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A B S T R A C T

This paper analyses the CO2 emissions and the water use embodied in international trade in Italy. It is well
documented that consumption of goods places a considerable strain on the environment and this phenomenon
is further exacerbated by imports for domestic usage, which entail exploitation of water and environment. In
this respect, the analysis focuses on the determination of Italian carbon and water footprints, which are two
indicators able to determine how the human activities affect the environment, through the Multiregional and
multindustry Input-Output model based on the World-Input-Output Database. The results show that CO2

emissions and water use associated with Italian imports were greater than CO2 emissions and water use
associated with Italian export, mainly because the exploitation of resources in Italy is higher in the consumption
phase than in production processes.

1. Introduction

The environmental exploitation and deterioration causing global
warming and climate change have received a lot of attention at national
and international level in the recent years. In particular, the environ-
mental agendas of governments and international organisations fo-
cused on the increase in greenhouse gases (GHG) emissions and the
water scarcity [1]. Indeed, the reduction of GHG emissions represents
the worldwide target to be achieved in order to contain the global
warming since the IPCC first assessment report was released in 1990
[2]. This document inspired the establishment of the United Nation
Framework Convention on Climate Change (UNFCCC) that led to the
ratification of Kyoto Protocol in 1997 [3]. This brought out the exigency
to understand what activities generates GHG emissions and how they
can be effectively reduced.

Focusing on the first aspect, in a context characterised by a
significant growth of international trade it becomes crucial to take into
account the contribution of trade to the global warming and climate
change [4]. Indeed, it has been widely accepted that the increase in
international trade has generated a significant growth in economic
activities around the globe [5] and has changed the production and
consumption perspectives, leading to a split of goods and services
locations of production and consumption. Many production processes
located in developed countries are purchasing goods and services from
developing countries, which may results in the relocation of natural

resources, energy use and pollution to developing countries [6]. Even
though the Kyoto agreement has set clear targets to be achieved by each
country, the contribution of international trade in GHG emission (or
alternatively the shift of GHG emissions among countries) constituted
a minor issue and it was not addressed in the discussion during the
meeting. Nevertheless, the transformation of GHG emissions among
countries and regions through international trade has become a
relevant issue in recent time. The weight of global GHG emissions
related to exports has reached the 30% of global emissions in 2013 [6]
and this global trend is confirmed by several countries statistics on
emissions [7–14].

Whereas the introduction of the Clean Development Mechanism
(CDM) in the Kyoto Protocol as a tool to address the global emission
was not effective [15], the traditional production-based approach of
emissions accounting should be accompanied by a consumption-based
approach. Following this line, emissions embodied in imports and
exports should be considered in addition to the emissions generated
from production activities within a country boundary to determine the
amount of emissions directly and indirectly generated in a country
[16]. Indeed, the international trade can be seen as an opportunity to
implement the climate policy through a set of trade based mechanisms
like border tax adjustments [17–19].

In this paper, we decide to follow the footprint approach that has
the capability of ascertaining as to how the human activities weight on
environment [20].
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We concentrate on the Italian case and develop a quantitative
analysis of the carbon and water footprints with a particular attention
to the measurement of CO2 emissions and water use embodied in
international trade. Indeed, in the last decade, Italian Government paid
a great attention to environmental issues and in particular, to the
control of CO2 emissions and to the sustainable use of fresh water,
anticipating in many cases, the environmental policies set forth by the
EU. Even if these efforts results in a reduction of carbon emissions
(around −23% with respect to 1990) and water footprint, the Italian
environmental policies should be developed in order to meet with the
EU targets of 2020.

In this respect, we are interested in detecting what is the incidence
of CO2 emissions and water use related to international trade, in order
to enlarge the possibilities for the policy maker, to develop effective
environmental policies. For this purpose, we perform a detailed
analysis on the emissions and water use embodied in Italian exports
and imports according to the consumer approach using a new set of
high-resolution global multi-region input–output (MRIO) tables.

The article is organised in six sections explaining the methodology
adopted, the results of the analysis and some final considerations. In
particular, Section 2 provides a brief review on MRIO models and their
contribution on environmental analysis; Section 3 describes in detail
the dataset and the MRIO model used in this study; Section 4 discusses
the results of the analysis for the carbon footprint and Section 5 for the
water footprint; Section 6 offers some final considerations.

2. Background on environmental multisectoral approach

The multisectoral approach is one of the most frequently used
methodology in determining the environmental pressure of human
actions and footprint indicators [16]. Environmental extended Input-
Output models in particular, allows evaluating the different agents’
contribution on pollution when operating in the economic system both
from production and consumption side [34–36]. They provide a useful
instrument to understand the incidence of international trade to
environmental damages, or in other words, the phenomenon of carbon
dioxide and water use burden-shifting among countries [37–39].

In this respect, two different approaches to the use of
Environmental extended Input-Output model can be identified. In
the first approach, the regional model considers the bilateral trade with
respect to different economies and the embodied environmental
pressures (i.e. emissions, land use, water use, energy use etc.) as
exogenous variables [16]. In the second model, the multiregional
approach, each domestic technical coefficient is combined with trade
flow matrices to determine the intermediate flows matrix. The second
type MRIO model is also known as the true or full multiregional model.
Several studies used the single region I-O and MRIO models to
measure water and carbon footprint for Australia [40], UK [41], New
Zeland [42] and China [33]. In other cases, MRIO model was used to
perform a structural decomposition analysis to understand the varia-
tions in the UK production and consumption carbon emissions during
the period from 1994 to 2004 [43]. More recently, there are the
contributions of Steen-Olsen et al. [44] and Ali (2017) [45] that used
the MRIO model to assess three kind of environmental footprints for
the EU member states. Arto, et al. (2012) [46] used a MRIO model to
quantify the water demand for production and consumption and the
water flows for 33 countries and the rest of the world.

3. Data and methodology used in the analysis

3.1. Data

The recently constructed World Input-Output Database (WIOD)
[47] represents the main data source of this analysis. WIOD is indeed,
considered the first database providing a detailed annual time series on
national input-output tables and international trade and satellite

The “carbon footprint” term and concept in particular, became 
widely used in the debate on responsibility and abatement actions 
against global climate change since a decade ago. Despite its popularity, 
this term does not have a definition or a methodology of calculation 
universally accepted, but the definition suggested by Wiedman and 
Minx [16] seems to provide a broadly answer to many criticisms. 
According to these authors “the carbon footprint is a measure of the 
exclusive total amount of carbon dioxide emissions that is directly and 
indirectly caused by an activity or is accumulated over the life stages of 
a product” [16]. This definition include only CO2 in the analysis since 
many of the other pollutants are difficult to be quantified because of 
data availability. In addition, this definition refrains from expressing 
the carbon footprint as an area-based indicator allowing the more 
accurate representation in tonnes of carbon dioxide and including 
emissions generated through international trade.

