policy scenario). Afforestation is allded based on suitability and availability of area.
Suitability criteria are related to the objectivibat afforestation serves in national policieshsas
prevention of erosion, creating recreation oppatiesinear urban areas etc. Suitability criteria ar
therefore slope (preference for steeper slopeseteept erosion), forest area density (preference fo
areas with less forest area) and accessibilityfépeace for shorter distance to roads). Availapilit
of suitable land use types (e.g. abandoned agrralltand) will be given by CLUE-s. When the
afforestation target is allocated to the intermedi€LUE-s outputs, CLUE-s will continue
modelling land use changes but will leave the afftation areas intact (only under very high
pressure of other land use claims can they be red)o€LUE-s will provide new asymptotes for
agriculture to CAPRI and NEMESIS and forest areangie to EFISCEN. NEMESIS and CAPRI
will model impacts on agriculture on the basis efluced availability of agricultural land.
Afforested area will be distributed over differetree species (groups) and EFISCEN will
incorporate afforestation in its forest resourcggmtions.
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The third policy variable relates to biodiversitydaaims at safeguarding the EU's most important
habitats and species through extension of the H&2000 network. Expansion of the Natura 2000
network will not be limited to forests only, butliAbe part of a broader policy and therefore inelud
other land use types as well. In this policy vdeablatura 2000 areas will be extended with 10, 15
and 20%. In CLUE-s this is implemented by moredigonversions of designated areas to other
land use types and no conversions to urban areas) & biodiversity point of view a desirable
development in the Natura 2000 areas will be taienghe continuation of agricultural and forest
land use, but in a form with limited intensity. Expsion of the Natura 2000 is therefore
accompanied with impacts on land use managemetit,fooforestry and agriculture. The nature
protection directives only indicate the result ®drhieved through national implementation. They
do not prescribe any concrete conservation meaghf@s2003) - plans must be developed and the
member states must do what it takes to protectditaband species of community interest. The EC
(2003) does recommend that SFM should be appliedesignated forest areas. A management
regime will be specified for these areas in EFISCENvhich wood harvesting does not exceed a
sustainable harvest level and in which regeneratiomsists of a higher share of (indigenous)
broadleaved species. More extensive managemegriculure is foreseen by a subsidy in CAPRI
targeting less-intensive agriculture in designaeshs. The policy is to be implemented from the
year 2010 onwards. The choice to set a constrairfbiest management and to provide a subsidy
for agriculture in designated areas is the resuthe models applied to assess policy impacts on
land use. The variable is the same as the variakpmnsion of the Natura 2000 network with
incentives to promote biodiversity friendly land magement on added sitg8IOD_N2K-
EXPAND) in the biodiversity policy case.

The fourth policy variable aims to address biodsitgrin forest management strategies. Several
studies indicate the importance of older forestsl @ead wood for biodiversity and gave
suggestions how biodiversity perspectives couldnisiuded in forest management (e.g. Heilma-
Clausen and Christensen, 2005; Siitonen, 2001)this policy variable such suggestions are
included in a good-practice guideline aimed at easing the share of old forests by reducing
management intensity. This can be achieved byniataibld trees or groups of trees and (partially)
exclude old forest stands (>140 years) from harvasging from no reduction in harvest potentials
to a complete ban of management activities in tretaads and forests. The option would be
temporary, such that when the forest is regenenastdrally (e.g. after a disturbance) the young
forest can be managed as usual. It is assumedthizaigood-practice management would be
implemented in public as well as privately ownerk&ts. The policy is to be implemented from the
year 2010 onwards. The variable is the same agahable General shift towards nature-oriented
forest managemeBIOD _FOREST) in the biodiversity policy case.

To conclude, a number of policy variables are afithat relate to bio-energy, afforestation for

carbon storage and other protective functions mddis and to conserve and restore biodiversity in
the EU’s forests. The policy variables are sumnearis Table 1.
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Table 10. Overview of policy variables to be modelled witthia forest strategy policy case

