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Abstract

:

Ecological footprint (EF) determines the area of ecologically productive territory necessary to produce the resources utilised and to assimilate the waste produced by a given population over a year. Knowing your own EF is the first step in planning and implementing policies to reduce it. Considering that transport is a significant component of the impact of human activity on the environment, this study calculates the EF of the CO2 emissions associated with person mobility (EFM) at the University of A Coruña (UDC). The results presented are based on statistical inference from surveys conducted in 2008, 2016, and 2020. The period 2008–2016 coincides with the effects of the economic crisis, and 2020 with those of the COVID-19 pandemic. The EFM of UDC in 2016 was 2177 global hectares (gha), 148 times its biocapacity. Ninety-two percent of it was generated by car trips. Policies to reduce the environmental impact of mobility should focus on reducing car use. This study analyzes various factors of variability. The EFM per capita of the commutes from the place of residence to the UDC campuses grew between 2008 and 2020 by 17%. The results obtained are compared with those of other nearby universities and around the world.
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1. Introduction


It is in our hands to make development sustainable, that is, to ensure that it meets the needs of the present without compromising the ability of future generations to meet their own. This is the official concept of sustainable development introduced in the Brundtland report [1]. Ecological sustainability refers to the balanced interaction between a given species and its environment, and it is to be understood as the environmental biocapacity for sustaining all the activities generated by the members of that species. In the case of humans, this concept mainly encompasses the provision of resources for human consumption and activities as well as the assimilation of the associated waste. There may be a biocapacity reserve or deficit in a territory [2].



The biocapacity of Earth to produce resources and assimilate waste is determined by its surface and biological productivity. On this basis, human activity on Earth is not ecologically sustainable. The graph in Figure 1 shows the evolution of the ratio of the ecological footprint (EF) to the biocapacity of Earth. The trend is predicted to worsen as an increasing fraction of natural spaces becomes occupied, and because each individual consumes more resources and generates more waste on average. Knowing your own EF is the first step in planning and implementing policies to reduce it.



A significant part of the human environmental impact is from transport. This is due partly to the occupation of natural spaces by transport infrastructures (roads, parking lots, railways, airports, and ports) and the manufacture, maintenance, and disposal of vehicles, but primarily, to the emission of greenhouse gases during the transportation of people and goods. These gases are produced by fossil-fuel combustion and are the main drivers of climate change attributed to human activity, mainly carbon dioxide (CO2). Ref [3] estimates that 27% of total greenhouse-gas emissions in the EU-28 in 2017 was produced by transport, 72% of which is attributed to road transport.



UN estimates that 54.4% of the population lived in cities in 2016 and predicts that by 2030 it will be 60% [4]. The contribution of universities to sustainability of the cities is relevant [5]. Universities can be considered today “small cities” due to their large size, population, and the various complex activities that take place on campus, which have a great direct and indirect impact on the environment. The sustainability of the campus has become an issue of concern for university planners and government environmental protection agencies [6]. The US Environmental Protection Agency reported in 2000 that it was holding colleges and universities to the same standards as the industry regarding environmental and human health issues [7]. More and more universities are committing to sustainability, albeit with different approaches [8]. Some universities are playing an exemplary role as catalysts towards sustainable development [9,10]. In developing countries, there are few peer-reviewed studies looking at greenhouse gas emissions generated by universities. The shortage is most evident in Latin American universities. A group of Chilean universities signed an agreement with Chile’s National Cleaner Production Agency that includes a measurement of corporate greenhouse gas emissions among the objectives of this agreement [11]. Suitable economic and environmental indicators must be defined to evaluate the problem and plan solutions. The Rio Summit of 1992 established the foundations for the creation of sustainability indicators, particularly the EF. This study focuses on the EF produced by the emission of CO2 into the atmosphere, also called carbon footprint [12]. The aim of this study is to calculate the carbon footprint associated with person mobility at the University of A Coruña (UDC), and to analyse the main influencing factors, with a special emphasis on transport modes. The results can be used to devise measures for impact reduction and to implement environment monitoring plans. This kind of analysis has been developed in other universities in different countries. Fifteen of these studies, from universities in Spain [13,14,15,16], Belgium [17], UK [18,19], Australia [20], Canada [21,22], China [23], Thailand [24], India [25], and USA [26,27,28,29,30] are used as comparisons of the values obtained in this research. The knowledge of UDC 2016 values and characteristics will allow researchers in the field to have additional comparative results to the set used in several previous studies, that includes UDC 2008 values (not previously published in a scientific journal but available in [15]).



The next section presents the main characteristics of the UDC, such as the geographic characteristics of the campuses or the size of the population in 2016, both staff and students enrolled. That section also presents the methodology and the parameters used to calculate the EF of mobility (EFM) in the three studies conducted at UDC in 2008, 2016, and 2020. Section 3 presents the results of mobility habits and their carbon footprint, inferred from the survey carried out in 2016. The results are analysed according to the different types of journeys, transport modes used, and the individual profile. Section 4 discusses challenges, trends, and policies related to universities sustainability. It explores in detail the mobility habits in the UDC and evaluates policies to reduce the mobility carbon footprint that can be applied in UDC and other universities. The results of the CUs (commutes from the place of residence to the university campus) are compared with those obtained in UDC in the previous study carried out in 2008 (not previously published in a scientific journal but available in [15]) and the pilot survey conducted in 2020 with a georeferencing service developed at the UDC (not previously published). The total EFM per capita (EFM pc) is compared with that obtained at other universities worldwide. Section 5 presents some conclusions from the findings and proposes next steps to continue with the analysis of UDC’s carbon footprint and reduction policies that could be applied.




2. Materials and Methods


The environmental impact of mobility at UDC in 2016 was analysed using the methodology established by [31]. This approach involves calculating the EF, a synthetic indicator of the environmental impact of human activities related to physical space, allowing a comparison with biocapacity indicators. The ecological sustainability of human activity in the environment can thus be evaluated. Those authors defined the EF as the area of ecologically productive territory (crops, pastures, forests, or aquatic ecosystems) necessary to produce the resources utilised and to assimilate the waste produced by a given population over a year, for a given living standard. Van der Berg and Grazi [32] points out that EF is perhaps the best known and most used environmental indicator worldwide. This indicator has been widely used as a tool for measuring sustainable development (see [33] for a list of cases), although that use has been subjected to some scientific debate [32,34,35].



The EFM, carbon footprint, or EF needed to absorb the emitted CO2 corresponding to one year’s worth of personal travel for UDC-related activity is calculated using equation (1), and this is the main component of transport-associated EF. Other minor contributions were not included, such as the transport of goods, the parking area on the campuses (5 ha at UDC), the road network, and the crop area associated with generating energy for cycling or walking. Although the EC could not only account for direct CO2 emissions but also for indirect emissions and occupied land [36], these other components are not included in the calculation.


