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Summary

Climate change will, apart from land use changes, be the major factor leading to the loss of species. Indeed, many species have already been reported extinct due to climate change, and by 2050, between 15-35% of the species contained in different taxa such as butterflies, birds or reptiles might be lost because of global warming and other climate-related changes (Thomas et al. 2004). The threat of climate change for species diversity also needs to be seen in the context of more recent warming scenarios: the International Panel of Climate Change (IPCC) maintains its lowest warming scenario of 1.4°C by 2100, but an upper range of warming will reportedly no longer be given in the 4th assessment report due in 2007. For northern Sweden, warming scenarios of up to 11°C by 2100 have been presented (ACIA 2004). This, in combination with other environmental changes, such as changing precipitation patterns, could have devastating consequences for species diversity in both Sweden and elsewhere.

Tourism is an important contributor to global environmental change, including climate change, but also the distribution of diseases over large distances during relatively short periods of time (e.g. SARS, “airport malaria”), the large-scale alteration of land for tourism infrastructure (e.g. Mediterranean coastline), the overuse of water and other scarce resources (Gössling 2001, 2005; Hall and Higham 2005). As tourist arrivals in the context of the Linné festivities in 2007 will mostly contribute to greenhouse gas emissions, the focus of this report is on energy-related issues, including energy used for accommodation, activities and transports. However, there is uncertainty about the scale of national and international tourist arrivals
 in the context of Linnéjubileet. Two scenarios are thus presented to assess tourist flows and resulting emissions. The results indicate that Linnéjubileet could cause emissions of up to 40,000 t of CO2, which can be compared to emissions of 100,000 t CO2 caused by the 2006 football World Cup (excluding international aviation; cf. www.oeko.de). 

To offset emissions from Linnéjubileet, energy-efficiency measures and renewable energy production are discussed as the most promising options. It is suggested that a new not for profit company should be founded for the purpose of establishing compensation schemes. Costs for offsetting 1 t of CO2 are estimated to be in the order of €25. Payments should be collected from individual travellers, who should be encouraged to compensate their travel emissions independently via the website of the newly founded company. Furthermore, visitors to Linnéjubileet should be encouraged to make donations for the purpose of offsetting emissions, and, most importantly, a number of sponsors should be found to compensate for emissions from activities, accommodation, as well as emissions not offset by travellers themselves. Overall, visitors should be encouraged to use public transport to the largest extent possible to reduce the amount of emissions generated in the first place. 

Foreword: Linnéjubileet and Climate Change

In June 2006, I was asked by Linnédelegationen to undertake the research for this report, with the goal to contribute to a better understanding of the environmental consequences of the festivities associated with the 300th anniversary of Carl von Linné. With expectations of up to half a million visitors at the various Linné-sites, it was feared that the festivities could contribute to substantial emissions of greenhouse gases. This in turn will accelerate global warming, one of the major reasons for the loss of species. Carl von Linné, fascinated by biodiversity, might not have liked the idea that celebrations to his honour had such consequences. As the environmental program developed by Linnédelegationen (2006) seeks to minimize the environmental impact of the festivities, the question arises whether emissions of greenhouse gases caused by Linnéjubileet are large, and whether there are options for compensation. These are the questions addressed in the following.

During the preparation of this report, I talked to a wide range of actors in one way or another involved in the festivities, as well as a number of key stakeholders in Swedish tourism. When I told them about the work for this report, I frequently encountered disinterest, or in some cases even a clear rejection of the idea of compensation schemes. Comments ranged from “flights to Sweden will go anyway, there will be no additional flights just for Linnéjubileet”, “other sectors are far more polluting than tourism”, “most visitors to Linnéjubileet will travel by train or bus, which cause very small emissions”, or “if people wouldn’t go to Linnéjubileet, they’d go elsewhere, so this is a zero sum game”. All of these statements are debatable from a scientific point of view. Clearly, environmental issues in Swedish tourism & travel are still largely non-issues, and the concept of tourism as a “white” industry seems to predominate the perception of most stakeholders – largely in contrast to the fact that tourism and travel account for a large and growing share of greenhouse gas emission, also causing a wide range of other environmental problems (see for example recent reports by Gössling 2002; Peeters et al. 2004; Åkerman 2005). Moreover, tourism in general and Swedish tourism in particular are moving towards less sustainable forms, as exemplified by the recent rise in low-fare air travel.

More generally, emissions from transport in industrialized countries increase continuously, despite the fact that the EU-15 have signed the Kyoto-Protocol with the binding target to reduce emissions of greenhouse gases by 8% (Sweden 4%) by 2012. Technology is not likely to solve the problem (see Gössling and Peeters 2006 for aviation), while the problems associated with climate change are increasingly regarded as extremely serious (cf. www.ipcc.ch). Arguably, in comparison to global emissions, the contribution of Linnéjubileet to climate change might be small. However, at the upper end of the scenarios presented in this report, they might correspond to the annual sustainable emissions of 11,500 people, which could be seen as substantial. Given this situation, it is thus recommended to consider Linnéjubileet as an opportunity to raise the issue of transport, global climate change and carbon offsetting schemes.   

This report is based on a broad, even though not exhaustive overview of the available scientific knowledge. New articles on climate change are published almost on a weekly basis in highly reputed scientific journals, and critical readers of this report are encouraged to evaluate these articles for themselves. More often than not, the media presents climate change as an area of great uncertainty, which is not the case. There can be little doubt that climate change is for real and that consequences for flora, fauna and human socio-economic systems could be devastating beyond a certain level of warming. The summer of 2006, which can be seen as an analogue for warmer years to come, bears witness of this.

Malmö, August 2006 
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1. Global Environmental Change and Biodiversity
Global environmental change has taken place throughout the history of the Earth and is, ultimately, the very reason for today’s high levels of species diversity. However, human activities have accelerated global environmental change, affecting land use change, biogeochemical cycles, climate change, biota exchange, and disturbance regimes such as tropical storms (e.g. Sala et al. 2000, IPCC 2001, WWF 2005a). These changes now threaten a large number of species. Currently, some 4,000 mammal, bird, reptile, amphibian and fish species are threatened with extinction, while about 600 species of animals are on the list of critically endangered species (UNEP 2002). Extinctions including other taxa are even higher, with an estimated 27,000 -140,000 species being lost each year (Wilson 1992, Pimm et al. 1995). Future extinctions might even be larger in numbers, with the current speed of extinction through human intervention being 100-1,000 times faster than natural extinction rates (Martens et al. 2003). By 2050, climate change alone is estimated to cause extinctions of 15-37% of the species existing within a wide range of taxa, such as plants, birds, reptiles and butterflies. Estimates vary in relation to the climate change scenario and assumptions concerning the species’ ability to disperse to new habitats (Thomas et al. 2004). 

Some biomes, ecosystems and species are more susceptible to change than others. Northern environments, for instance, are likely to be highly affected by increasing temperatures because climate change will lead to pronounced temperature increases in these areas (ACIA 2004, IPCC 2001). This could have substantial consequences for landscapes and landscape elements, but also for some species of charismatic megafauna such as polar bears (for a recent report on climate change and loss of biodiversity in Europe see Brooker and Young 2006). A short summary of the most important consequences of climate change, the most important aspect of global environmental change in the context of tourism and transport (Gössling and Hall 2005), will be provided in the following. 

