[bookmark: _Hlk168409501]Supplementary Material
Appendix 1 details the used methodology and definition of scenarios and ranges; appendix 2 explains the prices used for cost estimation for both air and rail transport as well as the confidence interval used for the sensitivity or robustness analysis of the scenarios; appendix 3 includes a sensitivity analysis of the emissions coefficients; appendix 4 displays another sensitivity analysis for the year of analysis and the Exiobase database and appendix 5 compares this research with a previous one done for the French case.
Appendix 1: Detailed methodology and Definition of Scenarios and ranges
Scenarios
Methodology
[bookmark: _Hlk168408031]Numerous academic researchers have addressed the inherent attributes and limitations of both top-down input-output methodologies and bottom-up life-cycle assessment approaches to consumption-based accounting, as evidenced by (Hertwich and Peters 2009; Wiedmann 2010; Peters 2010; Kokoni and Skea 2014; Sun et al. 2019). Input-Output (IO) models serve as macroeconomic constructs designed to quantitatively delineate interdependencies between various economic sectors. The pragmatic importance of IO analysis finds its roots in Leontief's pioneering contributions (Leontief 1936, 1937; Kuznets 1941). Input-Output Tables (IOT) function as empirical instruments to portray the intricate economic structure of a given region or nation, elucidating the intricate web of interactions between its component sectors (Simpson and Tsukui 1965). Indeed, along with national accounts, IOTs are the cornerstone of economic accounting methodologies within any jurisdiction. In essence, IOTs document the aggregate output of each sector and the subsequent allocation of that output. Equation 1 below shows that the output of a sector is equal to intermediate consumption plus final demand for all sectors in the Leontief model:
[bookmark: _Hlk105414746]		(1)
Where xi is the output of the i-th sector, zij are the flows from sector i to sector j and fi is the total final demand of the i-th sector (private consumption, government expenditure, investment, and exports). In matrix terms:
[bookmark: _Hlk171680910]	  	(2a)
[bookmark: _Hlk127801368]Or representing the vectors and matrices:   	(2b)
Where Z is the inter-industry transactions matrix and x and f are the output and final demand vectors. If we define the technical coefficients as: ; The model can be formulated as follows:
[bookmark: _Hlk127872247]	 	(3)
Where  is the matrix of technical coefficients. Each coefficient  in the matrix measures the output of sector i from sector j. If we clear  in the equation, we obtain the basic Leontief model:
		(4a)
Where  denotes the Leontief inverse matrix, also referred to as the technology matrix or production multiplier matrix. The elements of this matrix, denoted as , encapsulate the augmentation in the output of sector i essential to accommodate a unitary increment in the final demand of sector j. Notably, each entry along the principal diagonal consistently surpasses unity (lij >1), signifying the cumulative impact of heightened demand on both the self-production of the sector and its ripple effects across other sectors.
To measure the impacts on the change in final demand for a sector, a straightforward method involves adjusting the values within the final demand vector () and subsequently multiplying it by the inverse Leontief matrix (L). Notably, this substitution process yields precise economic representations of the final demand, thereby accurately capturing the scale of changes. However, it inherently approximates the economic structures to the closest feasible extent within the specified framework. In particular, this substitution occurs in the final demand of Spanish households, in the final demand of the Spanish air transport sector. The difference between the new output vector () and the original output vector (x) will be the total impacts of the change in final demand.
		(4b)
	∆OUTPUT = 	(5)
In this case, the final demand vector consists of values for each of the sectors in each of the countries (sectors and countries can be seen in complementary material). Thus, the multiregional databases encompass 𝑁 countries and 𝑛 industries, resulting in an intermediate delivery matrix * of dimensions 𝑁𝑛×𝑁𝑛 and a final demand matrix 𝐹* of dimensions 𝑁𝑛×𝑁. In this context, the element  within the matrix  denotes the intermediate deliveries from industry 𝑖 in country 𝑅 to industry 𝑗 in country 𝑆. Similarly, the element  in the vector  represents the deliveries from industry 𝑖 in country 𝑅 for the final demands in country 𝑆. Furthermore, the element ​ in the vector  signifies the output of industry 𝑖 in country 𝑅. In mathematical terms, this can be expressed as follows:
   (6)
As previously deliberated, the policy in question will directly impact the economic activities of the Spanish air and rail transport sectors. Consequently, the remaining sectors will remain unchanged, while the final demand for the Spanish aviation sector will decrease proportionately in each scenario, contingent upon the number of affected passengers  . This reduction in output will be quantified by aggregating the price of flight tickets for all travelers impacted by the policy, the methodology for which is expounded upon in the subsequent section. Likewise, in cases 1b and 2b, the final demand for the Spanish rail sector will experience an increase, resulting in a corresponding adjustment to the final demand value  in the final vector, which is the following: 
	 	