Variable code Description. Year Domain Defaull NEME CAPRI CLUE-S EFISCEN Nature ‘model’
BIOE_ Bio-heat and bio- [2010, 2025] Continuous in Implement - - Distribute -
GASELEC electricity the interval [0,1] subsidies for fuelwood
bio-heat and bio- demand over
electricity wood removals
and residue
extraction
FOR_AFFOR Afforestation of [2014, 2025] Continuous in Implement - Allocate Include -
abandoned the interval [O, modified land afforestation afforestation and
agricultural land 1] use asymptotes patches to distribute
intermediate afforested land
CLUE outputs over tree species
as % of national
targets
BIOD_ Expanded Natura [2010, 2025] Continuous in Implement Direct payment | Land probability | Apply Expanded
N2KEXPAND 2000 network with the interval [0,1] modified land to extensive for agriculture sustainable spatially explicit
incentives for use asymptotes | agriculture in increased by 0.2 management Natura 2000
extensification in relation to share| times variable regime to Naturg network
areas of land that is value in Natura | 2000 forest areas
Natura 2000. 2000 areas. No | (maximum
Basic subsidy is | conversions sustainable
344,5 EUR/Ha | allowed in harvest level,
Natura 2000 increased share
areas, except of broadleaved
from semi- regeneration)
natural to forest
BIOD_FOREST | Nature-oriented [2010, 2025] Continuous in - - - Reduce -
forest management the interval [0,1] management
intensity in

harvested in old
forests
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7. Tourism transport case
Authors: Berit C. Kaae, Thomas Sick Nielsen andtBéasler
7.1 Goals

Tourism is growing rapidly and resulting in incredstransportation within the EU25 as well as
to/from regions outside the EU25. Worldwide, ovee dillion people are now travelling by air
(one fifth of the world’s population) (Page & Cotin2006). In addition to growth in tourism,
factors such as the rise of low-cost airlines hstwéted tourism patterns towards higher use of air
transport. This has further increased the envirgnaleeffects from tourism transport emissions
compared to the less polluting ground transpomatiiodes. The goal of this policy case is to
reduce those effects.

Tourism transport has significant impacts on theirenment. A study of European tourism
transport (DG Enterprise European Commission, 2@8tiinates that tourism accounts for 17% of
all passenger transport and over 80% of air travethe EU, there were 932 million tourism
departures by EU25 citizens in 2001 and 59% ofeltvesre by car, 27% by air, 7% by coach, 5%
by rail and 2% by ferry. These trips amount to 1BB&on passenger-kilometres (pkm) and resulted
in emissions of 398 million tons of GCB58 million kg NOx, and 16.7 million kg partictéamatter
(PM) emissions in 2001. Aircraft primarily use fetrosene for fuel which on combustion produces
CQO,, H,O, CO, HCs (unburned hydrocarbons), ,N&hd SQ The International Civil Aviation
Organization has established emission standardd@sx, CQ and NQ for new aircraft, but these
only apply to take-off and landing. Emissions fraircraft cause additional impact by stratospheric
ozone destruction. But also emissions in the loaterosphere are problematic where Né€ads to
ozone formation at ground level and urban smogg€R&a Connell 2006). According to the Royal
Commission on Environmental Pollution (2002), emoiss from aircraft lead to greenhouse gases
and global warming, increased surface UV radiatiom regional pollution of air quality and noise.
Furthermore, congestion of the airspace adds tpribledlem, as additional fuel is used while planes
are stacking (circling while waiting for permissitm land) and excess fuel needs to be carried in
case of delays.

Transport accounts for between 50% and 75% ohalleinvironmental impacts from tourism (DG
Enterprise European Commission, 2004). Consequeirltiatives to reduce the impacts of
transport are key factors in reducing the enviramiaeeffects of tourism. With the growth trend in
tourism, these environmental impacts are increasRagther than a few yearly trips, there is now a
tendency to take more frequent shorter trips, aa ®@ go on travels further away from home. The
increasing trip activities per capita make tourggmow faster than population.

In the destinations, the need to accommodate ggwiambers of travellers contributes to
increasing conversion of land to infrastructures.tdurism is often drawn towards attractive natural
and coastal settings, this adds pressure on oftasitve areas and increases noise and local
pollution.

Sustainability is a key objective set out in theaty, for all European Community policies
(European Council, 2005a). Furthermore, the Cargifbcess emphasizes the integration of
environment/sustainability into all areas: “The &uean Council invites all relevant formations of
the council to establish their own strategies foring) effect to environmental integration and
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sustainable development within their respectivacgchreas.” (European Council, 1998a). In this
process, the transport, energy and agricultur@seatere invited to start.

