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Given the large contribution of the transport sector in the global level of Greenhouse Gases (GHG) emissions, developing and adopting more carbon-efficient transport mode is crucial. Many discrepancies exist in the literature comparing modal transport emissions since their scope, geographic perimeter, calculation methods and sets of assumptions strongly vary. This paper reviews some CO2 and GHG emissions data from the literature analyzing air, road, and rail transport, and shows that similar patterns of contributors can be found within each mode. It allows the identification of some important parameters to focus on for further development of multimodal comparative Life Cycle Assessments.

Introduction

The transport sector is one of the most contributive sector in Europe by contributing 24.3% of the total EU28greenhouse gases (GHG) emissions, and 33.2% of the final EU28-energy consumption in 2016 [START_REF]Directorate-General for Mobility and Transport in co-operation with Eurostat[END_REF]. Given current trends, global GHG emissions of transport are projected to increase by nearly 50% by 2030, in spite of more efficient vehicles and policies being adopted [START_REF] Bordignon | IPCC Forth Assessment report, Working Group III Report "Mitigation of Climate Change[END_REF]. Beyond the carbon dioxide, the transport sector also contributes to emissions in Europe of several pollutants: nitrogen oxides (NOx) 57%, carbon monoxide (CO) 22%, sulfur oxides (SOx) 13% [START_REF]National emissions reported to the Convention on Long-range Transboundary Air Pollution Convention[END_REF]. Aspiration of particulate matter (PM10 and PM2,5) in addition with ozone (O3) largely produced by transport also affects human health [START_REF]Policy implications for countries in eastern Europe, Caucasus and central Asia[END_REF]. Road traffic largely dominates the other transport modes and accounts for 73% of global transport emissions; domestic and international aviation combined emit 13%; and the rail sector accounts for just 2% of total transport emissions [5]. In Europe, rail accounts for only 1.6% of emissions, while it transports 6% of all passengers and 10% of all freight [START_REF] Krohn | Railways and the environment: building on the railways' environmental strengths[END_REF].

If the contribution of passenger transport to the total emissions produced is lighter than those of freight transport, the total passenger distance travelled has increased in all the World regions since 2000 [START_REF]IPCC Fifth Assessment report, Working Group III Report "Mitigation of Climate Change[END_REF]. Rail transport and, especially, High-Speed rail (HSR), is the most energy-and carbon efficient mode for passenger transport, and could be a part of the solution to fight Climate change [START_REF] Jehanno | High-Speed Rail and Sustainability[END_REF]. Several studies have been conducted to compare the environmental performance of HSR with other transport modes, but a limited number is finally based on the guiding principles of the Life Cycle Assessment (LCA) standard [9]. Consequently, variable results can be found in the literature since most of the studies are based on different scopes, geographic perimeters, assumptions and calculation methods. Although it is clear that, on average, travel by train is less polluting than travel by car or domestic aviation, several variables and assumptions can strongly influence the results for a specific journey [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF].

Because of the difficulty to compare the existing studies, most of the authors develop their own analyses, consequently multiplying specificities. From what has been found in the literature by this paper authors, there is no literature review on results from modal comparisons for passenger transport.

ISO compliant-LCA is a broad approach that requires a large amount of data to be collected. By opposition, 'screening' or 'streamlined' LCA is a simplified approach that can be used in a preliminary step to identify the main 'hot spots' of a system life cycle and the most relevant activities to focus on, with a significant reduction in expenses and time used [START_REF]Life Cycle Assessment, A guide to approaches, experiences and information sources[END_REF]. It consists in three main stages [START_REF]Life Cycle Assessment, A guide to approaches, experiences and information sources[END_REF]:

• Screening: Identifying those parts of the system (life cycle) or of the elementary flows that are either important or have data gaps • Simplifying: Using the findings to focus further work on the important parts of the system or the elementary flows. • Assessing reliability: Checking that simplifying does not significantly reduce the reliability of the overall result.

