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Abstract: Tourism is of great importance to European economies, but environmental degradation
could reduce the attractiveness of many European destinations considerably. This is even more
evident if the future of tourism is depicted in the UN’s Agenda 2030 for Sustainable Development.
However, official statistics on the environmental impact of tourism provide only partial information,
and almost always with an “accounting scheme” approach, such as occasional and experimental
experiences on integrated economic and environmental accounts of tourism. It is necessary to enrich
the activity of monitoring and measuring the impact of tourism on the environment and implement
policies aimed at increasing the sustainability of the sector. This work intends to contribute to
extending information about the theme, providing a new approach based on the integration of official
data to study the relationship between tourism and the environment. In detail, the objective of the
work is to estimate the level of emissions—in terms of the primary air pollutants—produced by
tourists travelling in Italy by road transport in the period 2015–2019. Even if much has to be done to
improve the knowledge on the tourism–environment nexus, this paper represents a first relevant
step towards an approach that can be easily implemented in all EU countries.
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1. Introduction

The awareness that tourism may heavily affect the environment was reached many
years ago [1,2], becoming one of the main topics in the growing green economy. The last
G20 Tourism Ministers meeting on the 4th of May 2021, after the COVID-19 pandemic, wel-
comed the Recommendations for the Transition to a Green Travel and Tourism Economy [3].
However, the measurement of this impact is still almost “unknown” to official national
statistical offices. Due to the difficulties of measuring the phenomenon directly, it is neces-
sary to find alternative indicators. This work’s central hypothesis and motivation are that
it is possible to produce environmental tourism indicators using already available official
statistical data used to fulfil other purposes than measuring the environmental impact of
tourism. By following this assumption, a new methodology is developed and proposed in
the next section.

Tourism is generally seen as a productive sector dedicated to creating income, and
the statistics available on tourism are essentially designed to measure the economic role of
tourism, whereas its effects on the environment are not truly systematically measured [4–6].
However, the environmental impact of tourism is receiving more and more attention in
the general framework of the Sustainable Development Goals (SDGs) and Agenda 2030.
Tourism can contribute directly or indirectly to all of the SDGs, but three, in particular,
are recalled herein. In Goal 8, “Decent work and economic growth”, tourism is consid-
ered one of the driving forces of global economic growth, as recognized in Target 8.9:
“By 2030, devise and implement policies to promote sustainable tourism that creates
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jobs and promotes local culture and products”. In Goal 12, “Responsible consumption
and production”, it is made evident that the tourism sector can play a significant role
in accelerating the global shift towards sustainability by adopting sustainable consump-
tion and production (SCP) practices, as set out in Target 12.b: “Develop and implement
tools to monitor sustainable development impacts for sustainable tourism which creates
jobs, promotes local culture and products”. In Goal 13, “Climate Action”, it is made
evident that tourism contributes to and is affected by climate change. As reported by
the World Tourism Organization of the United Nations (UNWTO), “The tourism sector is
highly vulnerable to climate change and at the same time contributes to the emission of green-
house gases (GHG), which cause global warming. Accelerating climate action in tourism is
therefore of utmost importance for the resilience of the sector” [7]. A serious concern about
this issue was expressed by the UNWTO because “according to UNWTO/ITF latest re-
search (https://www.unwto.org/sustainable-development/tourism-emissions-climate-
change, accessed on 22 October 2021) [8], released in December 2019 [9], CO2 emissions from
tourism are forecasted to increase by 25% by 2030 from 2016 levels”. The UNWTO also pro-
motes the acceleration “towards low carbon tourism development and the contribution of the
sector to international climate goals, in line with the recommendations of the One Planet Vision
(https://www.unwto.org/covid-19-oneplanet-responsible-recovery-initiatives, accessed
on 22 October 2021) for a Responsible Recovery of the Tourism Sector from COVID-19” [10].
In line with this intention, in the next UNFCC COP26, which will be held in Glasgow
in November 2021, the Glasgow Declaration on Climate Action in Tourism [11] will be
launched, developed within the framework of the Sustainable Tourism Programme of the
One Planet network, which has the ambitious role of ensuring “strong actions and commit-
ment from the tourism sector prior to the COP and beyond, to cut tourism emissions at least in half
over the next decade and reach Net Zero emissions as soon as possible before 2050”.

In addition, Goal 14 of the SDGs, “Life below water”, points out Target 14.7: “increase
the economic benefits to Small Island developing States and least developed countries from
the sustainable use of marine resources, including through sustainable management of
fisheries, aquaculture and tourism”.

It is, therefore, in the sector’s interest to play a leading role in the global response
to climate change. This work devotes its attention to the abovementioned SDGs and
international actions undertaken in this field by proposing a new way to measure and
monitor the environmental effects of tourism in a defined area of interest—air pollution.
This is the first attempt in Italy and, to the best of our knowledge, in the literature, to
combine the information coming from two distinct official data sources for such a purpose.

Official European and national statistical offices need to update the informative sets
to account for this new perspective because, both at European and national levels, tourism
statistics and environmental statistics are not integrated, despite the indications at the
international level (United Nations World Tourism Organization, UNWTO) to use the
System of Environmental-Economic Accounting (SEEA) based on a satellite account for
tourism, carried out occasionally at the national level (since 2015, ISTAT has regularly
published TSAs every two years, in compliance with EU methodology [12]). In fact, ISTAT
has created the integrated economic and environmental account of tourism, from time to
time, as part of the Measuring the Sustainability of Tourism (MST) project, started in 2015
by the UNWTO. The measurement of the environmental pressures of tourism, starting from
the integration of existing accounting schemes, tourism and environment satellite account
and environmental–economic accounts, is one of the main objectives of this MST project. In
2019, even if on an experimental basis, it estimated emissions from the National Accounts
Matrix, including Environmental Accounts (NAMEA), among the negative environmental
externalities [13].

However, to focus entirely on the SEEA, which is consistent with the National Ac-
counting System (SNA) and not with “purely environmental” data from environmental
monitoring activities or environmental statistics, means, on the one hand, an extreme
predominance of the economic language to the detriment of the truly environmental one;
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on the other hand, it means approaching the topic in its entirety—that is, speaking about
the complete potential tourist economic system. To address this informative gap relating to
the availability of primary data, helpful in detecting this nexus between tourism and the
environment, ISPRA—the Italian Institute for Environment Protection and Research—and
ISTAT—the Italian National Institute of Statistics—signed in 2018 a protocol dedicated to
strengthening relationships, already existing in the SISTAN—the Italian System of Official
Statistics—in order to define a common scope of action on tourism and the environment.
The objective, from the tourism point of view, is the implementation of pilot studies applied
to specific territorial areas, aiming to devise statistical indicators related to “Tourism and
the Environment”, such as indicators of the pressure and environmental impacts of/on
tourism.