  E F M     h a   =   C  O 2    e m i s s i o n s   i n   t r i p s     t n       C  O 2    f i x a t i o n   c a p a c i t y   o f   t h e   g r o u n d       t n   h a        



(1)







The CO2 fixation capacity of the ground is the number of tons (tn) of CO2 present in the atmosphere that can be fixed by a hectare (ha) of land in a year. This study uses the value 6.27 tn/ha of local forest [4,13], the same as that used in the studies for 2008 [15] and 2020. To facilitate comparisons with results obtained at other universities, we adopted a globalised value of ha (gha, [4,13,37]) for calculating the EFM by considering the world-averaged biological productivity. The correspondence factor is 1 ha of forest = 1.34 gha.



The EFM was calculated by including the following transport categories: Commutes from the place of residence to the university campus (CU); for those people who relocated because of their activity at UDC (‘displaced’ persons), commutes to their former home -or place of origin- (CH); and other unusual journeys (NC).



The indicator was calculated by performing statistical inference from a sample of respondents, based on a survey of mobility habits. The 2016 survey was conducted between April 20 and May 23 with an online questionnaire developed on the university’s website. The previous 2008 survey was conducted in May with a paper-based questionnaire. The 2020 survey was conducted in April through the emapic georeferencing service (https://emapic.es) developed at the UDC.



UDC is a public university in Spain with eight campuses distributed in two metropolitan areas, as shown in Figure 2. There are six campuses in the metropolitan area of A Coruña: Three are located in the urban area and three in the non-urban area (outside the city centre or even, in one case, outside the city-council limits). The two campuses in the metropolitan area of Ferrol (one of which is very small) are here combined and are simply denominated ‘Ferrol’.



The population considered in this study comprises all the students and internal staff at UDC, which include administration and services staff (A&S staff) and training and research staff (T&R staff). External personnel (e.g., cafeteria staff) were not included. Mobility habits were inferred by assuming the student presence over 8.5 months and staff presence over 11 months per year. The population data, segregated according to campus and sub-population, were obtained from the UDC internal databases (Table 1). The table also shows the distribution of the 492 valid survey responses. Elevation factors were applied to the sample to calculate weighted means for the different sub-populations and campus types.



The total emission corresponding to each respondent was calculated by considering the emission factor of the mode of transport utilised, which is the amount of CO2 (kg) that a given mode of transport emits into the atmosphere per kilometre travelled. In the case of car travel, the number of occupants was also considered. The emission factors considered were: 0.20, 0.10, 0.07, and 0.05 kg of CO2/km for cars, depending on the presence of one, two, three, or four car occupants, respectively; 0.06 for motorcycle travelling; 0.03 for buses and trains; and 0.11 for airplanes. Non-emitting transport modes (e.g., on bicycle or on foot) had an emission factor of 0 [4,13].



The level of significance (LoS) used for inference was 5%. The hypothesis of equality of variances was tested using F-tests to choose the type of test in each contrast of the hypothesis of equality of means: t-test or Welch.




3. Results


In this section, the results obtained in the 2016 survey are presented. UDC students and internal staff performed 3,885,632 journeys covering 100,117,053 km in total in 2016, amounting to a direct emission of 10,188 tons of CO2 into the atmosphere. The EFM was 1625 ha of local forest land or 2177 gha, corresponding to 29 times the total area occupied by UDC (the total area occupied by the eight UDC campuses is 56 ha) or 148 times its biocapacity to absorb the gases (the forest land of UDC is 11 ha). The EFM equals 49% of the total EF of UDC in 2016. A summary of EFM and EFM per capita (EFM pc) is presented in Table 2.



Figure 3, Figure 4, Figure 5 and Figure 6 show the main characteristics of journeys made by the survey participants, and their EFM. Most importantly, 85% of the total EFM was generated in CU, which represents 94% of the total number of journeys and 60% of the distance covered. Additionally, 84% of people at UDC made a CU journey at least four days per week during the school year. Interestingly, 92% of the total EFM was generated by car trips, and 80% of the total EFM was generated by car CU trips. In addition, 15% of all journeys were made by non-emitting transport modes (only 0.2% by bicycle), representing 1% of the total distance travelled. The remaining 38% of the total number of journeys were made by a collective mode of transport (bus, train, or plane), accounting for 35% of the total distance travelled, and only for 8% of the EFM.



Table 3 shows that 64% of CU-related car journeys counted a single occupant, which was 72% in the case of staff. The EFM is reduced by 70% by switching means of transport from car to motorcycle, by 85% by switching to bus/train, and by 100% when switching to cycling/walking.



The EFM per capita (pc) for CU journeys (EFM-CU) is 0.0663 ha (see Table 4) and shows a high degree of dispersion (coefficient of variation 1.8) due to the high dispersion of the distance between the place of residence and the campus (coefficient of variation 1.5) and the large difference between the CO2 emissions factor of each transport mode.



EFM-CU values show significant differences between campuses (see Table 4 and Figure 7). The remoteness of a campus from an urban centre and the presence, availability, and proximity of car-parking facilities all significantly and directly influence the choice of the car as mode of transport for CU. This in turn affects the EFM and EFM-CU pc as follows:




	
The EFM-CU pc for non-urban campuses in A Coruña is 2.2 times greater than that for the urban campuses in the city; 50% of CU journeys to non-urban campuses are made by car, approximately 14% more than that to urban campuses.



	
USC, a university located close to UDC (75 km away), applied the same methodology (including local value of CO2 emission and absorption parameters) for its EFM calculation [13]. The EFM-CU pc for USC for 2007 was 0.04 gha, the same as that for the urban campuses of A Coruña, as USC campus is an urban one.



	
Zapateira and Elviña, two non-urban campuses in A Coruña, are the most populated campuses in UDC (comprising 21% and 49% of the total UDC population, respectively). They are in close proximity and share the same bus line to the city centre. However, EFM-CU of the car journeys for Elviña is greater than that for Zapateira. In Elviña, CU car journeys account for 54% of the total CU, while in Zapateira, they account for only 36%. Elviña and Zapateira both provide free car-parking facilities. In Elviña, this facility is at the ground level and is located near the study centres, whereas the multi-storey car park in Zapateira forces commuters to walk a longer distance to reach their study centres.



	
The campuses of the metropolitan area of Ferrol have an EFM-CU pc that is 50% greater than that for the metropolitan area of A Coruña, and thrice that value for the urban campuses in Coruña.








The 60% of the total population that did not change their place of residence because of their activity at the university (‘residents’—see Table 5) produce a significantly greater EFM pc than those who did change it (‘displaced’ persons). This is true even when considering the EFM of the CH journey (EFM-CH)—the journey to the place of origin— that displaced individuals make once a week on average and that the residents do not. Residents have an EFM pc that is a factor 2.5 times greater than that of displaced people, and their EFM-CU pc is 4.2 times greater.