The goal of this paper is to provide the first step of "screening" the existing literature on modal comparisons of passenger transport, i.e. air, road and rail transport, to identify some generic hot spots on CO2 and GHG emissions. For this purpose, the next Section (2) details the existing gaps and difficulties to extract some quantified data from the literature. Section 3 proposes a review of 10 studies having a similar scope. Section 4 focuses on the repartition of relative contributions to CO2 and GHG emissions in a set of studies and shows that they share similar patterns. In light with these results, Section 5 reviews the most influencing parameters on CO2 emissions level among which some are often neglected in the existing studies. These parameters must be carefully integrated in future screening LCAs to avoid that some significant sources of CO2 and GHG emissions be "simplified" too quickly. A summary and conclusion are proposed in Section 6.

Literature review and gaps

If a huge number of studies have been conducted dealing with the environmental issues of transport, their results can be difficult to exploit, either because they are very specific, or because details are missing on their modelling parameters. In line with these difficulties, studies cannot be compared. The main issues faced when exploring the literature dealing with the impacts of passenger transport are summarized here.

First, most of the existing studies are focused on the direct or 'tailpipe' emissions of the vehicle operation and only a few integrate the indirect emissions and energy, that cover the energy production system (fuels or electricity), and the life cycle of vehicles and of transport infrastructure. Nevertheless, for HSR, the indirect phases can largely contribute to the GHG emissions, e.g. about 31% for a case study in Portugal [START_REF] Jones | Life-cycle assessment of high-speed rail: a case study in Portugal[END_REF].

Second, even for studies integrating other life-cycle phases than the vehicle operation, a limited number of indicators is currently proposed. The most current ones are the primary energy consumption (often expressed in MJ), and the CO2 or the GHG emissions. For emissions, calculation differs according to the studies. Baron et al. [START_REF] Baron | Carbon Footprint of High Speed Rail[END_REF] and Pritchard [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF] orient their analyses towards the carbon footprint, expressed in CO2 emissions which are considered as representative of GHG emissions, since CO2 is the most abundant GHG [START_REF]Climate Change 2007: Synthesis report, An assessment of the Intergovernmental Panel on Climate Change[END_REF]. But this can raise some confusion with other studies calculating the GHG emissions expressed in CO2 equivalent, and including other gases like methane and nitrous oxides. In the report of Deloitte [START_REF] Deloitte | Efficacité énergétique et environnementale des modes de transport[END_REF] for example, GHG emissions labels what is actually quantified in terms of grams of CO2. Moreover, if energy consumption and CO2 or GHG emissions are quantified, other types of impacts are rarely integrated, despite their potential harmful effects on the environment beyond the greenhouse one. For example, emissions of particulate matter could specifically affect human health, and should be further emphasized.

Third, there are strong variations between studies regarding functional units adopted, geographic areas considered, energy mixes assumed, calculation methods used, and more generally, assumptions and average data considered (e.g. load factors or vehicle types). This results in strong difficulties to compare them. Authors having reviewed the LCA-based studies on transport either underline the difficulties and question the relevance of comparing them [16] [17] or raise the existing gaps to make proper comparisons [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF] [START_REF]Carbon Footprint of Railway Infrastructure, comparing existing methodologies on typical corridors[END_REF].

However, despite the aforementioned difficulties, several online tools have been developed in Europe to compare the carbon footprints of different transport modes (e.g. [START_REF][END_REF] [20] [21] [22]). They classically make multimodal comparisons for a specific journey by providing the related levels of CO2 emissions. They do not all integrate indirect life-cycle phases (e.g. EcoPassenger [START_REF][END_REF] does not include vehicle and infrastructure life-cycles) and have variable boundaries and underlying assumptions. Comparing three of these calculators to estimate some journeys' emissions in the United Kingdom, Pritchard [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF] shows and discusses the relative variations of results. Among other factors, he criticizes the use of average vs. specific data that limits their comparison potential.