1.1 Temperature increase
Global average surface temperatures have increased by 0.6° ± 0.2°C over the 20th century, and are now increasing by 0.15 ± 0.05°C per decade (IPCC 2001). Future global warming is likely to accelerate, even though models do not allow for exact statements, as they depend for instance on future emission levels of greenhouse gases. Climate models have so far suggested temperature increases in the range of 1.4 to 5.8°C by 2100 (IPCC 2001, figure 1). 
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Figure 1: Variations in the temperature of the Earth 1000-2000, and projections 2100

Source: IPCC 2001

Recent publications indicate, however, that temperature increases might be larger, with estimates including an upper range of 11.5°C warming by 2100 (Challenor et al. 2005; Stainforth et al. 2005), and a likely scenario of a 3°C warming by 2100 (Kerr 2004). Any warming beyond 3-4°C is assumed to have substantial adverse impacts for marine and terrestrial ecosystems (cf. Hitz and Smith 2004). Regarding the Northern Hemisphere, average surface temperatures might increase by up to 11°C in the Northern Latitudes by 2100 (ACIA 2004). Even though this is the highest range, corresponding to the average temperature difference between the temperate zone and the tropics, there is consensus that temperatures will increase drastically in the Northern Hemisphere, with expected increases of at least 4°C by 2100. Note that even “moderate” temperature increases of 2°C could imply substantial economic losses for a range of economic sectors (ACIA 2004). Of even greater importance for biodiversity is the fact that temperature increases are not likely to be linear. For instance, heat waves such as the one occurring in summer 2003 in Central Europe are expected to become the norm in the second half of the 21st century (Schär et al. 2004).

1.2 Sea level rise

One of the most important consequences of temperature increases will be sea-level rise, a result of the thermal expansion of the oceans and the melting of glaciers and ice caps. According to the IPCC (2001), the average global sea level has risen by between 0.1 and 0.2 m during the 20th century, and IPCC scenarios point at sea level rise of 0.9-0.88m by 2100. Currently, the state of the West Arctic Ice Sheet (WAIS) is of great concern because its complete melting could raise global sea levels by approximately seven metres (Oppenheimer and Alley 2004). While such a scenario would take long periods of time, there still is potential for a marked increase in the rate of sea level rise due to accelerated ice loss. Sea-level rise can lead to the loss of coastal wetlands and biodiversity, and cause land inundation and coastal erosion (Nicholls 2004, Zhang et al. 2004). 

1.3 Changes in precipitation patterns

Amount and intensity of global precipitation patterns have changed substantially in recent decades. According to the IPCC (2001), precipitation might have increased by 0.5 to 1% per decade in the 20th century over most mid- and high latitudes of the Northern Hemisphere continents, and by 0.2-0.3% per decade over the tropical land areas (10°N to 10°S). However, increases in rainfall in the tropics are not evident over the past few decades, and in the Northern Hemisphere sub-tropical land areas (10°N to 30°N), rainfall might have decreased during the 20th century by about 0.3% per decade. No changes have been observed over the Southern Hemisphere, and data is insufficient to establish trends over the oceans. Regarding the intensity of precipitation patterns, a 2-4% increase in the frequency of heavy precipitation events has occurred in the mid- and high latitudes of the Northern Hemisphere over the latter half of the 20th century. Heavy precipitation events can be a result of changes in atmospheric moisture, thunderstorm activity and large-scale storm activity. Globally, runoff is expected to increase by 4% given a 1°C global temperature rise, a result of more intense evaporation above oceans coupled to continental precipitation (Labat et al. 2004). However, there are increasing and decreasing runoff trends on intercontinental and regional scales. For instance, in Europe, models predict substantial changes in precipitation patterns (Xu 2000). More intense precipitation, most of which is projected to occur in winter, will contribute to increased lake inflows, lake levels and runoff (Palmer and Räisänen 2002). During the summer, drier conditions, exacerbated by greater evaporation, will reduce lake inflows and lake levels. Higher temperatures and decreasing water levels in summer may also affect thermal stratification, evaporation and species composition of lakes (Hulme et al. 2003). Increasing river discharge has already been observed over much of the Arctic; with spring peak river flows now occurring earlier (ACIA 2004). In the Northern latitudes, melting glaciers might also contribute to greater run-off. 

1.4 Extreme climate and weather events

There is evidence that extreme weather events have become more frequent. Warm episodes of the El Niño-Southern Oscillation (ENSO) phenomenon, for instance, have been more frequent, persistent and intense since the mid-1970s, compared with the previous 100 years (IPCC 2001). Furthermore, in some regions such as parts of Asia and Africa, the frequency and intensity of droughts has increased in recent decades. While these patterns seem connected to global environmental change, the IPCC points out that alterations in tropical and extra-tropical storm intensity and frequency are dominated by inter-decadal to multi-decadal variations, with no significant trends evident over the 20th century. Likewise, no changes in the frequency of tornadoes, thunder days, or hail events were observed as yet (IPCC 2001). Extreme weather events, if increasing in number and intensity in the future, might potentially have serious consequences for species diversity and ecosystems, as these are affected by heat waves, heavy precipitation, cold extremes and storm events (Leemans and Eickhout 2004). 

1.5 Distribution and spread of diseases

Climate change also leads to the distribution and spread of diseases. For instance, Malaria is predicted to spread with climate change (van Lieshout et al. 2004), and there are concerns about the future distribution of ticks and mosquitoes and the diseases they carry (Lindgren and Gustafson 2001, Ogden et al. 2006). Disease-carrying vectors might be permanently established through climate change.
2. Climate change, emission reduction goals and Linnéjubileet

Climate change will not only affect biodiversity, but also affect a range of sectors that are of direct economic importance to humanity, such as agriculture (cf. Schellnhuber et al. 2006). In order to avoid “dangerous interference with the climate system”, the European Union’s maximum warming target for 2100 has been set at 2°C, which means that the maximum concentration of carbon dioxide in the atmosphere should not exceed 450 ppm (cf. Meinshausen 2006). Consequently, the EU-15 has signed up to deliver a collective 8% cut in emissions by 2008-2012 (base year: 1990) under the Kyoto Protocol. Observe that substantially larger cuts in emissions will have to be achieved in the future, with reductions of -60% needed by 2050 (base year: 1990; cf. Tyndall Centre, 2005). This demands considerable action, particularly with regard to the transport sector. In Sweden, recent research has shown that air travel alone could by 2050 stand for the amount of emissions that would be sustainable for all sectors (food, housing and transport) (Åkerman 2005). Growth in this sector is so rapid, that from 2005 to 2013 alone, emissions are likely to increase by 25%, which corresponds to the emissions from all car travel in the greater Stockholm urban area during one year (personal communication Jonas Åkerman, Kungliga Tekniska Högskola Stockholm, 15 March 2006). Consequently, there is an urgent need to reduce emission levels in all sectors, and particularly in the transport sector.

Generally, emissions in tourism can be attributed to transport (to and from the destination, at the destination), accommodation and activities. Most emissions are attributed to transport, with the transport component accounting for between 60-95% of the journey’s overall contribution to global warming (Gössling et al. 2005). Compared to emissions of transport, those of accommodation establishments and the tourists’ recreational activities appear to be of less relevance, even though these can be substantial as well, varying considerably depending on the type of tourism (heli-skiing, coastal mass tourism, cycling holidays) and the type of accommodation chosen (i.e. Youth Hostel vs. five star hotel). The following sections summarize how emissions are calculated in the respective sectors, as well as their relative importance in the context of Linnéjubileet. Note that food is not included in calculations, as the aim of the following calculation is rather to identify additional emissions caused by the festival. Compensational effects, i.e. the use of resources that would have occurred in case visitors had not come to the festival (see Alfredsson 2001) are not considered, as this is beyond the scope and purpose of this report. 

2.1 Transport

Transport emissions can be calculated for different transport modes and connections, using the following equation (for details see Gössling et al. 2005; an update is provided by Peeters et al. 2006): 
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Variables are:

Eel: CO2–equivalent emissions in kg
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: Specific emissions of CO2 in gram per passenger kilometre (pkm)
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Vm : Total transport volume for transport mode (m) in passenger kilometres (pkm).     