The reason for the smaller EFM pc values for the displaced persons is the greater proximity of their chosen place of residence to the university (median values: 4 km for displaced persons vs. 7 km for residents). This results in a less frequent use of cars for CU journeys compared to the residents. A proportion of 18% of all CU journeys are made by car in the case of displaced people; this proportion rises to 65% in the case of the residents. As shown in Figure 8, displaced persons travel 29% of CU journeys on foot or on bicycle, compared to residents who perform 7% of CU journeys on foot or on bicycle. Displaced persons use a bus for 50.5% of CU journeys and a train for 0.5%, while residents do so for only 21% of CU journeys. Displaced persons use a car for 19% of CU journeys and a motorcycle for 1%, in contrast to 71% of CU journeys being made by car or motorcycle by the residents.



Table 6 shows that staff, who constitute 11% of the total UDC population, generate 21% of the EFM. The EFM pc is 2.2 times greater for staff than for students. However, their work calendar is longer than that of the students. In any case, the EFM pc in a given month of the school year (EFM pcm) for T&R staff is significantly greater than that for students or A&S staff at the 5% LoS. The means and variances of EFM pcm do not differ significantly between students and the A&S staff at the 5% LoS, but they do differ significantly between A&S and T&R staff. Staff use a car more frequently for CU journeys than students (74% vs. 42%). T&R staff reside further away from the campuses than A&S staff or students (7 km median value vs. 5.5 or 5.7, respectively). The EFM pc for males is 20% greater than that for females (see Table 7), but it is not significantly different at the 5% LoS.



A total of 8% of the EFM is generated by NC (unusual journeys). This is the least frequent type of travelling, with only four journeys pc made in 2016 on average. The distances travelled in NC journeys are highly dispersed, with a standard deviation of 750 km, a mean distance of 325 km, and a median distance of 65 km. A fraction, 33%, of the UDC population made some kind of extraordinary non-commuting journey in 2016, 86% of which were students (including doctorate students), and 14% were staff, mainly T&R staff (12%). The purpose for these journeys was primarily for attending conferences, secondly for teaching or research stays for staff, and thirdly for study stays spent by the students in other universities.



Figure 9 shows that car travel is the most frequently used transport mode in NC journeys (64%). It generates 39% of the EFM-NC, with 27% of the total distance covered by NC journeys. Airplane travel is only used for 13% of NC journeys, but it generates 58% of the EFM-NC with 64% of the total distance covered by NC journeys. Bus travel is used for 13% of NC journeys, generating less than 1% of the EFM-NC with 1% of the total distance covered by NC journeys. Finally, the train is used for 10% of NC journeys, generating 2% of EFM-NC with 8% of the total distance covered by NC journeys.




4. Discussion


Universities play an important role in sustainability [38]. Sustainability is a new paradigm affecting all areas and activities [39]. The Sustainable Development Goals (SDGs) were set in 2015 as part of the UN 2030 Agenda for Sustainable Development. The European Union is also committed to implement SDGs in all policies and EU countries. The increasing interest of higher education institutions around the world in improving their sustainability performance can be enhanced with the use of assessment tools that allow comparison among institutions [40,41]. Sustainability offices at universities coordinate the institution’s efforts in sustainable development and foster awareness among students and staff of the importance of this goal. Nevertheless, the existence of sustainability offices is not as common as it should be, and they encounter key obstacles such as the lack of specific funding and the lack of support from administrations [42].



Amaral et al. [43] carries out a bibliographic review on the sustainability policies implemented and case studies in universities around the world reported in scientific publications. The research proposes to establish an integrated framework to disseminate and monitor the impact of key actions and their viability. They structure key actions and initiatives in 8 categories, being Transportation one of them.



In Spain, the FEE Green Campus initiative promotes the sustainability in universities as an award program. The program is an evolution of the Eco-Schools program created by the Foundation for Environmental Education to EcoCampus. It began in Russia in 2003 and it is now extended to 125 campuses in 21 countries [44]. UDC was one of the fist participants in Spain, and five centres and the Ferrol Campus have been awarded with the green flag since 2017 in this institution. The path to a more sustainable university includes seven steps: Create an EcoCampus Committee, carry out an environmental review, create an action plan, monitor and evaluate the results, link sustainability topics to the curriculum, inform and involve the community, and produce a Green Charter. This kind of green campus initiatives can be a way to achieve the SDGs [45].



Many universities include sustainability in their study plans, although in many cases, they do not achieve the objectives because those responsible for the courses do not follow the institutional policy of education for sustainability or because the university does not review the contents included in the courses [46].



One of the most popular tools to audit the evolution of conditions and policies related to Green Campus and Sustainability in the universities is the UI GreenMetric World University Ranking. It compares policies related to the environment across universities worldwide. In the 2020 ranking [47], UDC occupies position 5 of the 29 Spanish universities evaluated in this ranking (quantile 83), and position 65 of the 912 universities evaluated (quantile 93).



Table 8 compares the CU EFM pc for UDC between the studies conducted at UDC in 2008, 2016, and 2020. The CU EFM pc for UDC in 2016 is 0.0663 ha, 85% of the total EFM. In 2016, the CU EFM pc for UDC is 1.9% higher than in 2008, and there are six more points in the percentage caused by car journeys. In this period, there is also a decrease of 15.4% in the population of UDC (staff and students enrolled). The staff reduction was mainly motivated by the effect of the economic crisis, with a special impact on employment in Spain. This reduction in population led to a smaller total CU EFM, in spite of the increase of footprint per capita due to higher proportion of car use. A similar global reduction has been also observed in Spain, where Sobrino [48] analysed the changes in mobility patterns and carbon footprint it generated during that period of economic crisis, when, for the first time, emissions from Spanish road traffic decreased due to the reduction in economic activity and, therefore, in total number of trips.



In 2020, the UDC population grew by 8% in relation to 2016, recovering 44% of the loss in the previous period. In this pilot survey, there are 1.9 points less than in 2016 in the percentage of CU EFM caused by car trips. This reduction could lead to optimism, if it indicates that the trend in mobility habits in UDC is more sustainable, which is in accordance with the activities developed as part of the Green Campus initiative. However, the CU EFM pc UDC is 15% higher than in 2016. This result may be due in part to the effect of the new georeferenced service developed at UDC and used as a test in the 2020 survey, which can lead to a more detailed specification of routes by respondents. It is of great interest to carry out a new survey in 2021 that can confirm the trend in UDC mobility habits. An annual UDC EFM calculation could monitor its evolution. This would allow the appraisal of the effectiveness of future impact reduction measures. This methodology and evaluation process could be applied to other universities or institutions.