In order to get an overall picture of the available data in the literature, a selection has been made to extract those sharing the most similar basis.

Analysis of existing studies

This paper highlights here different LCA-based studies in order to analyze the relative gaps in multimodal comparisons and to identify the main sources of emissions. Discrepancies in their life cycle inventory data does not allow any comparison between their results, but their review aims at analyzing the patterns of contributors to CO2 and GHG emissions from a relative viewpoint, in order to facilitate some future LCAs.

Selection of studies

Ten studies have been extracted from the literature and are shown in Table 1. The criteria used for selection are:

• Including more life-cycle steps than only the vehicle operation ('tank-to-wheels') and, ideally, all of them. Lifecycle steps covered by the reviewed studies are indicated; • Sharing a Functional Unit expressed in passenger-km (pkm, sometimes labelled PKT for Passenger-Kilometer-Traveled); • Using comparable indicators. The most used indicators are: the primary energy consumption expressed in MJ; the CO2 emissions expressed in g CO2; and the GHG emissions expressed in g CO2 eq. When available, the data are reported; • Using comparable types of vehicles between the categories, i.e. defining the most similar scope. Consequently, the focus adopted is long-distance national journeys for which a passenger could choose whichever of the three modes. The studies have been selected to fit at best (when possible) with the three following types of vehicles: average airplane comparable to a Boeing 737, a passenger petrol car comparable to a SUV, train for highspeed rail (HSR) comparable to TGV.

Table 1 also reports calculation methods and sources of data when available. More studies dealing with rail transport have been found than for the other transport modes.

Discussion about the levels of emissions

As reflected in Table 1, the literature provides heterogeneous results since they do not cover the same lifecycle phases and they provide different indicators. Values found for emissions vary between insignificant ranges for each mode.

The relative gaps between modes compared by single studies also largely vary: in the French study [START_REF] Baron | Carbon Footprint of High Speed Rail[END_REF], emissions of air transport are about 27 times higher than those rail; while in the USA study [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF], emissions of air transport are only 1,6 times higher than those of rail. This can be explained by several reasons: first, many life-cycles steps have not been integrated in the French study, while Chester [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF] integrates detailed elements on maintenance and operation of infrastructure; second the USA electricity mix considered for the train operation is more carbon-intensive (since mainly based on hard-coal) than the French one.

Regarding the available data, it is impossible to conclude about the order of magnitude of gaps in CO2 or GHG emissions level between transport modes. Rail transport is systematically less emitting than road and air modes, but the relative variations observed in the studies are not conclusive. However, some correlations in the respective contributions of the life-cycle processes can be observed, and are detailed in the next Section.

Relative contributions

Selection of studies

In order to make some relevant comparisons, studies have been refined according to the degree of similarity between the way their results are presented. A set of three studies performed by Baron et al. [START_REF] Baron | Carbon Footprint of High Speed Rail[END_REF] in France, Pritchard [START_REF] Rozycki | Ecology Profile of the German Highspeed Rail Passenger Transport System, ICE[END_REF] in the UK, and Chester [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF] in the USA, has been first identified, since these studies all decompose their results into four main contributive elements:

• Operation of the vehicle, i.e. its direct or 'operational' emissions. This includes the tailpipe emissions as well as the emissions from inactive operation for Chester [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF] and Pritchard [START_REF] Rozycki | Ecology Profile of the German Highspeed Rail Passenger Transport System, ICE[END_REF]. Inactive operation emissions correspond to those of onboard auxiliary services and comfort functions (such as heating and lighting) rather than tractive effort. • Indirect emissions and energy from the vehicle life cycle, i.e. manufacturing, maintenance and end-of-life, called "embedded vehicle emissions". • Infrastructure life-cycle, which includes its construction, operation, maintenance and end-of-life. • The supply of energy (fuels or electricity) for vehicle propulsion ('well-to-tank' emissions).