Similar to the carbon footprint is the “water footprint” concept that 
was developed in recent years to provide a consumption-based 
indicator of water use [21]. Indeed, the unsustainable use and 
contamination of freshwater, also called the “water crisis” issue, has 
been considered another relevant threat not only to the health of 
ecosystem, but also to human societies and food security [1]. Water is a 
limited natural resource and during the last decades, its use has been 
increasing at more than twice the population growth rate [22]. The 
depletion of aquifers, the deterioration of water quality and rivers 
running dry are only some examples of the global unsustainable water 
resources management [23]. The water footprint is an important 
indicator introduced to provide a virtual measure of the water 
embodied in goods and services produced in one location. It can be 
defined as the water consumed to produce goods and services along the 
full supply chain [24] and lately it is widely used to measure the hidden 
links between human consumption and water use and between global 
trade and water resources management [25,26].

From a global sustainable development perspective, the growing 
water requirements to produce traded goods is not a minor issue, as 
well as the carbon embodied in imports and exports. More precisely, 
due to the increasing globalization and the growth of export of water-
demanding commodities, the problem of water scarcity become even 
more complicated, prolonging the restraints for water scarcity beyond 
the national boundaries [26].

Therefore, both carbon and water footprint indicators provide a 
measure of environmental pressure, or better, the human use of 
resources and the anthropogenic GHG emissions into the environment 
related to the production and consumption behaviour of a country or 
region [27]. In particular, the carbon footprint is expressed in terms of 
mass units (e.g. kg or tons) of carbon dioxide (CO2) or carbon dioxide 
equivalents emissions (for other GHG) per unit of time or per unit of 
product [20]. The water footprint is measured in terms of water volume 
(e.g. L or m3) per unit of time, or unit of product whose amount can be 
expressed in various way (e.g. L per kg, L per kcal, L per g of protein 
etc.) [28].

In this article, a special attention is devoted to CO2 emissions and 
water use resulting from the relocation of production among countries 
as a consequence of international trade. In this context, a large number 
of models were developed to estimate environmental pressures em-
bedded in international trade of several countries and regions. 
Environmental multisectoral models in particular, provide an appro-
priate methodological framework to complete environmental pressure 
estimation at national and international level. These models are 
commonly used to determine the footprints indicators from a top-
down perspective [16] in macro and meso-systems and can easily 
identify the footprint of many agents operating in the economic system, 
such as industries in production processes and households and 
government in consumption processes [29]. In particular, there is a 
considerable literature supporting the use of Multi-Regional Input-
Output (MRIO) tables in quantifying the carbon and water footprint 
and the incidence if international trade on them [30–33].
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x = Ax + f (1)

the multi-region I-O equation can be written in the standard account-
ing balance of monetary flows [50] as:

x = A x +f +e −mr r r r r r (2)

where xr is the vector of total output, f r is the vector of final
consumption (i.e. expenditure by household, government and gross
fixed capital - domestic and imported), er is the vector of total exports
and mr is the vector of total imports. Ar represents the matrix of
intermediate consumption and its columns are the input from each
industry (domestic plus imports) to produce one unit of output in each
industry. This condition holds in each region, r and each industry.
Following Ali, [45], in terms of bilateral trade, from region r to region s,
it is possible to express total exports and total imports as:

∑e = er

s

rs

(3)

∑m = er

s

sr

(4)

Similarly, we can decompose the final consumption f r and inter-
mediate consumption Ar between its domestic and imported compo-
nents as follow:

∑f = f + er rr

s

sr

(5)

∑A = A + Ar rr

s

sr

(6)

where Arr is the industry requirements of domestically produced goods
while Asr is the industry requirements of imported goods from region s
to region r .

Removing the imports from all components of the balance Eq. (2)

we still have the same equilibrium condition but only in terms of
domestic activities [48]:

∑x = A x +f + er rr r rr

s

rs

(7)

Since we are interested in emphasizing a region's environmental
pressure related to international trade, we extend the standard Input-
Output analysis (IOA) framework by adding data on environmental
pressures in physical units. Thus we calculate the direct environmental
pressures (i.e. carbon, water use etc.) coefficients (p )j which represent
the shares of environmental pressure per unit of output in each
industry j. It is calculated as the total amount of environmental
pressure directly produced in the industry j by the total output of that
industry, xj. Using the above formulation, we can explicitly determine
the environmental pressure embodied in trade in each region as:

∑p = P x = P (I−A ) (f + e )r r r r rr −1 rr

s

rs

(8)

where I is the identity matrix, Pr is a row vector representing the
environmental pressure per unit of output, Arr is the matrix of
interindustry requirements of domestically produced products de-
manded by domestic industries, f rr are the products produced and
consumed domestically, ers are the exports from region r to region s.
Therefore, pr represents the environmental pressure related to the
production of both domestic and exported products. It can be further
decomposed into its components in order to obtain the environmental
pressure related to domestic demand of domestic products in region r:

p = P (I−A ) frr r rr −1 rr (9)

and the environmental pressure embodied in trade (EPET) from region
r to region s:

p = P (I−A ) ers r rr −1 rs (10)

The sum of Eq. (9) and Eq. (10) gives the total environmental
pressure (EP) occurring in a specific country.

The total environmental pressure embodied in export (EPEE) from
region r to the rest of regions can be calculated as :

∑p p=e
r

s

rs

(11)

The total environmental pressure embodied in imports (EPEI) into
region r from the rest of regions is:

∑p p=m
r

s

sr

(12)

The difference between the indicators obtained in Eqs. (11) and
(12) represents the Balance of Environmental Pressure Embodied in
Trade (BEPET) :

p p p= −BEPET
r

e
r

m
r

(13)

which shows the trade balance for environmental pressure (i.e.
emissions, land use etc). Using the above formulation the production
based environmental pressure inventory can be obtained as:

p p Domestic p= = +production
r r

e
r

(14)

where pproduction
r is the total domestic environmental pressure occurring

from the production processes within a region. From the standard I-O
analysis perspective, the consumption-based environmental pressure
inventory can be determined as:

p p p p Domestic p= − + = +consumption
r

production
r

e
r

m
r

m
r

(15)

where pconsumption
r represents total global environmental pressure occur-

ring from consumption within a country or region. It is important to
note that if the total sum of EPEE (pe

r) is equal to the EPEI (pm
r ) than the

total pproduction
r corresponds to pconsumption

r .
This condition shows that, if we consider two different countries or

1 See appendix A for complete list of countries and industries.
2 The final demand of each country is disaggregated into 5 components: final

consumption expenditure by household, Non-profit institutions serving households
(NPISH), Government, Gross fixed capital formation and inventories.

accounts related to environmental and socio-economic indicators from 
1995 to 2011 [48]. The WIOD database covers 27 EU countries, 13 
other major countries in the world and a further region called “Rest of 
the world” as an aggregated region.1

In this study, we consider two sub-databases: the World Input-
Output Tables (WIOTs) at current and previous year prices (35 
industries by 35 industries) and the database on environmental 
accounts for the period from 1995 to 2009. The WIOTs has a 
dimension of 1476 rows and 1640 columns: the rows are headed to 
1435 industry-country pairs (35 industries × 41 countries) and value 
added by country (1 × 41). The columns are headed to 1435 industry-
country pairs (35 industries × 41 countries) and 5 components of final 
demand2 by country (5 categories x 41 countries) for a total of 205 
columns.

