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ARTICLE INFO ABSTRACT

Keywords: Environmental sustainability indicators are commonly used to assess progress towards sustainability. Assessing
Environmental sustainability environmental impacts associated with a specific economic sector can provide a more detailed view of the effects
indlma;ors of economic activities on the environmental performance of a nation. A national indicator set, specifically
celant

developed for Iceland, was evaluated for its capacity to capture environmental sustainability impacts from the
tourism sector. Iceland's tourism sector is an interesting case because of its recent fast-paced growth and concerns
regarding its environmental impacts. The indicator set was evaluated based on two criteria: relevance and
measurability in the context of Iceland's tourism sector. Though most of the indicators were relevant to the
tourism context, they did not fulfil the measurability criteria due to disaggregation issues, omissions of important
topics and lack of data. Partial measurement was possible for 12 out of 23 of the reviewed indicators, e.g., most
indicators in the air pollution theme could be measured whereas indicators in the water theme were of limited
measurability. A preliminary calculation of the indicators revealed that despite the partial measurement, the
impact of tourism was discernible though often underestimated due to limited data. Knowledge building con-
cerning data gaps was one of the derived outcomes of the analytical process. National indicators of environ-
mental sustainability can at best provide only a partial appraisal, and comprehensive evaluation of the tourism
sector's impacts demands multi-scale analysis and indicators specific to the sector.

National assessment
Data availability

The sectoral approach can also help to evaluate the trade-offs in the
growth and expansion of different sectors and opportunities to improve
national performance. However, national level indicators should be able

1. Introduction

Environmental sustainability — the central aim of which is to sustain

natural capital so as not to overwhelm neither the waste assimilative
capacity of the environment nor its regenerative ability — is intrinsic to
sustainable development (Goodland, 1995; Goodland and Daly, 1996).
To evaluate the current state and progress towards environmental sus-
tainability, assessment is necessary. Environmental sustainability in-
dicators have been widely used to evaluate everything from biodiversity
to climate change and resource use (Burger, 2006; EEA [European
Environment Agency], 2014a).

Assessing the environmental performance of sectors is a useful way
to highlight the contributions and challenges faced by specific compo-
nents of the economy as regards national environmental sustainability.

* Corresponding author.

to capture the impact of large-scale economic changes, such as growth in
individual economic sectors. Iceland, and specifically the tourism in-
dustry, presents an interesting case because of its recent sharp growth in
tourism, its small, specialized economy, its geographical position, which
necessitates air and cruise travel, and its fragile ecosystems. Iceland's
tourism grew at an unprecedented rate (approximately 25% annually)
during the study period 2010-2016 and became one of the main pillars
of the Icelandic economy, surpassing the more traditional sector of
fisheries. The sector's direct contribution to GDP rose from 3.5% in 2010
to 8.4% in 2016 (Statistics Iceland, 2021a).

In this study, we review a nation-specific environmental indicator set
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developed by Cook et al. (Cook et al., 2017) and evaluate its ability to
capture sectoral effects using the case of Iceland's tourism sector. The
aim of this study is to evaluate whether a previously developed national
indicator set captures the tourism sector's main environmental impacts,
and thus national environmental sustainability impacts of a rapidly
growing sector, and highlight data gaps as a foundation for future
research. We then conduct a preliminary calculation of those indicators
meeting the evaluation criteria for illustrative purposes as a foundation
for future studies.

This particular indicator set was chosen for two reasons: a) to the
best of the authors' knowledge there are no other environmental sus-
tainability indicator sets that have been developed specifically for the
Icelandic context. Olafsson, Cook, Davidsdottir and Johannsdottir
(Olafsson et al., 2014) presented all the major arguments for why
consideration of national context is important in the development of
indicator sets especially, in the case of nations with small but highly
specialized economies (Johannesson et al., 2018). Olafsson et al.'s
(Olafsson et al., 2014) review of four different indices (Environmental
Vulnerability Index, Environmental Performance Index, Ecological
Footprint and Happy Planet Index) showed that overall they were too
generic and did not include important criteria specific to the national
context thus misrepresenting Iceland's environmental sustainability
performance Additionally, b) the indicator set evaluated here is
comprehensive in scope and was formed through a mixture of bottom-up
stakeholder consultation and top-down expert judgment concerning
indicator selection. Though there have been studies focused on
measuring the environmental impacts of tourism in Iceland, none of
them have done so in a comprehensive manner and most of them focus
on specific regions and specific (albeit locally important) environmental
issues [e.g. (Olafsdéttir and Runnstrom, 2013; Olafsdéttir and Run-
nstrom, 2015; Schaller, 2014; Sharp et al., 2016)].

There are several reasons for the choice of tourism as the sector of
focus for this study. First, tourism has been in the international spotlight
as regards sustainable development. The year 2017 was declared the
year of sustainable tourism for development by the United Nations (UN
[United Nations], 2015). In addition, tourism is directly implicated in
three of the 17 Sustainable Development Goals (SDGs) — in particular,
goals: 8 (on sustainable economic growth and employment: 8.9), 12 (on
sustainable consumption and production: 12.b) and 14 (on sustainable
use of oceans: 14.7) (World Tourism Organization and United Nations
Development Programme, 2017). Tourism may also be relevant to other
SDGs even where not explicitly stated (Boluk et al., 2017; UNWTO,
2017).

Tourism is frequently promoted for its positive impacts on econo-
mies, employment and job creation; however, it has become increas-
ingly recognized that tourism has a number of negative effects on the
environment. Those effects range from local pressures e.g. the depletion
of local water resources and pollution to global issues such as land-use
change and greenhouse gas emissions (Reddy and Wilkes, 2013;
Schott, 2010). Local impacts are site-specific and differ from area to
area, often depending on the level of development and the degree of
implementation of planning and management schemes.

Most research to date has focussed on single destinations and local
issues (Buckley, 2012; Budenau et al., 2016). Recently, however, there
has also been increased awareness of global environmental change and
its “two-way” relation to tourism (UNWTO, 2017). The relationship
between tourism and the environment is complex as tourism both con-
tributes to, and is affected by, environmental change at regional and
global scales (Buckley, 2011; Gossling and Hall, 2006). In general,
tourism is a resource-intensive sector, but this has only recently become
more widely acknowledged (Gossling and Peeters, 2015).

The paper is structured as follows; the literature review part of the
paper provides a short overview of the role of indicators in environ-
mental sustainability evaluations in tourism studies (Section 2.1), the
context of this study (Iceland's tourism) (Section 2.2) and an overview of
the main studies that have examined tourism environmental impacts in
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Iceland (Section 2.3). The next sections provide a summary of the in-
dicator set under review (Section 3), the evaluative criteria (Section 4).
The evaluation (Section 5) and the results of its application are provided
in Section 6 and 7 (summary evaluation). Finally, the discussion and
conclusion are presented in Sections 8 and 9, respectively.

