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About the Workshop 

The assessment of greenhouse gases and air pollutants (indirect GHGs) emitted to and removed 
from the atmosphere is high on the political and scientific agendas. Building on the UN climate 
process, the intemational community strives to address the long-term challenge of climate 
change collectively and comprehensively, and to take concrete and timely action that proves 
sustainable and robust in the future . Under the umbrella of the UN Framework Convention on 
Climate Change, mainly developed country parties to the Convention have, since the mid-
1990s, published annual or periodic inventories of emissions and removals, and continued to 
do so after the Kyoto Protocol to the Convention ceased in 2012. Policymakers use these 
inventories to develop strategies and policies for emission reductions and to track the progress 
of those strategies and policies. Where forma! commitments to limit emissions exist, regulatory 
agencies and corporations rely on emission inventories to establish compliance records. 

However, as increasing intemational concem and cooperation aim at policy-oriented solutions 
to the climate change problem, a number of issues circulating around uncertainty have come to 
the fore , which were undervalued or left unmentioned at the time of the Kyoto Protocol but 
require adequate recognition under a workable and legislated successor agreement. Accounting 
and verification of emissions in space and time, compliance with emission reduction 
commitments, risk of exceeding future temperature targets, evaluating effects of mitigation 
versus adaptation versus intensity of induced impacts at home and elsewhere, and accounting 
oftraded emission permits are to name but a few. 

The 4th International Workshop on Uncertainty in Atmospheric Emissions is jointly organized 
by the Systems Research Institute of the Polish Academy of Sciences, the Austrian-based 
International Institute for Applied Systems Analysis, and the Lviv Polytechnic National 
University . The 4th Uncertainty Workshop follows up and expands on the scope of the earlier 
Uncertainty Workshops - the 1st Workshop in 2004 in Warsaw, Poland; the 2nd Workshop in 
2007 in Laxenburg, Austria; and the 3rdWorkshop in 2010 in Lviv, Ukraine. 
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Abstract 

Emission inventories are compiled at national and regional levels and used without taking 
uncertainty inio account We attempt to check whether and to what extent uncertainty related 
to emission inventories affect quantitative analysis used by policy makers to set strategies and 
irnplement actions at regional and sub-regional levels. We consider the regional air emission 
inventory of the Piedmont region in Italy. Uncertainty is calculated by adapting the insurance
based method. A hybrid accounting matrix is built and a Shift-Share analysis is undertaken for 
manufacturing and construction activities, and for the transport sector at regional and provincial 
levels. The procedure is repeated for data without uncertainty and data with uncertainty. 
Although in absolute terms total emissions are remarkably different, the outcomes of the Shift
Share Analysis vary arnong provinces: sometirnes the messages are misleading when 
uncertainties are not included in the calculation; sometimes the differences are negligible. Same 
generał conclusion can be drawn. 

Keywords: air emission inventory, uncertainty, Shift-Share Analysis, hybrid environmental 
accounts 

1. Introduction 

Air emission inventories, and in particular Green-House Gas emissions, have always 
been though as the primary source of information for the intemational Climate Change 
agreements and trading [l] and are usually compiled at national level. However, 
especially w hen developed at sub-national level, these datasets can be a precious source 
of information for policy makers at different administrative in accounting terms for 
descriptive analysis and for policy analysis [2]. Although few examples of air emission 
inventories used in policy analysis at subnational level already occur, uncertainty is 
never considered. In some cases uncertainty coefficients are not even available from 
the agencies and institutes responsible for the delivery of air emission inventories. 

In this paper we are going to combine one particular technique to quantify 
uncertainty together with a hybrid environmental accounting framework and we are 
going to use a decomposition analysis tool to assess whether and to what extent 
estirnates with and without uncertainty do affect the finał message that policy makers 
use when planning strategy and actions for the territory they administer. 

The case study we used to apply the methodology, accounting framework and the 
decomposition analysis is the Piedmont region and its provinces. Their air emission 
regional inventory is one of the best example existing in Italy. Their datasets are 
publicly available and the uncertainty coefficient are efficiently compiled by the 
functionaries in charge for the inventory. 