The data on satellite accounts are related to environmental and 
socio economic indicators, namely: emissions, energy, water, land, 
materials, value added and specific industry output, capital stock and 
investment, wages and employments by skills type. WIOTs data for 
CO2 emissions and water includes 41 countries, 35 industries plus 
households for the period from 1995 to 2009. The statistical treatment 
of water accounts in the WIOD database is based on the concepts of 
water footprint approach [49].

3.2. Methodology

This study relies on the MRIO model based on the WIOD database, 
following the methodology described by Peters and Hertwich [32]. 
Using the traditional input-output model:
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∑ ∑x A x f A x f= + + +r rr r rr

s r

rs s

s r

rs

≠ ≠ (16)

The above equation can be expressed in matrix form for each region
as follow:

⎛

⎝

⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟

⎛

⎝

⎜⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟

⎛

⎝

⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟

⎛

⎝

⎜⎜⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟⎟

x
x
x

x

A A A A
A
A

A
A

A
A

A
A

A A A A

x
x
x

x

f

f

f

f
⋮

=

…
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⋯

⋮
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3

1
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(17)

4. Carbon footprint and trade in Italy

In the last twenty years, as a member of European Union (EU), Italy
has embraced the European objectives on climate change and fixed
binding targets to reduce the level of CO2 emissions since the
ratification of the Kyoto Protocol in 1998 [3,55]. In this respect,
according to ISTAT data [52] on emissions, the level of CO2 emissions
in Italy declined by 23% from 1990 to 2014 in relation to both the
production and consumption processes.

This result is encouraging in terms of climate change objectives,
especially considering the ambitious targets of the European Union in
terms of Climate Actions [53]. However, we are interested in examining
more in depth the composition of Italian CO2 emissions and the
incidence of International trade on its trend in order to identify the
most appropriate environmental policy measure to deal with the long
term environmental targets. With this aim, using the MRIO model we
determine the carbon footprint for the Italian economy keeping a
particular attention to the disaggregation between emissions from
consumption and production and between emissions embodied in
exports and imports.

4.1. Major Italian CO2 emissions indicators

According to the data reported in WIOD environmental database
and the derived MRIO model, the total Italian carbon footprint
increased from 1995 to 2005 around 19% reaching a level of 629.
Million tons (Mt) CO2-equivalents, which represents the 2.30% of the
world total amount of emissions. As showed in Table 1, this trend
reverses after 2005 and it is possible to observe a progressive reduction

in the carbon footprints of Italy as the policy maker increasing
attention on environmental aspects. The total carbon footprint in
2009 recorded 544.6 Mt CO2 equivalents, which represents the 1.9%
of the total world carbon footprint.

Data reported in Table 1 are also displayed graphically to make
easier the comparison of the results: in particular, Fig. 1 displays
results of the analysis on production and consumption based emis-
sions.

Over the period 1995–2009, the consumption based CO2 emissions
is always higher than the production based CO2 emissions and both
indicators reach a peak in 2005. In 2009 the production-based
emissions was amounted to 544.6 Mt-CO2 equivalents, which was
about 6.5% lower than emissions in 1995 of 454.4 Mt-CO2 equivalents.
On the contrary, even if we observe a decreasing trend after 2005, the
consumption-based emissions in 2009 are still higher with respect to
the level of 1995 by 3.0%.

The significant reduction in consumption and production based
emissions is originated by the combined effect of several causes
occurring after 2005. Indeed, many studies argue that the reduction
in CO2 emissions registered in last decade is not only related to the
higher attention of policymaker to environmental aspects, but can be
mainly attributed to the reduction of production and consumption
consequential to the global crises [51,52]. Nevertheless, in response to
the economic crisis occurred in 2008, the Italian Government intro-
duced a set of measures to boost a sustainable economic growth. In this
respect, some environmental policy reforms were adopted such as the
increase in fuel taxes, the introduction of incentives for energy
efficiency and further liberalisation of energy, environmental and
transportation services [54].

Focusing on carbon emissions related to international trade, it is
possible to observe that the change in Emissions Embodied in Export
(EEE) remained rather stable over the period 1995–2009 with a
slightly reduction in 2009, as showed in Fig. 2. Indeed, from Table 1
we can notice that emissions embodied in export in 1995 was
accounted for about 22.1% of production-based emissions, while in
2009 this amount reduced to 21.3%. On the contrary, the Emissions
Embodied in Imports (EEI) have raised by 20.7% from 174.21 Mt-CO2Table 1

Italian CO2 emissions embodied in domestic activities and global trade, 1995–2009.

CO2 Emission (Mt) 1995 2000 2005 2009

Households Consumption 94.3 105.4 109.4 95.4
Intermediate Consumption 259.6 262.5 278.8 238.9
Emission Embodied in Export (EEE) 100.5 106.0 111.2 90.4
Emission Embodied in Import (EEI) 174.2 221.5 241.4 210.3
Production Base Accounts 454.4 473.9 499.4 424.8
Consumption Base Accounts 528.1 589.5 629.6 544.6
Balance of Emission Embodied in Trade

(BEET)
−73.7 −115.5 −130.2 −119.9

EEE as % of Production 22.1% 22.4% 22.3% 21.3%
EEI as % of Production 38.3% 46.7% 48.3% 49.5%
Balance of Emission Embodied in Trade

(BEET) as % of Production
−16.2% −24.4% −26.1% −28.2%

Total Italian Carbon Footprint 528.1 589.5 629.6 544.6

Fig. 1. Italian CO2 emissions from production and consumption, 1995–2009.

Fig. 2. Italian CO2 EEE, CO2 EEI and CO2 BEET from 1995 to 2009.

regions with the same level of global environmental pressure, their 
internal composition can follow different accounting principles and 
apart from the domestic activities, environmental pressure related to 
trade might play a crucial role.