Equivalence factors are used to include the climate-relevant effects of other emissions than carbon dioxide. For surface transport (road, rail) this factor is about 1.05. At flight altitude, emissions of NOx, H2O and soot cause positive additional radiative forcing (IPCC 1999; Sausen et al. 2005). The equivalence factor for air transport is currently set at around 2.0 (for 2000; Sausen et al. 2005). Note, however, that there is still a large degree of uncertainty concerning the role of contrail-induced cirrus, which might have twice the radiative forcing effect of CO2 and NOx. The total transport volume for transport mode m (Vm) is then calculated using the following equation (Gössling et al. 2005):
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Variables are:

Vm: Total transport volume for transport mode (m) in passenger kilometres (pkm)

Nn: Total number of tourists travelling with transport mode m on connection n
Sn: Great circle distance for relation n
DFm: detour average factor for mode m

WFn: generalised weight factor for multi-destination travel calculations at journey-, region- or country level.

The total number of tourists travelling with transport mode m includes all travellers arriving with a certain means of transport (aircraft, car, etc.). The great circle distance Sn is the shortest distance between two locations. The detour factor DFm is used to include distances travelled in addition to the great circle distance (table 1). For instance, during take-off and landing, an aircraft will cover additional distances, and there are countries that do not allow foreign aircraft to cross their territory. Similar is true for military air spaces, forcing civil aircraft to fly detours. Finally, the widely used system of hub & spoke networks requires passengers to fly further and to go through an additional energy-intense take-off cycle. All of these factors cause aircraft to fly longer distances than the great circle distance. A weight factor WFn is used to indicate that long-distance tourists may visit several countries during their stay. Only part of their travel impact should therefore be allocated to the country where the tourists arrived. This is of particular importance in the context of Linnéjubileet, where a high share of multi-purpose visitors from abroad can be expected. Using Uppsala as an example, WFn is calculated as 
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, with LOS_Un being the average length of stay in Uppsala and LOS_Tn being the average total length of the trip (to Sweden). The length of stay is measured in bed nights (also guest or visitor nights). Finally, to capture return-trips, results have to be multiplied by two. 

Table 1: Factors for different transport modes

	Transport mode
	Emission factor
[image: image7.wmf]m

b
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	Detour factor DF

	Air (EU)
	0.140
	2.00
	1.05

	Air (ICA)
	0.120
	2.00
	1.05

	Rail
	0.025
	1.05
	1.15

	Car
	0.075
	1.05
	1.15

	Coach
	0.018
	1.05
	1.15

	Ferry
	0.070
	1.05
	1.05

	cruise ship
	0.070
	1.05
	1.30

	cycle/moped
	0.010
	1.05
	1.15

	Other
	0.075
	1.05
	1.15


EU: European Union, i.e. flights with a maximum range of 2,000 km; ICA: Intercontinental Air Transport, i.e. flights with a range greater than 2,000 km; occupancy rates: air: 70% (European Union), 75% (ICA); cars: 50%; long-distance rail: 60%, EU-average, note that Swedish trains have lower emission values due to the use of nuclear power; coach: 75%.
Source: modified from Gössling et al. 2005

2.2 Accommodation

Energy use in hotels varies considerably, both with respect to the sources of energy used as well as the amount of energy consumed (table 2; cf. Gössling 2002). The amount of energy consumed in different hotels as well as the environmental impact of their production may thus vary considerably. 

Table 2: Energy use accommodation, 2001

	Accommodation

Establishment
	Energy use per bed night (MJ)
	Emissions per bed night (kg CO2)1)

	Hotels

Campsites

Pensions

Self-catering 

Holiday villages

Vacation homes
	130

50

    25

120

  90

100
	20.6

7.9

4.0

19.0

14.3

15.9


1) Based on an emission factor of 43.2 g C per MJ (Schafer and Victor 1999 for the 1990 world electricity generation mix), or 158.5 g CO2 per MJ.

Source: Gössling 2002

Accommodation-related emissions generally seem to be at the lower end of the range given above, because visitors to Linnéjubileet are likely to more often use simple to moderate accommodation, rather than energy intense four and five star hotels. Visitors could also be encouraged to use certified accommodation (The Nordic Swan, Green Key), which would influence emission levels positively. The Scandic group, as an example of up-scale accommodation, has established a wide range of measures to become more environmentally friendly, including the use of KRAV-certified foods in their restaurants. Furthermore, most visitors will arrive in summer, when there is no need for heating. Based on these assumptions, it is estimated that each visitor will cause rather low average emissions of 12 kg of CO2 per bed night in a mixture of lower standard accommodation (youth hostels, campsites, farms, etc.) and moderate standard accommodation (3-4 star hotels). 

2.3 Activities

On holiday, tourists are usually engaged in various activities. Becken and Simmons (2001) identified activities of New Zealand tourists and calculated their energy-intensity, which ranged from 7 MJ per tourist (visitor centers) to 1,300 MJ per tourist (heli-skiing). Given the differences in energy-intensity, it seems difficult to allocate an average amount of energy to each tourist. However, as most activities during the festival seem not energy intense (visits of museums, walks, etc.), it is suggested to simplify calculations by allocating an average of 5 kg of CO2 to the activities of each visitor. This seems reasonable, given estimates of 40 kg of CO2 emissions for an 8-day vacation (Gössling 2002).

Two conclusions can be drawn at this stage: first, accommodation and activities cause rather small emissions in contrast to transport. There should thus be different approaches to deal with these. Second, two main parameters affect the overall environmental impact of transport, including i) the distances travelled and ii) the modes of transport used. Clearly, aviation is, from a climate change perspective, the most environmentally harmful means of transport, due to generally longer travel distances and the additional warming effects of emissions released at flight altitude (Sausen et al. 2005). The following section will focus on the calculation of the amount of emissions released in the context of Linnéjubileet.

3. Emissions from Linnéjubileet – a scenario-based analysis 

As described in the previous section, emissions caused by Linnéjubileet arise from transports, accommodation and activities. An assessment of the overall emissions caused by Linnéjubileet should thus aggregate the amount of emissions caused within these sectors by all visitors in both Sweden and other countries where festivities are held. This is for several reasons difficult. First, the assessment is a question of time – focus is here on 2007, even though a great number of activities have already been held in 2006, which are excluded from the following analysis. Second, many visitors of Linnéjubileet might have come to Sweden or the respective site of the festivities for various reasons (extended vacation, visiting friends & relatives, etc.), and need to be seen as multipurpose travellers (see section 2.1 above). Consequently, only part of the emissions caused by these visitors arise in the context of the festival. Finally and most importantly, discussions with staff at VisitSweden, Nutek, Turism Uppsala, Linnédelegationen, etc. reveal that “official” estimates of 100,000-500,000 visitors to Linnéjubileet are highly speculative. Clearly, there are no sound assumptions of the number of visitors that can be expected, and there is even greater uncertainty with respect to domestic/international visitors, the number and location of sites these will visit, as well as the means of transport used. In the light of these uncertainties, it was necessary to design a model based on a low-emission (A) and a high-emission (B) scenario. The resulting range of emissions might be an indicator of the overall amount of emissions caused by Linnéjubileet. Results can however be extrapolated to any visitor number by adjusting the share of expected visitor types.  