As a first step in this “tourism activity” in the protocol mentioned above, the question-
naire of the 2020 edition of the ISTAT’s “Trips and Holidays” (in Italian: “Viaggi e Vacanze”)
survey was extended with two additional questions investigating the “type of fuel” and
the “cylinder capacity class” of the vehicle used as primary means of transport during a
trip or a same-day visit in the case of private motor vehicles (car, motorhome, motorbike,
scooter, van, lorry, truck, etc.).

As a secondary output, this paper explains the process and provides the results of
an ISPRA–ISTAT joint attempt to estimate the level of emissions in terms of primary
atmospheric pollutants produced by private road transport for domestic tourism trips in
Italy during the period 2015–2019. This attempt was made by combining the municipal
origin-destination distances matrix provided by the ISTAT’s “Trips and Holidays” survey
and the ISPRA’s database on the average emission factors by means of road transport,
all using two official statistical sources, not “caged” in an accounting approach, but one
aimed at tourism aspects and the other at environmental monitoring. In other words, this
work contributes to filling the gap in the measurement process of polluting emissions
in the global tourism system that must be wholly decarbonized in the next 30 years, in
line with other economic sectors. The methodology proposed in the following could
be considered a best practice for the other European Member States since tourism data
are under European Regulation [14] and environmental data are regulated in the United
Nations Economic Commission for Europe (UNECE) framework [15,16]. To meet the
global climate change stabilization goals, governments must make a medium- to long-term
system-wide commitment to a low-carbon economy transition [17–20].

Moreover, given the climate emergency, tourism destination managers must seek ways
to gain all available efficiencies to ramp down tourism carbon emissions [21] immediately
in the short term. New destinations management models are required to move to a
tourism paradigm that accounts for the carbon footprint of tourism revenues. It is generally
acknowledged that several tourism subsectors, specifically transportation (and, in our
application, we focused on road transport), face great difficulties in reducing emissions
due to interrelated reasons of rapid growth, their energy intensity and the high cost of
technology change [22,23]. However, tourism stakeholders have ignored this emerging
problem over several decades and pursued volume growth strategies, with little or no
attention being paid to the implications for climate change [24]. Such strategies have
created vulnerabilities, including environmental externalities that now must be accounted
for [25]. We hope that the draft Glasgow Declaration on Climate Action in Tourism will
raise awareness and decisively engage policymakers.

The rest of the paper is organized as follows: in Section 2, we describe the data sources
that we used for this study and how they were integrated for the following analysis; in
Section 3, we provide the results of the national and the regional analyses, and in Section 4,
we discuss the results.

2. Materials and Methods

The primary statistical source of information for tourism flows in Italy is the household
sample survey “Trips and Holidays” conducted by ISTAT. From 1997 to 2013, the survey
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“Trips and Holidays” was a stand-alone survey carried out quarterly using the CATI tech-
nique and included in the Multiscope Survey system; since 2014, the survey has become a
focus of the household budget sample survey, carried out using the CAPI technique, becom-
ing a continuous survey, carried out every month of the year (see, for details, [26]). (This
survey has been carried out regularly since 1997 in compliance, until 2011, with European
Directive 95/57/EC and, since 2012, in compliance with European Regulation 692/2011 on
tourism statistics.) The survey satisfies the twofold need to guarantee, at a national level, the
availability of an integrated system of statistical information on tourism, complementary
to that which makes up the tourism supply-side (“Capacity of collective accommodation
establishments” and “Occupancy in collective accommodation establishments” by ISTAT)
and, at a European level, a wealth of information harmonized among Member States of
the European Union. According to international definitions [27,28], tourism flows do not
include travel within the municipality where one lives or travel related to one’s daily life
and habits if carried out weekly, even outside one’s residential municipality. The aim of
the survey is, therefore, to quantify the (non-usual) tourism (adhering to the definitions
adopted at an international level, tourism is defined as “all the activities and services
relating to people who move outside their ‘usual environment’, for personal or business
reasons”) flows of Italian residents, both within the country and abroad, giving official
estimates of the number of trips, overnight stays, tourists and same-day visits (daily visits
without overnight stays) made during the year, and to estimate travel typologies and
tourism behaviors. The range of information includes the main qualitative variables de-
scribing a trip (or a same-day visit), such as the destination, the purpose of the travel, the
means of booking, the means of transport, the type of accommodation used, the length
of stay, the period of the year when residents travel and, finally, the reasons that people
did not travel. In addition to these, it provides information on the socio-demographic
characteristics of tourists and non-tourists, along with economic information on household
expenditure during travels or same-day visits (Survey and methodological insights in [29]).
Given the sample nature of the survey, to obtain estimates for the whole population (resi-
dent households), it is necessary to use appropriate coefficients to report the subset of the
units of the population included in the sample to the complementary subset consisting
of the remaining units of the population. The calculation of coefficients is a generalized
procedure based on the use of a class of estimators known in the literature as calibration
estimators [30].

The reference dataset for calculating the new indicators on pollutant emissions is
composed of a subset of trips with overnight stays made within national borders, by which
private road transport was the primary means of travel. The dataset includes all types
of tourism trips, both for personal reasons and for business. Overall, private motorized
vehicles have always been the most widely used means of transport for domestic trips.
Specifically, the following categories of means were considered:

• Rented cars;
• Private cars, such as relatives’/friends’ cars;
• Motorhomes, caravans;
• Motorbikes, scooters, mopeds;
• Other (vans, lorries, trucks, etc.).

The analysis excluded coaches and buses as they do not fit within the category of
private road transport used by tourists on their own, whereas the “other” category refers
mainly to business trips made by workers driving vans, lorry trucks and similar means of
transport.

The descriptive analysis of the variability of the two datasets of pollutants and trips
over the five years considered (from 2015 to 2019) found that the estimates have acceptable
yearly fluctuations. The coefficients of variation (CV) (The coefficient of variation (CV), also
known as relative standard deviation (RSD), is a standardized measure of the dispersion of
a probability distribution or frequency distribution. It is often expressed as a percentage,
and is defined as the ratio of the standard deviation. It shows the extent of variability
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in relation to the mean of the population.) calculated for each pollutant at the national
level determine two variability groups, the first one with lower CVs for CO (9.2%) and
VOC (9.1%), and the second one with higher but still homogeneous variability levels for
PM2.5 (13.9%), NOx (13.7%) and CO2 (13.9%). These fluctuations, which, in the practice of
official statistics, are commonly considered acceptable, show similar behaviors between the
two groups of pollutants. With regard to the data on domestic trips (Table 1), data show
stability until 2017, a significant increase in 2018 (+17.2%) and a significant decrease in 2019
(−13.7%; see Appendix A, part 2 for the confidence intervals of the estimates).

Table 1. Domestic trips by the main purpose of the trip. Years 2015–2019, values in thousands.
Percentage compositions are also shown.

Year
Personal Business Total Trips

Number % Number % Number %

2015 41,736 88.6 5356 11.4 47,093 100
2016 49,596 90.6 5118 9.4 54,714 100
2017 49,429 92.1 4218 7.9 53,647 100
2018 56,353 89.6 6508 10.4 62,861 100
2019 48,410 89.2 5843 10.8 54,253 100

Average 2015–2019 49,105 90.1 5409 9.9 54,514 100
Source: ISTAT, Trips and Holidays Survey.