A full MRIO model is able to track the trade flows that goes to 
intermediate and final consumption. In this context, by decomposing 
exports in Eq. (7) we can get the main components in the MRIO model:
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−199.85 Mt-CO2 equivalents. The decline in the later year's level of EEI
depends on the fall in consumption of Italian residents.

4.2. Italian CO2 emissions embodied in trade by country and by
industry

The database and the MRIO model allow determining the level of
CO2 emissions associated to international trade and disaggregated by
40 countries and 35 industries.

We firstly considered the CO2 emissions embodied in trade with the
Italian trading partner for the period 1995–2009. From Fig. 3, we can
notice that most of the Italian EEI come from Russia, China, India and
among the EU-27, Germany, Poland, Nederland, Bulgaria and
Belgium.

In 1995 BEET from Russia accounted for about 7.6% of production-
base emissions, by 2000 BEET grew more than 11.8%, making Russia
the largest source of EEI. However, from 2000 there was a significant
decline in the imports from Russia to 7.4% in 2009. BEET with China,
Germany and India show an increasing trend from 1995 to 2009.

The BEET is positive with the USA toward which Italy is a net
exporter of emissions. From 1995–2005, BEET with USA increased
from 0.2% to 1.3% of Production-based emissions but this trend
dropped 0.1% in 2009.

Going more in deep in the analysis, the MRIO model allows us to
observe the proportion of emissions embodied in imports, exports and
the balance by industry. The database provides a disaggregation of 35
industries and in Figs. 4a, b and c, we plot the graphics displaying
Italian CO2 EEI, EEE and embodied in domestic production with
respect to the 15 more relevant industries. As expected, from Figs. 4a, b
and c we can see that industry C17 “electricity, gas and water supply” is
the major pollutant since it embodied the highest level of CO2 EEI, EEE
and domestic production.

Focusing on Fig. 4a, we can observe the amount of CO2 EEI, that is
to say, the level of emissions flowing in Italy from foreigner industries.
As already mentioned, the most relevant amount of emissions asso-
ciated with imports occurs in industry C17 “electricity, gas and water
supply”, followed by industry C12 “basic metals and fabricated metal”,
C9 “chemical and chemical products” and C2 “Mining and quarrying”.
Notoriously, these industries are those characterised by a very high
level of imports in Italy, because of the scarcity of energetic sources. In
particular, C17 emissions impact is accounted for 84.9 Mt-CO2

equivalents in 2005, while export from the same industry in the same
year is 26.3 Mt-CO2 equivalents. It is evident that in 2005 the balance
(Fig. 5) is strongly negative.

As showed in Fig. 4b, the highest carbon EEE occur in industries
C11 “Other non-metallic minerals”, C12 “basic metal and fabricated
metals”, C9 “chemical and chemical products”, C8 “Coke refined
petroleum and nuclear fuel”. The carbon EEE of industry C11 “Other
non-metallic minerals” accounted for 17 Mt-CO2 equivalents in 2005.
From Fig. 4b we can also see that, differently to the other industries
that registers a reduction in EEE and EEI, there is a continuous
increase of emissions in industry C25 “air transport”.

However, a large amount of EEE is related also to primary
manufacturing industry, in particular C4 “Textiles and Textile pro-
duct”, C9 “Chemical and chemical products”, C8 “Coke, refined
petroleum” and C3 “Food, beverages and tobacco”. It is important to
note that the highest carbon EEE occurs in the same industries (i.e.
C17, C11, C12, C8, C9) as EEI. In addition, a quite high share of
emissions are attributed to C17 “Electricity, gas and water supply”, C8
“Basic metal and fabricated metals” and C9 “Chemical and chemical
products” that are acknowledged as energy intensive industries, which
are subject to various regulation regarding GHG emissions. Finally, all
EEE from energy intensive industries (i.e. C17, C11, C12, C8, C9)
amount to an average of 64% while EEI from these industries amount
to an average of 66%.

The Fig. 4c gives an indication of Italy emissions embodied in
domestic production by industries. The highest level occur again in the
industries C17, C11, C8, and C23 and the overall amount represents
the 63% of total emissions. The industry C23 “Inland transport”
represents the fourth largest source of emissions in Italy with about
16 Mt-CO2 equivalents on average.

The results on EEE and EEI allow us to determine the BEET by
industry for the Italian economy, as showed in Fig. 5 where we reported
the performance of the 15 most relevant industries (negative and
positive). As we can see, most of them displays a negative value for
BEET, meaning that Italian imports of emissions in those industries
are higher than exports of emissions. As mentioned, C17 “Electricity,
gas and water supply” has the highest negative BEET, which increased
by 41% from 1995 to 2009. The other energy intensive industries (i.e.

Fig. 3. Italian BEET by Country - Highest performances from 1995 to 2009.

equivalents in 1995 to 210.3 Mt-CO2 equivalents in 2009. In particular, 
in 1995 EEI accounted for about 38.3% of production-base emissions 
and for about 49.5% in 2009. Therefore, even if the amount of EEE 
decreases in 2009 with respect to 1995, the level of EEI remains at a 
higher level with respect to the same year.

This effect is also emphasised by the trend of the Balance of 
Emissions Embodied in Trade (BEET) that represents the difference 
between production and consumption emissions accounts. In general, 
when the value of this difference is positive, it implies that the country 
is a net exporter of emissions, otherwise, for a negative value the 
country is a net importer of emissions. Looking at both Table 1 and 
Fig. 2, we can observe that Italy is a net importer of emissions 
throughout the whole period. More precisely, the BEET increases 
continuously from 1995 to 2005, where it reaches its peak of −130.2 
Mt-CO2 equivalents. Then it starts declining and in 2009 it reaches
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5. Water footprint and water trade in Italy

The depletion and excessive use of fresh water represents one of the
environmental problems that the Italian Government is trying to cope
with especially because, even though the Italian average annual rainfall
is relatively high, the per capita availability of fresh water is one of the
lowest among OECD countries [56]. Italian water system indeed, is
characterised by high evapotranspiration, rapid outflow, limited sto-
rage capacity and a quite heterogeneous distribution of water resources

b

c

Fig. 4. a: Italian CO2 EEI by industry. Highest performances − 1995–2009, 4b: Italian CO2 EEE by industry. Highest performances − 1995–2009, 4c: CO2 emissions embodied in
Italian domestic production by industry. Highest performances − 1995–2009.

C12 “Basic metals and fabricated metals” and C9 “Chemical and 
chemical products”) also show a large negative BEET. Among the 
non-energy intensive industries, C2 “Mining and quarrying”, C23 
“Inland transport” and C25 “Air transport” have a negative BEET as 
well. A positive value for BEET is observed for industries C4 “Textiles 
and Textile Products”, C11 “Other Non-Metallic Mineral”, C15 
“Manufacturing of transport type equipment”, C21 “retail trade” and 
C20 “Whole sale trade”.

a
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among regions. Moreover, the fresh water consumption per capita is
7.6% higher than the average of the other EU-27 countries from 1996
to 2007 making Italy particularly vulnerable to water scarcity [57].