2. Literature review

2.1. The role of indicators in environmental sustainability evaluations in
tourism studies

Sustainable tourism is ineffective unless the current state of affairs
and progress towards sustainability can be measured (Miller and
Twinning-Ward, 2005). There have been previous attempts to develop
sustainability indicators for tourism on various levels ranging from well-
defined areas (such as national parks and tourism resorts) (Blackstock
et al., 2008), to municipalities (Dymond, 1997; Vera Rebollo and Ivars
Baidal, 2003; Feleki et al., 2020), to nation states (Horng et al., 2012),
destinations (Perez et al., 2017) and supply chain-based assessments
(Ling, 2015). A few studies have also attempted global assessments but
have been based on other assessment tools (e.g. (Hall et al., 2015)).
There are also numerous assessments using different tools that have
been applied to tourism, such as Life Cycle Assessment and the
Ecological Footprint (e.g. (Sharp et al., 2016; Michailidou et al., 2016)),
but these are not under consideration in this study which focuses on
environmental sustainability indicators.

Many indicator sets have been developed for different dimensions of
sustainability in tourism i.e. multi-dimensional and integrated sets (see
(Kristjansdottir et al., 2018) for a review). From a meta-analysis of 27
recent sustainable tourism indicators studies (from 2000 to 2015) it can
be seen that, on the whole, the economic and social dimensions out-
weighed the environmental dimension as regards the number of in-
dicators chosen (Agyeiwaah et al., 2017). Within the environmental
dimension, water quality and solid waste management were the two
indicators most frequently included in the reviewed studies and energy
conservation was only present in one quarter of those studies (Agyei-
waah et al., 2017).

Some studies' indicator frameworks are meant to assess the tourism
sector's management performance with indicators (e.g. (Roberts and
Tribe, 2008)), such as the presence of a stated company policy, man-
agement plans or memberships in environmental certification schemes
and corresponding managerial targets. This approach is not without
merit, but it is inappropriate for the purposes of environmental perfor-
mance assessment because it does not measure actual environmental
impact. Policies and plans do not always correlate with proper imple-
mentation (Pridham, 1999) and, thus, it is difficult to assess perfor-
mance above professed participation in management schemes (Steger,
2000).

Other studies include indicators which conflate environmental sus-
tainability with tourists' satisfaction levels with perceived environ-
mental quality (Hughes, 2002). However, environmental issues are not
always clearly visible or felt, leaving out too many important aspects of
environmental sustainability. Furthermore, an approach which attempts
to assess environmental quality by tolerance levels based exclusively on
subjective experience carries too many risks to both human health and
ecosystems (Buckley, 1999).

Finally, studies with more comprehensive sets of environmental in-
dicators often rely on aggregation and the creation of composite scales
(e.g. (Blancas et al., 2010; Choi and Sikaraya, 2006)) which tends to
reduce the weight and significance of those indicators in the overall
assessment. It is, also, not clear how the weighting procedures are
decided upon. A recent review of studies that used a weighting pro-
cedure to construct composite indicators for sustainable tourism, found
that none of the reviewed studies provided “a sound explanation for the
choice of a particular weighting procedure” (Mikulic et al., 2015), p.
312. Composite indicators have, also, been criticized for being too
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complicated in their use and too difficult in their interpretation
(Mitchell, 1996).

Perhaps the most comprehensive framework of sustainability in-
dicators for tourism to date, was published by the European Commission
in 2017 but is also multi-dimensional. As regards environmental sus-
tainability, this framework includes local as well as global environ-
mental impacts with a set of 17 core environmental indicators (seven
more than the economic and five more than the social indicators) (COM,
2017). Thus, there is proportionally more importance placed on envi-
ronmental sustainability within the European Tourism Indicator System
(ETIS). However, there are drawbacks to the ETIS approach: a) the use of
a balanced approach which, theoretically and practically undermines
the importance of environmental sustainability and, b) some of the in-
dicators measure initiatives taken by companies to protect the envi-
ronment but not the impact or effectiveness of those initiatives.
However, the ETIS does not capture the contribution of a key sector's
impacts on national environmental sustainability which was the primary
investigative aim of this study.

2.2. Iceland's tourism sector

As a103.000 sq.km. island state situated in the North Atlantic Ocean
with just over 350.000 inhabitants, it is one of the most sparsely
populated countries in Europe. Nearly 80% of the country is uninhabited
and most of the human settlements in Iceland are in the lowlands and on
the coastline (CBI [The Central Bank of Iceland], 2016).

Iceland's tourism industry has undergone fast-paced growth in recent
years and is now one of the three main pillars of the Icelandic economy
alongside fisheries and heavy industry. The number of foreign tourists in
Iceland has nearly quadrupled since 2010 - from 488,600 tourists in
2010 to 1,792,200 in 2016. The number of foreign tourists in 2017 was
2,195,271, a ratio of 6 to 1 tourist per local resident and a 24% increase
in the number of visitors since 2016. Tourism's share in foreign exchange
earnings (as measured by the export of goods and services) has outpaced
that of other sectors and was at 39.2% in 2016 (ITB [Icelandic Tourist
Board], 2017).

Tourism in Iceland is predominantly nature-based and most tourists
claim that they visit the country for its natural attractions (ITB [Ice-
landic Tourist Board], 2017; Csagoly et al., 2017). As such, natural re-
sources, as the Icelandic tourism sector's main product, are of strategic
importance to the sector.

2.3. Environmental effects of tourism in Iceland

Environmental sustainability has been recognized as one of the
major challenges for the Icelandic tourism sector, in part because
environmental issues - though recognized as important - have not been
adequately transposed into policies and/or implementation of said
policies is lacking (Huijbens et al., 2014; Sutherland and Stacey, 2017).

The local and issue-driven focus of the Icelandic studies is in line with
most studies undertaken in the field of sustainable tourism often
reflecting the need to collect data and information for specific admin-
istrative units, e.g. national parks (Torres-Delgado and Saarinen, 2014;
UNWTO, 2016). This is not to say these issues are not important but
there is a need to provide a more comprehensive view of tourism's
environmental impacts in Iceland. This section presents a short overview
of environmental issues relating to the tourism sector in Iceland and
environmental assessment studies that have been done so far.

The majority of studies that have been carried out in Iceland have
been based on the principles of “carrying capacity” defined as the level
of use an area can accommodate in terms of ecological limits (Buckley,
1999). Studies of this sort have been carried out since 1999 in Iceland
and have been site and issue-specific, often focused on the degradation
of soil and vegetation at popular and/or fragile locations (MII [Minis-
tries of Industry and Innovation], 2018). Carrying capacity is a limited
tool for environmental assessment because it depends to a large extent
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on meeting tourists' preferences and expectations rather than deter-
mining actual limits of use in an area or destination (Buckley, 1999).
This can then lead to a spiral of development as preferences change with
increasingly more tolerant users visiting the sites (Buckley, 1999). Most
studies anticipate and warn against this particular drawback either by
recommending that impact be determined by tourists with the highest
demands on a site's attractiveness (Olafsdéttir and Haraldsson, 2015) or,
that management plans and policies be very explicit about the types of
tourists they intend to attract (Seporsdottir, 2013). Carrying capacity
assessments can be strengthened by wide stakeholder participation to
determine acceptable limits (i.e. how much change and impact are
acceptable) and complimented with a set of site-specific indicators to
measure impacts, especially in terms of the regenerative capacity of
ecosystems (Coccossis and Mexa, 2004).

Due to the fact that Iceland's tourism is mostly nature-based most of
the monitoring of impacts takes place in its protected areas. The Envi-
ronment Agency of Iceland releases annual reports of the state of pro-
tected areas in Iceland; in the most recent report, the increased number
of visitors is listed as a threat factor in nearly all the red-listed sites (EAI
[Environment Agency of Iceland], 2017).