In addition, the 2020 survey was conducted during an online teaching period due to the COVID-19 pandemic, which was particularly virulent in Spain in this period. The survey specifically referred to normal mobility habits prior to the health alarm. Nevertheless, the COVID-19 pandemic has changed mobility habits and, therefore, the EFM. During the initial period of lockdown (March-June 2020 in Spain), teaching moved from the face-to-face model to the online model. In this period, mobility is reduced, but the increase in the carbon footprint due to the transfer of the activity to an online context from home could be significant. Filimonau [49] calculates that the carbon footprint of the University of Bournemouth in UK in this period was reduced by 30%, but that the carbon footprint generated at home by the students and staff of the university is 95% of the EFM-CU in a normal period. In addition, after lockdown, a period with fewer mobility restrictions began, which was called the “new normal”. This period has already lasted for about a year, and the ending date is not known for sure. In this period, teaching in UDC is a combination of face-to-face and online modes. Filomenau [49] found that the campus EF is higher in this period of mixed teaching than in the classical face-to-face model. One of the reasons could be that part of the previous mobility in public transport is carried out by car in this period [50]. Blended teaching may be less carbon friendly than teaching entirely online or on campus, and university sustainability policies should review the potential carbon footprint implications of different teaching models.



Table 9 shows the EFM-CU pc of 18 universities worldwide calculated using a similar methodology, but with possible implementation differences. The UDC sample is extracted from all the students and internal staff. Some other studies samples are restricted to student population or even only certain disciplines students. In some cases, original values in other units are transformed to gha. Although there are similar results in several studies, there are also values with relevant differences. The minimum value is from China (0.001 gha). There is other group of universities from different countries with values between 0.01 gha and 0.05 gha. The values of UDC 2008 (0.09 gha), 2016 (0.09 gha), and 2020 (0.10 gha), presented in this paper, are very similar to those of several universities across the world (0.09 gha in Thailand, Leon, and Kwantlen; 0.11 gha in Toronto), the Spanish mean (0.10), or the European mean (0.13 gha), and slightly lower than the values for Valencia (0.16 gha) and Belgium (0.15 gha). Other universities present values from 2 to 4 times greater. The higher results correspond to Willamete (0.99 gha), Panjab (1.2 gha), and, in another order of magnitude, Ohio (8.92 gha). The urban structure, social customs, proximity of students’ residences to campus, differences in population considered, and local parameters used could be the reasons for these differences.



Mobility is a key sustainability factor in universities. UDC mobility accounts for around 50% of the total UDC’s EF in 2016. Therefore, it is necessary to develop policies to reduce the environmental impact of UDC mobility. In addition, successful initiatives can serve as an example for other campuses. This study proves that distance from the residence to the centre and the use of the car to travel to campus are the factors that most influence the emitter profile of the UDC’s university population. With regard to socioeconomic profile, this study finds significant differences in EFM between staff and students, although not with other aspects such as gender or family income.



The study of transportation modes and student travel behaviour towards energy conservation in Mahasarakham University in Thailand concludes that most of the students choose their personal cars over the public transportation for journeys to campus, and that gender, age, year of study, and background knowledge did not demonstrate any significant relationship with energy-conservative attitude and behaviour [52].



Table 10 shows the estimation results of a multiple linear regression model of the EFM-CU (in areas) for UDC 2016 survey. The predictors have been chosen through a forward stepwise process. The model is globally significant with a significance level of 5% using the F statistic of ANOVA and all coefficients are also significant with the same level of significance using t statistic of t-test. The standardized coefficients (SC) and the relative influence (RI) show that the most influential factor is the distance between the residence and the study centre, with 60.8% of the total regression. Each additional km of distance between residence and study centre increases the EFM-CU 0.5 × 10−2 ha on average if Staff and Car remain constant. The use of the car in the journeys to campus influences 30.4% of the total regression, leading to 10.7 × 10−2 ha more than those who use another mode of transport on average ceteris paribus. Staff is the least influential predictor, with 8.8% of the total. Each staff member generates 3.1 × 10−2 ha more than each student on average ceteris paribus.



Although Bekaroo et al. [53] and Wang and Zeng [54] state that socioeconomic factors are associated with EF, and that higher-income people from the university have a higher carbon footprint, the model developed for UDC did not find evidence in this sense. The study of EFM-CU in Federal University of Technology—Paraná in Brazil [55] finds significant differences in the EFM_CU between students and staff (7.5 times higher for staff than for students on average), because staff use cars more often than students.



In the UDC case, the difference between staff and students EF can also be partly justified by the presence of those who move their residence due to their activity at the university (mostly students in UDC). They choose residences much closer to the university (median distance of 4 km vs. 7 km in UDC as stated in Table 5) and use cars less frequently (18% compared to 65%).



The main cause of EFM in UDC is car travel, at 92% of total. Many car trips have only one occupant, 64% in the case of the EFM-CU. In addition, the mode of transport is the factor of influence in the EFM that can most easily be modified by the institutions. For this reason, sustainability policies should focus on reducing car use. Singhirunnusorn et al. [52] propose that the sustainability campaigns they carry out include policies to change the travel behaviour of students. Cruz et al. [56] prove that University of Coimbra mobility policies aimed at a modal shift towards public transport and on-campus car parking control contribute to significant reductions in EFM-CU. UDC’s study also verifies that the characteristics of the on-campus car parking influences EFM, because it can be determinant in the decision of using car.



The university governance should carry out awareness campaigns on the environ-mental impact of mobility in the university, and the promotion of less emitting modes of transport, such as public transport, cycling, and walking. Giles-Corti et al. [57], Jiang et al. [58], and Pérez-Neira et al. [59] showed that bicycles, electric bicycles, and walking can be used to cover short distances. Ramli et al. [60] and Kamal et al. [61] also stated the importance of promoting measures to facilitate cycling and walking. In the case of using a car, shared use should be encouraged. The use of mobile applications promoted by the university’s governance body or the local government can favour it, but only if they are given sufficient visibility. Kadir et al. [62] proposed the use of car-pooling and public transportation to increase university sustainability.



An additional measure can be to gradually reduce the infrastructures dedicated to travel and car parking on campus and using this regained space for bus lanes or bicycles and walking infrastructures.



Urban transportation infrastructures and the built environment impact EFM [55,57]. Therefore, the university should also coordinate with the local government to align the policies of both institutions in the common goal of reducing the environmental impact of mobility in the university. It could be very useful for the objective of reducing the environmental impact of universities mobility to carry out studies to identify barriers and strengths when traveling to the university by public transport, bicycle, or walking.




5. Conclusions


Human activity on Earth is not ecologically sustainable. This work concludes that personal mobility at UDC is not sustainable either. This work shows that the UDC EFM in 2016 significantly exceeds the biocapacity for greenhouse-gas absorption in the area covered by UDC facilities. The EFM pc for UDC is similar to the mean for other universities and colleges in Europe and Canada, but much lower than corresponding values obtained in the USA. This finding implies that higher-education institutions worldwide should plan to reduce their EFM, whilst also developing strategies for increasing their biocapacity.