As shown in figure 2 below, scenarios (considering two extreme cases: A and B) are based on different visitor types, depending on two main parameters, “distance travelled” and “transport mode”, and based on estimates of 50,000 and 500,000 visitors. Four visitor types are distinguished, “Local visitors”, “Regional visitors”, “European visitors” and “Overseas visitors” (for assumptions see table 4 below). Other parameters of importance in the context of emissions are “length of stay”, “activities carried out” and “standard of accommodation”. “Length of stay” is estimated based on a weight factor (see following sections). “Activities” are considered to be similar for all tourist types (mostly consisting of visits of various sites, walks, etc.), while an average value is applied for “standard of accommodation” (see section 2.2). Scenario A and B are based on a likely mix of different tourist types in each of the countries where festivities are held, leading to an assessment of emissions. Observe that scenario B is based on a higher share of non-Local visitors, as it can be assumed that the greater the total visitor number, the higher the share of Regional-, European- and Overseas visitors.
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Figure 2: Methodology scenario analysis emissions/compensation

In order to estimate the number and mixture of the different tourist types, all countries with Linné Societies, Linné-related sites and arrangements of festivities were identified in a first step. As shown in table 3, Sweden, the United Kingdom, and the Netherlands will be those countries where most Linné-related activities will take place. Special arrangements in the context of Linnéjubileet will be held in an even greater number of countries, including the United States, Canada, Australia, Japan, France, and Germany. Consequently, the major tourist flows are assumed to take place in between these countries.

Table 3: Countries with Linné Societies, sites, and Linné-related festivities in 2007 

	 Country
	Societies/sites



	Sweden
	· The Royal Swedish Academy of Sciences, Stockholm

· The National Linnaeus Commission, Stockholm

· The Swedish Linnaeus Society, Uppsala

· Uppsala University
· Råshult, Diö
· Karolinerhuset
, Växsjö
· Linnémuseet, Uppsala
· Linneträdgården, Uppsala 
· Linnés Hammarby
, Uppsala


	Netherlands
	· Hortus Botanicus, Amsterdam

· Harderwijks stadsmuseum

· Hortus Botanicus, Harderwijk

· Hortus Botanicus, Leiden
· Leiden University

· Museum Boerhave, Leiden

· The Clifford Herbarium, Wageningen

· Godset 'De Hartekamp', Haarlem



	United Kingdom
	· The Linnean Society of London
· Birmingham  Botanical Gardens 
· Bristol’s City Museum & Art Gallery 

· Chelsea Physic Garden, London 

· Chester Zoo, Chester 

· The Eden Project, Austell, Cornwall

· Hunterian Museum, Glasgow 

· Linnean Society of London 

· Manchester Museum 

· Natural History Museum, London 

· National Botanic Gardens, Glasnevin 

· National Botanic Gardens of Wales, Llanarthne

· National Museum of Wales 

· The Royal Botanic Garden, Edinburgh 

· The Royal Botanic Gardens, Kew 

· The Royal Horticultural Society, Wisley 

· The Royal Horticultural Society Lindley Library 

· University of Reading 

· University of Ulster 

· World Museum Liverpool 

· Zoological Society of London
· University of Cambridge 

· Botanic Garden 

· Herbarium 

· Sedgwick Museum of Earth Sciences 

· Zoological Museum
· University of Oxford

· Herbaria 

· Oxford Botanic Garden

· Museum of Natural History

	United States
	· The Linnean Society of Lake Superior, Inc., Ashland, WI

· Linnaean Society of New York
· American Swedish Historical Museum, Philadelphia, PA


	Canada
	· Société Linnéenne du Québec


	France
	· La Société Linnéenne de la Seine maritime 

· Société Linnéenne de Lyon 

· Société Linnéenne de Provence 

· Société Linnéenne de Bordeaux 

· Société Linnéenne de Normandie

	Australia
	· Linnean Society of New South Wales
· Royal Botanic Gardens Sydney
· Macleay Museum


	Germany
	· University of Kiel Botanic Garden



* not considered are various excursions and events
Maps 1a and 1b show the geographical distribution of tourist flows in the context of Linnéjubileet. The maps show assumed tourist flows, divided in minor flows (with less than 1,000 visitors) and moderate flows (with up to 10,000 visitors). These are meant to be rough indicators of the relative importance of various destinations/source countries, rather than reliable indicators of visitor numbers. The overview of flows has the purpose of making it possible to calculate travel distance estimates for local/regional/European/overseas visitors and to also assess their respective share of overall travel flows. The “true” visitor flows in 2007 and their contribution to climate change will depend on a variety of factors, such as marketing of the festivities (attracting a larger share of Local-/Regional- or European/Overseas visitors), transport mode communications (focusing on making people change to use public transport), etc. The scenarios presented in the following can thus only be seen as indicative of the expected impacts.
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Map 1a: Overseas visitor flows to/from Europe in the context of Linnéjubileet
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Map 1b: Main tourist flows within Europe in the context of Linnéjubileet

Table 5 indicates that overseas visitors are the most important ones in terms of their individual contribution to emissions of greenhouse gases from transport (this can both include travellers from Europe attending events in for example Canada or the US, as well as visitors arriving from these countries). Arriving from/departing to Canada, the US, South Africa, Japan and Australia, air travel distances to Stockholm (return) will average 10,800 pkm, 12,600 pkm, 20,100 pkm, 16,800 pkm and 30,800 pkm, respectively. On top of this, there might be travel within Sweden/Europe. An estimate of the average air travel distance for these five most relevant overseas source countries/destinations is 18,000 pkm per tourist, translating into some 4.5 t of emissions of CO2-e per trip. This distance is the average distance covered between the five source countries/destinations and Stockholm, as it is not known whether there will for instance be more tourists from Australia than the US or vice versa. As shown in map 1b, tourist flows from these countries are assumed to be minor in comparison to inter-European visitor flows, but they are important in terms of their contribution to overall emissions.

Map 1b shows the geographical distribution of visitor flows in Europe. Most festivities are held in three countries, this is Sweden, the UK and the Netherlands. Furthermore, France, Finland, Germany, Spain, Italy, Switzerland and Russia have some Linné-related arrangements, with further activities being planned in Austria and Denmark. The major tourist flows are assumed to be domestic, taking place within Sweden, the UK and the Netherlands. Other countries with planned activities might also see substantial domestic travel flows. Regarding inter-European tourist flows, major movements are expected in between Sweden, the UK and the Netherlands. Generally, Sweden is assumed to be the “hotspot”, with arrivals from a wide variety of European countries, while the UK, the Netherlands and France also receiving substantial, though lower number of arrivals from countries not arranging Linné-related festivities. Finally, there might be substantial travel in between all countries involved in Linnéjubileet. 

Table 4 shows the characteristics of Local-, Regional- and European visitors as well as Overseas visitors, with respect to distance travelled (in passenger kilometres, pkm), the main modes of transport used, the assumed weight factor to account for multipurpose travel, and the length of stay in the context of Linnéjubileet. All values are estimated averages. Tourist category one, the “Local visitor”, is the type of visitor most frequently expected. S/he is living close to the site of the festivities, mostly arriving by private car or public transport (coach), travelling on average no more than 30 pkm one way to get to the respective site. Local visitors are assumed to travel entirely for the purpose of the festival, hence the weight factor of 1.0. Their length of stay is limited to the day, i.e. they will not stay in any kind of accommodation, but rather return home the same day. 

The Regional visitor lives in moderate distance to the events, travelling on average some 250 pkm, mostly by train or car. Due to the relatively large distances travelled, it is assumed that regional visitors will extend their stay in order to also participate in other activities (for instance, an extended holiday). Hence, a weight factor of 0.8 is applied to these visitors, and an average length of stay of 0.5 nights. 

International tourists are divided in “European visitors” and “Overseas visitors”. European visitors are assumed to cover average distances of 800 pkm, mostly by car, air and train. Note that the relative importance of these means of transport might be influenced by communications previous to the activities in 2007, i.e. by calls to favour public transport over aircraft and car. A weight factor of 0.3 is applied for European visitors to Linnéjubileet, assuming that these will on average only spend roughly one third of their time related to festivities. Consequently, the average length of stay in the context of Linnéjubileet is assumed to be two days. Overseas visitors might, as pointed out above, travel average distances of 9,000 pkm to arrive in Europe, including visitors from the US, Canada, South Africa, Japan and Australia. However, they might stay for only one fifth of their time in the context of Linnéjubileet, and visit other destinations before or afterwards. Their overall length of stay is assumed to be longer (3 days, including one day for coming/going, and based on the assumption that the main travel motive is Linnéjubileet), due to the larger distances covered, and the overall longer period of stay.