This will help the EU in meeting the commitmentsdan the Kyoto protocol. According to the
European Commission, the international environmecganmitments, including those under the
Kyoto protocol, must be integrated into transpootiqy. It states that “Transport policy must
contribute to achieving the objectives of Europeaargy policy ...in particular as regards security
of supply and sustainability.” (European Commissgi06h). Furthermore, energy consumption
and the rise in demand is a particular issue eslheevith reference to aviation that has generally
risen more than the GDP. According to the Eurofdeavironment Agency (EEA 2005), global air
passenger traffic has risen by an average of 9étyerear in 45 years — more than twice as fast as
GDP. Emissions have risen accordingly: £&issions from international aviation have ris8rta
between 1990 and 2003, and now amount to 12 %tmina@ emissions from transport.

7.2. Objectives

The European policy on transport reflects an ackedgement of the strong connection between
the increase in transport and the more desiralleease in wealth. Thus very few quantifiable

objectives have been decided upon by the Europeandll — even though suggestions have been
made by the European Commission.

General objectives for the transport sector are:

» Decoupling of growth in transport from growth in 8D

* Promoting a shift in modes from road to rail angezsally from air transport to alternative
modes whenever possible

» Fair and efficient pricing

* Reduced emissions

(European Council, 2001, p. 6)

The development towards decoupling and mode sisiftaonitored by the EEA, which recently
concluded that Europe had not been very succegsfachieving this (EEA, 2006a). Relative
decoupling between GDP and transport had only bebreved in some of the new member states
and this decoupling will most likely disappear e hew members states begin to behave like the
older ones. With respect to mode shares: the stha@ation is increasing (EEA, 2006a).

Fair and efficient pricing involves creating fiséatentives to ensure that environmental and social
costs are paid by the travellers. Theoreticallys tshould promote a balance between the
development in transport and the associated disegil The objective is also related to the “policy
guiding principle” of making polluters pay (Europe&€ommission, 2005). According to the EEA
(2006a) the price structures are increasingly aligwith the structure of the external cost of
transport, but still well below external cost esites.

With respect to reducing emissions, the Cardiffcess of economic reforms (European Council,
1998a) and the European Transport Policy (Europeéammission, 2001, 2006h) refer to the

commitments under the Kyoto protocol, i.e. to redtiee emissions from all sectors in the economy
by 8 % by 2008-2012 compared to 1990 level. Thimm@ment must be integrated into European
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transport policy. The specific implications of tigoto commitment remain unclear, but tentatively
we can presume that tourism transport should &doae CQ@ emissions by 8% between 1990 and
2012 at the latest. This is likely to be diffictit achieve as transport and emissions have grown
considerably since 1990.

Recently the Commission and the European Counsibled taken up the issue of reduction targets
for CO, after 2012 (European Commission, 2007; Europeaan€lh 2007). In order to limit
climate change to 2 degrees Celsius above pretmaulevels, a reduction of CCemissions by
30% by 2020, and 60-80% by 2050, both compared®® lis suggested. The European Council
has declared its willingness to commit itself tcclsuevels of reduction provided that global
agreement is reached. For now, however, the Eunofeancil (2007) has agreed on a commitment
to a 20% reduction in COemissions by 2020, compared to 1990. These tamyetsstill not
explicitly adopted in the European transport pglibyt given the emphasis on the contributions
from the transport sector (European Commission,7p0ind the prominence of the Kyoto
commitment in the transport policy documents it trius expected that also the transport sector
must reduce emissions by a minimum of 20% by 202@0d most likely more thereafter.

Table 11: Targeted CO2 emission reductions. Esthblil objectives in bold types — more radical
objectives depend upon international agreementerstibject.

Year 2012 2020 2050
Reduction to C@emissions compared to 1990 8% 20-30% 60-80%

7.3. Instruments

In 2001 the EC published a White Paper: Europeamsprort policy for 2010: time to decide (EC,
2001). This paper enjoins actions to control thengh in air transport. Key points include:

* Revitalising the railways

» Striking a balance between growth in air transpamtd the environment, including:
rethinking air transport taxation and en-route gation charges; debating the future of
airports, e.g. charges and better use of capaeiygion of slot allocation systems.

» Turning intermodality into reality, including harmigation between systems and support for
the development of alternatives.

* Adopting a policy on effective charging for trangpdncluding harmonisation of fuel
taxation for commercial users; and alignment ofgghieciples for charging for infrastructure
use, and integration of external costs to encouthgeuse of transport modes with lesser
environmental impact.