One of the key local environmental pressures from tourism in Iceland
is the degradation of soil and vegetation due to the increase in the
numbers of visitors in recent years (OECD [Organization for Economic
Cooperation and Development], 2014). A number of studies have esti-
mated the possible impact and/or extent of recreational trampling and
the erosion of trails and tracks in popular destinations and national
parks in the country [e.g. (Olafsdéttir and Runnstrom, 2013; Olafsdéttir
and Runnstrom, 2015; Schaller, 2014)]. Due to the sensitivity of vege-
tation in Iceland, even relatively low levels of degradation of vegetation
and soil around popular hiking trails can have serious consequences for
the underlying soil bank as it is left exposed to wind and water, leading
to further degradation spreading to larger areas (Arnalds and Thorsson,
2012). In addition, off-road driving, although legally banned in Iceland,
is a frequent occurrence. Tracks formed by motorized vehicles can both
degrade the landscape and lead to soil erosion (EAI [Environment
Agency of Iceland], 2021). Finally, due to the recent decrease in tour-
ism's high seasonality popular (and often protected) sites do not have the
time to recover between periods of visitation (EAI [Environment Agency
of Iceland], 2017).

Other local environmental concerns related to tourism include con-
cerns about biodiversity and, in particular, various threats to flora and
fauna. For example, bird populations can come under threat when
exposed to increasingly larger numbers of visitors. However, these
threats can be successfully managed by restricting access to certain areas
at nesting times (OECD [Organization for Economic Cooperation and
Development], 2014). These areas can be determined based on the
detailed assessments provided by the IINN (Skarphédinsson et al.,
2016).

Another key environmental pressure arises from tourism-specific
construction activities and infrastructure development. Construction
can have several environmental impacts from direct land-based impacts
and increased greenhouse gas emissions during the construction phase
and embodied emissions in materials, to increased natural resource
consumption (e.g. water and energy). The number of hotel rooms in
Iceland increased by 217 in 2014, by 874 in 2015 and by 1036 in 2016
(Statistics Iceland, 2021b); a 50% increase in rooms is expected in the
capital and a 20% increase in the countryside by 2020 (Kolbeinsson,
2017). In addition, Keflavik airport has doubled in size since the early
2000s partly because it also serves as an airport hub with about 30% of
passengers being through passengers. Alongside these, is also the con-
struction of tourism-specific facilities at popular destinations e.g. toilets,
road construction and other facilities. No studies have been done in
Iceland that take these indirect impacts into account. Road construction
can also lead to degradation of landscapes by providing increased access
to sensitive areas (Olafsdéttir and Haraldsson, 2015).

Relevant to the issue of road construction and infrastructure is
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Iceland's transportation system which, in terms of most frequent mode of
travel within the country, is dominated by the private car. Many tourists
in Iceland rely on rental cars for travelling around the country. Along-
side the rapid increase of visitors there has also been a rapid increase of
rental cars from just below 5.000 cars in 2006 to about 20.800 cars in
2016, with an unprecedented proportional increase of 35% between the
years 2015 and 2016 (Islandsbanki Research, 2017). The increase in cars
can be associated with higher levels of traffic congestion and air pollu-
tion, especially in the capital (EFLA, 2017) and greenhouse gas emis-
sions (IPCC, 2018).

Environmental issues tend to cross geographical boundaries and as
such it is also important to consider larger scale issues such as climate
change when assessing tourism sustainability (Muscardo and Murphy,
2014). Gren and Huijbens (Gren and Huijbens, 2014) point out that
there is no mention of climate change or global environmental change in
Iceland's Tourism Policy for 2011-2020, thus creating “a blank space”
(p- 12) between destination level environmental concerns and wider
global concerns. This is especially noteworthy considering that Iceland's
tourism is to a large extent dependent on international aviation and
travel by private cars within the country.

In addition, cruise ship tourism has increased considerably in recent
years from 28.000 cruise ship passengers in 2001 to nearly 145.000
passengers in 2018 (AIP [Associated Icelandic Ports], 2018). A number
of negative environmental impacts including air pollution, polluting
discharge and greenhouse gas emissions have been associated with
cruise ships (Johnson, 2010) but these effects have yet to be measured in
Iceland.

One recent study estimated the carbon footprint of all inbound
tourism to Iceland and found greenhouse gas emissions from tourism to
have tripled from 2010 to 2015. This was mainly due to transport,
specifically, fuel combustion from road transport (20-30%) and aviation
(70%) since most tourists arrive to the country by plane (Sharp et al.,
2016). Emissions from aviation according to UNFCCC's international
bunker fuel data have more than doubled since 2000 and were 924.68 Kt
CO2e in 2016 (the last submission year) (UNFCCC [United Nations
Framework Convention on Climate Change], 2016).

The scarcity and the lack of comprehensiveness of available studies
assessing the environmental sustainability of tourism in Iceland un-
derscores the usefulness of indicators as an assessment tool for the sus-
tainability performance of its tourism sector (ITB [Icelandic Tourist
Board], 2017). In what follows, a national level indicator set is evaluated
to determine whether it can capture impacts from Iceland's tourism
sector on environmental sustainability.

3. Summary of indicator set under evaluation

The study reviewed here [i.e. (Cook et al., 2017)] developed a
methodology for selecting environmental indicators to assess environ-
mental sustainability performance at the national level using the case
study of Iceland. A two-stage approach was utilized with both bottom-up
focus group interviews and top-down expert assessment in the selection
of indicators, alongside a thorough review of existing indicator sets. The
23 selected indicators were structured into six thematic categories (see
Table Al in Appendix A).

The evaluation of national performance on environmental sustain-
ability proceeded on an indicator by indicator basis and utilized a system
of traffic lights and radar charts for trend and target-based indicators as
a way of summarizing performance results. The study focused on the
performance assessment of Iceland and Norway as illustrative case
studies (Cook et al., 2017).

4. Criteria for evaluation and boundaries for application to
tourism

In this paper, the indicator set which resulted from the Cook et al.
study (Cook et al., 2017) is applied to the case of Iceland's tourism sector
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to evaluate whether a national-level indicator set can capture the im-
pacts of a rapidly growing sector and to identify where there is a need for
improved data collection.

In reviewing the indicator set, the following two criteria were used to
determine the capacity of each nation-level indicator for capturing
tourism's environmental impacts in Iceland:

1. Relevance of each indicator to environmental sustainability in the
Icelandic tourism context i.e. is the indicator capturing pertinent
information? (Janouskova et al., 2015)

2. Measurability in the Icelandic tourism context. Measurability refers
to how the values are measured and the extent to which the indicator
is measuring reality as accurately as possible (Bauler et al., 2007).