Table 4: tourist types and their travel characteristics

	Tourist type
	Distance travelled (pkm, one way)
	Main modes of transport
	Weight factor
	Length of stay (bed nights)

	Local visitor
	30
	car, coach
	1.0
	0.0

	Regional visitor
	250
	train, car
	0.8
	0.5

	European visitor
	800
	Car, air, train
	0.3
	2.0

	Overseas visitor
	9,000
	air
	0.2
	3.0


Within the main countries arranging Linné-related activities, there will be differences due to the distribution of the sites, as well as their relative geographical size. For instance, distances between sites in Sweden are rather large, while they are rather small in the Netherlands. In consequence, the share of visitors defined as local or regional will vary in between these countries, which is considered in the scenario analysis. 

Table 5: Emissions per tourist type, simplified assumptions

	Tourist type
	Transport emissions 

(kg CO2-e, rounded)
	Accommodation emissions 

(kg CO2-e)
	Activity emissions 

(kg CO2-e)
	Total emissions (kg CO2-e, rounded)

	Local visitor
	5 (car/coach 80:20)
	0.0
	5.0
	10

	Regional visitor
	25 (train/car 50:50)
	6.0
	7.5
	40

	European visitor
	80 (car/air/train 50:40:10)
	24.0
	10.0
	115

	Overseas visitor
	905 (air)*
	36.0
	15.0
	955


*including 5 kg CO2-e for local travel; for calculations compare section 2.1

Clearly, table 5 shows that there are huge differences in between the different traveller types, with emissions ranging from 10 kg CO2-e for day visitors to 955 kg CO2-e to overseas visitors. Note that these values are rounded, and calculated based on a weight factor. Finally, scenarios A and B are calculated based on different shares of visitors in the respective four groups.

Table 6: Low- and high emission scenarios for Linnéjubileet

	Scenario A – low emission


	Scenario B – high emission

	Visitor number: 50,000
	Visitor number: 500,000

	Local visitors
	70% (35,000)
	Local visitors
	55% (275,000)

	Regional visitors
	20% (10,000)
	Regional visitors
	25% (125,000)

	European visitors
	9% (4,500)
	European visitors
	15% (75,000)

	Overseas visitors
	1% (500)
	Overseas visitors
	5% (25,000)

	Emissions
	1,745 t CO2-e
	Emissions
	40,250 t CO2-e


The two scenarios yield different results, 1,745 t of CO2-e in the low emission scenario and 40,250 t CO2-e in the high emission scenario, indicating the relevance of the total visitor number and the mixture of tourist types. While emissions of 1,745 t CO2-e would appear to be small for festivities of this size, corresponding to the sustainable emissions of about 500 people over one year, the maximum range of 40,250 t CO2-e clearly is not. For comparison: the higher emission scenario B corresponds to sustainable emissions of about 11,500 people over one year (sustainable emissions assumed at 3.5 t per capita per year; global average), which has to be seen in the light of the fact that most visitors only participate on a less-than-24-hours basis in the festivities. Note as well that scenarios are based on conservative assumptions (i.e. no lifecycle analysis included) and the use of a weight factor. Should, for instance, Australian visitors to Europe travel mainly due to Linnéjubileet and otherwise have stayed at home or travelled to destinations in the region, emissions attributed to Linnéjubileet would be considerably higher. Note as well that overseas visitors heavily influence totals – the 5% of visitors coming from overseas in Scenario B, for instance, account for more than half (23,875 t CO2-e) of the overall emissions in this scenario. More generally, one overseas visitor causes more emissions than 95 local visitors. This reflects once again the climate-relevance of long-haul visitors and is of relevance for planning and marketing. Should, for instance, countries such as China be heavily marketed and thus also participate in the festivities, which is not clear at the date of writing of this report, overall emissions might increase substantially. 

4. Compensation schemes

Carbon offsetting schemes are a means to compensate for emissions. However, in the light of recent national sustainable mobility scenarios (e.g. Åkerman 2005 [Sweden], Ceron and Dubois 2006 [France], Peeters et al. 2004 [Europe]), which show a huge gap between current mobility trends and sustainable levels of mobility, it is important to point out that even the most ambitious compensation schemes will not be able to achieve sustainable mobility patterns. Visitors to Linnéjubileet should thus be encouraged to avoid the use of aircraft and possibly also the car. Vice versa, particularly travellers arriving by air should be encouraged to participate in compensation schemes to achieve the goal of a carbon neutral event, even though all visitors should generally be encouraged to participate in compensation schemes. 

Climate change neutrality will be achieved if emissions of greenhouse gases are compensated for on a 1:1 basis. Clearly, unless there are zero-emission travel options, this implies that new projects have to continuously be carried out in order to offset emissions, while sustainable technology is for various reasons unrealistic to emerge in the coming 50 years (for a study of aviation see Gössling and Peeters 2006). 

Compensation schemes build on payments being made by an emitter to support mainly two project categories, including i) biological “sinks” where carbon is sequestered in biomass or ii) emissions savings, where energy-efficiency gains or replacement of fossil fuels by renewables reduces GHG emissions from a business as usual baseline. Participation by individuals and corporations is voluntary, and encouraged as an ethical choice. At the largest scales, “flexibility mechanisms” that formalise offsets and facilitate regulated international trade in emissions permits are incorporated in the Kyoto Protocol through Joint Implementation (JI) and the Clean Development Mechanism (CDM), allowing for the implementation of projects in developing countries. There are currently some 20 companies offering compensation, including one or several of the following approaches: afforestation, energy efficiency, renewable energy, carbon trading and adaptation to climate change projects. The following sections will discuss advantages and disadvantages of the most common approaches, afforestation, energy efficiency, renewable energy and carbon trading. 

3.1 Afforestation programmes

Currently, most companies offering compensation schemes include forestry projects in developing countries. This is possible based on article 3.3 of the Kyoto Protocol, which states that countries have to account for emissions and the sequestration of afforestation (newly planted areas), reforestation (previously planted, cut down and replanted areas) and deforestation. Besides domestic action, countries may also use flexible mechanisms (Joint Implementation, Clean Development Mechanism) that account for emission reductions abroad. As trees store carbon (C) from the atmosphere via photosynthesis, it is thus possible to see afforestation as a politically accepted measure to slow down climate change (Brown et al., 1992).

One of the major questions in the context of afforestation schemes is the question of the size of the area that needs to be afforested in order to offset a given amount of carbon dioxide. Generally, the amount of C stored in trees is substantial. Dixon et al. (1994) calculated that on global average, C densities of above-ground vegetation in tropical forests might be in the order of 121 t C per ha. However, since emissions are released within hours, but sequestered over the life-time of a tree, another aspect to be considered is the interval between emission and storage, which determines the build-up of additional atmospheric C. Focusing on air travel, Gössling (2001) built a model to address this issue (figure 3). Using three scenarios of carbon storage within 10, 20 and 40 years, and based on the assumption that fuel demand of leisure air travel was in the order of 80.5 Mt in 2000, increasing by 3.9% (current growth is somewhat slower in the order of 3% per annum; however, European growth since 1990-2003 has been 4.3% per annum; Commission of the European Communities 2005), as well as using an equivalence factor of 2.7 (the current RFI is assumed to be 2.0), it was calculated that accumulated C-equivalent emissions would be 3.75 Gt by 2015, and 16.8 Mt by 2040. 