In 2006 a revision was made to the White Papelingalor a broader and more flexible transport
policy toolbox and for more comprehensive strategikey issues related to transport and
energy/CQ emissions include:

* Promote energy efficiency at EU level (forthcomawaiion plan)
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* Encourage EU actions, including voluntary agreemsient

» Support research, demonstration and market inttamumf new technologies such as
optimisation of engines, intelligent vehicle energgnagement systems or alternative fuels,
such as advanced biofuels and hydrogen or fued oelhybrid propulsion

* Launch user awareness actions on smarter and cleahieles and a major future-oriented
programme for green propulsion and energy effigiendransport

» develop policy measures to contain emissions frisransport

(European Commission, 2006h)

The instruments most interesting for modelling ENSOR are those aimed at influencing the cost
of transport. However, if this is to be done intsacway that external costs are internalized and if
the change in cost is to be such that consumersgiviieur will be affected significantly, we need to
ask ourselves how high these external costs arewdwad the price elasticity of the demand for
transport is.

7.3.1 External cost estimates

Aviation as of today does not pay the externalsassociated with flying, neither when it comes to
a specific impact such as noise (Lu and Morrelld)Onor the climate change effect of £O
emissions or other impacts. Various attempts haes Ionade to estimate the external costs: A study
by the UK Department for Transport (2000) suggethatithe external costs amounted to £2.75-3.6
per 1000 pkm for short-haul operations, dependingthe carrier. For long-haul operations,
external costs were estimated at £2.78-3.21 080 pkm. Based on average fares at the time, this
amounted to around 6% of the ticket price for sthautl flights and 3.5% for long-haul flights
(Department for Transport, 2000). A study initiatgdthe German Umweltbundesamt (Dings et.al.,
2003) concluded that the formation of contrailsimigrflight is a key factor when it comes to
estimating external costs. If no contrails are fedmexternal costs amount to around 20-30% of
average ticket price for a short-distance flighdqZxm) and around 5% of ticket price for a long-
distance flight (6000 km). If, however, contrailee dormed during half of a medium- or long-
distance flight, external costs rise to 20-25%hw average ticket price. These cost estimates are
fairly conservative. Other estimates of externats@re twice as high or more.

7.3.2 Effects of taxation

The United Nations climate panel suggested thatgelsa e.g. a carbon tax, may reduce demand for
aviation (Penner et. al., 1999). A number of stadiave focused on the effect of increased fuel
prices or carbon taxes on the demand for aviaW®i.and Dings (2002) analysed a €@x of
€30/tonne in combination with an N@ax of €3.6/kg - and estimated that this woulduced CQ
emissions in European airspace by 9% in 2010, ottwh.4 percentage points through technical
and operational measures by airlines and 4,5 pegerpoints through a reduction in demand. Tol
(2007) focused on the international aviation dembydourists and quotes Michaelis, 1997 for a
ticket price increase of 7% on average followingX25tonne carbon tax. This would reduce
demand by 4.4-13.3 % (using an elasticity betwder and -2.1). Others have estimated lower
elasticities, e.g. Witt and Witt, 1995: -0.04 -34;. and Crouch, 1995: -0.85. As a consequence Tol
(2007) concludes that “Michaelis’ lower elasticis/probably more valid” and consequently uses
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estimates in the same range. This also corresgortlie elasticities used by Lu and Morrell (2001)
in their analysis of the effect of environmentahayes. Lu and Morrell quote a range from -0.5 to -
1.8. Following Tol (2007), several authors argus the effect of increased fares in aviation wdl b
reduced travel rather than switching modes. ToD{2Gsuggests, however, that the LQ@x will
induce a shift from long-distance to medium-dis&afiights as well as shifts from short to medium
flights. For medium distances Tol further suggeistd there will be modal shifts from holidays by
air to car and train.

The results of Tol's (2007) recent study indicdtatta global carbon tax of $1000/t on kerosene
would result in a fall of 0.8 % in internationalutist travel in 2010, and that the associated
reduction of CQ emissions would be 0.9 %. For the tourist, thegowould increase $73 for a 1000
km roundtrip. The emission effect falls to 0.19f%e tax would be implemented in the EU only.