During the period considered, residents made, on average, around 55 million trips per
year inside the national territory, reaching the highest number of trips in 2018 (62.9 million
trips in Italy) and the lowest in 2015 (41.7 million) (Table 1). The most recent data from
the 2020 survey edition were excluded because they deeply suffered from the effects of
the pandemic on tourism and would undermine the overall reliability of the analysis. In
2020, infact, Italy recorded a loss of almost 37% of internal travel (those to Italy) and 80% of
outbound travel (trips abroad).

The incidence of private motor vehicles, which prevails over other means of transport,
was stable and, in the five years, was, on average, around 73.7% of the total number of
trips in Italy per year (Table 2). The other most used means of transport were trains and air
travel, with consolidated shares equal to 12.7% and 7.1%, respectively, on average, of the
total amount of trips per year directed to an Italian destination.

Table 2. Domestic trips by main means of transport. Years 2015–2019, percentage compositions.

Year Air Train Waterway Private Vehicles
Motorized Coach/Bus

2015 6.7 15.2 1.1 72.2 4.8
2016 5.4 12.0 2.3 76.8 3.5
2017 8.5 11.8 1.8 72.5 5.4
2018 7.4 12.3 2.7 74.0 3.6
2019 7.3 12.5 1.7 72.9 5.8

Average 2015–2019 7.1 12.7 2.0 73.7 4.6
Source: ISTAT, Trips and Holidays Survey.

Whether business or personal, the type of trip had a significant impact on the choice of
the means of transport used. For business trips, aeroplanes (13.2%) and trains (27.8%) were
more frequently chosen in comparison with personal trips (6.4% and 11%, respectively).
The use of road transport was much more common in the case of personal trips, for which
it reached the highest value (on average, in the five years, 76.1%), being still the preferred
choice also for business trips but with a lower preference (52.5%) (Table 3).
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Table 3. Trips in Italy by type of trip and type of transport. Average years 2015–2019, percentage
compositions.

Means of Transport Personal Business Total Trips

Private motorised vehicles 76.1 52.5 73.7
Train 11.0 27.8 12.7
Air 6.4 13.2 7.1

Coach/Bus 4.6 4.6 4.6
Waterway 2.0 1.9 2.0

Total 100.0 100.0 100.0
Source: ISTAT, Trips and Holidays Survey.

Among all private motorized vehicles, the use of a private car was almost exclusive,
with shares of over 90% in every year considered. This was followed, at a great distance,
by motorhomes, vans or caravans, whose shares varied between 2% (2016) and 4% (2019),
while the other types of vehicles were residual (Table 4).

Table 4. Domestic trips by type of private motorized transport. Years 2015–2019, percentage compo-
sitions.

Year Rental
Cars

Private
Cars

Motorhomes,
Caravans

Motorbikes,
Scooters Others *

2015 1.4 92.1 3.5 0.7 2.3
2016 1.1 93.6 2.0 0.6 2.8
2017 1.2 94.8 2.1 0.6 1.4
2018 2.8 91.2 2.9 0.8 2.3
2019 1.8 91.2 4.0 0.5 2.5

Note: * Includes mainly other motor vehicles, such as vans, trucks, lorries. Source: ISTAT, Trips and Holidays
Survey.

In order to correctly attribute pollutant emissions to trips made by private road vehi-
cles, these were counted only once when several people travelled together. Furthermore,
by definition, the main means of transport used was indicated for each trip, i.e., the one
with which the greatest distance was covered. This implies that, for those particularly
distant destinations, where the greatest distance was covered by other means, such as a
plane or train, the possible use of an additional road vehicle was not recorded. However, it
is reasonable to assume that these cases did not lead to an excessive underestimation of
road journeys. The preponderance of motorized vehicle usage is a consequence of tourists’
choice of destination. Most tourism trips are intra-regional or to regions bordering on the
origin of the flows, while localities further away from the place of origin of the trips are
reached preferably by other means than the road ones and represent a lower percentage of
the total. This was the case, for example, of choosing to reach Sicily by air or Sardinia by
waterways. In these cases, once at the destination, the possible use of a road vehicle will
be less important in terms of distance travelled than the distance calculated to reach the
destination. Therefore, the number of kilometers “lost” compared to the actual kilometers
will not be as relevant compared to the overall number of kilometers travelled.

Estimating the distances covered by trips (necessary to estimating emissions) was
mainly performed using the distance matrices released by ISTAT. By matching the trip
dataset and the distance matrices, using the unique ISTAT code per municipality of origin
and destination as keys, it was possible to estimate the distances of 95.6% of the trips,
which were subsequently validated using commercial road graph systems (e.g., Google
Maps).

The “Database of Average Emission Factors of Road Transport in Italy” was used as a
reference to estimate pollutant emissions. This database is used to draft the National Inven-
tory of Atmospheric Emissions, which ISPRA carries out annually as a tool for verifying
the commitments undertaken at the international level to protect the atmospheric envi-
ronment. Specifically, the estimation model used, whose development is coordinated by
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the European Environment Agency, is the COPERT 5 classification (updated version 5.22).
The COPERT 5 classification identifies specific average emission factors, fuel used, vehicle
capacity and Euro standard per vehicle category. Therefore, the following correspondence
between the vehicle categories of the travel dataset and the COPERT 5 classification was
assumed:

• Cars (aggregating rental cars and own cars/friends) Passenger→ Cars
• Motorhomes, caravans + vans→ Light Commercial Vehicles
• Motorbikes, scooters→Motorcycles
• Other (truck, lorry, etc.) (This category includes different types of vehicles, so, after

some simulations and comparisons with national emissions from the road transport
sector, it was decided to attribute 90% of the mileage produced by this category to
Light Commercial Vehicles (to which vans would belong), and the remaining 10% to
Heavy Duty Trucks)→ Heavy Duty Trucks.

For each year, the mileage of trips made with vehicles belonging to the same COPERT 5
vehicle category was aggregated (the mileage of the “Other” category was broken down as
indicated before).

The classification of vehicles by fuel used, engine capacity and Euro standard was
determined on the assumption that it could be estimated from the composition of the
circulating Italian fleet for each reference year (ACI data: http://www.aci.it/laci/studi-
e-ricerche/dati-e-statistiche.html accessed on 23 March 2021); the classification, in partic-
ular, was constructed with a few approximations—among the most relevant, cars with a
capacity of less than 800 cc were considered within the class with an engine capacity of
800–1400 cc; motorbikes were considered from 250 cc; Heavy Duty Trucks with diesel fuel
were considered up to a weight of 7.5 tonnes).

For the calculation of pollutant emissions, it was decided to take into account the
average COPERT 5 emission factors for the “total” driving cycle, which is an overall
measure for the “urban”, “extra-urban” and “motorway” areas.

Therefore, having divided the total mileage travelled in the trips for each reference
year, making it compatible with the COPERT 5 classification, and having selected the
average emission factors to be used, the emissions produced by each means of transport
were estimated for each pollutant present in the “Database of Average Emission Factors for
Road Transport in Italy”.