For the rate of C-increment, different plantation sizes were assumed. In a fast-storage scenario (A), an area of 334 m2 would be afforested for every ton of C-equivalent emitted, leading to sequestration after 10 years. In the medium-storage scenario (B) and the slow-storage scenario (C), plantation sizes were 167 m2 and 84 m2 per ton of C-equivalent emitted, leading to sequestration after 20 and 40 years, respectively (figure 3). In the A-scenario, emissions accumulated between 2000-2015 (S), are offset until 2017/18 (S’) in scenario B until 2023/24 (S’’) and in scenario C until 2032/33 (S’’’). As shown in figure 3, the rate of C sequestration in trees in scenario A (fast sequestration) soon passes the rate of atmospheric accumulation, while in scenario C (slow sequestration), storage of C follows emissions slowly, leading to an increasing build-up of carbon in the atmosphere. Gössling (2001) concluded that emissions should be sequestered within a period of 20 years, as C increment would follow emissions slowly over time. To offset air-travel-related emissions of tourism on a global scale for the year 2000 alone (about 172.8 Mt C-equivalent), it would be necessary to afforest an area of about 28,800 km2. An area of similar size (growing by 3% per year) would have to be afforested each year, which clearly shows that tree planting has a very limited potential to contribute to offsetting emissions, as the area needed annually would increase continuously and rapidly: unless the carbon stored in trees is not safely stored away after forests have reached their climax state and are cut down, the area used for afforestation would have to be set aside infinitely. For other uncertainties surrounding afforestation see Reich et al. (2006), for it’s carbon-storage potential under particular circumstances Byrne and Farrell (2005).
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Fig. 1: Emissions of tourism-related air travel and sequestration 
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Figure 3: Carbon accumulation through afforestation over time

Source: Gössling 2001

Given these insights, it seems less feasible to focus on afforestation programmes to compensate for emissions from travel. However, given the special character of Linnéjubileet and the popularity of tree planting among the broader public, one thinkable option is to set aside a protected area in memory of Linné, which would for example be afforested with a wide variety of native tree species and left untouched in the future to follow its own dynamics. Eventually such a protected area could compensate for a share of the total emissions (possibly no more than 10%) released during the festivities, i.e. be established in combination with other measures (renewable energy, efficiency measures). The area could then serve as a kind of memorial, reminding of the limited capacity of this planet. Note, however, that for instance atmosfair, the most credible carbon-offsetting organization worldwide, uses a Clean Development Gold Standard, which includes only the development of renewable energies and energy efficiency measures, excluding forestry projects (see table 7 below).

3.2 Eco-efficiency

The term eco-efficiency was coined by the World Business Council for Sustainable Development in 1995. It is based on a lifecycle analysis approach to reduce the use of resources and environmental impacts (Cramer 2000). In other words, the goal of eco-efficiency measures is to achieve the same level of service, production or turnover at a lower energy/material input (for a case study of tourism see Gössling et al. 2005). In the context of Linnéjubileet, compensation for emissions could be made through energy-efficiency schemes. Such an approach would seek to reduce the amount of emissions caused through a particular mobility pattern or journey through reductions in energy use elsewhere. For example, an investment in the insulation level of a house can reduce the energy demand of this house and its corresponding emissions, and infrastructure change is thus one way to achieve eco-efficiency gains. These gains can be economically feasible – Borg et al. (2006), for instance, calculated for the EU-15 that investments of €80 million in energy savings of the public sector could result in savings worth up to €12 billion.

Generally, all calculations of energy efficiency also need to be integrated over time, as efficiency improvements will lead to energy savings over long periods. However, as there are constantly higher demands on energy efficiency in for instance the residential sector, while the time gap between the release of greenhouse gases and their offsetting should not be too large to avoid additional build-up of carbon, it is suggested to achieve carbon neutrality through eco-efficiency measures over a period of 10 years. 

3.3 Renewable energies

Exchanging existent energy structures based on the use of fossil fuels in favour of such based on renewable ones has a wide range of advantages. For instance, renewable energy schemes foster small-scale energy infrastructures, which are for many reasons favourable to large-scale infrastructures such as nuclear power (in terms of job generation, the distribution of economic benefits, competitive structures, power provision failures, grid infrastructures, likeliness of corruption, risk of accidents, etc.). Another advantage is the positive image of renewable energy schemes among the public (Gössling et al. 2004). As in the case of energy-efficiency, it is here suggested to achieve carbon neutrality over a period of 10 years. 

3.4 Emission rights

Emission rights are theoretically the best option to achieve reductions in emissions, even though they are currently not considered by any of the companies offering compensation schemes (with the exception of Drive Neutral, see table 7 below). This is because emission rights are directly connected to energy markets, and thus the least expensive option for reductions. Theoretically, the market price of an emission certificate of 1 ton of CO2 corresponds to the amount of money it costs to offset emissions of 1 ton of CO2 – unless there is no sufficient cap on emissions, as experienced in the trading period 2005-2007, when companies were given more emission rights than they needed, or unless people start to speculate on increasing costs of certificates, buying up large quantities of emission rights in expectation of increasing prices. It is thus suggested that buying of emission rights is a favourable option for compensation, on the condition that the industry receives fewer emission rights than needed, and that certificates bought for compensation are forever removed from the market. In the context of the Linnéjubileet, it is not suggested to engage in the emissions market in 2007; however, this might become an option in 2008. 

5. Compensation implementation

There are currently 20 companies worldwide offering compensation schemes. However, compensation schemes by virtually all of these have at least one, often several fundamental weaknesses. For instance, companies might be for profit (which usually means that only a minor share of payments is invested in compensation schemes), they might invest in countries where there is little control over achieved emission reductions, they might not have annual statements of accounts (both in terms of turnover or saved emissions), they might mostly invest in afforestation (with the risk of large scale release of CO2 in case of forest fires as well as having spatial constraints), and they might not have adjusted CO2 emissions by a radiative forcing index (cf. Bensered and Hellstam-Segergren 2006; see also table 7 below).

In the light of the compensation task ahead, not only in the context of Linnéjubileet, but the Swedish society’s lifestyles in general (cf. Åkerman 2005; see also www.sweden.gov.se/sb/d/6326), there is a clear need to establish a Swedish organization/company offering carbon-offsetting schemes. This company could start in the context of Linnéjubileet, and continue to offset emissions on a voluntary basis for businesses or individuals who wish to become carbon neutral. Any company offering mitigation schemes needs to fulfil a wide range of criteria to be credible (Strasdas 2006). First, there needs to be a solid database to calculate emissions. Regarding air travel, it needs to be considered that there are substantial differences in between short-haul and long-haul travel, as well as additional climate effects arising from emissions of NOx and H2O at flight altitude. Second, for compensation, adequate compensation projects have to be identified. Third, a third party, assessing the amount of emissions saved through the various measures as well as evaluating how the money has been spent, should control the carbon-offsetting company. Fourth, there needs to be an effective administration, also taking care of customer relations and marketing. 