This rather limited effect has to be related togkeeral growth trend of transport and in particula

air transport in Europe. In 2005, the total numbiepassengers transported by air (of whom 80%
are tourists) in the EU25 rose by 8.5% compare@0@4, to more than 700 million. Passenger
numbers rose by 8.8% in 2004 and by 4.9% in 20G3h€se passengers, 23% were carried on
national flights, 42% on intra-EU25 flights and 3% extra-EU25 flights (Eurostat 2007). So the

kerosene tax may just help curb the growth in ssanwhile total numbers would still increase.

Beside the effects on G@missions, travel modes and flight distances,(Z007) investigates the
shifts in destinations and travel patterns. Theselts are interesting in a SENSOR context because
these shifts will lead to changes in land use. ém@ntation of an international tax will affect the
Americas and Africa negatively as well as Westeanoge, while Central and Eastern Europe are
expected to gain because of increased tourism fn@in own regions as well as from Scandinavia
and the UK. Asian countries will also gain. Tol Q20 further concludes that an EU tax will divert
European travellers from the USA, Africa and thelté East to Europe, and that US citizens will
reduce travels to Europe. Iceland, Ireland anduKeare heavily dependent on airborne tourism
and will lose market shares from this type of téal(2007:135).

7.4. Policy variables: current and potential possibilitiesto model a CO, policy scenario on
tourism demand

In the SENSOR project, the results of interest fl@Q tax are primarily the resulting changes in
tourist numbers in each NUTSx region rather than éhvironmental effects (emissions), as the
project focuses on land use changes. For modghlimgoses in the SENSOR project context, the
resulting number of international tourist arrivatswell as domestic arrivals, from a £x@x as well

as other instruments, is therefore a key varidleen the number of tourist arrivals increases or
decreases, the land-use, the transport as welleasesulting emissions change. Increases in the
latter may however be affected by technologicalovations reducing harmful emissions and
providing higher fuel efficiency.

Land use changes are affected by substitution sifrdgions as well as changes in consumption and
travel modes, as the latter affect the transporatystem.

To model substitution and changes in consumptiomfprice changes and other policy changes the

tourism demand model developed for SENSOR (Kaas® 2006) uses an AIDS model (Almost
Ideal Demand System). Hereby price and income ieitess are estimated for all countries,
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allowing for assessments of both substitution pastein tourism, e.g substitutions between
destinations, as well as changes in the consumpfitime good, as both these effects are important
for assessing changes in land use including chdmejaseen regions.

The method allows us to approach the choice of wopsion and choice of destination as a
consumer choice problem, where the consumers aected to be constrained by both income and
time limitations (Divisekera, 2003). By using tlaipproach, potential changes in GDP, income and
prices in the regions can be transformed into tieguthanges in demand for tourism in origin and
destination regions.

As shown by e.g. Tol 2007, the modelling of a ppkcenario such as a @@x on international
tourism is highly complex, mainly because of deapgy These gaps are also mentioned by Bigano
et al (2006), Divisekera (2003) and others. FollayiDivisekera (2003), data on aggregate
guantities of goods and services consumed by tsuait different destinations is virtually non-
existent, even though tourism is one of the largekistries in the world.

There are two alternative proxies to estimate demiay derivation of a measure of tourism
expenditure; either by tourist numbers (arrivalshights spent (cf. Divisekera 2003). The second
opportunity, nights spent at the destination, @gposds to actual spending reported at the
destinations.

So - because tourism services are bought at thenadiésn, we have regarded the costs of the
services at the destination sites most importantife demand for the different sites.Therefore the
demand is currently modelled as a function of edgere at the destinations, i.e. the receipts, the
number of overnight stays and a consumer priceximego that approximates the price level and
relative prices of the destination and origin coest The benefits of the estimated elasticities
based on these data are that we have been aldeatdigh a matrix of income elastisicities for the
tourists’ demand for travels from country i to coyn. Hereby we are able to assess changes in
travel patterns from changes in income and prit#seadestinations.

Even though transport costs form a substantialgrtam of total expenditures for tourism, they are
not included in the present model. This is duesgource limitations and to the aforementioned data
limitations. These also apply to transport.