For rail transport, two additional studies, Yue [START_REF] Yue | Life Cycle Assessment of China's High Speed Rail Systems[END_REF] in China and Schlaupitz [START_REF] Schlaupitz | Energi-og klimakonsekvenser av moderne transportsystemer. Effekter ved bygging av høyhastighetsbaner i Norge[END_REF] in Norway have been integrated to widen the comparison. Their results lightly differ from the three previous ones: it is unclear if the Chinese study integrates the upstream processes of energy supply or not; while for Norway, the results exploitation does not allow distinguishing the upstream processes for energy supply from the operation phases: they seem to be gathered. Figure 1 shows the relative contributions found for the CO2 and GHG emissions for road (a), for air (b), and for rail (c).

Discussion about the main hot spots

It appears on the Figure 1 that, despite the lack of relevance in making comparisons of the absolute values resulting from existing studies, the relative contributions of processes seem to have similar patterns.

For road transport, emissions of the vehicle operation contribute from 60,5% to 71,9% to the total; the embedded vehicle emissions from 11,5% to 13,8%; and the upstream energy supply emissions from 13% to 16,9%. In the Chester' study, infrastructure emissions represent 13,2% of the total, against less than 1% in the other studies. This strong contribution can be explained by the integration of parking facilities representing about 7,8% of the total emissions.

For rail transport, emissions of the vehicle operation contribute from 51,8% in the French study to 86% in the Chinese one. This gap comes from the different electricity mixes used, since HSR strongly relies on electrical energy. Emissions related to infrastructure accounts for 20,5% to 31%, when excluding the Chinese case for which the high contribution of operation results in a smaller contribution (11%) from infrastructure. Infrastructure emissions then strongly influence the total emissions level. In the UK study, the upstream energy supply accounts for 10,7 % of the total emissions, while for USA it represents only 3,1% (other studies either miss these emissions or gather them with the operational ones). Pritchard actually took an assumption of 16% of the operational emissions to allocate the energy supply emissions to the point of use.

For air transport, 80% to 87% of the total emissions is due to the operational emissions. The upstream energy supply contributes from 10,9% to 17,9%. The USA study is the most detailed one and integrates several elements not found in the other studies such as the aircraft manufacturing and maintenance and the tarmac construction and maintenance, or parking. Consequently, the contribution of embedded vehicle life-cycle and infrastructure emissions are higher (respectively, 3,9% and 5,2%) than for the other studies (less than 1%).

To summary, the main contributor of CO2 or GHG emissions is the operation phase which largely dominates for all the modes. Second contributors are the following: for road transport, the embedded vehicle emissions and the upstream emissions for energy supply both contribute about 26%-30% to the total emissions; for rail transport, the infrastructure represents about 20-40% of emissions, excluding the Chinese case; and for air transport the upstream process for fuel supply represents 10-18% of the total emissions.

Contributive parameters

Similar patterns of contributors can be observed in the studies for each mode. If the operational emissions largely dominate for all the modes, other parameters could have unneglectable influence on the results. On the light of the proposed review, this Section discusses some critical parameters that could influence the CO2 or GHG emissions levels, while some of them are rarely integrated in the existing studies.

Energy and electrical mixes

Energy and electrical mixes are probably the most influencing factor for the absolute value of CO2 and GHG levels of emissions, but also for their relative contributions of the processes. In the studied vehicles, road and air transport are dependent on fossil fuels energy sources, while the rail transport type is electrical. Beyond the country mixes used, other factors can influence the operational emissions [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF] and some are rarely integrated in the studies, namely:

• The type of vehicle and the technologies used • The type of journey: urban driving uses more fuel than

driving on an open road, similarly the stopping frequency of a train influences its consumption • Features of the infrastructures: gradients; tunnels for trains.

• Driving style: can be applied to all the modes.