The following aspects might also be considered starting up a Swedish compensation company: it should be a not for profit set-up with a steering committee, consisting of a number of elected members of organizations associated with tourism and travel (for example, representatives might come from Nutek, Scandinavian Airlines, the Swedish Nature Protection Agency, the Swedish government, etc.). The steering committee would decide on issues such as the share of compensation projects from different sectors (afforestation, eco-efficiency, renewable energy, carbon trading) as well as the salaries of the employees and other issues. The steering committee would also seek to ensure that a large share of the money acquired by the company is invested in carbon offsetting, possibly as much as 90% after two years of operation. Obviously, this will depend on turnover and the number of projects handled. A comparably large share of investments is of great importance, as existing companies invest as little as 25% in compensation schemes, which undermines their credibility (Bensered and Hellstam-Segergren 2006). It is also suggested to put the company under the auspices of a number of recognized and popular individuals. Furthermore, the company should only invest in Swedish or eventually European projects. This is because unsustainable consumption patterns in industrialized countries are otherwise financed with projects in low-income countries. Clearly, it would be more efficient to invest in poor countries (and also possible within the Kyoto Protocol’s Clean Development Mechanism), but this would not reflect the “true” costs for developed countries to become sustainable. Furthermore, it is unclear whether there are substitution effects in developing countries. For instance, a family being equipped with solar-powered cooking gear might use the money saved on fuels to buy other consumption goods. Compensation within the country of consumption would also have the effect that it successively gets more expensive to travel, because compensation schemes will become more expensive over time. On the positive side, this would drive industrialized countries towards greater energy-efficiency, as well as decentralized, cleaner and safer energy, with substantial job-generating effects. 

Table 7: Compensation – differences between existing companies

	Organisation
	Means of compensation
	London - Stockholm Distance, emissions, costs*
	Website

	The Carbon Neutral Company
	· Forestry

· Renewable energy

· Energy efficiency
	2,794 pkm

0.4 t CO2-e
8.85 €
	www.carbonneutral.com

	Climate Care
	· Forestry

· Renewable energy

· Energy efficiency 
	? pkm

0.32 t CO2-e
3.5 €
	www.climatecare.org

	Greenseat
	· Forestry
	? pkm

0.61 t CO2-e
11.28 €
	www.greenseat.com

	My Climate
	· Renewable energy

· Energy efficiency
	2,792 pkm

0.8 t CO2-e
19.8 €
	www.myclimate.org

	Trees for travel
	· Forestry
	? pkm

1.25 t CO2-e
17.0 €1)
	www.treesfortravel.nl

	Climate Neutral Group/ Face Foundation
	· Forestry
	uses Green Seat calculator
	www.climateneutralgroup.com
www.stichtingface.nl

	Co2balance
	· Forestry

· Renewable energy
	? pkm

0.42 t CO2-e
11.2 €
	www.co2balance.com

	Carbon Fund
	· Forestry

· Renewable energy

· Energy efficiency
	? pkm

1.0 t CO2-e
4.4 €2)
	www.carbonfund.org

	Native Energy
	· Renewable energy


	? pkm

1 t CO2-e

9.6 €3)
	www.nativeenergy.com

	Terrapass
	· Renewable energy
	? pkm

? t CO2-e

? €4)
	www.terrapass.com

	Climate Friendly
	· Renewable energy


	2,792 pkm

0.98 t CO2-e

16.55 €
	www.climatefriendly.com

	Trees for Life
	· Forestry
	? pkm

? t CO2-e

? €5)
	www.treesforlife.org.uk

	Grow a forest
	· Forestry
	2,791 pkm

0.31 t CO2-e

14.5 €
	www.growaforest.com

	Prima Klima weltweit
	· Forestry
	2,791 pkm

0.47 t CO2-e

3.5 €
	www.prima-klima-weltweit.de

	Solar Electric Light Fund
	· Energy efficiency
	? pkm

? t CO2-e

? €6)
	www.self.org

	Ebex 21
	· Forestry
	? pkm

? t CO2-e

? €7)
	www.ebex21.co.nz


	Drive Neutral
	· Carbon credits
	? pkm

? t CO2-e

? €8)
	www.driveneutral.com

	Green Fleet Australia
	· Forestry
	? pkm

? t CO2-e

? €9)
	www.greenfleet.com.au

	Beyond Petroleum (BP)
	·  No information
	? pkm

? t CO2-e

? €10)
	www.bp.com.au/globalchoice

	Atmosfair
	· Renewable energy

· Energy efficiency

· Adaptation projects
	? pkm

0.72 t CO2-e

15.0 €
	www.atmosfair.de


*Note that radiative forcing indexes (to calculate CO2-equivalents) vary between 1.0-2.7

1) Trees for Travel only allows to compensate for a “flight in Europe”, i.e. an average applies; 2) No calculation possible; compensation for driving a certain type of car, to offset annual emissions, etc.; 3) calculation not comparable, based on miles; 4) calculation not comparable; cars only; 5) calculation not comparable, based on hours of flight; 6) calculation not comparable, contribution to solar electric energy efficiency possible; 7) calculation only for flights to New Zealand, Ebex 21 charges €7.20 per ton of CO2 offset; 8) car-related emissions only; 9) calculation not comparable, based on domestic, international, etc. flights; 10) offsetting of 50,000 l fuel use per year upwards

As pointed out earlier, there are already a number of companies offering compensation. Table 7 shows that there are substantial differences in between these. Even though the great circle distance for the sample flight from London to Stockholm is identical for all companies providing the flight distance, calculations of corresponding CO2-emissions vary from 310 kg to 980 kg, with costs for compensation varying between €3.5 to €19.8. This is likely to be a result of the various approaches for calculation chosen (i.e. emission factors and RFI), as well as the different measures taken to compensate for emissions.

6. Adequate compensation payments

Compensation schemes by existing companies are characterized by a number of flaws. Production of renewable energy as well as efficiency projects within Europe have thus been suggested as more adequate measures for offsetting emissions. The amount of money that would have to be charged in order to compensate for a flight London-Stockholm (the example above) is difficult to assess, though. Basically, it will vary depending on whether energy-efficiency measures, renewable energy schemes or other options of storing carbon are favoured. In the following, some estimates are provided for renewable energy and energy efficiency measures. Note that a precondition for renewable energy-based carbon offsetting is substitution, i.e. that a similar amount of energy generated from fossil fuels is replaced for compensation. All calculations presented in the following are examples, based on selected literature - a full review is beyond the scope of this report.

Table 8 shows that, based on an estimate of savings of 150g C/kWh (Sims et al. 2003; note that replacing coal might result in larger [~200g C/kWh], gas in lower savings [~100g C/kWh]), costs for hydro, wind, biomass and photovoltaic (PV)/solar thermal generated energy vary between € 51-726 per t of CO2 offset. Observe that this estimate is based on the conversion of fossil fuels to electricity, which results in lower combustion efficiencies than generation of heat. 

Table 8: Costs of renewable energy and carbon offsetting

	
	Hydro
	Wind
	Biomass
	PV/solar thermal

	Generating cost (c/kWh)*
	4.2-7.8
	3.0-8.0
	2.8-7.6
	8.7-40.0

	Cost of offsetting 1 t of CO2 (€)
	76-142
	54-145
	51-138
	158-726


Source: Sims et al. 2003; own calculation

*based on the following calculation: one kWh of energy generated based on fossil fuels will result in emissions of 150g C or 550g CO2. The generation of 1815 kWh of energy from fossil fuels will thus result in emissions of 1 t of CO2 

Eco-efficiency measures can be carried out in the public, private and commercial sectors. From the review of the literature done for this report, it is not clear which sector has the largest potential, but it seems clear that potential savings are huge. As reported earlier, Borg et al. (2006) suggest that investments of €80 million in the public sector of the EU-15 could lead to financial savings of up to €12 billion, with concomitant savings in energy use and emissions. Likewise, the industry could save substantial amounts of money on energy efficiency measures. However, both the public and commercial sectors should take action themselves, and not be financially supported through offsetting organizations. It could be argued that similar is true for the private sector, but in order to involve people in the challenge of climate change mitigation, it is here suggested to focus on individual consumption. As an example, a recent study of the Swiss residential sector is presented in the following, which can be seen as representative for other countries in the temperate zone both in terms of the efficiency potential and associated costs (Jakob 2006). In Switzerland, the potential for decreasing space heating requirements in the residential sector is in the order of 30-50%, indicating a large potential for energy efficiency measures. Jakob (2006) shows that for new single-family houses, at gross mariginal costs of 6 c/kWh (floors, roofs, walls and windows, integrated over 30-50 years), some 1,300 TJ of energy could be saved. For marginal costs of 13 c/kWh a further 935 TJ could be reduced. Net costs would even be lower. For the existing residential sector, net marginal costs for energy-efficiency measures with the greatest savings potential (insulation) would be as low as 1.3-1.9 c/kWh at 2006 oil prices, integrated over 40 years at a 3.5% interest rate (personal communication Martin Jakob, ETH Zürich, 28 June 2006). This translates into costs of €26-38 to offset 1 t of CO2, based on the assumption that 2,000 kWh of energy will be saved. Note that these figures can only be an indicator for the Swedish case, as there are huge differences in the means of heat/electricity generation, ranging from entirely electricity-based space heating to oil combustion.