When indicators fulfilled the criterion of relevance, an assessment of
measurability was carried out which also highlighted data gaps. A fully
measurable indicator includes data from all the relevant tourism com-
ponents (e.g. fuel emissions from all tourism vehicles, rental cars,
coaches, snowmobiles etc.); a partially measurable indicator includes
data for at least one relevant tourism component (e.g. fuel emissions
from rental cars); limited measurability refers to there being no data
available or that data has not been disaggregated for the sector by the
relevant data collection authorities. The evaluation in Section 5 pro-
ceeds on a thematic basis, indicator by indicator, to assess relevance and
measurability. Following the evaluation, an application of those in-
dicators that met both criteria was carried out for illustrative purposes as
well as a summary evaluation to compare the results of our study (sec-
toral effects — Table 7) to the indicator set that we are evaluating (na-
tional environmental sustainability — Table 8). The summary evaluation
followed the approach of Cook et al. (Cook et al., 2017) where a rolling
3-year average (starting with the years 2012, 2013 and 2014, depending
on data availability) was used to determine trend-based progress to-
wards or away from environmentally sustainable outcomes. The traffic

lights are as follows:
GREEN - improving

YELLOW = little or no change

- = deteriorating
GREY = no data available for a given year

When the change in an indicator was less than 1% point from one 3-
year average to the next it was designated by a yellow traffic light. Grey
traffic lights designate missing data (see Section 7 for the results).

4.1. Study boundaries

Tourism as a sector is diverse and includes different components
(sub-sectors) which together comprise the tourism sector. It is important
to delineate the boundaries for this study. Outbound activities were
excluded since the focus was on the impact of tourism in Iceland on
national level indicators, not of Icelandic tourists abroad. Table A2 in
Appendix A lists all the components that make up the tourism sector
according to internationally accepted statistical classifications for
tourism adapted for the Icelandic sector (Frent, 2015).

5. Evaluation of indicator set and assumptions for application to
tourism

In this section each thematic category and associated indicators
selected by Cook et al. (Cook et al., 2017) were reviewed with respect to
the evaluation criteria listed in the previous section. Tables 1-6 sum-
marize the evaluation while additional information is in the text.
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Table 1
Energy performance indicators and review comments.
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Table 5
Land use, agriculture and fisheries indicators and review comments.

Indicator Measure Comments

Indicator Measure Comments

Carbon intensity of
heat and electricity
generation

Energy intensity of

Total GHG emissions (tCO3e) per
GWh, of combined heat and
electricity generation

Total primary energy supply

Relevant. Partially
measurable.

Relevant. Partially

economic activity (ktoe) per unit of national GDP measurable.
Renewable energy Percentage of renewable energy Relevant. Limited
generation (including waste recovery) as measurability.
share of primary energy supply
Table 2
Waste management indicators and review comments.
Indicator Measure Comments

Total volume of
municipal waste
generation

Recycling of municipal
waste

Waste sent to landfill

Total generation of
municipal waste (thous.
tonnes)

Percentage of municipal
waste recycled
Percentage of municipal
waste sent to landfill

Relevant. Partially
measurable.

Relevant. Limited
measurability.
Relevant. Limited
measurability.

Table 3

Air quality and pollution indicators and review comments.

Pesticide use Total pesticides applied to crops and
seeds expressed in tonnes per thousand
hectares of agricultural land

Total fertilizer consumption (nitrogen
and phosphates) expressed in tonnes
per thousand hectares of agricultural
land

Average ratio of aggregated stock

Relevant. Partially
measurable.

Fertilizer
consumption

Relevant. Partially
measurable.

Sustainability of Not relevant.

fish stocks landings to abundance measured by
scientific stock assessments
Table 6
Biodiversity, forests and soils indicators and review comments.
Indicator Measure Comments
Endangered Total number of threatened species on ~ Relevant. Limited
species the red list measurability.

Forest increment Not relevant.
and fellings
Protection of

areas

Fellings as percentage share of net
natural increment

Total land and marine area of the
International Union for the
Conservation of Nature (IUCN)
protected areas (km?)

Soil erosion by water and air (tonnes
per hectare per year)

Relevant. Limited
measurability.

Relevant. Limited
measurability.

Soil erosion rates

Indicator

Measure

Comments

Total emissions of sulphur
oxide (SOx)

Total emissions of nitrogen
oxide (NOx)

Total emissions of PM 2.5

Total emissions of PM 10

Total emissions of carbon
monoxide (CO)

Total emissions of non-
methane volatile organic
compounds (NMVOC)

Total greenhouse gas
emissions

Carbon intensity of
economic activity

Total measured in thousands
of tonnes of SOx, only from
man-made sources

Total measured in thousands
of tonnes of NOx, only from
man-made sources

Total measured in thousands

of tonnes of PM 2.5, only from

man-made sources

Total measured in thousands
of tonnes of PM 10, only from
man-made sources

Total measured in thousands
of tonnes of CO, only from
man-made sources

Total measured in thousands
of tonnes of NMVOC, only
from man-made sources

Total measured in million
tonnes of CO, equivalent
(MtCOqe) including and
excluding land use, land use
change and forestry (LULUCF)
Total GHG emissions (tCOa)
per unit of national GDP

Relevant. Limited
measurability.

Relevant. Partially
measurable.

Relevant. Partially
measurable.

Relevant. Partially
measurable.

Relevant. Partially
measurable.

Relevant. Partially
measurable.

Relevant. Partially
measurable.

Relevant. Partially
measurable.

Table 4
Water quality and pollution indicators and review comments.
Indicator Measure Comments
Fresh and Percentages of fresh and Relevant. Limited
groundwater groundwater abstraction as measurability.
abstraction proportion of long term average
available water
Wastewater Percentage of population connected Relevant. Limited
treatment to urban wastewater receiving at measurability.

least secondary treatment

5.1. Energy performance

For this thematic category, three indicators were chosen in the
original set. All three were deemed relevant to the tourism context in

Iceland as tourism accommodation uses energy and most tourism es-
tablishments are connected to the national energy grid. In addition, the
road passenger transport component of tourism is nearly exclusively
based on oil use in Iceland (NEA [National Energy Authority], 2021)
(see Table 1).

Carbon intensity of heat and electricity is relevant and partially
measurable. A large percentage of both electricity generation (nearly
100%) and heat production (97%) in Iceland in 2015 was based on
renewable energy sources (OECD and IEA [International Energy
Agency], 2017). In this paper the share of greenhouse gas emissions
from combined heat and electricity of local residents versus tourists
based on their respective populations and length of stay was estimated.
Average length of stay was calculated through figures given in self-
report surveys by both local residents and international tourists
covering the period 2011-2016 (ITB [Icelandic Tourist Board], 2021).

Energy intensity of economic activity is relevant in the context of the
tourism industry especially as regards the oil consumption of rentals,
coaches and other tourism-specific vehicles, but there is scant data on
the oil consumption of tourism-specific vehicles. Although data is
available at the national level on the average fuel consumption of cars in
Iceland from 2006 to 2015 (NEA [National Energy Authority], 2021)
data relating to the average consumption of a rental vehicle is based on
an estimated fig. (Islandsbanki Research, 2016). The estimated figure
was used to derive the fuel consumption of rental cars for the years
2011-2016 taking into account the amount of registered rental cars
(Statistics Iceland, 2021c¢).

Finally, regarding renewable energy generation, the indicator is rele-
vant since tourism establishments are for the most part connected to the
national energy grid (ITSO [Icelandic Transmission System Operator],
2021). However, measurability is limited as there is no available data on
the number of establishments connected to the grid or the amount of
electricity they use.