Therefore, by adding up the estimated emissions for each type of vehicle, we finally
arrived at an estimate of the total air pollutants produced annually by the road transport
sector, linked to Italian tourism activity within the country, over the 2015–2019 study
period.

The air pollutants (whose overall composition was considered) selected and analyzed
were:

• carbon monoxide (CO);
• volatile organic compounds (VOCs);
• nitrogen oxides (NOx);
• fine particulate matter (PM2.5);
• carbon dioxide (CO2).

Ultimately, the mileage travelled and the resulting air emissions were added to the
initial dataset of individual trip legs.

In this way, five indicators were produced, one for each atmospheric pollutant con-
sidered, representative of the environmental pressure due to road transport for tourism
purposes on Italian soil. The emissions of each indicator, expressed in tonnes, were cal-
culated at a national level and comparable over 2015–2019. An estimate of the emissions
produced by trips to a specific region in each reference year was also determined. This
was done by breaking down the trips each year by region of destination, estimating the
emissions using the same procedure as described for the national figure.

http://www.aci.it/laci/studi-e-ricerche/dati-e-statistiche.html
http://www.aci.it/laci/studi-e-ricerche/dati-e-statistiche.html
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In this case, the indicators, still expressed in tonnes, were calculated at the regional
level (by breaking down the national figure by region of travel destination), thus acquiring
comparability not only in time but also in space. However, interpretation, in this case,
could be more complex, as all emissions produced during the trip are attributed to the
destination region.

3. Results
3.1. National Analysis

The analysis of the usage of private motor vehicle means of transport identified an
increase in the average annual mileage over the period, rising from 268.5 km/trip in 2015 to
303.1 and 293.9 in 2018 and 2019 (Figure 1). The increasing number of trips per year brought
a relevant increment in the total annual mileage, which peaked at 7.2 billion km in 2018
from 5.0 in 2015. Table 5 shows that the largest share of mileage was represented by tourists
using their car (90.31–94.93), followed by the category “Motorhomes, caravans + vans”,
whose contribution seemed to be decidedly lower (3.70–8.40), and finally by two-wheelers
and heavier vehicles, whose contribution was found to be marginal.
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Figure 1. Kilometers travelled (in thousands) and average mileage (in km/trip) of trips in Italy (2015–2019). Source: ISPRA
elaboration on ISTAT data.

Table 5. Percentage of mileage travelled by vehicle type, Years 2015–2019.

Type of Vehicle 2015 2016 2017 2018 2019

Car 91.56 92.64 94.93 90.73 90.31
Motorhomes/caravans, vans 6.60 5.93 3.70 7.91 8.60

Motorbikes, scooters 1.35 0.95 1.11 0.71 0.67
Other (truck, lorry, etc.) 0.49 0.48 0.26 0.64 0.42

Total 100.0 100.0 100.0 100.0 100.0
Source: ISPRA.

The estimates of pollutants are shown in Table 6. They varied steadily from year
to year but showed similar behavior among them: the starting year recorded the lowest
value for all pollutants; in 2016, there was a general growth, followed by a recession in
the following year; 2018 was by far the highest year for all emissions; finally, 2019 was
probably the year that most characterized the behavior of individual emissions, with some
returning to values close to those recorded in the starting year, while others showed a
smaller decrease while maintaining their high value. This behavior can be seen in the
following graph (Figure 2), where the percentage growth of each pollutant is shown, taking
2015 as the base. Specifically, CO2 was the pollutant with the highest growth in all the years
considered, even reaching an increase, in 2018 compared to 2015, of 51.6%, and closing
the period with a growth of 27.5%; the pollutants that conversely showed a most modest
increase throughout the time interval (except for 2017) were CO and VOCs, which, despite,
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this showed a growth of 29.5% and 27.8%, respectively, in 2018, with a further increase in
2019 of 5% for CO and 2.6% for VOCs.

Table 6. Estimated national emissions in tonnes, Years 2015–2019.

Pollutants 2015 2016 2017 2018 2019

CO 9394.1 10,800.4 10,114.8 12,166.2 9866.8
VOCs 2776.7 3200.0 2978.8 3549.2 2848.3
NOx 2725.1 3241.1 2932.3 4028.0 3309.2

PM2.5 166.9 193.8 169.4 241.9 199.0
CO2 879,723.0 1,061,285.4 1,004,371.3 1,334,109.8 1,121,807.0

Source: ISPRA.
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The maximum value reached by all pollutants in 2018 could be explained by the
following: a peak in emissions from cars, the main vehicle category responsible for the
pollutants emitted (especially CO and VOCs, whose car contribution was more than 90%
for each year of the study period) (Table 7); and the maximum value also reached by the
category “Motorhomes, caravans + vans”, whose major contribution was in the emissions of
NOx and PM2.5 (respectively, 16.6% and 24.3% in 2018). The highest value was also reached
by the category “Other (lorries, trucks, etc.)”, which, however, played a fairly marginal role
overall (the major contribution was in the emissions of NOx, which reached the maximum
value of 4.3% in 2018). The difference in pollutants produced between 2017 and 2019
can largely be attributed to the category “Motorhomes, caravans + vans”: the emissions
produced by cars were more or less similar (in fact, there was no great difference in CO and
VOC levels between the two years), while the values for “Motorhomes, caravans + vans”
remained closer to the maximum reached in 2018, thus explaining the high values of NOx
and PM2.5 pollutants.

Table 7. Emissions from travel in Italy by type of vehicle used. Years 2015–2019. Data in tonnes and percentage compositions.

Year Type of Vehicle CO VOCs NOx PM2.5 CO2

2015

Cars 8506.1 90.5% 2613.9 94.1% 2263.8 83.1% 124.7 74.8% 779,198 88.6%
Motorhomes, caravans

and vans 317.2 3.4% 51.4 1.9% 362.1 13.3% 36 21.6% 83,674.4 9.5%

Motorbikes, scooters 542.4 5.8% 96.3 3.5% 11 0.4% 1.2 0.7% 8020.4 0.9%
More 28.3 0.3% 15.1 0.5% 88.3 3.2% 4.9 2.9% 8830.1 1.0%

Total 9394.1 100% 2776.7 100% 2725.1 100% 166.9 100% 879,723 100%
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Table 7. Cont.