Indeed, the Leontief inverse matrix (L) serves a multifaceted role, extending beyond the analysis of final demand impacts. It can also be leveraged to compute output multipliers, defined for sector i as the aggregate value of production (output) across all sectors in the economy necessary to accommodate a unitary augmentation in the final demand of sector i. The output multiplier for sector i is derived by summing the elements within column i of matrix L.
Furthermore, by multiplying matrix L by coefficients corresponding to any given indicator, one can ascertain the multiplier effect of said indicator. This approach facilitates a comprehensive understanding of the broader economic ramifications associated with various factors and indicators within the economy (Rasmussen 1956).
Thus, the multiplier effects of indicators like value added, employment, or emissions can be efficiently calculated by straightforwardly multiplying the Leontief inverse matrix (L) by the vector of coefficients associated with the respective indicator (Cella 1984; Oosterhaven 1988; Dietzenbacher and Van Der Linden 1997; Miller and Lahr 2001; Dietzenbacher 2002, 2005; Miller and Blair 2022; Oosterhaven 2024). In this way, the embodiment of any value added component, environmental or socioeconomic satellite account or extension (E) in final demand is calculated like:
		(7)
[bookmark: _Hlk185765156]Where e is the vector of coefficients of the particular vector associated to the component or satellite account (with the same sector and country structure as the other matrices and vectors). The ones we will focus more on here are Greenhouse Gas (GHG) emissions, Value added (VA) and Employment (EMP), so that e generically represents e.g. g,   and , the vectors of coefficients of GHG emissions, value-added and employment, respectively (see also Txapartegi et al., 2024).
The embodiment with alternative scenarios are calculated like:
		(8)
And the change in the total value of the particular component or satellite account is calculated like:
	∆E = 	(9)
Limitations of IO analysis have been discussed in the literature (Jensen 1980; Bickel 1987; Miller and Blair 2022; Oosterhaven 2024). The IO models work at the level of aggregated economic sectors and product groups, interlinking all of them, but often at the expense of further subsectoral detail. Limitations that arise from these types of models that are usually cited are the assumptions of constant input coefficients (i.e. lack of input and also factor substitution), constant returns to scale, fixed production techniques, linearity and absence of endogenous price adjustment mechanisms. Still, usually for studies of the recent past, present or/and short run (not far away in time), several of these limitations are considered not so damaging, especially if key aspects of the analysis –such as the emission coefficients, expenditure, etc. here- are relatively updated and precise. Also on the other hand, the strengths and capabilities of being able to fully capture interrelations across sectors and institutional accounts, make this type of modelling very popular to understand footprints and full impacts of short to medium terms scenario analyses. 

[bookmark: _Hlk168408541]Definition of Scenarios and ranges
Main scenarios
[bookmark: _Hlk168408616][bookmark: _Hlk186826066]Table A 1: Affected air routes for each scenario with their corresponding train time alternative
	[bookmark: _Hlk185929803]Routes
	Train times

	First scenario: 2:30 hours limit

	1
	Madrid – Valencia / Valencia - Madrid
	1:49

	2
	Alicante-Madrid / Madrid-Alicante
	2:17

	3
	Barcelona-Madrid / Madrid-Barcelona
	2:29

	Second Scenario: 4:00 hours limit

	4
	Barcelona-Valencia/ Valencia-Barcelona
	2:52

	5
	Madrid-Málaga / Málaga-Madrid
	2:47

	6
	Madrid-Pamplona / Pamplona – Madrid
	2:59

	7
	Madrid – Santiago de Compostela / Santiago de Compostela – Madrid
	3:16

	8
	Madrid – Sevilla / Sevilla – Madrid
	2:42

	9
	La Coruña – Madrid / Madrid – La Coruña
	3:48

	10
	Granada – Madrid / Madrid Granada
	3:31

	11
	Logroño – Madrid / Madrid – Logroño
	3:16

	12
	Madrid-Asturias
	3:11

	13
	Madrid-Castellón
	2:59

	14
	Madrid-Murcia
	2:45

	Third Scenario: 4:00 hours limit (including feasible routes in the future)

	15
	Madrid-Jerez de la Frontera / Jerez de la Frontera - Madrid*
	3:47*

	16
	Madrid-Badajoz / Badajoz-Madrid
	-

	17
	Madrid-Bilbao / Bilbao-Madrid
	-

	18
	Madrid-San Sebastián / San Sebastián-Madrid
	-

	19
	Madrid-Santander / Santander-Madrid
	-

	20
	Barcelona-Alicante / Alicante-Barcelona
	-

	21
	Barcelona-Bilbao / Bilbao-Barcelona
	-

	22
	Barcelona-San Sebastián / San Sebastián-Barcelona
	-


[bookmark: _Hlk185848419][bookmark: _Hlk185929853]
As can be observed, the first scenario only includes three air routes, highlighting the Madrid - Barcelona route, the connection between the two main Spanish cities. The second scenario adds a further 11 air routes that would be abolished if the measure were to set the rail alternative limit at 4 hours. The third scenario extends the suppressible air routes by a further 8 routes. The case of Madrid-Jerez de la Frontera deserves a special mention, as it is a journey that can actually be made by train in less than 4 hours but not directly (a stopover in Seville is necessary). For this reason, it has been decided to include it in the third scenario.
The subsequent two sections will undertake an analysis of the present status of air and rail traffic along routes presently accessible via rail within a four-hour timeframe (scenarios 1 and 2). This analysis aims to acquire an in-depth comprehension of the prevailing trends observable on these specific routes.
Current status of short-haul flights in Spain:
[bookmark: _Hlk185929899][bookmark: _Hlk168408705]COVID-19 had a devastating effect on aviation worldwide and Spain was no exception. However, 2023 has already surpassed the 2019 data (last pre-pandemic year), with an 8.31% increase in the number of passengers on international flights and a 2.09% increase in the number of domestic flights (AENA 2023). However, several significant changes have been observed in this transitional period, changing the outlook for the Spanish airline industry.
On the one hand, there have been significant changes in the aircraft models used for domestic flights. The most widely used aircraft type, the Aerospatiale ATR-72, has gone from operating 18.37% of flights in 2019 to 27.20% in 2023 (AENA 2023). Considering that this aircraft model emits, on average, less than half the CO2 emissions per flight of the next two most used models (BOEING 737-800 and AIRBUS A320), this change is very significant in terms of reducing emissions (ATR 2023). 
[bookmark: _Hlk182590329]On the other hand, particularly the air routes identified by this directive as being eligible for cancellation have also undergone significant changes. As can be seen in the AENA data (Table A 2), both the number of passengers and the number of commercial flights have decreased significantly. For example, the Madrid-Barcelona airlift was in 2019 the one with the highest passenger traffic and in 2023 it has been replaced by Madrid - Gran Canaria. In addition, the number of passengers per flight has increased overall due to higher load factors, improving environmental efficiency. Thus, it is important to take 2023 data in order to be able to measure the impact of these policies adjusted to reality, as the sector has undergone significant changes in recent years.