Additional modelling is needed to include transpmsts . Even though data are hard to find , it is
not impossible to approximate these costs and declinem in the estimates of elasticities. In
modelling them, Tol (2007) uses the cheapest ofi@ra flight 2 months in advance including a
weekend at the destination based on prices Wwarw.expedia.com and Divisekera (2003) also use
air-fare data between destinations retrieved frdficial sources. This raises a problem because
“effective” travel costs are not assessed this whg; price practices of airlines on the different
routes are not quantified. To approach the farasallg used, Divisekera uses weighted averages of
widely-used fares such as economy, excursion aasbsal fares. This approach can also be used in
an extension of the present tourism model andé¢hable modelling of transport costs.

Furthermore, a possible fuel taxation scenarionem SENSOR project requires assumptions on
whether the tax includes all types of tourism tpamsor only the air transport (the most polluting)
Including all types of transport would require deth knowledge of the modal splits, costs,
emissions etc. and data at this level does notaagpebe available at the EU25 level. And even if
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the focus is exclusively on air transport, the alise needs to be related to ground transport, as
passengers may shift from one type to another winees change. In his modelling, Tol (2007)
gets around the lack of data on modal split by mgkhe assumption that all tourist travel over
distances shorter than 500 km one way is groumspi@t while all travel beyond 5000 km is by
air, and in between the fractions increase lineaith distance. Different measures are applied to
island nations. This approach can also be useevised modelling of the demand in SENSOR.

Travel distance is another necessary key paramdtieh is not readily available in the SENSOR
project; but as also done by Divisekera (2003) atiebrs, the assumption can be made that the
travel distance is between the capitals or othen mestinations.

It seems reasonable to assume that a @©is differentiated with the actual emissionak@&-off
and landing are more fuel-consuming than flightraiising altitude, and consequently short trips
produce higher emissions per kilometre. Also, thespnger capacity of the flight and occupancy
influence emissions. However, the various studiEsafce & Pearce 2000, Wit et al. 2002) operate
with an “average plane” and according to Tol (20®7is means 6.5 kg C per passenger for take-off
and landing and 0.002 kg. per passenger-kilomé&lrese emissions are quite similar to those found
onwww.climatecare.org

In conclusion, modelling the effects of taxationti@nsport on tourist numbers is highly complex
and requires re-estimations of the current modeis Ts possible, but the resources allocated for
this part of the modelling are very limited in tB&NSOR project. Furthermore, it will be very
difficult to assess how the taxation will affecutst numbers by NUTSx regions — will the tourists
choose the same destination but other modes ofptaat? — or choose different destinations? As
mentioned, the Tol’'s (2007) results indicate thegt effects of taxation on international air travel
will shift travel patterns from long-distance to dnem-distance flights and from medium-distance
flights to car and train transport for holidays ut these results rely on the assumptions made by
Tol, and preferably they should be investigatethien.

This also affects the spatial distribution of tetsi some countries will experience an increase and
others a decline in the number of tourist arrivalsl. (2007) shows that in particular island nations
are negatively affected by the kerosene tax, ag taly heavily on air transport. however, the
overall effects are quite small with the most aféelccountry being the UK. A $1000/t C tax on
international tourism would lead to a decline opmgx. 1.5% of tourism in the UK - or around
700.000 visitors.

As the simplest transport policy variable that colok implemented in the SENSOR project would
be a rise in tourism transport costs due to tara#opercentage increase to the cost of travel gvoul
translate into increased costs of visiting a gigdestination and thus changes to the flow matrix for
tourist travelling between the European countii@®en this simplest option will, however, require a
re-estimation of the tourism model to properly eefland identify transport costs between origins
and destinations.

A focus on rising transport costs, rather thanrivaksation of externalities, would be warranted by
the uncertainty of available external cost estismaResults suggest that these may be 25% or more
of year 2000 ticket prices, but they may also beelo The indication is, furthermore, that the
impact of rising travel cost will be quite weak,dathat only a substantial increase will cause a
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visible effect. Increases of 25-50% appear appabv@riThis, then, will be the policy scenarios to be
modeled. The mode of implementation is shown inl§4Ra.
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Table 12. Overview of policy variables to be modelled witthia tourism transport policy case

Variable code Description. Year Domain Default NEME B&B CLUE-S TIM Nature ‘model’
TT_ Taxation on carbon | [2025] Continuous in Increase Estimation of -
CARBTAX dioxide emissions the interval transport price | NOTSO flow

for transport, [0,50] index based on

expressed as
increase in total cost

consumer and
transport price
indices from
NEMESIS
Disaggregation
to NUTSX
based on geo-
physical
attributes.
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