According to the OECD Environmental Performance Reviews [56],
water pollution is a further obstacle to water supply in particular for the
northern regions of Italy. However, after 2008–2009 crisis, the
improvement in prevention and control, together with the contraction
of economic activities, caused a decrease of the pollution pressure on
water resources.

In this section, as already done for carbon emissions, we aim to
compute the Italian water footprint and water trade in order to
determine the international trade incidence on water resources. This
is crucial especially to understand if this incidence is relevant com-
pared to the domestic exploitation of water in order to design a proper
water management.

5.1. Major Italian water use indicators

The data reported in WIOD environmental database confirms the
analysis conducted by OECD on the environmental performances of
Italian economy showing an increase in Italian water footprint from
1995 to 2005. The total water footprint of Italy in 2005 was 122.20 km3

(see Table 2) which represents 1.4% of the total water footprint in the
world. From 2005 there has been a reduction in the water footprints of
Italy that is accounted as 133.4 km3 in 2009, corresponding to 1.1% of
the total world footprint.

The production based water footprint includes two different

components: the first is the domestic water resources demanded to
satisfy the domestic production and domestic final consumption of
goods and services. The second is the domestic water resources used to
produce goods and services destined to be exported to other countries.

The consumption based water footprint represents the total water
consumed along the global supply chain to satisfy the domestic final
demand.

The production and consumption based water footprint both
register a decrease after 2005, but the reduction in consumption is
less important than the reduction in production. According to the
OECD review, the economic crisis of 2008–2009 generates a contrac-
tion in economic activities and thus in production processes. On the
contrary, households’ water consumption does not follow this trend
and raise even in 2009. The combination of households and inter-
mediate consumption determines the overall consumption based water
footprint and explains the reason of a minor reduction compared to the
production based water footprint.

Fig. 5. Italian CO2 BEET by industry. Highest performances − 1995–2009.

Table 2
Italian Water embodied in production, consumption and in international trade, 1995–
2009.

Water (km3) 1995 2000 2005 2009

Households Consumption 4.7 4.7 4.8 4.9
Intermediate Consumption 58.8 60.5 59.6 55.1
Water Embodied in Export (WEE) 15.5 16.3 16.7 16.2
Water Embodied in Import (WEI) 58.7 62.6 79.9 73.3
Production Based water footprint 79.0 81.4 81.2 76.2
Consumption Based water footprint 122.2 127.8 144.4 133.4
Balance of Water Embodied in Trade

(BWET)
−43.2 −46.4 −63.2 −57.1

WEE as % of Production 19.7% 19.9% 20.6% 21.2%
WEI as % of Production 74.3% 76.9% 98.4% 96.2%
Balance of Water Embodied in Trade

(BWET) as % of Production
−54.7% −56.9% −77.8% −74.9%

Italy Water Footprint 122.2 127.8 144.4 133.4

Fig. 6. Italian consumption and production water footprint, 1995–2009.

Fig. 7. Italian WEE, WEI and BWET from 1995 to 2009.

7



In Fig. 6, we reported the overall consumption and production
water footprint of Italy and, as mentioned, we can notice that during
the overall period the consumption based water footprint was sig-
nificantly higher than the production based water footprint.

From the production-based perspective, water footprint in 2009
accounted to 76.2 km3, which was about 3.5% lower than water
footprint in 1995 of km3. On the other side, consumption based water
footprint increased by about 9.1% from 122.20 km3 in 1995 to
133.4 km3 in 2009.

Given the relevance of the water consumption based footprint, we
are interested in determining the contribution of imports and exports
in the water use.

In particular, Fig. 7 presents the water used to produce the
commodities exported abroad (WEE), the water related to commodities
imported and consumed in Italy (WEI) and the water trade balance
(BWET) which is the difference between water contained in exports
and imports. More specifically, the WEE remained stable over the
whole period, while the WEI grew by 20% from 58.7 km3 in 1995 to
73.3 km3 in 2009. In 1995, WEE accounted for about 19.7% of
production based water footprint and in 2009 for about 21.2%.
Differently, in 1995 WEI accounted for about 74.3% that grew
significantly to 96.2% of production based water footprint in 2009.

The BWET determines the water debit or credit of a country with
respect to the other countries. It does not only show the difference
between export and import of water, but also the difference between
the production based water footprint and consumption based water
footprint. The fastest growth in WEI is reflected by a negative BWET
trend, meaning that over the period the imported water is higher than
the water used to produce goods and services for export. In 2005 the
BWET reached its negative peak of −63.2 km3 and in 2009 it got to
−57.2 km3.

5.2. Water embodied in trade and balance by country and by
industry

The MRIO model developed on the WIOD database generates
results on water footprint and the other indicators showed in
Table 2, with a disaggregation of 40 countries and 35 industries.

In particular, we start describing the disaggregate results of the
Italian BWET (showed in Fig. 8) which is the difference between the
WEE and the WEI, that is to say, the origins and the destinations of
water between Italy and its main trading partners. These results are
normalized on production based water footprint accounts.

From Fig. 8 we can notice that most of the WEI comes from China,
Brazil, India, Russia and from other developing countries. Focusing on
the countries belonging to EU-27, a significant share of water use
comes from Spain and France. Germany and Great Britain are the only
EU countries toward which Italian WEE is higher than WEI. WEI from

Australia have declined since 1995, while WEI from USA increased
continuously over the period 1995–2009. WEI from Poland, Romania
and Turkey were very similar over the whole period. The water
embodied in trade with the other countries indicates a prevalence of
WEE, thus a positive balance. WEE to Germany decline over the
period, reaching to the lowest account 1 km3 in 2009.

We can also analyse the amount of water associated to production
for domestic consumption, for export and the water associated to
imported goods by industry, taking advantage of the MRIO model that
considers 35 industries.

Figs. 9a, b and c display the WEE, the WEI and the water use
embodied in Italian domestic production by industry.3 In general, we
can observe from all figures that industry C1 “Agriculture, hunting,
forestry and fishing” is the highest water embedded industry for Italian
economy.