Year Type of Vehicle CO VOCs NOx PM2.5 CO2

2016

Cars 9984.8 92,4% 3047.9 95.2% 2729.5 84.2% 149.2 77% 952,918.2 89.8%
Motorhomes, caravans

and vans 329.6 3.1% 53.4 1.7% 397.8 12.3% 37.8 19.5% 91,035.6 8.6%

Motorbikes, scooters 452.4 4.2% 80.9 2.5% 9.2 0.3% 1 0.5% 6842.4 0.6%
More 33.6 0.3% 17.8 0.6% 104.6 3.2% 5.8 3% 10,489.2 1.0%

Total 10,800.4 100% 3200 100% 3241.1 100% 193.8 100% 1,061,285.4 100%

2017

Cars 9407 93% 2848.8 95.6% 2627.4 89.6% 143.2 84.5% 936,615.4 93.3%
Motorhomes, caravans

and vans 193.2 1.9% 31.3 1.1% 240.6 8.2% 22.2 13.1% 54,585 5.4%

Motorbikes, scooters 497.2 4.9% 89.5 3% 10.2 0.3% 1.1 0.6% 7719.2 0.8%
More 17.4 0.2% 9.2 0.3% 54.2 1.8% 3 1.8% 5451.7 0.5%

Total 10,114.8 100% 2978.8 100% 2932.3 100% 169.4 100% 1,004,371.3 100%

2018

Cars 11,201.8 92.1% 3365 94.8% 3178.8 78.9% 172.8 71.4% 1,158,059 86.8%
Motorhomes, caravans

and vans 505.1 4.2% 82 2.3% 669.2 16.6% 58.7 24.3% 152,289.9 11.4%

Motorbikes, scooters 404.4 3.3% 73.3 2.1% 8.3 0.2% 0.9 0.4% 6455.2 0.5%
More 54.9 0.5% 29 0.8% 171.7 4.3% 9.5 3.9% 17,305.8 1.3%

Total 12,166.2 100% 3549.2 100% 4028 100% 241.9 100% 1,334,109.8 100%

2019

Cars 9080.3 92% 2703.4 94.9% 2592.5 78.3% 140.8 70.8% 967,131.6 86.2%
Motorhomes, caravans

and vans 447.5 4.5% 72.6 2.5% 614.5 18.6% 52.1 26.2% 139,928.5 12.5%

Motorbikes, scooters 308.3 3.1% 56.3 2.0% 6.4 0.2% 0.7 0.4% 5062.8 0.5%
More 30.6 0.3% 16.2 0.6% 95.8 2.9% 5.3 2.7% 9684 0.9%

Total 9866.8 100% 2848.3 100% 3309.2 100% 199 100% 1,121,807 100%

Source: ISPRA.

3.2. Regional Analysis

After analyzing the pollutants produced at the national level, the emissions generated
by the region of destination of the trips were examined (emissions, as described in the
Materials and Methods, were attributed entirely to the region of destination). Consequently,
the results were determined by the number of trips collected into the destination region,
considering inter-regional and intra-regional flows (Table 8) and the distance covered
during a trip in terms of kilometers (Figure 3).

It can be seen from the data that, over the years, a group of regions receiving the
largest number of trips was consolidated. These were almost exclusively regions in the
central–north area which occupied, albeit in a variable manner over the years, the top
positions in the ranking; they were Lombardy, Trentino-Alto Adige/South Tyrol, Veneto,
Emilia-Romagna, Tuscany and Lazio, plus a single region in the south, Campania, and,
since 2016, also Liguria, Puglia and Piedmont.

However, the average mileage travelled per trip was higher for trips to the south
(Campania, Basilicata, Calabria and Apulia) and islands (Sicily and Sardinia) (Figure 3).
As for 2019, the region to which trips produced the highest level of emissions was Apulia,
followed by Tuscany and Emilia-Romagna; conversely, the regions to which trips produced
fewer emissions were Molise, Basilicata and Valle d’Aosta (which were also the regions to
which the fewest trips were made).
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Table 8. Domestic trips made by private motorized means of transport by region of destination.
Years 2015–2019, percentage compositions.

Region of Destination
Year

2015 2016 2017 2018 2019

Piedmont 3.1 6.4 4.2 4.3 5.0
Valle d’Aosta/Vallée d’Aoste 0.6 0.7 0.9 1.9 1.8

Lombardy 10.4 9.6 7.9 9.5 8.2
Trentino-Alto-Adige/South Tyrol 6.9 7.7 8.4 6.7 7.1

Veneto 11.5 10.7 9.9 9.6 9.1
Friuli-Venezia Giulia 2.0 3.0 0.9 2.4 3.1

Liguria 4.1 6.6 7.2 6.7 7.0
Emilia-Romagna 13.8 12.9 10.7 10.7 11.7

Tuscany 9.0 10.7 14.1 13.6 11.3
Umbria 2.9 3.1 3.1 2.1 2.2
Marche 3.9 2.5 2.6 3.0 3.5
Lazio 9.5 7.8 5.4 7.2 6.9

Abruzzo 3.5 2.2 3.9 2.8 3.0
Molise 0.9 0.4 0.2 0.3 0.7

Campania 6.2 5.1 5.9 5.1 5.1
Apulia 4.6 5.0 6.3 6.9 5.8

Basilicata 0.9 0.4 0.8 0.7 0.7
Calabria 2.6 1.9 2.1 2.5 2.7

Sicily 1.2 2.5 2.9 2.3 3.1
Sardinia 2.3 0.9 2.7 1.7 1.9

Total 100.0 100.0 100.0 100.0 100.0
Source: ISTAT, Trips and Holidays Survey.
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Figure 3. Kilometers travelled and average mileage to travel to the region of destination (2019).
Source: ISPRA elaboration on ISTAT data.

Table 9 shows the emissions in tonnes by destination region in 2019: Puglia, Tuscany
and Emilia-Romagna were the regions to which journeys produced the most emissions
for all pollutants; the three regions to which journeys produced the least emissions were
Molise, Basilicata and Valle d’Aosta, respectively.
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Table 9. Emissions in tonnes by region of destination (2019).

Region of Destination CO VOCs NOx PM2.5 CO2

Piedmont 396.5 115.2 154.9 9.6 48,824.4
Valle d’Aosta/Vallée

d’Aoste 132.8 37.3 55.6 3.7 17,493.4

Lombardy 739.8 216.1 264.0 15.9 87,207.5
Trentino-Alto Adige/South

Tyrol 645.4 187.2 225.1 13.7 75,976.6

Veneto 643.6 190.3 201.1 11.4 71,368.5
Friuli-Venezia Giulia 209.8 59.8 99.9 6.5 28,591.1

Liguria 545.8 155.7 204.6 13.0 66,892.3
Emilia-Romagna 968.7 279.9 310.0 18.3 106,957.1

Tuscany 978.7 282.1 306.8 18.1 107,049.4
Umbria 244.3 64.4 64.3 3.9 21,982.3
Brands 363.7 99.6 111.2 6.9 38,049.5
Lazio 529.5 156.0 176.6 10.3 60,365.8

Abruzzo 347.1 93.9 87.9 5.1 31,470.5
Molise 73.2 21.8 21.1 1.2 7824.2

Campania 635.1 186.8 184.4 10.2 67,358.4
Apulia 1089.6 320.9 348.2 20.1 122,444.4

Basilicata 91.3 27.2 26.1 1.4 9727.5
Calabria 529.3 151.2 213.0 13.7 67,343.2

Sicily 485.1 138.8 186.2 11.9 60,512.3
Sardinia 217.6 64.0 68.4 4.0 24,368.4

Italy 9866.8 2848.3 3309.2 199 1,121,807
Source: ISPRA.