5.2. Waste management

For this thematic category there were three indicators chosen in the
original set. All three were deemed relevant to the tourism context in
Iceland (see Table 2). However, measurability is limited since the
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tourism industry cannot be adequately isolated from other waste sources
in the municipal waste stream. Accommodations and the food/beverage
industry are both included in the municipal waste stream but data is not
collected separately for tourism-specific components. According to an
expert at the Environment Agency of Iceland (which oversees data
collection for waste), the municipal waste stream includes all businesses
and public institutions, and, as such, it can be assumed that it over-
estimates waste volumes for certain components of the tourism industry
(B. Stefansdoéttir, personal communication, April 14, 2021).

The effects of tourism's growth on municipal waste generation have
been previously demonstrated in the literature (Mazzanti and Zoboli,
2009; Arbula et al., 2015). In this paper, a simple regression analysis
showed that GDP significantly predicted municipal waste generation,
= 0.0001299, t (19) = 9.51, p < .001. The overall model fit was R? =
0.82, F (1,20) = 92.56, p < .001. The regression equation was therefore
used to predict the volume of municipal waste using tourism's direct
GDP values (see Section 6.2).

5.3. Air quality and pollution

For this thematic category eight indicators were chosen in the orig-
inal set designed for national evaluation. All eight were deemed relevant
to the Icelandic tourism context especially those that pertain to road
traffic emissions since the transportation sector is an integral tourism
sector component (see Table 3). However, issues of measurability
pertain to all.

In this paper an estimate of the share of road traffic emissions by
rental cars most of which are used by tourists in Iceland was calculated.
The estimate is limited by data availability and does not include other
tourism-specific vehicles, such as coaches, trailers, snowmobiles etc. The
assumptions for this estimation were the same as in the energy intensity of
economic activity indicator above but the time period is further limited by
data availability in the air pollution emissions data.

Man-made sulphur oxide (SOx) emissions are primarily related to re-
ported emissions from geothermal energy production in Iceland, or
nearly 85% (EEA [European Environment Agency], 2014b). Geothermal
energy is Iceland is mostly used for space heating (45%) and electricity
generation (40%) (NEA [National Energy Authority], 2021). This indi-
cator is relevant to the tourism industry especially as regards the non-
transport-related components, e.g. accommodation, food and
beverage. However, there is no data available on SOx emissions of
tourism-specific components which means that the indicator does not
fulfil the measurability criterion.

Total greenhouse gas emissions and the carbon intensity of economic
activity are important indicators in assessing the environmental sus-
tainability of a country, as well as a sector. However, measurability is a
hindrance since there is no time-series data of tourism sector-specific
greenhouse gas emissions. Here the contribution of rental cars to the
overall emissions from the Icelandic transportation sector was estimated
leading to a partial measurement of greenhouse gas emissions from the
tourism sector.

5.4. Water quality and pollution

Both indicators in this thematic category were deemed relevant but
there are issues of measurability with both (see Table 4). Water
abstraction serves as an indication of whether water resources are being
depleted faster than their rate of renewal. It is not possible to isolate the
tourism sector's contribution to water abstraction. Iceland has ample
water resources on a per capita basis (IoES [The Institute of Economic
Studies], 2011), however, due to the increase in visitor numbers it is an
important issue to monitor.

Wastewater treatment is relevant in the tourism context largely due to
the possible dual effects from seasonality and distribution of tourists.
Despite the relatively high assimilative capacity of land and sea in Ice-
land it is important to monitor sewage treatment since the accumulation
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of impacts in vulnerable areas can cause significant damage (OECD
[Organization for Economic Cooperation and Development], 2014).
However, there are issues with measurability with this indicator since it
is measures only what share of the resident population is connected to
urban wastewater treatment facilities and does not take into account the
infrastructural pressures from visitors.

5.5. Land use, agriculture and fisheries

The first two indicators in this category can only partially account for
tourism impacts on the environment in Iceland (see Table 5). The in-
dicator on fisheries is not relevant to the Icelandic tourism context
because the Icelandic Fisheries Management System (FMS) with its Total
Allowable Catch (TAC) rule precludes overfishing based on biophysical
limits regardless of market demand (Matthiasson, 2012).

Pesticide use and fertilizer consumption are relevant to the tourism
sector, in so far as these indicators can be linked to local food con-
sumption by tourists in Iceland. In this paper the food consumption of
local residents versus tourists was estimated based on the size their
respective populations and their length of stay, assuming similar diets.
These figures were then used to estimate tourists' share of the use of
pesticides and consumption of fertilizers as compared to the resident
population.

5.6. Biodiversity, forests and soils

Three of the four indicators in this thematic category were deemed
relevant to the tourism context but none met the criterion of measur-
ability (see Table 6). Forest increment and fellings is not relevant to the
Icelandic tourism context as there is no connection of tourism to
deforestation in Iceland and no deforestation has occurred in the last few
decades (IFS [Iceland Forest Servicel], 2017).

Due to the seasonality and concentration of tourists in areas of high
conservation value, impacts on local flora and fauna can be considerable
(Buckley, 2011). In addition, tourists can inadvertently carry with them
invasive pathogens, plants and animals (Pickering and Mount, 2010;
Wasowicz, 2016). As such, endangered species are a relevant issue, but it
is very difficult to disaggregate which impacts are directly attributable
to tourists.

The protection of areas is important for tourism as it is a means of
guaranteeing the natural resource base upon which much of tourism
depends. However, an indicator which only measures the total land or
marine area under protection without taking into account whether these
areas are adequately protected fails the criterion of measurability and
provides a misleading picture of the state of the environment.

Relating to conservation issues is the matter of soil conservation. Soil
erosion is a long-standing environmental issue in Iceland and one that is
also very relevant in the tourism context (OECD [Organization for
Economic Cooperation and Development], 2014). Increased tourism is
not the only cause of soil erosion in Iceland (Arnalds and Thorsson,
2012) so an indicator would have to address soil erosion issues more
specific to tourism impacts, such as off-road driving, trampling and track
erosion.

To sum up, of the total of 23 indicators from the national indicator
set under review here (Cook et al., 2017), 21 of the indicators were
deemed relevant and out of those 12 were partially measurable, 10 did
not meet the criterion of measurability and two were deemed not rele-
vant. In applying these indicators to the tourism sector, data availability
often precluded entirely accurate estimations and various assumptions
had to be made in order to calculate the relevant indicators. In the next
section, the indicators which met both the relevance and measurability
criteria were calculated for illustrative purposes.

6. Application of indicator set with respect to tourism impacts

In this section 12 of the indicators (for which it was possible to
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provide a partial measurement) were calculated and graphically pre-
sented for illustrative purposes. Only partial measurement was possible
due to lack of data. Finally, a summary evaluation is presented at the end
of this section using a traffic-light system. This constitutes a preliminary
assessment; fuller evaluation represents future research for the authors.

6.1. Energy performance

The estimated share of greenhouse gas emissions (GHG) from heat
and electricity production attributed to foreign visitors rose from 8.23
Gg in 2011 to about 14 Gg in 2014 (see Fig. 1). Total GHG emissions
from heat and electricity in 2014 were 207.49 Gg and most of them
(nearly 90%) were due to geothermal energy production.

The estimated energy intensity of car rentals has decreased some-
what since 2011 from 0.31 to 0.25 units in 2016 (see Fig. 2) though it is
difficult to confidently discern trends for such a short time period.