Demand and load factors

Demand is a crucial question because it influences the load factors considered for trains for example. Air transport is more flexible to operate single routes according to demand than train operators [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF]. Load factors for air transport are significantly higher than for other transport modes like train. The load factor is not well integrated in eco-calculators: by default, counting 1 passenger for a car journey since it is admitted that public transport would continue to run with or without the passenger while the same journey on road would add a vehicle. The goals and scope of the study must be clearly defined in comparative LCAs in order to choose consistent load factors for all types. Chester [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF] and Pritchard [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF] both showed its huge influence on the final CO2 or GHG emissions level. It should also be noticed that an increase of the load factor could increase the fuel consumption, especially for car journeys since the weight ratio between vehicle and passengers is low [START_REF] Pritchard | Investigating the environmental sustainability of rail travel in comparison with other modes[END_REF].

Influence of infrastructure

For rail transport, the emissions related to infrastructure life-cycle are significant. Nevertheless, the entire life-cycle of infrastructures is rarely integrated in the studies, as shown in Table 1. After Chester [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF], several studies have highlighted the importance of the railway infrastructure within the total GHG emissions of rail transports [START_REF] Miliutenko | Assessment of energy use and greenhouse gas emissions generated by transport infrastructure[END_REF], [START_REF] Tuchschmid | Carbon Footprint and environmental impact of Railway Infrastructure[END_REF], [START_REF]Carbon Footprint of Railway Infrastructure, comparing existing methodologies on typical corridors[END_REF]. Bridges and tunnels for example seem to have a significant impact on the overall emissions of railways [START_REF] Tuchschmid | Carbon Footprint and environmental impact of Railway Infrastructure[END_REF], as well as the type of railway (electrical vs. diesel). The UIC (Union Internationale des Chemins de Fer) emphasizes on the existing discrepancies between available methodologies to calculate and mitigate the CO2 emissions of railway infrastructures; and proposes some recommendations to progress towards an harmonized approach [START_REF]Carbon Footprint of Railway Infrastructure, comparing existing methodologies on typical corridors[END_REF]. For air transport, it seems that infrastructure is largely neglected, except in the Chester's work [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF]. Besides, Chester showed that emissions from infrastructure are the largest contributor for emissions of fine particles (PM10) for road and rail, contributing respectively 50% and 74% [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF].

Despite its interest for all the transport modes, a systematic research on environmental impacts of infrastructure of road, ship and aircraft for European countries is still missing [START_REF] Tuchschmid | Carbon Footprint and environmental impact of Railway Infrastructure[END_REF].

Summary and conclusion

Modal analyses for comparing passenger transport systems are developing but a very few number are based on LCA principles. This paper intended to extract from the literature some hot spots on the CO2 and GHG emissions levels for air, road and rail transport. A set of studies sharing the most comparable scope have been selected: long-distance national journeys for which a passenger could choose whichever of the three modes. The patterns of second contributors to emissions are shown to be similar within each mode. It allows discussing the most important parameters influencing the total level of emissions. For instance, infrastructure is often neglected while significantly contributing to the total level of emissions in the three modes considered.

This paper provides an overview of the most similar LCAbased comparative studies for passenger transport in order to facilitate some future LCAs by guiding their focus on the most significant sources of CO2 and GHG emissions. The main limitation of the proposed review is its focus on a single type of indicator of impact. As shown for PM10 in the Chester's study [START_REF] Chester | Life-cycle Environmental Inventory of Passenger Transportation in the United States[END_REF], the ranges of contributions could strongly differ when integrating other important environmental indicators, such as biodiversity, eutrophication (due to emissions of nitrous oxides), noise, etc. Future LCAs should better integrate these types of indicators. Fig. 1. Relative contributions (%) to the total emissions of CO2 or of GHG (CO2 eq) from the reviewed literature dealing with air, road and rail passenger transport. 

Table 1 .

 1 Existing references for modal transport comparisons, values for 1 passenger-kilometer; C= Construction, O= Operation, M= Maintenance, EOL= End of life. *Expressed in grams of oil equivalent in the study; ** Labelled as GHG emissions in the study but CO2 emissions assumed.
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