[bookmark: _Ref187062863]Table A 2: Number of passengers and flights of the selected air-routes in 2019 and 2023
	Routes
	Commercial passengers
	Commercial flights
	Passengers per flight (Δ% 2019-2023)

	
	2019
	2023
	Δ%
	2019
	2023
	Δ%
	

	First scenario: 2:30 hours limit

	Madrid – Valencia / Valencia - Madrid
	                      338,823   
	                      356,348   
	5.17%
	                           5,681   
	                           4,306   
	-24.20%
	38.76%

	Alicante-Madrid / Madrid-Alicante
	                      299,522   
	                      324,716   
	8.41%
	                           4,180   
	                           3,737   
	-10.60%
	21.26%

	Barcelona-Madrid / Madrid-Barcelona
	                  2,572,702   
	                  1,933,220   
	-24.86%
	                        17,077   
	                        13,062   
	-23.51%
	-1.76%

	Second Scenario: 4:00 hours limit

	Barcelona-Valencia/ Valencia-Barcelona
	                        85,154   
	                        36,168   
	-57.53%
	                           1,666   
	                           1,835   
	10.14%
	-61.44%

	Madrid-Málaga / Málaga-Madrid
	                      357,762   
	                      727,842   
	103.44%
	                           4,757   
	                           5,936   
	24.78%
	63.04%

	Madrid-Pamplona / Pamplona – Madrid
	                      177,290   
	                      145,703   
	-17.82%
	                           2,571   
	                           2,006   
	-21.98%
	5.33%

	Madrid – Santiago de Compostela / Santiago de Compostela – Madrid
	                      715,350   
	                      448,783   
	-37.26%
	                           4,789   
	                           3,325   
	-30.57%
	-9.64%

	Madrid – Sevilla / Sevilla – Madrid
	                      486,775   
	                      455,399   
	-6.45%
	                           5,371   
	                           3,167   
	-41.04%
	58.66%

	La Coruña – Madrid / Madrid – La Coruña
	                      681,508   
	                      755,282   
	10.83%
	                           5,779   
	                           5,809   
	0.52%
	10.25%

	Granada – Madrid / Madrid Granada
	                      199,170   
	                      157,241   
	-21.05%
	                           2,646   
	                           1,952   
	-26.23%
	7.02%

	Logroño – Madrid / Madrid – Logroño
	                        12,752   
	                        12,006   
	-5.85%
	                              460   
	                              466   
	1.30%
	-7.06%

	Madrid-Asturias / Asturias-Madrid
	                      548,114   
	                      394,703   
	-27.99%
	                           5,490   
	                           3,027   
	-44.86%
	30.60%

	Madrid-Castellón / Castellón-Madrid
	                              502   
	                        12,539   
	2398%
	                                 47   
	                              548   
	1066%
	114.23%

	Madrid-Murcia / Murcia-Madrid
	445
	2,970
	567%
	142
	169
	19.01%
	460%

	TOTAL
	                  6,475,869   
	                  5,762,920   
	-11.01%
	                        60,514   
	                        49,176   
	-18.65%
	9.39%