6.2. Waste management

Fig. 3 shows the amount of waste predicted by the direct contribution
of tourism to GDP. The volume of municipal waste rises with increased
GDP as would be expected from about 28 thousand tonnes in 2009 to
about 47 thousand tonnes in 2016. However, this is likely under-
estimating the volume of municipal waste generated as it only accounts
for the direct contribution of tourism to GDP. Total municipal waste
generation was 132 thousand tonnes in 2009 and rose to 193 thousand
tonnes in 2016 (Johnson, 2010). In other words, the proportion of
municipal waste generated as predicted by tourism direct GDP has risen
from 21% in 2009 to 24% in 2016.

6.3. Air quality and pollution

The results represented in Figs. 4-10 are based on estimated figures
on the share of road traffic emissions by rental cars for those years where
data is available.

The estimated share of NOx road transport emissions from rental cars
in Iceland rose from 0.35 thousand tonnes in 2011 to 0.67 thousand
tonnes in 2015 (see Fig. 4). Approximately 19% of the total NOx emis-
sions in 2015 (most recent available data) originated from road traffic
emissions (OECD, 2017).

The estimated share of PM 10 road transport emissions from rental
cars in Iceland rose from 0.01 thousand tonnes in 2011 to 0.02 thousand
tonnes in 2013 (see Fig. 5). Approximately 5% of the total PM 10
emissions in 2015 (most recent available data) originated from road
traffic emissions (OECD, 2017).

The estimated share of PM 2.5 road transport emissions from rental
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Fig. 1. Estimated share of GHG emissions from combined heat and electricity
by foreign visitors and local residents (Data sources: 71, 77).
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Fig. 2. Estimated total primary energy supply from car rentals (ktoe) per unit
of tourism direct GDP (million ISK) [Data sources: (Statistics Iceland, 2021a;
fslandsbanki Research, 2016; Statistics Iceland, 2021¢)].
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Fig. 3. Predicted municipal waste generation from tourism direct GDP as part
of total municipal waste generation [Data sources: (Statistics Iceland, 2021a;
Eurostat, 2017)].
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Fig. 4. Estimated share of NOx road transport emissions by rental cars [Data
sources: (slandsbanki Research, 2016; Statistics Iceland, 2021c; OECD, 2017)].

cars in Iceland was around 0.01 throughout 2011-2013 (see Fig. 6).
Approximately 4% of the total PM 2.5 emissions in 2013 (most recent
available data) originated from road traffic emissions (OECD, 2017).

The estimated share of CO road transport emissions from rental cars
in Iceland rose from 1.25 thousand tonnes in 2011 to 2,07 thousand
tonnes in 2015 (see Fig. 7). Approximately 12% of CO emissions in 2015
(most recent available data) originated from road traffic emissions
(OECD, 2017).

The estimated share of NMVOC road transport emissions from rental
cars in Iceland rose from 0.23 thousand tonnes in 2011 to 0.43 thousand
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Fig. 5. Estimated share of PM 10 road transport emissions by rental cars [Data
sources: (fslandsbanki Research, 2016; Statistics Iceland, 2021¢; OECD, 2017)].
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Fig. 6. Estimated share of PM 2.5 road transport emissions by rental cars [Data
sources: (Islandsbanki Research, 2016; Statistics Iceland, 2021c; OECD, 2017)].
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Fig. 7. Estimated share of CO road transport emissions by rental cars [Data
sources: (Islandsbanki Research, 201 6; Statistics Iceland, 2021c; OECD, 2017)].

tonnes in 2015 (see Fig. 8). Approximately 50% of NMVOC emissions in
2015 (most recent available data) originated from road traffic emissions
(OECD, 2017).

The estimated share of greenhouse gas (GHG) emissions from rental
cars has risen from approximately 62 Gg CO2e in 2011 to around 101 Gg
CO2e in 2014 (see Fig. 9). Total road transport emissions in 2014 were
approximately 800 Gg (UNFCCC [United Nations Framework Conven-
tion on Climate Change], 2016).

The estimated carbon intensity of rental cars seems to have
decreased somewhat from 0.97 in 2011 to 0.85 in 2015 (see Fig. 10)
though it is difficult to conclude anything from such a short time scale.
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Fig. 8. Estimated share of NMVOCs road transport emissions by rental cars
[Data sources: (fslandsbanki Research, 2016; Statistics Iceland, 2021c;
OECD, 2017)].
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Fig. 9. Estimated share of GHG emissions from rental cars of total road traffic
GHG emissions (Gg CO2e) [Data sources: (UNFCCC [United Nations Framework
Convention on Climate Change], 2016; Islandsbanki Research, 2016; Statistics
Iceland, 2021¢)].
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Fig. 10. Total estimated GHG emissions from rental cars (Gg CO2e) per unit of
tourism direct GDP (million ISK) [Data sources: (Statistics Iceland, 2021a;
UNFCCC [United Nations Framework Convention on Climate Change], 2016;
Islandsbanki Research, 2016; Statistics Iceland, 2021¢)].

6.4. Land use, agriculture and fisheries’

The fertilizers here are composed of three different fertilizers: ni-
trogen (N), phosphorous (P) and potash (K). In general fertilizer use —

! Fertilizers and pesticides are in tonnes of active ingredients due to data
availability. In the original indicator set these were in tonnes per thousand
hectares of agricultural land.
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and especially nitrogen — increased somewhat in 2014 compared to
2011 but not as much as in 2008 when fertilizer use peaked when
compared to 1990 levels (Statistics Iceland, 2021d). The estimated share
of fertilizer use attributed to foreign visitors' consumption raised from
approximately 549 t to 1611 t (see Fig. 11).

In general, the highest consumption of pesticides since 1999 was 6 t
in 2004. Since then it has fluctuated between 2 and 5 t per year with no
clear trends (Faostat, 2017). The estimated consumption of pesticides
attributed to tourists has risen from 0.14 to 0.25 t (see Fig. 12).

7. Summary evaluation

The aim of this paper was to assess whether national-level indicators
of sustainability could capture sectoral effects. Using the approach of
Cook et al. (Cook et al., 2017) Table 7 summarizes the above results in a
traffic light system in order to show trend-based progress towards
environmental sustainability outcomes. A trend-based approach was
chosen due to the lack of clear targets. It was only possible to calculate
rolling averages for nine out of the 12 partially measured indicators and
as can be seen from the grey traffic lights, data availability is a frequent
hindrance. The table provides an overview of all the indicators that were
partially measured and/or estimated followed by the national summary
evaluation adapted from Cook et al. (Cook et al., 2017) for comparison's
sake and for illustrative purposes.

Table 8 presents the trend-based summary for these same indicators
but at the national level for the sake of comparison. Municipal waste
generation has been increasing in the last few years and tourism is a
factor in this increase. Energy intensity in tourism (as partially measured
here) has been decreasing and so is the case also at the national level. It
is not clear how tourism may be impacting fertilizer use as there seems
to be no general trend at the national level. A negative trend in the
context of tourism does not always translate to a negative trend in the
national context which would imply that tourism's impact on the na-
tional performance of Iceland is not pronounced. This assessment is,
however, very limited due to data availability issues in the estimations
which often lead to the under measurement of key indicators e.g. GHG
emissions only from rental cars rather than all tourism-specific vehicles.
The various shortcomings of the indicator set as well as issues to do with
data availability are addressed in the discussion.