More in detail, from Fig. 9a, we observe that the highest level of
WEI occurs in industries C1 “Agriculture, hunting, forestry and fishing”
and C17 “Electricity, gas and water supply” as they are considered the
water intensive industries. Fig. 9b shows the amount of WEE by
industry and, apart from C1 “Agriculture, hunting, forestry and fish-
ing”, the other industries with a high level of WEE are C17 “Electricity,
gas and water supply”, C9 “chemical and chemical products” and C4
“Textiles and textile products”. In these industries WEE has a positive
trend until 2005, then it declines, as already observe for other
indicators. The Fig. 9c, that complete the overviewing of water uses,
emphasises the industries having the highest water footprint in
domestic production. As expected, standing out industries are C1
“Agriculture, hunting, forestry and fishing” and C17 “electricity, gas
and water supply”. The overall water use from these industries is
around 94% of the total use of water for domestic production.

Fig. 10 displays the results of the WBET by industry, thus the
difference between the WEE and the WEEI. We can see that the highest
water intensive industries are C1 “Agriculture, hunting, forestry and
fishing” and C17 “electricity, gas and water supply”. The first one is the
most relevant industry in terms of negative BWET, meaning that the
water embodied in imports is higher than the water embodied in
exports from this industry. This result is generally replicated for all the
other industries discussed above that has a level of WEI higher than
WEE. Only few industries register a positive BWET and they are C4
“Textiles and textile products” and C11 “other non-metallic mineral”.
The first one is notoriously the industry with the highest level of
exports as it represents the best productions in Italy, while the second
one is positive because of a very small level of imports and water
intensity.

Fig. 8. Italian BWET by country - Major flows from 1995 to 2009.

3 Industries showing no flows of water are not displayed in figures.
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6. Conclusion

In the last decade, Italian Government paid a great attention to
environmental issues and in particular to the control of CO2 emissions
level and to the sustainable use of water. The promotion of green
economy demonstrated a high effort in dealing with environmental
issue however, the important decrease in carbon emissions (around
−23% with respect to 1990) and water footprint significantly depends
on the economic crises of 2008–2009 [56]. This demonstrates the
urgency for the policy maker to promptly detect the origins of
emissions and then introduce the most adequate policy measure.

In last decades, the use of carbon footprint and water footprint
indicators became quite popular in determining the pressure of human
activity on environment despite the lack of scientifically accepted

guidelines for their calculation. Moreover, these indicators should also
take care of the international trade, shifting the determination of the
environmental pressure to a more consumer and producer base. In the
literature indeed, the idea that the flow of pollution through interna-
tional trade flows has the ability to undermine environmental policies
is supported by many studies.

In this respect, we demonstrated that it is possible to evaluate the
environmental pressures of production and consumption distinguish-
ing between exported, imported and domestic pressures using a Multi-
Regional Input-Output model. In particular, we examined the amount
of CO2 emissions (carbon footprint) and the water use (water footprint)
embodied in international trade of Italy from a consumer and producer
perspective to assess the incidence of trade on domestic environmental
exploitation.

Fig. 9. a: Italian WEI by industry. Major flows from 1995 to 2009, b: Italian WEE by industry. Major flows from 1995 to 2009, c: Water use embodied in Italian domestic production by
industry. Major flows from 1995 to 2009.
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The consumption-based approach can be used as an alternative way
to allocate responsibility between the emitters and the final consumers
more fairly. Indeed, the analysis carried out demonstrated that a huge
amount of CO2 emissions for the Italian economy is related to the
international trade. In particular, CO2 emissions associated with Italian
imports are greater than CO2 emissions associated with Italian exports
that remained stable over the observed period from 1995 to 2009. This
makes negative the Italian balance of emissions embodied in trade,
meaning that Italy is a CO2 consumer rather than a CO2 producer.
Furthermore, the disaggregated analysis demonstrated that most of
CO2 emissions associated with Italian trade originates in industries
that are more energy intensive and typically more polluting.

Similarly, as regard to the water footprint, the analysis carried out
demonstrated that in Italy the water used to produce goods and services
exported abroad remained stable over the whole study period, while water
embodied in imports grew by 20% in 2009 with respect to 1995. A
negative balance of water embodied in trade reflects the fastest growth in
water use related to imports, meaning that the water incorporated in
imports of goods and services is higher than the water incorporated in
exports. These results validate a notorious peculiarity of the Italian water
system that is characterised by high evapotranspiration, rapid outflow,
limited storage capacity and a quite heterogeneous distribution of water
resources among regions [57]. The industries that absorb the highest
quantity of water are “Agriculture, hunting, forestry and fishing” and
“Electricity, gas and water supply”. Since the imports of these industries

are greater than exports, we observe for the Italian economy a negative
sign for the water trade balance.

These outcomes provide interesting information to the policy maker
that is engaged in promoting environmental policy measure to cope
with the European Union environmental policy targets. As showed by
the analysis, the consumption represents the most relevant cause of
water exploitation and CO2 emissions, more than industries do. This is
remarkable if we consider that Italian policy maker attention mostly
focuses on production more than consumption processes. In this
perspective, the recent initiatives taken by the Government to promote
the green economy and the transition to renewable energy sources
should be accompanied by other initiatives aimed to the regulation of
the consumption of particularly pollutant goods and services. This is a
not easy task especially because in the past some measures aimed to
reduce the carbon emissions led to an increase of environmental
taxation with very small results.

In terms of global climate change, controlling the unbalance
between imported and exported resources and emissions should
promote the responsibility of each country in reducing the environ-
mental pressure of human activities. Italy in particular, is a net
importer of carbon emissions and water sources. As regard to the first
position, it means that the main responsible for Italian level of
emissions is the consumption, more than production. As regard to
the position of water importer, this condition exposes Italy to water
stress and to an increase in the future competition for water resources.

Fig. 10. Italian BWET by industry. Major flows from 1995 to 2009.
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Appendix A

See Table A1 and A2.

References

[1] Ercin A Ertug, Hoekstra Arjen Y. Carbon and water footprints concepts, meth-
odologies and policy responses. United Nations World Water Assessment
Programme – UNESCO; 2012.

[2] Houghton JT, Jenkins GJ, Ephraums JJ (editors). Climate change: The IPCC
scientific assessment. Report prepared for the Intergovernmental Panel on Climate
Change by Working Group I. Cambridge, UK: Cambridge University Press; 1990.

[3] UN (United Nations). Kyoto protocol to the United Nations framework convention
on climate change. New York, UN; 1998.

[4] Herrmann IT, Hauschild MZ. Effects of globalisation on carbon footprints of
products. CIRP Ann - Manuf Technol 2009;58(1):13–6.

[5] Kulionis V. CO2 Emissions Embodied in International Trade of the UK, 1995-2009: A
Multi-Region Input–Output Analysis. s.l.:Lund University, School of Economics and
Management; 2014.

[6] Kanemoto K, Moran D, Lenzen M, Geschke . International trade undermines
national emission reduction targets: new evidence from air pollution. Glob Environ
Change 2014;24:52–9.