Any comparison of the economics of renewable energy production and energy-efficiency measures needs to consider the period of time over which the results are integrated. Relatively high prices for renewable energy production of €50-725 need to be seen in the light of the fact that they correspond to immediate savings. As suggested above, compensation through renewables and efficiency measures should be integrated over 10 years. Not considering an interest rate, costs for carbon offsetting through renewables would thus be in the order of roughly €5-72.5 per t CO2. Note that the upper range is attributable to rather expensive PV-systems, but these should nevertheless be considered, because PV and thermal solar are energy sources not competing for area or other applications, as it is the case with hydro or biomass. 

Energy efficiency measures in the residential sector are rather cost intensive at €26-38 per t of CO2, given that savings are integrated over 40 years. Breaking down costs to 10 years yields results starting from €100 per t of CO2, considering discounted interest rates. Clearly, compensation payments in this order are not feasible. However, there is a huge potential of energy savings in the residential sector, which should not be ignored. One way of dealing with this problem might thus be to financially support house-owners who are willing to become more energy-efficient. The idea is to support measures paid for privately, with the major investment taken by the house-owner (over 40 years), but with the financial support of the carbon offsetting-organization. This system seems to work in Switzerland, where for example the Climate Cent Foundation (www.stiftungklimarappen.ch) works on large-scale energy and emission savings through providing financial support to private and commercial investors. At this stage, it is not clear which amount of money would have to be paid in order to make private efficiency-initiatives attractive. However, it seems plausible that a contribution of 25% of the overall cost of saving 1 t of CO2 would be very attractive (time horizon: 10 years). At costs of €100 per t of emissions saved, this would correspond to €25 to be charged for offsetting measures in the energy-efficiency sector.

Overall, the analysis thus shows that offsetting CO2 through renewable energy generation or energy-efficiency systems could be feasible at €25 per t CO2 (including the costs of administration), even though further research needs to be done in a Swedish context, which is beyond the scope of this paper. Drawing on these preliminary results, it is suggested that compensation payments of €25 per t of CO2 should be collected. This is clearly the highest amount charged by any of the 20 emission offsetting companies/organizations discussed above, but it is not substantially higher than the amount charged by some companies (for instance, My Climate charges €24.75 per t of CO2). Overall, it is clear that the company to be founded for the purpose of offsetting emissions would need to further investigate these issues, in order to invest in the most promising reduction schemes.

7. Payment collection

The interconnection between climate change and species loss is scientifically established. However, the broader public seems little aware of these issues, and even people with explicit environmental knowledge seem often unaware of this interrelationship. Likewise, the overall negative consequences of climate change for socio-economic systems, and the link between emissions by industrialized countries and consequences for particularly poor people seem little understood by the general public. Furthermore, even people who are aware of the problem do not always change their behaviour accordingly. One major goal of the Linnéjubileet should thus be to point out the role of emissions caused by human activities and their climate-related consequences. Clearly, Linnéjubileet is a unique opportunity to communicate such insights, fostering awareness of climate change. Simultaneouly, it should be announced that Linnéjubileet seeks to become a climate neutral event, building on compensation schemes for offsetting an equal amount of emissions as released by the festival’s activities. In order to make this goal widely known, the carbon neutrality of Linnéjubileet should be communicated in time and be integrated in the overall marketing campaign, which is also likely to draw worldwide media attention to the event. 

As calculated above, Linnéjubileet might cause emissions of more than 40,000 t of CO2. As an example, compensation of 20,000 t of CO2 would cost €500,000, based on the assumptions made in this report. Generally, there are several options to collect payments. In terms of administration, the easiest way would be to identify a number of sponsors. Such an approach has been chosen for the compensation scheme of the World Championship 2006 in Germany (Green Goal), where compensation was financed by Deutscher Fußball-Bund (DFB, €500,000), Fédération Internationale de Football Association (FIFA, €400,000), Deutsche Telekom (€200,000), and Plastics Europe (€100.000) (personal communication Hartmut Stahl, Öko-Institut Darmstadt, 19 June 2006). The organizers of Linnéjubileet might thus try to identify such sponsors. 

Apart from contributions by sponsors, which would ideally be used to offset emissions from accommodation and activities, compensation payments for transport emissions should be made by each visitor to Linnéjubileet. This could be done by encouraging all visitors to calculate their travel emissions through the website of the newly established compensation organization. The calculator will only consider emissions from aircraft, car, coach and train, and payments can be made directly at the website. Ideally, visitors would then compensate for their entire trip, and not only the share of the trip related to Linnéjubileet (see section 2.1). This will also serve the purpose of raising awareness. Clearly, it is not possible to make any assumption on the number of people joining compensation schemes, as this will strongly depend on communications and attitudes. Clearly, on a voluntary basis, participation in compensation schemes might be low, and the organizers might thus want to communicate that visitors are expected to participate in compensation schemes. In combination with sponsor funds, donations collected at the various Linné-sites, and individual compensation efforts, it should be possible to make Linnéjubileet carbon neutral, while at the same time establishing the first compensation organization in Sweden.  

8. Recommendations

The following recommendations are made in the context of Linnéjubileet and climate change:

1. An official decision should be taken to make Linnéjubileet carbon neutral. This is because emissions caused by the event are substantial, and will contribute to climate change and, ultimately, the loss of species. 

2. The goal to make the event carbon neutral should be communicated widely in the media. Even outside the event, this will raise awareness of climate change and its consequences for socio-economic systems and ecosystems.

3. Visitors to Linnéjubileet should be encouraged to favour trains, busses and other public means of transport over cars and aircraft (cf. environmental program, Linnédelegationen 2006). Particularly air travel should be discouraged, or, where unavoidable, compensation should be sought. 

4. Marketing of the festival should focus on local and regional markets, with only representative arrivals from/departures to overseas source markets/destinations. 

5. Compensation for the emissions caused by the festival should be managed by a newly founded not-for-profit organization, following the example of German atmosfair, but with implementation of measures entirely focused on Sweden. The organization should be financed through i) sponsors, which would take responsibility for part of the emissions caused in the context of the festival, as well as through ii) individual donations gathered at the various Linné-sites, and iii) by the payments of individual travellers wishing to offset their travel-related emissions.

6. Finally, in order to raise the overall issue of sustainability, the organizers should seek to make the festival environmentally and socially sound even with respect to aspects other than transport (cf. environmental program, Linnédelegationen 2006). This could be done by encouraging tourists to stay in certified hotels (Green Key, Nordic Swan) and to give these hotels a predominant space in marketing materials. Furthermore, the use of locally produced KRAV-certified food, as well as other certified products (Bra Miljöval, Svanen, rättvisemärkt or similar) by cooperating companies and organizations should be encouraged. 
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� EMBED Equation.3  ���











� The terms tourist and visitor are used interchangeably in this report. For definitions of the terms see http://www.nutek.se/content/1/c4/29/15/FaktaTurism20060320.pdf 
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