8. Discussion

Iceland's tourism sector expanded considerably between the years
2012-2018 raising concerns about associated environmental impacts.
An indicator set that aims to determine environmental performance at
the national level should be able to capture the impact of large-scale
changes in the structure of the economy. This preliminary analysis
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Fig. 11. Estimated share of fertilizer consumption attributed to local residents
and foreign visitors [Data sources: (ITB [Icelandic Tourist Board], 2021; Sta-
tistics Iceland, 2021d)].
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Fig. 12. Estimated share of pesticide use attributed to local residents and
foreign visitors [Data sources: (Faostat, 2017; ITB [Icelandic Tourist
Board], 2021)].

showed that the indicator set under review here was only partly suitable
for capturing the impact of a growing economic sector (in this case
tourism) on the overall environmental sustainability performance of
Iceland. Out of the total of six thematic categories in the indicator set
under evaluation (Cook et al., 2017) (see also Appendix A), partial
measurement was mostly possible for three of these i.e. energy perfor-
mance; air quality and pollution; and land use, agriculture and fisheries.
One of the indicators within these themes did not meet the relevance
criterion. In the thematic categories of waste management; water quality
and pollution; and biodiversity, forests and soils; most indicators (seven)
were of limited measurability and two were deemed irrelevant.

There are a few reasons why the national-level set under evaluation
here was not entirely able to capture the impacts of a growing sector.
First, many of the indicators do not disaggregate the different sources of
impacts by economic sector. This is especially true about the tourism
sector, which is also a more diverse and fragmented sector than other
traditional sectors of the Icelandic economy such as fisheries or heavy
industry. In some cases, such differentiation is in principle possible but
has not been carried out by the relevant institutions at the data collec-
tion stage. For example, data on fuel emissions by tourism-specific ve-
hicles is available at the company level but has not been compiled by a
relevant institution e.g. Statistics Iceland. Similarly, collection of waste
data can be improved by changing how the data is statistically catego-
rized. In general, Iceland's statistical information would greatly benefit
from the implementation of a green accounting system such as, the
European environmental economic accounts.

In other cases, data differentiation is practically complex as the
causal link between certain environmental issues and tourism is not
clearly established. For the tourism sector in particular, there is the
further complication of several different components which need to be
taken into account. In some cases, these components are not entirely
specific to tourism (e.g. the food and beverage sector), necessitating
further disaggregation within specific component sectors.

Second, some issues are likely to be more pronounced in areas that
are both fragile and highly popular with visitors. Some national-level
indicators are too broad to adequately capture the impacts to specific
locations which would require more fine-grained information. A
prominent example is the issue of soil erosion related to increased
numbers of visitors to protected areas and/or popular destinations in
Iceland. It should be noted though that data is lacking on soil erosion
also at the national level.

Despite the indicator set's inclusion of a protected areas indicator, it,
nonetheless, fails to capture impacts to protected areas which are under
strain in Iceland due to increased tourism. This is a shortcoming that is
relevant not only in attempting to capture impacts from an economic
sector from an indicator set designed to measure national-level effects,
but also when assessing environmental sustainability in general. As a
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Table 7
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Trend-based environmental sustainability performance of the Icelandic tourism sector; adapted from (Cook et al., 2017).

Theme Indicator

Energy Estimated energy intensity

performance | (rental cars)

Waste Municipal waste generation

management | from tourism (predicted
values)

Air quality Estimated NOx emissions

and pollution | (rental cars)

Estimated CO emissions

(rental cars)

Estimated NMVOCs

emissions (rental cars)

Estimated GHG emissions
excl. LULUCF

(rental cars)

Estimated carbon intensity

(rental cars)

Land use, Estimated fertilizer use

agriculture

and fisheries | Estimated pesticide use

recent study has shown, one-third of protected areas globally are under
intense human pressure (Jones et al., 2018), which highlights the
importance of developing indicators which measure not only the num-
ber of areas protected but also the state of the environment in these
areas. A useful amendment to the set would be to complement the
protected areas indicator with a current status indicator based on the
Icelandic Environment Agency's reports described above (EAI [Envi-
ronment Agency of Iceland], 2017).

Third, the national approach places artificial boundaries on sectoral
impacts which tends to underestimate the sector's contribution to in-
ternational environmental issues. This is particularly pertinent as
regards greenhouse gas emissions from international aviation which
Icelandic tourism largely depends upon. It is not clear how to account for
these emissions and whether they should be attributed to the visitor's
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destination or country of origin, or if they should be shared somehow
among different countries (Gossling, 2013). Nor is it clear how stopover
flights in Iceland's main international airport should be accounted for.
Nonetheless, considering the proportionally high amount of emissions
from aviation, an indicator would have to be included to capture these in
order to better inform national policy on emission trends and reductions.

Finally, there are also sectoral effects which are omitted in the in-
dicator set under evaluation: a) issues specific to environmentally sen-
sitive areas such as trampling, off-road driving, trail erosion and so on;
b) impacts from cruise ships such as air pollution, sewage treatment, and
flora and fauna disturbance by passengers visiting the coast line with
boats; ¢) impacts from construction of tourism-specific facilities and
accommodation such as waste, material transport and associated
greenhouse gas emissions, energy and water consumption and so on; d)
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Table 8
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Trend-based environmental sustainability performance of Iceland; adapted from (Cook et al., 2017).

Theme Indicator

Energy Energy intensity
performance

Waste Total municipal waste
management | generation

Air quality Total NOx emissions

and pollution

Total CO emissions

Total NMVOCs emissions

Total GHG emissions (excl.

LULUCF)

Carbon intensity

Land use, Fertilizer use

agriculture

and fisheries | Pesticide use

effects from tourism development especially with regard to sensitive and
wilderness areas and, e) noise disturbances to wildlife. In order to
address these omissions, the national level indicators would have to be
complemented with sector-specific satellite indicators representing
future research for the authors.

Notwithstanding these limitations, a national level indicator set (as
opposed to a global or regional indicator set) is more likely to capture
impacts that are highly relevant to the country in question when it has
already identified those indicators that are pertinent to its environ-
mental sustainability (Olafsson et al., 2014). This applies especially in
cases where the economy is small but highly specialized (Johannesson
et al.,, 2018) and where individual sectors have proportionally large
impacts. National-level assessments of tourism are not common in part
because they can be challenging due to the fragmented nature of the
tourism sector comprised by component sectors (Dubois, 2005). Despite
the challenges, national assessments are an important tool in guiding
national policies on sustainable tourism and in ensuring that sectoral
approaches to environmental management are comprehensive.