Finally, Table 10 shows the percentage variation of pollutants by region of destination
between the first and last year of the reference period.

Table 10. Percentage change from 2015 to 2019 in emissions by region of destination.

Region of Destination CO VOCs NOx PM2.5 CO2

Piedmont 85.3 85.4 100.0 83.7 117.3
Valle d’Aosta/Vallée d’Aoste 164.1 174.8 125.6 84.1 156.5

Lombardy −6.5 −7.5 12.3 8.9 15.8
Trentino-Alto Adige/South

Tyrol −9.9 −13.9 4.3 5.2 8.6

Veneto −14.6 −17.2 −7.7 −10.2 −0.7
Friuli-Venezia Giulia 5.7 21.6 191.3 206.0 138.3

Liguria 54.2 47.5 118.5 140.0 110.6
Emilia-Romagna −5.8 −10.9 7.4 9.8 10.4

Tuscany 28.1 23.0 40.1 38.9 49.4
Umbria −50.0 −49.1 −39.1 −41.9 −36.4
Brands −18.0 −20.6 −8.3 −11.2 −3.7
Lazio −24.1 −25.9 −21.5 −26.8 −14.3

Abruzzo 8.6 −4.4 2.8 8.0 7.2
Molise −20.0 −18.0 −37.6 −52.1 −23.5

Campania −7.7 −7.9 −33.3 −46.2 −13.6
Apulia 30.1 28.0 55.8 56.1 62.0

Basilicata −18.0 −19.6 −18.3 −25.1 −8.7
Calabria 0.3 −6.8 51.7 77.2 39.3

Sicily 384.5 362.7 432.4 424.8 475.8
Sardinia −0.5 15.5 68.4 58.9 74.9

Italy 5.0 2.6 21.4 19.2 27.5
Source: ISPRA.

An initial examination showed that the percentage variations were mainly positive.
Specifically, the region that showed the greatest positive variation was Sicily, with signif-
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icant growth in all emissions above 350%, even reaching a peak of 475.8% for CO2; the
region, however, that recorded the most pronounced negative variation was Umbria, with
pollutants displaying an overall decrease between 35% and 50%.

4. Discussion

The comparison of the estimated emissions caused by the domestic trips concerning
tourism activity examined in this work with the total emissions caused by the road transport
in Italy, estimated by ISPRA using the same COPERT 5 classification [31], raises some
interesting points. The total road transport emissions include the emissions produced by
all types of vehicles included the category “buses”, which was excluded from the tourism
analysis; in addition, the mileage produced by Light Commercial Vehicles and Heavy Duty
Trucks was correctly attributed. Consequently, for each year of the time interval 2015–2019,
the percentage of estimated emissions out of the total road transport emissions could be
evaluated considering every pollutant examined in the work (Table 11). The percentages
computed are not so high (around 1–3%), but neither so irrelevant if we consider the
restricted field of analysis. According to the trend of estimated emissions, the minimum
value of pollutants was reached in 2015 and the highest in 2018. The more consistent
contribution was due to CO and VOCs, which seemed to show an analogous trend. The
other pollutants, NOx, PM2.5 and CO2, were slightly more heterogeneous (especially in
2018 and 2019), with smaller percentages than CO and VOCs.

Table 11. Percentage of estimated emissions concerning tourism activity out of the total road transport
emissions, Years 2015–2019.

Pollutants 2015 2016 2017 2018 2019

CO 1.96 2.51 2.51 3.16 2.55
VOCs 2.06 2.56 2.49 3.11 2.60
NOx 0.83 1.03 1.09 1.51 1.31

PM2.5 0.92 1.15 1.11 1.66 1.41
CO2 0.86 1.06 1.04 1.34 1.11

Source: ISPRA.

In Table 12, it is noted that the percentages of pollutants attributable to cars used for
tourism are higher than those of the total in Table 11. Therefore, policies that discourage
the use of private cars for tourism purposes would be desirable, as they would mitigate
current attributable emission levels.

Table 12. Percentage of cars’ estimated emissions concerning tourism activity out of the total cars’
road transport emissions, Years 2015–2019.

Pollutants 2015 2016 2017 2018 2019

CO 2.92 3.84 3.75 4.72 3.66
VOCs 3.68 4.59 4.31 5.29 4.29
NOx 1.35 1.68 1.82 2.39 2.04

PM2.5 1.12 1.43 1.43 1.94 1.60
CO2 1.10 1.37 1.35 1.69 1.40

Source: ISPRA.

A comparison of studies published in the literature is not simple, nor is the purpose
of this paper. Different types of methods are used to estimate emissions from tourism
activity and its transport, obtaining variable results [32]. One of the most common ways to
account for tourism emissions, as noted in the Introduction, is the tourism Satellite Account
(TSA). The TSA is an internationally accepted framework developed by the UNWTO in
collaboration with other organizations’ actions to measure the impact of tourism on the
national economy. The TSA is based on the estimate of the expenditure of tourists for
products and services; consequently, these expenditures translate into the contribution of
tourism to added value and employment. Some studies have estimated tourism emissions
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based on TSA, assuming that the same share contributes to the added value of the economic
system and that employment can be used to determine its share of emissions of GHGs or
other pollutants from a production point of view, e.g., [33,34]. Our study sought to move
beyond the purely economic approach of the TSA, offering a “new” environmental indicator
relating to atmospheric emissions related to tourism travel and, in particular, only to those
trips made using road transport. Our work has a well-defined “tourism–environmental”
perimeter but was addressed using only data from official national statistics; therefore, it
will increase the official information offered on these issues, which is unfortunately still
sparse due to a lack of suitable basic data.

As a general consideration, in fact, this work further highlights the need for mea-
surement, reporting and verification systems across all tourism value chains, such as the
relationship between tourism and the environment.

The attempt presented here exploits basic data from official Italian statistical sources
but collected for priority purposes other than “tourism and the environment”.

Therefore, basic data are needed, at least at a European level, which is essential to then
define useful indicators for monitoring the various components of tourism sustainability, or
even the environmental and social dimensions that are not currently considered by official
European statistics.

The basic data, common to all European countries to monitor the relationship between
tourism and the environment, become fundamental if one really wishes to strive towards
sustainable and environmentally friendly tourism.

5. Conclusions

When travelling for tourism, several factors determine the choice of the main means
of transport to reach the destination: the distance from the region of origin, the presence of
airport or railway infrastructures, the cheapness of the means of transport, the number and
composition of the group of people leaving together and, last but not least, the versatility
that the means of transport offers, allowing different degrees of flexibility in moving to
the destination [35]. Based on these considerations, most residents prefer the car as their
main means of transport, chosen for more than 7 out of 10 personal trips made in Italy and,
among all private road means of transport, for 9 out of 10 trips.

However, the car is also the vehicle that contributes the most to all pollutant emissions,
with values ranging, in the most recent year analyzed here, 2019, between 70.8% of PM2.5
and 94.9% of VOCs. Compared to other means of road transport, the most significant
contribution to air pollutants comes from the use of camper vans, caravans and vans, which
mainly influence emissions of PM2.5 (26.2%) and NOx (18.6%).