Source: AENA

Current state of high-speed trains prices in Spain: 
[bookmark: _Hlk168409005][bookmark: _Hlk185930050]The Spanish high-speed rail sector has also undergone major changes since the pre-pandemic era. Through the Fourth Railway Package (European Council 2016), which determined the European Union's railway framework, Spanish legislation set December 2020 as the date for the start of liberalisation of the passenger rail market in high-speed services (BOE 2018).
Since then, other railway companies such as OUIGO or Iryo have been operating on the Spanish high-speed network, breaking RENFE's previous monopoly. This situation has led to an increase in the supply of high-speed trains and a reduction in prices for passengers (ADIF 2023; Renfe 2023). So much so that RENFE decided to compete on price through its low-cost brand AVLO (Renfe 2023).
The Spanish high-speed rail system achieved a landmark accomplishment in 2023 by surpassing its previous record for passenger volume (ADIF 2023). This achievement was accompanied by a notable escalation in traffic, measured in trains per kilometer, with growth rates exceeding 30% in 2022 and surpassing 40% in 2023 (partly due to Covid-19 recovery). Such robust expansion not only underscores the system's resilience but also solidifies its position with traffic levels now surpassing those observed prior to the onset of the pandemic. In this manner, a forthcoming second phase of railway market liberalization is envisaged, encompassing the liberalization of additional railway lines, including those in regions such as Murcia and Galicia (ADIF 2023).
Nevertheless, the most notable transformation has been observed in pricing dynamics. As reported by CNMC (2023-2024) ticket prices on routes serviced by two or more railway companies have experienced a substantial reduction, averaging a 23% decrease in comparison to figures recorded in 2022. This reduction gains heightened significance when juxtaposed with data from 2019 or the pre-pandemic era, wherein the average price decline amounted to 65%. 
[bookmark: _Hlk183946693][bookmark: _Hlk183947440][bookmark: _Hlk186825542]The augmentation in supply aligns seamlessly with the ongoing enhancements in infrastructure within the sector (see on previous plans, e.g. Elizondo, 2021). ADIF (2024a), the Railway Infrastructure Manager (a public business entity attached to the Ministry of Transport and Sustainable Mobility) is carrying out tests prior to the commissioning of “key lines this year” (a steadfast commitment aimed at ensuring that nine out of ten citizens reside within a proximity of fewer than 30 kilometres from a high-speed station). Thus, the principal ongoing projects (which may have the years 2025-2027 at least as more realistic finalization periods, with the exception of the Basque Y network reaching to Bilbao having a longer expected time frame) considered encompass:
· Establishing the connection between the central region and Extremadura.
· Facilitating high-speed rail access to Murcia.
· Extending high-speed rail services to Santander.
· Developing the Basque Y network and its integration with central and eastern regions of the country.
· Enhancing connectivity with Madrid-Barajas-Adolfo Suárez airport.
[bookmark: _Hlk186825737]Currently, there are listed additional works and projects under development, but with a more uncertain period of finalization (in total 11 future construction projects), and this have not been included. According to the Ministry of Transport and Sustainable Mobility (Ministerio De Transportes y Movilidad Sostenible 2023, INECO 2023), the cost of building a Spanish high-speed line is 17.7 million euros on average per kilometre, compared to 45.5 million euros on average in other countries with high-speed lines (see also for additional estimates, OTLE, 2024). Also, the environmental damages and effects of the construction period tend to be important, larger than during the operation phases, as several Life Cycle Assessment studies have shown for Spain (Bueno et al. 2017; Kortazar et al. 2021; Damián and Zamorano 2023). Hence economic and environmental implications (not only of GHG emissions but also of materials, minerals, etc.) should be taken into account for any new construction and dismantling of infrastructure affecting similar measures to this. We want to stress then that our study takes the consideration, on the one hand, on the connection with cities having nearby airports, and on the other, of railway infrastructure that is already finalized, or close to be finalized, or with clear-cut advances implemented that show a firm construction path.