The data analysis presented shows that the transport mode and the distance travelled between residence and campus are the main contributors to the differences in EFM-CU pc. The main source of the UDC EFM is car travel, especially for CU journeys. Most of these car journeys (64%) involved a single occupant, particularly staff journeys (72%). The remoteness of a campus to an urban centre, as well as the presence, availability, and proximity of car-parking facilities, significantly and directly influence the choice of a car as a means of travel in CU. Policies to reduce the environmental impact of mobility should focus on reducing car use, both by university planners and the competent authorities in transport. To achieve this goal, on the one hand, they must apply policies that discourage car use and promote carpooling. On the other hand, they should encourage the use of public transport and “soft” modes, such as walking and cycling.



The EFM-CU pc of the non-urban campuses in A Coruña is 2.2 times the corresponding value for the urban campuses in the city. A better integration of campuses in the urban built environment, lower numbers of parking slots available, a shorter distance from city centres, and a better urban and interurban transit system might reduce the EFM-CU pc.



Displaced people produce a significantly lower EFM pc than residents, even when considering CH journeys, because their chosen place of residence is typically nearer the university than that of residents, and they use a car for CU journeys less frequently than residents.



A&S staff display similar EFM pc values to students. Nevertheless, EFM pc values for T&R staff are greater because their place of residence is typically more distant from the campuses and their CU journeys are more frequently performed by car.



The EFM assessment at UDC was conducted in 2008 using data obtained by a mobility-habits paper survey, while the 2016 online survey was paper-free. The online surveys are more cost-effective, more time-efficient, and carry a lower EF. They can therefore be conducted more frequently, allowing for an annual calculation and monitoring of the EFM. This would allow an appraisal of the effectiveness of future impact-reduction measures. In this period, there is also a decrease of 15.4% in the population of UDC, mainly motivated by the effect of the economic crisis. The 2020 pilot survey used a georeferenced service and was conducted during an online teaching period due to the COVID-19 pandemic.



Future studies at other universities are needed to evaluate the progress of mobility sustainability in higher-education institutions and the measures undertaken to improve it. The next steps include the preparation of a new study, with the intention of being periodic and allowing to confirm the trends identified in this one. Surveys should include georeferenced information that allows modelling the carbon footprint, focusing on the choice of car for travel. The information collected should include data that allows the identification of lifestyles, to facilitate the comparison of the studies carried out in universities around the world.







Author Contributions


Conceptualization, J.-B.P.-L., A.O. and M.N.; methodology, J.-B.P.-L. and A.O.; software, J.-B.P.-L. and A.O.; investigation, J.-B.P.-L., A.O. and M.N.; data curation, J.-B.P.-L.; formal analysis, J.-B.P.-L.; writing—original draft, J.-B.P.-L.; validation, A.O. and M.N.; supervision, A.O. and M.N.; writing—review and editing, A.O. and M.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


Manuel Soto, director of the Environment Office of UDC. José Juan González Meizoso, IT specialist in the Computer and Communications Service of UDC. Francisco-Alberto Varela-García, Group of advanced visualization and cartography (CartoLAB), Departament of Civil Engineering, ETS Ingenieros de Caminos, Canales y Puertos of UDC.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



World Commission on Environment and Development. Our Common Future; Oxford University Press: Oxford, UK, 1987; p. 27. ISBN 019282080X. [Google Scholar]

	



Gogonea, R.-M.; Ghita, S.I.; Saseanu, A.S. Biocapacity—Premise of Sustainable Development in the European Space. Sustainability 2020, 12, 1037. [Google Scholar] [CrossRef]

	



European Environment Agency. Greenhouse Gas Emissions from Transport in Europe, Prod-ID: IND-111. 2019. Available online: https://www.eea.europa.eu/data-and-maps/indicators/transport-emissions-of-greenhouse-gases/transport-emissions-of-greenhouse-gases-12 (accessed on 29 January 2020).

	



United Nations. The World’s Cities in 2016: Data Booklet; Economic and Social Affairs: New York, NY, USA, 2016. [Google Scholar]

	



Leon, I.; Oregi, X.; Marieta, C. Contribution of University to Environmental Energy Sustainability in the City. Sustainability 2020, 12, 774. [Google Scholar] [CrossRef]

	



Alshuwaikhat, H.M.; Abubakar, I. An integrated approach to achieving campus sustainability: Assessment of the current campus environmental management practices. J. Clean. Prod. 2008, 16, 1777–1785. [Google Scholar] [CrossRef]

	



Savely, S.M.; Carson, A.I.; Delclos, G.L. An environmental management system implementation model for U.S. colleges and universities. J. Clean. Prod. 2007, 15, 660–670. [Google Scholar] [CrossRef]

	



Wright, T.S. Definitions and frameworks for environmental sustainability in higher education. Higher Educ. Policy 2002, 15, 105–120. [Google Scholar] [CrossRef]

	



Waas, T.; Hugé, J.; Ceulemans, K.; Lambrechts, W.; Vandenabeele, J.; Lozano, R.; Wright, T. Sustainable Higher Education. Understanding and Moving Forward; Flemish Government—Environment, Nature and Energy Department: Brussels, Belgium, 2012; Available online: https://www.vub.be/klimostoolkit/sites/default/files/documents/sustainable_higher_education_understanding_and_moving_forward_waas_et_al_.pdf (accessed on 29 January 2020).

	



Lozano, R.; Lukman, R.; Lozano, F.J.; Huisingh, D.; Lambrechts, W. Declarations for sustainability in higher education: Becoming better leaders, through addressing the university system. J. Clean. Prod. 2013, 48, 10–19. [Google Scholar] [CrossRef]

	



Vásquez, L.; Iriarte, A.; Almeida, M.; Villalobos, P. Evaluation of greenhouse gas emissions and proposals for their reduction at a university campus in Chile. J. Clean. Prod. 2015, 108, 924–930. [Google Scholar] [CrossRef]

	



Galli, A.; Wiedmann, T.; Ercin, E.; Knoblauch, D.; Ewing, B.; Giljum, S. Integrating Ecological, Carbon and Water footprint into a “Footprint Family” of indicators: Definition and role in tracking human pressure on the planet. Ecol. Indic. 2012, 16, 100–112. [Google Scholar] [CrossRef]

	



López, N. Metodología para el Cálculo de la Huella Ecológica en Universidades. Congreso Nacional del Medio Ambiente. Cumbre del Desarrollo Sostenible. 2008. Available online: http://www.conama9.conama.org/conama9/download/files/CTs/987984792_NL%F3pez.pdf (accessed on 29 January 2020).

	



Hernández, A.; Álvarez, J.; Fernández, J.; Sanz, C.; González, G.; Calabuig, E. Huella Ecológica del Campus de Vegazana. Universidad de León. Seguridad y Medio Ambiente 2009, 113, 38–51. [Google Scholar]

	



Pérez-López, J.-B.; Orro, A. Estudio de la Huella Ecológica de la Universidad de A Coruña en 2008. Oficina de Medio Ambiente de UDC. 2010. Available online: https://www.udc.es/export/sites/udc/sociedade/medio_ambiente/_galeria_down/pegada_ecoloxica/pegadaI.pdf_2063069294.pdf (accessed on 29 January 2020).