Various national policies are important in the context of the Icelandic

11

tourism industry's environmental performance. Although there is no
sectoral policy for decarbonisation, Iceland's Climate Action Plan for
2018-2030 stipulates the transition to electric vehicles as one of the
main avenues towards decarbonisation in the coming years (MENR
[Ministry for the Environment and Natural Resources], 2018). Trans-
portation has also been singled out as an important area for reducing
carbon emissions within the tourism industry (Sutherland and Stacey,
2017; Cook et al., 2019) and, is therefore, an important category to
quantify. The car rental industry, for example, also supplies the general
market with used cars which underlies their importance to the Icelandic
transportation sector in general and not just in the context of tourism.
There has been growing awareness of the national and international
implications of climate change by Icelandic tourism operators and ac-
commodation providers and especially larger companies have increas-
ingly been measuring their carbon emissions as part of their
environmental management systems [e.g. (Mountaineers of Iceland,
2021)]. The effects of these initiatives are difficult to quantify, however,
in part because the data is not collected at the industry level or made
publicly available on most companies' reports.
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Although national policy with regards to the tourism sector has been
lagging there are positive developments such as a draft for Iceland's first
national policy on aviation including the importance of addressing
carbon emissions (MRLG [Ministry of Transport and Local Government],
2019), the development of multi-dimensional indicators for the sector
(EFLA, 2018), and, data collection in connection to the SDGs (Statistics
Iceland, 2021e). How effective these policies will be in managing
environmental impacts from Iceland's tourism sector will depend on
their implementation. Stricter regulations have also been proposed to
effectively ban the use of Heavy Fuel Oil (HFO; used by various vessels
including cruise ships) within Iceland's territorial waters by 2020 which
would address some of the concerns in relation to cruise ship pollution at
Icelandic ports (Benediktsdottir, 2019). Ultimately the challenge for
tourism (as with other sectors of the economy) is how it can be
accommodated within resource limits and planetary boundaries
(Higham and Miller, 2018). In Iceland, as elsewhere, this process can
only begin with accurate and comprehensive measurement, and envi-
ronmental sustainability indicators are well-suited for this purpose.

9. Conclusion

Using a previously developed indicator set specific to Iceland, this
paper attempted to evaluate whether an indicator set focused on the
national scale could capture the environmental sustainability impacts of
the rapidly growing tourism sector in Iceland and how that may be
affecting Iceland's overall environmental performance.

The collection of integral economic data for the tourism sector in
Iceland has outpaced the collection of environmental data which is
arguably equally integral to the continuing prosperity of the sector in

Appendix A
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Iceland (Sutherland and Stacey, 2017). Given improved data collection,
many of the indicators would be useful in the assessment of tourism
impacts in Iceland, particularly in connection to tourism's contribution
to water and air pollution, waste generation and carbon intensity. Others
would have to be re-considered and improved with a sectoral approach
in mind representing future analysis for the researchers.

Measuring sector-specific impacts provides indispensable informa-
tion in developing national and sectoral policies to improve the envi-
ronmental performance of nations. As this investigation has shown,
taking the national context into account constitutes only a starting point
and capturing sectoral impacts on national performance presents new
challenges (MENR [Ministry for the Environment and Natural Re-
sources], 2018). Nonetheless, the collection of important environmental
impact data from a nation's largest sectors provides essential informa-
tion for policy makers and managers attempting to reduce environ-
mental impacts. For example, the collection of waste flow and fuel
emission data can be substantially improved so that major economic
sectors and their impacts can be accurately represented in the national
statistics registry. This investigation highlighted data gaps and provided
a preliminary assessment of indicators relevant to measuring impacts
from tourism. Future research would also have to examine account-
ability in terms of how accurate the collected data is.
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Indicators of environmental sustainability at the national level [source: (Cook et al., 2017)].

Theme Indicator

Measure

Energy performance

Waste management

Air quality and pollution

Water quality and
pollution

Land use, agriculture and
fisheries

Biodiversity, forests and
soils

Carbon intensity of heat and electricity generation
Energy intensity of economic activity
Renewable energy generation

Total volume of municipal waste generation
Recycling of municipal waste

Waste sent to landfill

Total emissions of sulphur oxide (SOx)

Total emissions of nitrogen oxide (NOx)

Total emissions of PM 2.5

Total emissions of PM 10

Total emissions of carbon monoxide (CO)

Total emissions of non-methane volatile organic
compounds (NMVOC)

Total greenhouse gas emissions

Carbon intensity of economic activity
Fresh and groundwater abstraction

Wastewater treatment
Pesticide use

Fertilizer consumption
Sustainability of fish stocks
Endangered species

Forest increment and fellings

Protection of areas

Soil erosion rates

Total GHG emissions (tCOz) per GWh, of combined heat and electricity generation
Total primary energy supply (ktoe) per unit of national GDP

Percentage of renewable energy (including waste recovery) as a share of primary energy supply
Total generation of municipal waste (thousand tonnes)

Percentage of municipal waste that is recycled

Percentage of municipal waste that is sent to landfill

Total measured in thousands of tonnes of SOx, only from man-made sources

Total measured in thousands of tonnes of NOx, only from man-made sources

Total measured in thousands of tonnes of PM 2.5, only from man-made sources
Total measured in thousands of tonnes of PM 10, only from man-made sources
Total measured in thousands of tonnes of CO, only from man-made sources

Total measured in thousands of tonnes of NMVOC, only from man-made sources

Total measured in million tonnes of CO; equivalent (MtCOe) including and excluding land use,
land use change and forestry (LULUCF)

Total GHG emissions (tCOy) per unit of national GDP

Percentages of fresh and groundwater abstraction as proportion of long term average available
water

Percentage of population connected to urban wastewater receiving at least secondary treatment
Total pesticides applied to crops and seeds expressed in tonnes per thousand hectares of
agricultural land

Total fertilizer consumption (nitrogen and phosphates) expressed in tonnes per thousand
hectares of agricultural land

Average ratio of aggregated stock landings to abundance measured by scientific stock
assessments

Total number of threatened species on the red list

Fellings as percentage share of net natural increment

Total land and marine area of the International Union for the Conservation of Nature (IUCN)
protected areas (km?)

Soil erosion by water and air (tonnes per hectare per year)
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Table A2
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Tourism classification [source: (UNFCCC [United Nations Framework Convention on Climate Change], 2016)].

UNWTO categories

Tourism industry components

Icelandic categories

Description

Al. Tourism characteristic products/industries (for international comparability)

1. Accommodation for visitors

)

. Food and beverage serving activities

w

. Road passenger transport

N

. Water passenger transport

v

. Air passenger transport

(=2}

. Transport equipment rental

N

Travel agencies and other reservation service activities

®

Cultural activities

©

Sports and recreational activities

A2. Other consumption patterns
Goods purchased from trade activities

10. Other services

Hotels and similar accommodation, without restaurants
Hotels and similar accommodation, with restaurants
Holiday and other short-stay accommodation

Camping grounds, recreational vehicle parks and trailer parks
Other accommodation

Restaurants and mobile food service activities

Other food service activities

Beverage serving activities

Taxi operation

Other passenger land transport not elsewhere classified
Sea and coastal passenger water transport

Inland passenger water transport

Scheduled air transport

Non-scheduled air transport

Renting and leasing of cars and light motor vehicles
Renting and leasing of trucks

Travel agency activities

Tour operator activities

Other reservation service and related activities
Performing arts

Supporting activities to performing arts

Artistic creation

Operation of arts facilities

Museums activities

Operation of historical sites and buildings and similar visitor attractions
Botanical and zoological gardens and nature reserves activities
Renting and leasing of recreational and sports goods
Gambling and betting activities

Operation of sports facilities

Fitness facilities

Other sports activities

Activities of amusement parks and theme parks

Other amusement and recreation activities

Wholesale trade
Retail sale
All the rest of industries providing services to tourists
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