[bookmark: _Hlk185930111][bookmark: _Hlk168409055]Affected routes and summary of scenarios implemented accordingly
[bookmark: _Ref183951389][bookmark: _Hlk186826803][bookmark: _Hlk168409078]Figure 1: Affected routes of each scenario
[image: ]
[bookmark: _Hlk185930144]The green routes correspond to the first scenario, the blue ones to the second scenario and the orange ones to the third scenario.
[bookmark: _Hlk185930183]As it was mentioned, after defining the three scenarios, the isolated impact of air transportation cessation is initially assessed (scenarios A), subsequently augmented by the integration of potential passenger substitution onto rail modalities (scenarios B).  In examining the substitution of rail travel, it is essential to consider the diverse dynamics underlying changes in passenger behaviour. 
[bookmark: _Hlk181711502]On one side, there may be a decline in total passengers, as not all travellers will opt for rail. As mentioned in Rodrigue (2020), restrictions or increased costs associated with a specific transport mode can significantly diminish overall passenger movement, as these changes may lead to decreased convenience and accessibility, compelling travellers to reconsider their travel options and potentially resulting in fewer trips taken. The French case is very significant in this respect, as it is the only country where such measures have been implemented and where changes in passenger behaviour in response to such a measure have been observed in a real case. Thus, one of the main findings of (Txapartegi et al. (2024) was that during the first months of the adoption of this measure, some of the eliminated flights were replaced by other flights from other airports (more details on this work are shown in the appendix 5). It is important to note that such substitution would not be feasible in the Spanish case, as there are no alternative air routes available for the potentially affected connections. In addition, the report by the French Ministry of Ecological Transition (Ministère de la Transition Écologique, 2023) shows data on what modes of transport passengers who actually stop using air transport use, stating that approximately 63% of passengers would choose to travel by train, 30% would use a car, and 7% might simply choose not to travel at all.
Conversely, the banning of these air routes would presumably be accompanied by an increase in high-speed train service to accommodate these passengers. This increase in service can produce a significant increase in passenger numbers and even generate induced effects, which is well documented in the literature (Meixell and Norbis, 2008; Givoni and Dobruszkes 2013; Pagliara et al. 2013; DT, 2014; Zhang et al. 2019; Avogadro and Redondi, 2023; Álvarez-Antelo et al., 2025), as seen with the evidence of improved high-speed train service in the section on Current state of high-speed trains prices in Spain. In particular, according to Givoni and Dobruszkes (2013), this improvement in service can generate an induced effect of up to an additional 10-20%. In addition, this improvement may also reduce the number of people who choose to travel by another means (car) or who choose not to travel at all.
Contributing to the uncertainty of the future associated to the measures, additional dynamic effects may exist, e.g. on the evolution of demands and then on prices with modified demands (apart from the cited literature on the evidence or expected effects of modal substitution, in terms of passengers in each mode, but also on transport prices is e.g., particularly for Spain we find e.g. OECC-INECO 2021; Cantos-Sánchez et al. 2023; Ecologistas en acción 2023; Cantos-Sanchez et al. 2024).
Then, as summarized in Table A 3, for each of the scenarios, we measure on the one hand the isolated impact of the reduction in air transport (scenarios 1A, 2A and 3A). Then the overall impact, assuming the substitution of flights for rail transport, are presented (scenarios 1B, 2B and 3B). The last 3 scenarios are logically more plausible, but we need to consider the sensitivity to price changes and to transport modes (i.e. to what extent this substitution is expected to happen).
In the first case, the ranges of price variation consider the fact that we are making a substitution of final demands (air transport vs. other modes of transport) in monetary units (euros), but such actual substitution and what it entails in physical terms, e.g. in terms of GHG emissions is subject of uncertainty, given the prices variations. As further described in Appendix 2 though, daily differences are not irrelevant, and some monthly differences are found, but the standard error of the considered routes is not too large (1.6 euros) and interestingly, exploring the long-term monthly price indices (from 2013 to 2023 for all flights, 2015-2023 specifically for national flights using price index chaining) of the Spanish National Statistical Institute (NSI 2024a, b), we observe the relative stability (except for the aforementioned monthly/seasonality variation) of the national air transport prices over more than a decade.
In the second aspect, transport mode, given such uncertainty for a not yet implemented measure, we explore a range of scenarios, of shares of train (and actually also of other modes of transport) substitution. The central scenario implemented is that based on the shares, the transport mode substitution found for France by the French Ministry of Ecological Transition (Ministère de la Transition Écologique, 2023). It states that for passengers who actually stop using air transport use, approximately 63% of passengers would choose to travel by train, 30% use a car, and 7% might simply choose not to travel at all. But obviously these percentages are susceptible to be different in Spain and for the different scenarios. The main reports for Spain (OECC-INECO 2021; Ecologistas en acción 2023) on the effects on emissions (as stated there, other economic impacts or on other markets are out of their scope) of potential air routes substitution implement a full train substitution, given that the measure is actually based on having a train alternative. For this reason, based on these and other studies, but mostly to have reasonable transport mode substitutions, we perform several sensitivity tests, mainly varying the air to train substitution (ranging from 50%, as a magnitude even below the cited French report, up to 115%, based on Givoni and Dobruszkes, 2013, with the argument that this additional use or induced effect, may appear if an improvement in service –even if it just an increase in frequency- occurs) and hence also for the other modes.
In any case, as commented in the discussion of results and in the Annex with complementary sensitivity tests, the effects of future prices should not be much of our concern, as not only our use of prices has mostly to do with properly obtaining current expenditures and shares involved in the banning of short-haul flights, but also we already work with ranges, with potential variations in prices.
[bookmark: _Ref187062893][bookmark: _Hlk185930213]Table A 3: Summary of Scenarios and variants (baseline and sensitivity tests)
	[bookmark: _Hlk185930404]Scenario
	A. pure flights elimination effect
	B. Expected air for train and other modes of transport Substitution

	1.  2:30 hours limit 
	Baseline, with sensitivity to estimated prices (Interval or error bars in red in Figure 2)  
	Baseline, with sensitivity to estimated prices (Interval or error bars in red in Figure 2) and sensitivity to expected transport mode substitution (interval or error bars in purple)

	2.   4:00 hours limit (current routes)
	
	

	3.   4:00 hours limit (including feasible routes in the future)
	
	


	
In practice actually, the sensitivity to prices and to the transport mode substitution are not independent aspects (e.g. in the report of the CNMC, 2023, based on the consultation to railway users, it is clear that “affordable prices” are needed so that the railway is “a substitute for the car”). Accordingly, in the results we will also explore the two sensitivity analyses performed together. Finally, the work does not make additional assumptions about the destination of the difference in expenditure between modes of transport (in general, saving with respect to the flight, especially with the train). This has the advantage of properly capturing different levels of final demand (not just assuming an equal one in the transport mode alternative) but the limitation of not capturing additional induced effects from such expenditure.