	



Torregrosa-López, J.; Lo Iacono-Ferreira, V.G.; Lledó-Lagardera, D.; Martí-Barranco, C. Un indicador ambiental para medir la sostenibilidad en las Universidades, la Huella Ecológica. Caso de estudio de la Universidad Politécnica de Valencia. In Proceedings of the Congreso Nacional del Medio Ambiente, Madrid, Spain, 22–26 November 2010. [Google Scholar]

	



Lambrechts, W.; Van Liedekerke, L. Using ecological footprint analysis in higher education: Campus operations, policy development and educational purposes. Ecol. Indic. 2014, 45, 402–406. [Google Scholar] [CrossRef]

	



Dawe, G.F.; Vetter, A.; Martin, S.R. An overview of ecological footprinting and other tools and their application to the development of sustainability process. Int. J. Sustain. High. Educ. 2004, 5, 340–371. [Google Scholar] [CrossRef]

	



Wright, E.; Gill, B.; Wallin, P.; Hutchison, K.; Prebble, M. The Ecological Footprint of UEA: Calculation, Analysis and Strategies, ENV 3A20: Global Environmental Change; University of East Anglia: Norwich, UK,, 2009. [Google Scholar]

	



Flint, K. Institutional ecological footprint analysis—A case study of the University of Newcastle, Australia. Int. J. Sustain. High. Educ. 2001, 2, 48–62. [Google Scholar] [CrossRef]

	



Burgess, B.; Lai, J. Ecological Footprint Analysis and Review: Kwantlen University College; Kwantlen University College: Surrey, BC, Canada, 2006. [Google Scholar]

	



Conway, T.M.; Dalton, C.; Loo, J.; Benakoun, L. Developing ecological footprint scenarios on university campuses: A case study of the University of Toronto at Mississauga. Int. J. Sustain. High. Educ. 2008, 9, 4–20. [Google Scholar] [CrossRef]

	



Li, G.; Wang, Q.; Gu, X.; Liu, J.; Ding, Y.; Liang, G. Application of the componential method for ecological footprint calculation of a Chinese university campus. Ecol. Indic. 2008, 8, 75–78. [Google Scholar] [CrossRef]

	



Utaraskul, T. Carbon Footprint of Environmental Science Students in Suan Sunandha Rajabhat University, Thailand. Procedia Soc. Behav. Sci. 2015, 197, 1156–1160. [Google Scholar] [CrossRef]

	



Raj, S.; Goel, S.; Sharma, M.; Singh, A. Ecological footprint score in university students of an Indian city. J. Environ. Occup. Sci. 2012, 1, 23–26. [Google Scholar] [CrossRef]

	



Venetoulis, J. Assessing the ecological impact of a university. Int. J. Sustain. High. Educ. 2001, 2, 180–197. [Google Scholar] [CrossRef]

	



Wright, E.P. The Ecological Footprint of the Colorado College: An Examination of Sustainability; Colorado College: Colorado Springs, CO, USA, 2002. [Google Scholar]

	



Janis, J.A. Quantifying the Ecological Footprint of the Ohio State University; Ohio State University: Columbus, OH, USA, 2007. [Google Scholar]

	



Klein-Banai, C.; Theis, T.L. An urban university’s ecological footprint and the effect of climate change. Ecol. Indic. 2011, 11, 857–860. [Google Scholar] [CrossRef]

	



Torregrosa-López, J.I.; Bellver Navarro, C.G.; Lo Iacono-Ferreira, V.G. Experiences in the use of Ecological Footprint as a sustainability indicator. Cuadernos de Biodiversidad 2011, 37, 9–18. [Google Scholar] [CrossRef]

	



Wackernagel, M.; Rees, W. Our Ecological Footprint: Reducing Human Impact on the Earth; New Society Publishers: Gabriola Island, BC, Canada, 1998; ISBN 0-86571-312-X. [Google Scholar]

	



van den Bergh, J.C.J.M.; Grazi, F. Ecological Footprint Policy? Land use as an environmental indicator. J. Ind. Ecol. 2014, 18, 10–19. [Google Scholar] [CrossRef]

	



Bastianoni, S.; Niccolucci, V.; Neri, E.; Cranston, G.; Galli, A.; Wackernagel, M. Sustainable Development: Ecological Footprint in Accounting. In Managing Human and Social Systems; CRC Press: Boca Raton, FL, USA, 2020; pp. 301–320. [Google Scholar]

	



Lin, D.; Wackernagel, M.; Galli, A.; Kelly, R. Ecological Footprint: Informative and evolving—A response to van den Bergh and Grazi (2014). Ecol. Indic. 2015, 58, 464–468. [Google Scholar] [CrossRef]

	



van den Bergh, J.C.J.M.; Grazi, F. Reply to the first systematic response by the Global Footprint Network to criticism: A real debate finally? Ecol. Indic. 2015, 58, 458–463. [Google Scholar] [CrossRef]

	



Muñiz, I.; Galindo, A. Urban form and the ecological footprint of commuting. The case of Barcelona. Ecol. Econ. 2005, 55, 499–514. [Google Scholar] [CrossRef]

	



Hails, C.; Goldfinger, S. (Eds.) Living Planet Report 2006; WWF: Gland, Switzerland, 2006. [Google Scholar]

	



Perchinunno, P.; Cazzolle, M. A clustering approach for classifying universities in a world sustainability ranking. Environ. Impact Assess. Rev. 2020, 85, 106471. [Google Scholar] [CrossRef]

	



Lee, K.-H.; Barker, M.; Mouasher, A. Is it even espoused? An exploratory study of commitment to sustainability as evidenced in vision, mission, and graduate attribute statements in Australian universities. J. Clean. Prod. 2013, 48, 20–28. [Google Scholar] [CrossRef]

	



Lukman, R.; Krajnc, D.; Glavič, P. University ranking using research, educational and environmental indicators. J. Clean. Prod. 2010, 18, 619–628. [Google Scholar] [CrossRef]

	



Lozano, R.; Young, W. Assessing sustainability in university curricula: Exploring the influence of student numbers and course credits. J. Clean. Prod. 2013, 49, 134–141. [Google Scholar] [CrossRef]

	



Filho, W.L.; Will, M.; Salvia, A.L.; Adomßent, M.; Grahl, A.; Spira, F. The role of green and Sustainability Offices in fostering sustainability efforts at higher education institutions. J. Clean. Prod. 2019, 232, 1394–1401. [Google Scholar] [CrossRef]

	



Amaral, A.R.; Rodrigues, E.; Gaspar, A.R.; Gomes, Á. A review of empirical data of sustainability initiatives in uni-versity campus operations. J. Clean. Prod. 2020, 250, 119558. [Google Scholar] [CrossRef]

	



About FEE EcoCampus. Available online: https://www.ecoschools.global/ecocampus-about (accessed on 20 May 2021).