[7] Aichele R, Felbermayr GJ. Kyoto and the carbon footprint of nations. J Environ
Econ Manag 2012;63:336–54.

[8] Andrew RM, Davis SJ, Peters G. Climate policy and dependence on traded carbon.
Environ Res Lett 2013;8:034011.

Table A2
WIOD database industries in each country.

ID Industries ID Industries

C1 Agriculture, Hunting, Forestry and Fishing C19 Sale, Maintenance and Repair of Motor Vehicles &Motorcycles; Retail Sale of Fuel
C2 Mining and Quarrying C20 Wholesale Trade and Commission Trade,

Except of Motor Vehicles and Motorcycles
C3 Food, Beverages and Tobacco C21 Retail Trade, Except of Motor Vehicles &Motorcycles;

Repair of Household Goods
C4 Textiles and Textile Products C22 Hotels and Restaurants
C5 Leather, Leather and Footwear C23 Inland Transport
C6 Wood and Products of Wood and Cork C24 Water Transport
C7 Pulp, Paper , Printing and Publishing C25 Air Transport
C8 Coke, Refined Petroleum and Nuclear Fuel C26 Other Supporting and Auxiliary Transport Activities;

Activities of Travel Agencies
C9 Chemicals and Chemical Products C27 Post and Telecommunications
C10 Rubber and Plastics C28 Financial Intermediation
C11 Other Non-Metallic Mineral C29 Real Estate Activities
C12 Basic Metals and Fabricated Metal C30 Renting of M&Eq and Other Business Activities
C13 Machinery, Nec C31 Public Admin and Defence; Compulsory Social Security
C14 Electrical and Optical Equipment C32 Education
C15 Transport Equipment C33 Health and Social Work
C16 Manufacturing, Nec; Recycling C34 Other Community, Social and Personal Services
C17 Electricity, Gas and Water Supply C35 Private Households with Employed Persons
C18 Construction

Table A1
Countries included in World Input Output Tables (WIOT).

NO Code Country NO Code Country

1 AUS Australia 22 ITA Italy
2 AUT Austria 23 JPN Japan
3 BEL Belgium 24 KOR S-Korea
4 BGR Bulgaria 25 LTU Lithuania
5 BRA Brazil 26 LUX Luxembourg
6 CAN Canada 27 LVA Latvia
7 CHN China 28 MEX Mexico
8 CYP Cyrus 29 MLT Malta
9 CZE Czech Republic 30 NLD Netherland
10 DEU Germany 31 POL Poland
11 DNK Denmark 32 PRT Portugal
12 ESP Spain 33 ROM Romania
13 EST Estonia 34 RUS Russia
14 FIN Finland 35 SVK Slovakia
15 FRA France 36 SVN Slovenia
16 GBR United Kingdom 37 SWE Sweden
17 GRC Greece 38 TUR Turkey
18 HUN Hungary 39 TWN Taiwan
19 IDN Indonesia 40 USA U-S of America
20 IND India 41 RoW Rest of the world
21 IRL Ireland

11

http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref1
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref2
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref3
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref3
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref4
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref4


[9] Caldeira K, Davis SJ. Accounting for carbon dioxide emissions: a matter of time.
Proc Natl Acad Sci USA 2011;108:8533–4.

[10] Chen ZM, Chen GQ. Embodied carbon dioxide emission at supra-national scale: a
coalition analysis for G7, BRIC, and the rest of the world. Energy Policy
2011;39:2899–909.

[11] Nakano S, Okamura A, Sakurai N, Suzuki M, Tojo T, Yamano N. The measurement
of CO2 embodiments in international trade: evidence from the harmonised input–
output and bilateral trade database. In: OECD (editor). Directorate for Science,
Technology, and Industry. Paris: OECD; 2009.

[12] Peters G, Hertwich EG. Post-Kyoto greenhouse gas inventories: production versus
consumption. Clim Change 2008;86:51–66.

[13] Peters GP, Marland, G, Le Quéré C, Boden T, Canadell JG, Raupach MR. Rapid
growth in CO2 emissions after the 2008–2009 global financial crisis. Nature
Climate Change 2; 2011.

[14] Peters GP, Minx JC, Weber CL, Edenhofer O. Growth in emission transfers via
international trade from 1990 to 2008. Proc Natl Acad Sci USA 2011;108:8903–8.

[15] Wara M. Is the global carbon market working?. Nature 2007;445:595–6.
[16] Wiedmann T, Minx J. A definition of carbon footprint. Durham, UK: ISAUK

Research & Consulting; 2007.
[17] De Cendra J. Can emissions trading schemes be coupled with border tax

adjustments? An analysis vis-á-vis WTO law. Rev Eur Commun Int Environ Law
2006;15(2):131–45.

[18] Pauwelyn JUS. federal climate policy and competitiveness concerns: the limits and
options of international trade law; NI WP07-02; Nicholas Institute for
Environmental Policy Solutions. Durham, NC: Duke University; 2007.

[19] Ciaschini M, Pretaroli R, Severini F, Socci C, Regional environmental tax reform in
a fiscal federalism setting. Bull. Transilv. Univ. Brasov. Ser. VII Soc. Sci. Law 5(54).
Brasov: University of Brasov. (ISSN: 2066–7701). p. 1–16 .

[20] Hertwich EG, Peters GP. Carbon footprint of nations: a global, trade-linked
analysis. Environ Sci Technol 2009;43(16):6414–20.

[21] Hoekstra AY. Human appropriation of natural capital: a comparison of ecological
footprint and water footprint analysis. Ecol Econ 2009;68(7):1963–74.

[22] WAPP U. Water a shared responsibility. The United Nations, World Water
Development Report. Volume 2; 2006.

[23] Postel SL. Entering an era of water scarcity: the challenges ahead. Ecol Appl
2000;10(4):941–8.

[24] Hoekstra AY, Hung PQ. Virtual water trade: A quantification of virtual water flows
between nations in relation to international crop trade. (UNESCO-IHE, Delft, The
Netherland) Value of Water Research Report Series , Volume 16; 2002.

[25] Hoekstra AY, Chapagain AK. Water footprints of nations: water use by people as a
function of their consumption pattern. Water Resources Management
2007;21(1):35–48.

[26] Hoekstra AY, Chapagain AK. Globalization of water: sharing the planet's freshwater
resources. Oxford, UK: Blackwell Publishing; 2008.

[27] UNEP (United Nations Environment Programme). Global environmental outlook
5: environment for the future we want. Nairobi: UNEP; 2012.

[28] Mekonnen MM, Hoekstra AY. A global assessment of the water footprint of farm
animal products. Ecosystems 2012;15(3):401–15.