Appendix 2:  Prices and intervals used for the estimates of final demand for transport 
As indicated in the main text, the average air fares for the selected routes in 2023 have been calculated by obtaining monthly averages from different company websites (e.g. Iberia, Vueling, Air Europa) and web comparators (mainly Omio, Booking and Kayak). These comparators provide estimates of the average price of a route, which was obtained along 2023 for each month. These monthly averages have been cross-checked with AENA's monthly passenger data to obtain the annual average. Additionally, as air transport is a service with high seasonality, the monthly evolution of the national air transport CPI index has been cross-checked, being used this last one to create a confidence interval (NSI 2024a). The monthly price indices (from 2013 to 2023 for all flights, 2015-2023 specifically for national flights using price index chaining) of the Spanish National Statistical Institute (NSI 2024a, b), also allows us to observe the relative stability (except for the aforementioned monthly/seasonality variation) of the national air transport prices over more than a decade. Additionally, we have cross verified for the case of Madrid, with the cited price indices data of the NSI and the main statistics provided by (Andrés Martínez et al. 2017) in a similar exercise made for the city flights for 2013, that the basic national air transport prices statistics are of highly comparable magnitude. Finally, in the input-output tables values are always represented in basic prices (i.e. purchaser prices minus transport margins and taxes). This means that it is needed the conversion through the Spanish conversion tables of (Cazcarro et al. 2022), which in this case does not represent a very relevant difference.
The average airfares in purchaser prices for the selected routes in 2023 are presented in Table A 4, specifically in column 2. Furthermore, given the high stationarity characteristic of air transport as a service, a confidence interval has been calculated. For the calculation, NSI (2024a) CPI data have been used, specifically the monthly index of the subclass “Domestic flights”. This index measures the monthly change in prices with respect to the reference month (December of the previous year). With these data and the price data, the standard deviation of the domestic flights service has been calculated for 2023. Using this monthly standard deviation and the sample size (in this case 12 months), the standard error has been calculated (resulting in 1.6). Finally, to construct the 95% confidence interval, the critical value of 1.96 has been used to multiply it with the monthly standard error (as a reasonable variation, given that there is seasonality and hence monthly price variation, but over the years, in more than a decade, prices have been highly stable), the formula would be as follows[footnoteRef:1] (results can be seen in column 3).  [1:  It should be noted that a review of this CPI index for domestic flights shows that during 2024 prices have risen considerably. We work with 2023 data for all concepts so this does not affect us. For any further update to 2024 figures in the figure (they are not definitive and obviously nor full in coverage), all monetary and price figures should be updated consistently.] 

Confidence interval = Mean +/- (1.96 * standard error) 
In the case of train ticket prices, since the information has been obtained from CNMC by quarter (CNMC 2023-2024), the standard deviation and error of train tickets have been calculated using that sample size. All in all, Table A 4 shows the basic statistics of the flights and trains price data, and Table A 5 shows the specific (purchaser) prices for cost estimation (average monthly prices) for the different routes.
[bookmark: _Ref187062966]Table A 4: Basic statistics of the flights and trains price data
	
	Flights
	Trains (trimester)


	Metric
	Daily
	Monthly
	

	Average
	95
	95
	 53


	Median
	90
	96
	 51


	Minimum
	69
	82
	 26


	Maximum
	184
	105
	 90


	Standard Deviation
	21
	6
	 19


	Variation Coefficient
	0.21
	0.07
	 0.36


	Standard Error
	5.8
	1.6
	2.7





[bookmark: _Ref187062985]Table A 5: Prices used for cost estimation (average –purchaser- prices)
	Routes
	Average flight ticket price 
	Confidence interval (flight tickets)
	Average train ticket price 
	Confidence interval (train tickets) 

	First scenario: 2:30 hours limit

	Madrid – Valencia / Valencia - Madrid
	89 € 
	85-92€
	29 € 
	23-34€

	Alicante-Madrid / Madrid-Alicante
	90 € 
	86-93€
	40 € 
	34-44€

	Barcelona-Madrid / Madrid-Barcelona
	79 € 
	75-82€
	                                      51 € 
	45-56€

	Second Scenario: 4:00 hours limit

	Barcelona-Valencia/ Valencia-Barcelona
	128 € 
	124-131€
	56 € 
	50-61€

	Madrid-Málaga / Málaga-Madrid
	96 € 
	92-99€
	60 € 
	54-65€

	Madrid-Pamplona / Pamplona – Madrid
	112 € 
	108-115€
	45 € 
	39-50€

	Madrid – Santiago de Compostela / Santiago de Compostela – Madrid
	79 € 
	75-82€
	88 € 
	82-93€

	Madrid – Sevilla / Sevilla – Madrid
	91 € 
	87-94€
	58 € 
	53-63€

	La Coruña – Madrid / Madrid – La Coruña
	92 € 
	88-96€
	78 € 
	72-83€

	Granada – Madrid / Madrid Granada
	100 € 
	96-103€
	60 € 
	54-65€

	Logroño – Madrid / Madrid – Logroño
	73 € 
	69-76€
	33 € 
	27-38€

	Madrid-Asturias / Asturias-Madrid
	114 € 
	110-118€
	54 € 
	48-59€

	Madrid-Castellón / Castellón-Madrid
	88 € 
	83-91€
	29 € 
	23-34€

	Madrid-Murcia / Murcia-Madrid
	99 € 
	94-102€
	45 €
	39-50€

	Third Scenario: 4:00 hours limit (including feasible routes in the future)

	Madrid-Jerez de la Frontera / Jerez de la Frontera - Madrid
	       118 € 
	114-121€
	72€
	66-77€

	Madrid – Badajoz / Badajoz - Madrid
	       137 € 
	133-140€
	53€*
	47-58€

	Madrid - Bilbao / Bilbao - Madrid
	       79 € 
	75-82€
	53€*
	47-58€

	Madrid San - Sebastián / San-Sebastián - Madrid
	       105 € 
	101-108€
	53€*
	47-58€

	Madrid – Santander / Santander - Madrid
	       84 € 
	80-87€
	53€*
	47-58€

	Barcelona – Alicante / Alicante - Barcelona
	       95 € 
	91-98€
	53€*
	47-58€

	Barcelona – Bilbao / Bilbao - Barcelona
	       73 € 
	69-76€
	53€*
	47-58€

	Barcelona - San Sebastián / San Sebastián - Barcelona
	       106 € 
	102-109€
	53€*
	47-58€


*Note that since the marked routes do not yet exist on the high-speed rail network, the average price has been used for the estimation in these cases.