The analysis showed that emissions vary steadily from year to year but that their
behavior is similar. For all kinds of pollutants, 2018, when the flow of tourism trips was
the most consistent during the period under review, was by far the year with the highest
amount of tonnes emitted.

The regional analysis carried out limited the emission contribution of road trips to
the destination regions only; in order to refine and therefore increase the precision of the
territorial attribution of pollutants, as future development, a more laborious breakdown
of the trip into regional sections is hypothesized, to which the pollutant emissions of the
route between the origin and destination of the trip can be attributed.

Moreover, the analysis will be enriched with new content when, in addition to trips
with an overnight stay, same-day visits are included, which, given their nature, are carried
out mainly by car, towards destinations close to those of origin, characterizing this part of
tourism as intra-regional proximity tourism even more than trips.

The results achieved so far on the temporal and spatial distribution of the principal
atmospheric emissions due to road-transport-related to domestic trips for tourism pur-
poses have only been possible thanks to the exploitation, through an integrated analysis,
of several sources of official statistics. The challenge of the present work is to contribute
in monitoring a part of the tourism–environment issue, without referring to accounting
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schemes, but instead by using both an official sample survey on tourism—which is under
European Regulation—and the environmental monitoring data from the national inventory
of atmospheric emissions. The latter is the main national reference in the “environmental”
areas, to meet the main reporting obligations envisaged in the international context, such
as those provided for by the United Nations Framework Convention on Climate Change
(UNFCCC), the Kyoto Protocol, the European Union Greenhouse Gas Monitoring Mecha-
nism and the Convention on Long-Range Transboundary Pollution (CRLTAP/UNECE), as
well as the related protocols for the reduction of emissions of various substances.

This issue, strongly supported by the European Union, is part of the 2030 Agenda
for Sustainable Development, signed by the governments of 193 UN member countries in
2015, including Italy, within which three of the seventeen SDGs refer to tourism (Targets
8.9, 12.b and 14.7 in particular and Goal 13 in general) [36]. One of the statistical measures
that is helpful in monitoring the Sustainable Development Goals of Target 12.b is the
percentage composition of trips made by residents in the national territory by the main
means of transport. Since 2018, these data, coming from the “Trips and Holidays” survey
carried out by ISTAT, are regularly transmitted on an annual basis and, together with other
data, contribute annually to the National Report on the SDGs [37], which describes Italy’s
position along the path of sustainable development.

The indicators produced by this work could enrich the wealth of information on
measures taken to monitor the SDGs in the tourism sector, which is recognized not only as
an important sector for inclusive economic growth aimed at local communities but also as
a potential accelerator towards sustainability, through the adoption of sustainable models
of consumption and production.

In the immediate future, moreover, these analyses will enrich the ISPRA core set of
indicators [38] on the environment–tourism theme in a stable manner. However, they will
also be the starting point for further joint analyses between the two institutes to expand
the information available to them, as well as representing new useful tools for researchers
engaged in monitoring sustainable tourism in general and the tourism–environment rela-
tionship in particular.

The major limitations of this work also represent the potential for future research on
this topic and sustainable tourism in particular. The current availability of data does not
allow, at the moment, for an exhaustive assessment of the impact of two of the main drivers
of change on the environmental sustainability of tourism: the impact of demographic
and socio-economic change of population—such as the ageing of western societies—and
ecological transition.

For instance, we can pose some very basic questions whose answers can design
different futures for tourism habits: are the choices of the means of transportation and of
the tourism destinations age-dependent or connected to the tourists’ level of wealth/income
(e.g., do “young/old” or “rich/poor” tourists prefer different destinations?)? Is the wealth
level of the tourist destination or the quality of its infrastructure network correlated to the
type of tourists visiting that destination (e.g., if the railroad network of the destination
region is not well-developed, do the tourists prefer to reach it by car?)? Does the mean
of transportation choice depend on the family composition (e.g., do larger families with
underaged children prefer to use private cars?)? Will the ecological transition reduce the
polluting emissions of some means of transportation more than others? If we can answer
these questions affirmatively, which we believe is possible, we will be able to begin a
relevant debate on the perspectives of sustainable tourism, developing adequate policies
and infrastructure development solutions. In short, a numerous series of insights and
research ideas linked to socio-economic and geographical factors, which encourage tourists
to use the car as the main means of transport for tourism purposes, could be studied in
depth if the data on these topics already available were enriched and combined.
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Appendix A. Weighting Procedure and Accuracy of the Estimates in the “Trips and
Holiday” Survey

Each estimation method is based on the principle that the subset of the units of the
population included in the sample must also represent the complementary subset consisting
of the remaining units of the population. This principle is generally achieved by assigning
to each unit included in the sample a weight that can be seen as the number of population
elements represented by that unit. The “Trips and Holidays survey” is a module embedded
into the “Household Budget Survey” (HBS) carried out by ISTAT. It is a large-scale survey
conducted monthly with the CAPI (Computer-Assisted Personal Interview) technique,
over a theoretical yearly sample of 28,000 households in 2015/2016 and 19,500 households
from 2017 to 2019. The reduction of the theoretical sample size has been possible due to a
new strategy of collecting interviews in accordance with the company in charge of the data
collection, which led to an increase in the efficiency in this phase. The sampling design
is partly single-stage and partly two-stage, with stratification of primary sampling units.
It aims to provide a large number of estimates of population parameters, such as counts,
totals, proportions, averages, etc. The estimation of the population parameters for HBS
has been done with methods based on the direct approach using values of the variable of
interest observed on the sample units belonging to the domain of interest. These are the
standard methods used by ISTAT. In general, for the estimation of a total, the following
two operations are performed:

1. computation of the weight to be assigned to each unit included in the sample;
2. calculation of the estimates as weighted sums of the target variables’ values using

weights determined in Step 1.

The weight given to each unit is obtained according to a procedure divided into
several steps:

1. the starting weight of each sample unit, named the direct weight, is calculated accord-
ing to the sampling design, as the reciprocal of the inclusion probability;

2. the starting weight is adjusted to account for non-response, obtaining the base weight;
3. correction factors of the base weight basis are computed to take into account equality

constraints between some known parameters of the population and the corresponding
sample estimates;

4. the final weight is obtained as the product between the base weight and the correction
factors.

The class of estimators corresponding to the operations described above and adapted
for HBS is known as calibration estimators (Deville, Särndal 1992), since both the adjust-
ment to correct for non-response and the weight correction to achieve consistency with
known population parameters are obtained by solving a constrained minimization prob-
lem. In detail, we wish to minimize the distance between the weights before and after the
calibration phase. Calibration estimators need to satsify:

• efficiency criteria in terms of sample variance and bias due to the presence of total and
partial non-responses and frame undercoverage.

• external and internal coherence. The external consistency of the estimates arises
whenever known totals are available from external sources. Estimates of the total
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produced by the survey should generally match or not deviate excessively from the
known values of these totals. The internal consistency of the estimates is achieved
when all the estimates of the same aggregate coincide with each other. This result can
be obtained using a unique system of weights.