	



Zhu, B.; Zhu, C.; Dewancker, B. A study of development mode in green campus to realize the sustainable development goals. Int. J. Sustain. High. Educ. 2020, 21, 799–818. [Google Scholar] [CrossRef]

	



Khan, S.; Henderson, C. How Western Michigan University is approaching its commitment to sustainability through sustainability-focused courses. J. Clean. Prod. 2020, 253, 119741. [Google Scholar] [CrossRef]

	



UI GreenMetric World University Rankings. Available online: https://greenmetric.ui.ac.id/rankings/ (accessed on 20 May 2021).

	



Sobrino, N.; Monzon, A. The impact of the economic crisis and policy actions on GHG emissions from road transport in Spain. Energy Policy 2014, 74, 486–498. [Google Scholar] [CrossRef]

	



Filimonau, V.; Archer, D.; Bellamy, L.; Smith, N.; Wintrip, R. The carbon footprint of a UK University during the COVID-19 lockdown. Sci. Total Environ. 2021, 756, 143964. [Google Scholar] [CrossRef] [PubMed]

	



Orro, A.; Novales, M.; Monteagudo, Á.; Pérez-López, J.-B.; Bugarín, M. Impact on City Bus Transit Services of the COVID–19 Lockdown and Return to the New Normal: The Case of a Coruña (Spain). Sustainability 2020, 12, 7206. [Google Scholar] [CrossRef]

	



Nunes, L.; Catarino, A.; Teixeira, M.R.; Cuesta, E. Framework for the inter-comparison of ecological footprint of universities. Ecol. Indic. 2013, 32, 276–284. [Google Scholar] [CrossRef]

	



Singhirunnusorn, W.; Luesopa, P.; Pansee, J.; Sahachaisaeree, N. Students Behavior towards Energy Conservation and Modes of Transportation: A Case Study in Mahasarakham University. Procedia Soc. Behav. Sci. 2012, 35, 764–771. [Google Scholar] [CrossRef]

	



Bekaroo, G.; Bokhoree, C.; Ramsamy, P.; Moedeen, W. Investigating personal carbon emissions of employees of higher education institutions: Insights from Mauritius. J. Clean. Prod. 2019, 209, 581–594. [Google Scholar] [CrossRef]

	



Wang, H.; Zeng, W. Revealing Urban Carbon Dioxide (CO2) Emission Characteristics and Influencing Mechanisms from the Perspective of Commuting. Sustainability 2019, 11, 385. [Google Scholar] [CrossRef]

	



Barros, M.V.; Da Silva, B.P.A.; Piekarski, C.M.; Da Luz, L.M.; Yoshino, R.T.; Tesser, D.P. Carbon footprint of transportation habits in a Brazilian university. Environ. Qual. Manag. 2018, 28, 139–148. [Google Scholar] [CrossRef]

	



Cruz, L.; Barata, E.; Ferreira, J.-P.; Freire, F. Greening transportation and parking at University of Coimbra. Int. J. Sustain. High. Educ. 2017, 18, 23–38. [Google Scholar] [CrossRef]

	



Giles-Corti, B.; Vernez-Moudon, A.; Reis, R.; Turrell, G.; Dannenberg, A.L.; Badland, H.; Foster, S.; Lowe, M.; Sallis, J.F.; Stevenson, M.; et al. City planning and population health: A global challenge. Lancet 2016, 388, 2912–2924. [Google Scholar] [CrossRef]

	



Jiang, B.; Liang, S.; Peng, Z.-R.; Cong, H.; Levy, M.; Cheng, Q.; Wang, T.; Remais, J.V. Transport and public health in China: The road to a healthy future. Lancet 2017, 390, 1781–1791. [Google Scholar] [CrossRef]

	



Pérez-Neira, D.; Rodríguez-Fernández, M.P.; Hidalgo-González, C. The greenhouse gas mitigation potential of uni-versity commuting: A case study of the University of León (Spain). J. Transp. Geogr. 2020, 82, 102550. [Google Scholar] [CrossRef]

	



Ramli, N.A.; Zen, I.S.; Bandi, M.; Tajuddin, H.A. Reduction in Carbon Dioxide Emissions and Global Climate in Campus: From Policy into Action. In Proceedings of the 2nd International Conference on Emerging Trends in Scientific Research, Kuala Lumpur, Malaysia, 1–2 November 2014; pp. 1–23. [Google Scholar]

	



Kamal, M.M.M.; Hanapi, N.M.; Raus, M.I.M. The Case Study of 30 years UiTM Pahang’s Development as a Sustainable University Campus. Konaka 2015, 148–154. [Google Scholar]

	



Kadir, S.M.A.; Ridzuan, M.R.; Nor, N.M.; Fizri, F.F.A.; Sibly, S. Implementing sustainability on the campus: Towards a better understanding of sustainability initiatives. In Proceedings of the Persidangan Kebangsaan Libatsama Universiti dan Komuniti (LUK2012), Pulau Pinang, Malaesia, 21–22 November 2012; pp. 1191–1198. [Google Scholar]








[image: Sustainability 13 06190 g001 550] 





Figure 1. World EF (in units of ‘number of Earths’). Data from the Global Footprint Network. 






Figure 1. World EF (in units of ‘number of Earths’). Data from the Global Footprint Network.



[image: Sustainability 13 06190 g001]







[image: Sustainability 13 06190 g002 550] 





Figure 2. UDC campus map. 
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Figure 3. Distribution of number of journeys, distance, and EFM according to journey type. 
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Figure 4. Distribution of EFM according to transport mode. 
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Figure 5. Distribution of number of journeys, distance, and EFM according to transport mode. 
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Figure 6. Distribution of EFM-CU according to transport mode and sub-population. 
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Figure 7. CU journeys number according to transport mode for the Elviña and Zapateira campuses. 
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Figure 8. Distribution of the CU journeys according to transport-mode type, for residents and displaced persons. 
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Figure 9. Transport mode distribution of NC journeys: number, journey distance, and EFM. 
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Table 1. UDC population and sample distribution in the 2016 survey, segregated by campus and sub-population.
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Campus Type

	
Population/Sample




	
Students

	
A&S Staff

	
T&R Staff

	
Total






	
Subtotal Coruña non-urban

	
13,860/193

	
441/42

	
1051/99

	
15,352/334




	
Bastiagueiro

	
431/6

	
21/2

	
53/5

	
505/13




	
Elviña

	
8977/125

	
294/28

	
701/66

	
9971/219




	
Zapateira

	
4452/62

	
126/12

	
297/28

	
4876/102




	
Subtotal Coruña urban

	
2290/57

	
208/24

	
142/35

	
2640/116




	
Maestranza *

	

	
69/8

	