Appendix 3:  Sensitivity analysis to the emissions coefficients
[bookmark: _Hlk154573286]As an analysis that complements the direct GHG emissions used in the estimates, these were also estimated using the aviation “Master emissions calculator 2023” published alongside he “EMEP/EEA air pollutant emission inventory guidebook 2023”, developed by the European Environment Agency (EEA)[footnoteRef:2]. The tool estimates the emissions produced by an aircraft not only in the flight itself (climb, cruise and descend phases, CCD), but also those emitted in the landing and take-off (LTO) phase. This bottom-up approach has been used in the literature on the calculation of aviation sector emissions in (Avogadro et al. 2021). Thus, the information needed for this tool is the nautical miles of the route and the aircraft model used. The distances of the routes have been obtained from the Great Circle Mapper web. The AENA website was consulted to obtain the number of flights in 2023 for each of the routes analysed. To determine the type of aircraft, the 9 types of aircraft most commonly used on Spanish domestic flights were consulted and their relative weights were imputed to the number of flights on each route (details in Table A 5). The reason why the same weights of type of aircrafts have been used on all routes is so that the allocation of the airlines' fleet to the different routes is not a factor affecting the results of the study, as one air route is not less polluting than another because it uses newer aircraft. [2:  More info in: https://www.eea.europa.eu//publications/emep-eea-guidebook-2023] 

[bookmark: _Ref173486131]Table A 6: Most used aircrafts in Spanish domestic aviation and their relative weights in national aviation
	 
	Aircraft model
	% of operations (national flights)

	1
	AEROSPATIALE ATR-72
	27,20%

	2
	BOEING 737-800 (WINGLETS) PASSENGER
	16,95%

	3
	AIRBUS A320 PASSENGER
	11,57%

	4
	AIRBUS A320 (SHARKLETS)
	10,31%

	5
	BOMBARDIER REGIONAL JET-1000
	6,90%

	6
	AIRBUS A320 NEO
	5,50%

	7
	AIRBUS A319
	3,81%

	8
	AIRBUS A321 NEO
	2,34%

	9
	AIRBUS A321 (SHARKLETS)
	2,03%

	 
	TOTAL
	86,58%



[bookmark: _Hlk185764284]To be able to compare the results of both methodologies, only the emissions of the Spanish air transport sector should be taken in the Input-Output (IO) estimation. Thus, only emissions produced by the air passenger transport activity itself are included in this category (without, for example, the emissions of the fuel production). Moreover, as mentioned above, the tool estimates only the emissions produced by the aircraft in the climb, cruise and descend (CCD) and landing and take-off (LTO) phases. However, for a flight to take place, many other economic activities must take place that will produce emissions, both in other sectors (quantified in the other sectors of the IO table) and in the sector itself (additional emissions to flights accounted for in the air transport sector). As an example, calculating the CO2 emissions of scenario 2, the EEA tool estimates that they are reduced by 281 thousand tonnes. The I-O estimate was a reduction of 351 thousand tonnes of CO2 emissions for the Spanish aviation sector as a whole, so that the EEA estimate is around 80% of the emissions estimated by I-O. The remaining 20% can be justified by the additional activities carried out by the Spanish airline industry, which are also necessary for these flights to take place. The results are similar for all the emitters covered by both methodologies (CO2, NOx, SOx and CO). This is emphasized when it is also considered that the activity of other economic sectors and countries is necessary for air transport services to be carried out, with their respective emissions. Thus, as can be seen in the results section, a 10% reduction of additional CO2 emissions in the rest of the Spanish economic sectors and 18% in the rest of the world should be added to the aforementioned example, reaching a total additional reduction of 28%. Therefore, the EEA tool is not able to consider the rest of emissions needed to make that transport service possible. The results are similar for all the emitters covered by both methodologies (CO2, NOx, SOx and CO).

Appendix 4: Sensitivity to year of analysis and to the EXIOBASE database data
As mentioned in the section on data availability, data updated to 2023 has been used. The effect of this choice, as opposed to the alternative of choosing the last pre-Covid year (2019), is very significant. As mentioned in the section on the current status of short-haul flights in Spain, both the number of passengers and the aircraft models used have undergone significant changes. In order to make comparisons, the aforementioned scenarios have been estimated not only with the 2023 data, but also with the 2019 data, both in terms of passenger numbers and emissions coefficients. There has been technology improvement and substitution of aircraft models, notably reducing the emission coefficients (as shown in Appendix 2) in the year 2023 with respect to the year 2019. Also, in 2023 the number of air transport passengers was inferior in 2023 with respect to 2019. Accordingly, the increase in the impacts (of the different indicators) that would have been found (with respect to 2023) if the 2019-year data had been used for the analysis, can be seen in the following table: 
Table A 7: Change in impacts 2019 vs 2023
	 