[29] Foran B, Lenzen M, Dey C. Balancing Act: A triple bottom line analysis of the 135
sectors of the Australian economy. Canberra, ACT, Australia: CSIRO Resource
Futures and The University of Sydney; 2005. www.cse.csiro.au/research/balan-
cingact.

[30] Wiedmann T. A review of recent multi-region input-output models used for
consumption-based emission and resource accounting. Ecol Econ 2009;69:211–22.

[31] Wiedmann T, Wilting M, Lenzen M, Lutter S. Quo Vadis MRIO? Methodological,
data and institutional requirements for multi-region input-output analysis. Ecol
Econ 2011;65:15–26.

[32] Peters GP, Hertwich EG. CO2 embodied in international trade with implications for

global climate policy. Environ Sci Technol 2008;42(5):1401–7.
[33] Feng K, et al. Comparison of bottom-up and top-down approaches to calculating

the water footprints of nations. Econ Syst Res 2011;23(4):371–85.
[34] Leontief W, Ford D. Environmental repercussions and the economic structure: an

input–output approach. Rev Econ Stat 1970;52:262–71.
[35] Victor PA. Pollution, economy and environment. London: George Allen and Unwin

Ltd; 1972.
[36] Miller RE, Blair PD. Input–output analysis: foundations and extensions.

Englewood Cliffs, New Jersey: Prentice-Hall; 1985.
[37] Ciaschini M, Pretaroli R, Severini F, Socci C. Policies for electricity production from

renewable sources: the Italian case. J Policy Model 2013;1:1–24, ISSN: 0161-8938.
[38] Lenzen M, Kanemoto K, Moran D, Geschke A. Mapping the structure of the world

economy. Environ Sci Technol 2012;46:8374–81.
[39] Lenzen M, Moran D, Kanemoto K, Foran B, Lobefaro L, Geschke A. International

trade drives biodiversity threats in developing nations. Nature 2012;486:109–12.
[40] Lenzen M, Murray SA. A modified ecological footprint method and its application

to Australia. Ecol Econ 2001;37(2):229–55.
[41] Wiedmann T, Minx J, Barrett J, Wackernagel . Allocating ecological footprints to

final consumption categories with input-output analysis. Ecol Econ
2006;56(1):28–48.

[42] McDonald GW, Patterson MG. Ecological footprints and interdependencies of New
Zealand regions. Ecol Econ 2004;1–2:49–67.

[43] Minx JC, et al. Input-Output analysis and carbon footprinting an overview of
applications. Econ Syst Res 2009;21(3):187–216.

[44] Steen-Olsen K, et al. Carbon, land, and water footprint accounts for the European
Union: consumption, production, and displacements through international trade.
Environ Sci Technol 2012;46:10883–91.

[45] Ali Y. Carbon, water and land use accounting: consumption vs production
perspectives. Renew Sustain Energy Rev 2017;67:921–34.

[46] Arto I, Andreoni V, Rueda-Cantuche JM. Water Use, Water Footprint and Virtual
Water Trade: a time series analysis of worldwide water demand. Paper presented
In: Proceedings of the 20th IIOA conference in Bratislava; 2012.

[47] Timmer MP, Dietzenbacher E, Los B, Stehrer R, de Vries GJ. An illustrated user
guide to the world input–output database: the case of Global automotive produc-
tion. Rev Int Econ 2015;23:575–605.

[48] Timmer MP. The world input‐output database (WIOD): contents, sources and
methods; 2012. [Online] Available at: 〈http://www.wiod.org/publications/source_
docs/WIOD_sources.pdf〉.

[49] Hoekstra AY, Aldaya MM, Avril B. Value of water. Research Report Series.
Netherlands: UNESCO-IHE Institute for Water Education. Volume 54; 2011.

[50] United Nations. Handbook of input–output table compilation and analysis. Studies
in Methods Series F, No. 74; 1999.

[51] Peters GP, Hertwich EG. The application of multi-regional the application of multi-
regional input–output analysis to industrial ecology: evaluating trans-boundary
environmental impacts. In: Suh S, editor. Handbook of input–output analysis for
industrial ecology. Dordrecht: Springer; 2007.

[52] ISTAT. Emissioni atmosferiche NAMEA (Nace Rev.2); 2016.
[53] EU. Climate Change and Major Projects. ISBN 978-92-79-59943-9, DOI http://dx.

doi.org/10.2834/965600; 2016.
[54] Ciaschini M, Pretaroli R, Severini F, Socci C. Environmental tax and consumption

expenditure by regional government in the Fiscal Federalism. Econ Policy Energy
Environ 2013:129–52.

[55] Ali Y. Measuring CO2 emission linkages with the hypothetical extraction method
(HEM). Ecol Indic 2015;54:171–83.

[56] OECD. OECD environmental performance reviews: Italy 2013. Paris: OECD
Publishing; 2013. DOI: 10.1787/9789264186378-en.

[57] Antonelli M, Greco F. L’acqua che mangiamo. Italy: Edizioni Ambiente; 2013.

Y. Ali et al. Renewable and Sustainable Energy Reviews 81 (2018) 1813–1824

12

http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref5
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref5
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref6
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref6
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref6
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref7
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref7
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref8
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref8
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref9
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref10
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref10
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref11
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref12
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref12
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref12
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref13
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref13
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref14
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref14
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref15
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref15
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref16
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref17
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref17
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref18
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref18
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref19
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref19
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref20
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref20
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref20
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref21
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref21
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref22
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref22
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref23
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref24
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref24
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref25
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref26
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref26
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref27
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref27
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref28
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref28
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref29
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref29
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref30
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref31
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref31
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref32
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref33
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref33
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref33
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref34
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref34
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref35
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref35
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref35
http://www.wiod.org/publications/source_docs/WIOD_sources.pdf
http://www.wiod.org/publications/source_docs/WIOD_sources.pdf
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref36
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref36
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref36
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref36
http://dx.doi.org/10.2834/965600
http://dx.doi.org/10.2834/965600
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref37
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref37
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref37
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref38
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref38
http://10.1787/9789264186378-en
http://refhub.elsevier.com/S1364-0321(17)30926-7/sbref39

	Carbon and water footprint accounts of Italy: A Multi-Region Input-Output approach
	Introduction
	Background on environmental multisectoral approach
	Data and methodology used in the analysis
	Data
	Methodology

	Carbon footprint and trade in Italy
	Major Italian CO2 emissions indicators
	Italian CO2 emissions embodied in trade by country and by industry

	Water footprint and water trade in Italy
	Major Italian water use indicators
	Water embodied in trade and balance by country and by industry

	Conclusion
	Appendix A
	References