	
69/8




	
Oza

	
2009/50

	
121/14

	
101/25

	
2232/89




	
Riazor

	
281/7

	
17/2

	
41/10

	
339/19




	
Ferrol urban

	
2395/20

	
115/10

	
240/12

	
2750/42




	
Ferrol

	
2395/20

	
115/10

	
240/12

	
2750/42




	
Total

	
18,545/270

	
764/76

	
1433/146

	
20,742/492








* No teaching activities are provided at this centre, only administrative services.
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Table 2. EFM and EFM pc according to journey type.
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	EFM Components
	CO2 Emissions (tn)
	EFM (ha)
	% of Total EFM
	EFM pc (ha)
	EFM (gha)
	EFM pc (gha)





	EFM-CU
	8628
	1376
	85%
	0.0663
	1844
	0.0889



	EFM-CH
	746
	119
	7%
	0.0057
	159
	0.0077



	EFM-NC
	815
	130
	8%
	0.0063
	174
	0.0084



	Total
	10,188
	1625
	100%
	0.0783
	2177
	0.1050
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Table 3. Distribution of car occupants in CU according to sub-population.
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	Car Occupants in CU
	Student
	A&S Staff
	T&R Staff
	Total Staff
	Total Population





	1
	62%
	76%
	70%
	72%
	64%



	2
	28%
	22%
	24%
	23%
	27%



	>2
	10%
	2%
	7%
	5%
	9%



	Total
	100%
	100%
	100%
	100%
	100%
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Table 4. EFM-CU pc according to campus.






Table 4. EFM-CU pc according to campus.





	
Metropolitan Area

	
Campus

	
EFM-CU pc (ha)

	
% of CU Trips by Car






	
Coruña

	
Total Coruña

	
0.0625

	
46%




	
Total Coruña non-urban

	
0.0656

	
48%




	
Bastiagueiro

	
0.0290

	
49%




	
Elviña

	
0.0804

	
54%




	
Zapateira

	
0.0390

	
36%




	
Total Coruña urban

	
0.0446

	
35%




	
Maestranza

	
0.0675

	
30%




	
Oza

	
0.0481

	
37%




	
Riazor

	
0.0169

	
24%




	
Ferrol

	
Total Ferrol

	
0.0916

	
40%




	

	
Total

	
0.0663

	
45%
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Table 5. Displaced EFM pc vs. EFM pc of the residents.
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	Population (#)
	EFM (ha)
	EFM pc (ha)
	EFM-CU pc (ha)
	% of CU by Car
	CU Median Distance (km)





	Residents
	12,504
	1282
	0.1025
	0.0950
	65%
	7



	Displaced
	8238
	343
	0.0416
	0.0228
	18%
	4



	Total
	20,742
	1625
	0.0783
	0.0663
	46%
	6
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Table 6. Total EFM according to sub-population.
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	Collective People
	EFM (ha)
	% of Total EFM
	Population (#)
	% of Total Population
	EFM pc (ha)
	EFM pcm (ha)
	% of CU by Car
	Median Distance in CU (km)





	Student
	1286
	79%
	18,545
	89%
	0.0693
	0.0087
	42%
	5.7



	Total staff
	339
	21%
	2197
	11%
	0.1544
	0.0140
	74%
	7



	A&S staff
	75
	5%
	764
	4%
	0.0979
	0.0089
	70%
	5.5



	T&R staff
	265
	16%
	1433
	7%
	0.1846
	0.0168
	76%
	7



	Total
	1625
	100%
	20,742
	100%
	0.0783
	
	46%
	6
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Table 7. Total EFM according to gender.
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	Gender
	EFM (ha)
	% of Total EFM
	Population (#)
	% of Total Population
	EFM pc (ha)





	Female
	986
	61%
	13,421
	65%
	0.0735



	Male
	638
	39%
	7276
	35%
	0.0877
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Table 8. Comparison of the studies conducted at UDC in 2008, 2016, and 2020.
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	2008
	2016
	2020





	CU EFM pc (ha)
	0.0651
	0.0663
	0.0763



	% CU EFM pc by car
	88.6%
	94.6%
	92.7%



	Total population
	24,513
	20,742
	22,411



	Sample size
	1252
	492
	658
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Table 9. Comparison of EFM-CU pc values (gha) for universities in different countries and in different years (based on [17,29,51] completed with additional studies).
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Country Group

	
Country

	
Year

	
Reference

	
Name

	
EFM pc (gha)






	
Asia

	
China

	
2003

	
[23]

	
Northeastern University

	
0.001




	
India

	
2009

	
[25]

	
Panjab University

	
1.20




	
Thailand

	
2015

	
[24]

	
Suan Sunandha Rajabhat University

	
0.09




	
Mean Asia

	
0.43




	
Australia

	
Australia

	
1999

	
[20]

	
University of Newcastle

	
0.05




	
Europe

	
Spain

	
2006

	
[14]

	
Campus de Vegazana—University León

	
0.09




	
2007

	
[13]

	
University of Santiago de Compostela

	
0.04




	
2008

	
This study

	
University of A Coruña

	
0.09




	
2009

	
[16]

	
University of Valencia

	
0.16




	
2016

	
This study

	
University of A Coruña

	
0.09




	
2020

	
This study

	
University of A Coruña

	
0.10




	
Mean Spain

	
0.10




	
Belgium

	
2010

	
[17]

	
KHLeuven

	
0.15




	
UK

	
2004

	
[18]

	
Holme Lacy College

	
0.01




	
2008/2009

	
[19]

	
University of East Anglia

	
0.39




	
Mean UK

	
0.20




	
Mean Europe

	
0.13




	
Northern America

	
USA

	
1998

	
[26]

	
University of Redlands

	
0.27




	
Canada

	
2005

	
[22]

	
University of Toronto at Mississauga

	
0.11




	
Canada

	
2005

	
[21]

	
Kwantlen University College

	
0.09




	
USA

	
2006

	
[27]

	
Colorado College

	
0.03




	
USA

	
2007

	
[28]

	
Ohio State University

	
8.92




	
USA

	
2008

	
[29]

	
University of Illinois at Chicago

	
0.34




	
USA

	
2008

	
[30]

	
Willamete University

	
0.99




	
Mean Northern America

	
1.54




	
Mean Northern America without Ohio

	
0.31




	
Mean Total

	
0.69
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Table 10. Multiple linear regression model of EFM-CU (in areas). UDC 2016 survey.
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Coefficient

	
Value

	
SE

	
t

	
p-Value

	
SC

	
RI






	
Intercept

	
−3.86569

	
0.88106

	
−4.388

	
0.0000

	

	




	
Staff

	
3.10362

	
1.07323

	
2.892

	
0.0041

	
0.09307

	
8.8%




	
Distance

	
0.50092

	
0.02502

	
20.020

	
0.0000

	
0.64294

	
60.8%




	
Car

	
10.74434

	
1.10014

	
9.766

	
0.0000

	
0.32094

	
30.4%




	
F

	
219.5

	
0.0000

	

	




	
R2

	
0.6433
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