	1A
	1B
	2A
	2B
	3A
	3B

	OUTPUT
	21.87%
	15.91%
	11.38%
	7.71%
	8.96%
	6.24%

	VA
	21.87%
	13.39%
	11.38%
	5.54%
	8.96%
	4.96%

	EMP
	21.87%
	18.82%
	11.38%
	9.71%
	8.96%
	7.62%

	CO2
	34.20%
	34.00%
	22.65%
	22.78%
	19.99%
	20.11%

	CH4
	31.70%
	28.02%
	20.37%
	18.13%
	17.75%
	15.93%

	N2O
	42.05%
	42.49%
	29.83%
	30.43%
	27.01%
	27.55%

	SOx
	29.08%
	22.06%
	17.98%
	13.05%
	15.41%
	11.69%

	NOx
	34.24%
	34.58%
	22.69%
	23.50%
	20.03%
	20.76%

	NH3
	29.22%
	30.45%
	18.10%
	20.26%
	15.54%
	17.45%



In other words, having updated technical info (e.g. notably including identification of flights-aircraft models) allows for having more precise estimates, and if that had not been updated, the effects of the measure in terms of emissions savings would have been overestimated (and even more if the lower emitter aircraft models gain position in the studied flights). But also, noticing that the 2019 final demand was superior, it may be looked otherwise, being aware that the emission saving of the explored measures could be higher if such levels of air transport use were “recovered” in the absence of the banning or other policies favouring other modes of transport such as the train.
Then we may observe in Table A 8 (which compares the hypothetical results that would have been found for the implementation of scenarios for 2017 and 2018 vs. 2019) that the results would have been more similar among past analyses ranging between the years 2017 to 2019.
[bookmark: _Ref187063034]Table A 8: Sensitivity of results with respect to the A matrix of previous years (2018 and 2017 vs. 2019) with all other data of 2019
	
	2018-2A
	2017-2A
	2018-2B
	2017-2B

	OUTPUT
	-1.74%
	-1.15%
	-1.82%
	-3.74%

	VA
	-0.07%
	-0.14%
	-0.53%
	-0.25%

	CO2
	2.16%
	4.78%
	3.12%
	4.47%



Appendix 5: comparison with the French case
In a previous study, the banning of short-haul flights in France has been explored (Txapartegi et al. 2024). This section seeks to provide a comparative analysis between those earlier studies and the current results, with the aim of deepening the understanding of the similarities and divergences. As mentioned in the introduction, the main motivation of this article is to try to quantify a policy measure that is currently under debate. Thus, it is considered that measuring such impacts in a scenario of possible future implementation can provide value to decision-makers.
In examining the differences between the two studies, it is notable that, the measure in the French case has been established in a period of recovery from the COVID-19 pandemic, a context that significantly impacted the aviation sector. Consequently, data predating the pandemic were used to provide a more accurate baseline. Additionally, since the measure had already been implemented in France, it was possible to observe its initial real-world effects. A primary finding was that, in the early months following the measure's adoption, some of the cancelled flights were substituted by flights from other airports, thereby mitigating the anticipated environmental benefits. This occurred because the measure established specific time restrictions between airports, allowing affected routes from Paris Orly to be operated from Paris Charles de Gaulle airport instead. Accordingly, two scenarios were analysed in this case: the scenario as implemented, and an alternative scenario applying the same time limit (2 hours and 30 minutes) measured between cities, thus eliminating the substitution effect.
In the Spanish case, the measure is currently under discussion in a context where both domestic and international Spanish aviation have surpassed pre-COVID levels. Consequently, the most recent data available have been utilized. Additionally, both the Spanish aviation and rail sectors have experienced significant transformations in recent years, as analysed in sections 3.1 and 3.2. These developments in the aviation sector have necessitated an update to emission coefficients to better represent the sector's current state. Changes in the railway sector have been reflected in that, alongside the first and second scenarios, which aim to quantify the measure under current conditions (using varying time limits), a third scenario has been proposed based on recent advancements in the high-speed rail sector. This scenario seeks to capture the impact of ongoing investments in rail infrastructure and to evaluate the scalability of such measures when combined with improvements in high-speed rail systems. In addition to this, in this case the aim was also to measure the change in passenger behaviour in the event of changes in transport modes.
Regarding the comparison of results, the analysis should prioritize the 2:30-hour threshold (Scenario 1), which served as the focal point of the study in the referenced French article. This specific time frame is critical for aligning the findings and ensuring a consistent basis for evaluating the implications of high-speed rail as a competitive alternative to other modes of transport. In the referenced article, two hypotheses were developed while maintaining the 2:30-hour time limitation. The first hypothesis defined the threshold based on the distance between airports, reflecting the framework under which the ban has been implemented. The second hypothesis, by contrast, established the threshold based on the distance between city centres. Thus, when comparing the outcomes of the first hypothesis from the referenced article with the results of Scenario 1 in the present study, a notable similarity can be observed. Thus, a comparison of the results from the first hypothesis in the referenced article with those of Scenario 1 in this study reveals that the impacts are more pronounced in Spain. Specifically, the economic impact in terms of output is estimated at €225 million in France, compared to €377–413 million in Spain. Similarly, the environmental impact is reflected in a reduction of 160 thousand tonnes of CO₂ emissions in France, compared to 187–203 thousand tonnes in Spain[footnoteRef:3]. This disparity is logical, as while both cases involve three major air routes, the Madrid-Barcelona route in Spain constitutes a significant proportion of domestic air travel, amplifying the measure's impact in the Spanish context. However, when considering the second scenario in the French case, where the 2:30-hour time limit is measured between city centres rather than airports, the impacts of the measure are tripled in France. In this scenario, seven air-routes would be affected in France. Consequently, when applying the measure under equal conditions for both countries (a 2:30-hour time limit measured between cities), the impact in France is observed to be twice as significant as in Spain. This highlights the importance of contextual factors, such as the spatial distribution of air travel demand and infrastructure, in shaping the effectiveness of such measures. [3:  The difference in emissions is smaller due to the carried out update of coefficients.] 
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