• Calibration estimators were chosen as:
• they yield, generally, more efficient estimates than those obtained using direct estima-

tors; the higher the correlation between the auxiliary variables and the target variables,
the greater the efficiency;

• they are approximately unbiased designs;
• they produce estimates of totals that coincide with the known values of these totals;
• they mitigate the non-response bias effect;
• they reduce the bias due to the undercoverage of the frame from which the sample is

selected.

Accuracy of the Estimates

For the evaluation of the sampling errors of the estimates, ISTAT usually uses ap-
proximated variance estimation methods. In fact, for most of the estimation procedure, an
analytical expression of the estimator variance is not available since:

• ISTAT surveys are carried out using complex sampling designs, generally based on
multiple selection stages, on the stratification of the units and without a repetition
selection scheme, with varying selection probabilities among units;

• estimates are determined using calibration estimators, which are non-linear functions
of the sample information.

The estimation methods of the sample variance generally used in ISTAT, and particu-
larly for HBS, are based on the method of linearization of Woodruff (1971), which estimates
the sample variance in the case where the estimators used are non-linear functions of the
sample data.

ISTAT implements these variance estimation methods in the generalized software
ReGenesees, which features a user-friendly interface and is currently used to estimate the
sampling errors of the estimates produced by ISTAT surveys, HBS included. In addition,
this software makes it possible to compute important analysis statistics, which provide
valuable tools to evaluate the adopted sampling design. In particular, it is possible to
evaluate:

• the overall efficiency of the sampling design;
• the impact on the efficiency of the estimates due to stratification, the number and type

of selection stages and weighting effect.

By this method, the sampling error may be expressed in terms of absolute error
(standard error) or relative error.

Since each estimate corresponds to a sampling error, to allow correct use of the
information produced by the survey, it would be necessary to publish the corresponding
sampling error for each estimate. To overcome this calculation but having, at the same
time, an assessment of the sample variability of all the estimates of interest, a generalized
variance error representation is also provided. This is a summary obtained using regression
models that relate the estimates to the corresponding sampling errors.

However, the problem is rather complex for the estimates of totals of quantitative
variables, such as those of the “Trips and Holidays” survey, because an adequate theoretical
basis for the interpolation of the sample errors of the estimates has not yet been devised.
Therefore, the approach adopted to deal with the case of quantitative variables is empirical,
and it is based on the experimental evidence that the absolute error of a total estimate is an
increasing function of the total itself.

The model used for estimates of total trips, referring to the generic domain d, is as
follows:

σ̂
(

dŶ
)
= a + bdŶ + cdŶ2 (A1)
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where the parameters a, b and c are estimated by using the method of least squares and
adapting model (A1) to a cloud of points made by a consistent number of couples of values(
σ̂
(

dŶ
)
, dŶ

)
, which represent the absolute sample error of an estimate and the estimated

point, respectively. In consideration of the fact that model (A1) is empirical, the group of
estimates dŶ used for the interpolation of the model has been determined by including the
principal estimates that are disseminated.

In order to obtain a better fit to the point cloud, a model was interpolated—with
reference to the quarters and/or the entire year, depending on the territorial domain—for
each of the following subgroups of estimates:

• number of nights for business trips;
• number of nights for personal trips;
• total number of nights;
• number of business trips;
• number of personal trips;
• total number of trips.

Circumscribing to the content of this paper, the calculation of the a, b and c coefficients
and the R2 (coefficient of determination) of the models used for the interpolation of sample
errors of trips is presented in Table A1. They refer to the years 2015 to 2019. By using these,
the calculation of relative errors for the estimates of all numbers presented in this paper is
possible. To help the users, referring to the principal estimates presented in Table 1 of the
paper, the relative errors are presented in Table A1. Starting from these estimates and the
relative errors, it is possible to build the confidence interval, which, with a predetermined
level of confidence, contains within it the true, but unknown, value of the parameter being
estimated. The confidence interval is calculated by adding and subtracting from the point
estimate its absolute sampling error, multiplied by a coefficient k that depends on the level
of confidence P; considering the traditional confidence level of P = 95%, the corresponding
coefficient k is equal to 1.96. With reference to a generic estimate, this interval takes the
following form:

{
Ŷ− kσ̂(Ŷ), Ŷ + kσ̂(Ŷ)

}
An example of a confidence interval can be found

in Table A2.
Using the estimated values of the model parameters (A1) and dividing both sides

of the model by the value of the estimate dŶ , we arrive at the following second-degree
equation:

a +
[
b− ε

(
dŶ
)]

dŶ + c(dŶ)
2
= 0

whose positive root is expressed by the following formula:

dŶ =
−
[
b− ε

(
dŶ
)]
−
√[

b− ε
(

dŶ
)]2 − 4ac

2c

Table A1. Point estimates of domestic trips (thousands), relative errors ε, coefficients of the model and R2. Years 2015–2019.

Point Estimate
(Number) Relative Error a b c R2

2015

Total trips 47,093 0.048 191,012.539 0.072243506 −0.0000000006 0.96
Personal trips 41,736 0.052 190,113.130 0.077697273 −0.0000000007 0.96
Business trips 5356 0.121 41,066.362 0.198324651 −0.0000000159 0.96

2016

Total trips 54,714 0.043 205,773.732 0.065059358 −0.0000000005 0.96
Personal trips 49,596 0.049 194,439.631 0.075567529 −0.0000000006 0.96
Business trips 5118 0.105 43,720.257 0.160974363 −0.0000000126 0.95
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Table A1. Cont.

Point Estimate
(Number) Relative Error a b c R2

2017

Total trips 53,647 0.036 197,878.755 0.051595448 −0.0000000004 0.96
Personal trips 49,429 0.041 183,440.930 0.060093384 −0.0000000005 0.96
Business trips 4218 0.102 33,748.185 0.154587543 −0.0000000144 0.97

2018

Total trips 62,861 0.032 211,734.741 0.045162113 −0.0000000003 0.95
Personal trips 56,353 0.036 196,478.645 0.052828719 −0.0000000004 0.95
Business trips 6508 0.085 42,909.932 0.123041320 −0.0000000069 0.97

2019

Total trips 54,253 0.033 184,929,661 0.046704815 −0.0000000003 0.96
Personal trips 48,410 0.038 174,507,360 0.054015643 −0.0000000004 0.97
Business trips 5843 0.081 43,257,719 0.120873896 −0.0000000081 0.96

Source: ISTAT, Trips and Holidays Survey.

Table A2. Example of calculation of interval confidence (P = 0.95, k = 1.96). Year 2016.

Point estimate 54,714

Relative error ε 0.043

Interval Estimates

Half width of the interval (54,714 × 0.043) × 1.96 = 4611

Lower confidence limit 54,714 − 4611 = 50,103

Upper confidence limit 54,714 + 4611 = 59,325
Source: ISTAT, Trips and Holidays Survey.
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