After a brief description of the data, methodology and tool used (Section 2), the 
results are presented (Section 3) and some points for discussion rai~ed (Section4). In 
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the conclusion (Section 5) we summarise the main findings of this first application 
through key messages. 

2. Materials and methods 

The Piedmont region is located in the North-Weątem part of Italy. In Piedmont 
automotive (the FIAT group and its induced activities) is the dominating compartment, 
followed by chemical, food, textile, clothing, electronics and editorial compartments. 
The tools at the basis ofthis application are .the hybrid environmental accounts and the 
shift-share analysis that will be described in the following paragraphs. 

2.1 Calculation of uncertainty and hybrid environmental accounts 

The CORe INventory AIR emissions (CORINAIR) method is the framework 
supported by the European Environment Agency. It was adopted by the national 
environmental protection agency in compiling the national inventory. At regional level 
and specifically in Piedmont, the EMEP-CorinAIR inventory is compiled since the 
beginning of2000s and the procedure has been greatly improved and updated since the 
first release. The regional inventory records data according to the SNAP (Selected 
Nomenclature for Air Pollution) classification. The inventory is composed by 11 macro 
sectors, 75 sectors and 430 activities for the following pollutants: methane (CH4), 
carbon monoxide (CO), carbon dioxide (CO2), nitrogen dioxide (N2O), ammonia 
(NH3), Volatile Organie Compounds (VOC), oxides ofnitrogen (NOx), sulphur dioxide 
(SO2) and particulate matters (PM10 and PM2s). 

Uncertainty is compiled according to inventory guidelines. For each pollutant at the 
activity level it is possible to calculate uncertainty according to the following formula: 

UNCijk = UnEFijk * UnADi,k (1) 

where 
UNCik = total uncertainty coefficient for the activity i, pollutant j, fuel k; UnEF = 
uncertainty coefficient assigned to Emission Factor for the activity i, pollutant j, fuel k; 
UnAD = uncertainty coefficient assigned to Activity Data for the activity i, fuel k 

Marland et al. [3] borrow their approach to estimate uncertainty from the insurance 
industry by adding a charge called risk charge that represents the insurance for the 
insurer. Uncertainty is calculated using the approach suggested in EMEP Guidelines 
and this value is used as risk charge. The formula to calculate the uncertainty maximum 
limit becomes thus: 

EUnCifk=(Eifk*(l- UNCijk))+Eifk (2) 
where 

EUnCijk = total emissions and uncertainty for the activity i, pollutant j, fuel k; E ijk = 
emissions for the activity i, pollutant j, fuel k 

It is possible to connect air emissions to their generating activity. The NAMEA-type 
accounting module allows to frame together economic data and emissions and can be 
compiled at loca! level [4]. The frrst step to undertake is to harmonize the SNAP 
classification system that is based on production processes with the NACE 
(Nomenclature generale des Activites economiques dans /es Communautes 
Europeennes) classification system that is based on economic sectors. For this 
application we choose to focus on the whole secondary sector (that includes all 
manufacturing activities and construction) and on the transport sector. We thus do not 
consider the prirnary sector (agriculture and forestry) the tertiary (services) and 
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households. Economic Data (loca! units and number of employees) are withdrawn from 
ASIA (register of active enterprises ), and air emission data are withdrawn from EMEP
CorinAIR (in tonnes for all pollutants except CO2 that is in 1,000 tonnes) . 

2.2 The Shift-Share Analysis 

We apply decomposition analysis in order to investigate the mechanism that affects 
air emissions: the rationale for structural decomposition analysis is splitting an identity 
into its components. Changes in some variables are decomposed in changes in its 
determinants. The methodologies commonly used to decompose emissions trends are 
index decomposition analyses, input-output structural decomposition analysis and shift
share analysis [ 5]. 

The purpose of this application is to measure the role of the productive structure at 
the !ower hierarchical level considered (in our case the provincial level) in explaining 
the emissions efficiency gap between this level (i.e. provincial) and the higher 
hierarchical level (in our case the regional level). Shift-share analysis in fact 
decomposes the source of change of the specified 'dependent variable ' into provincial 
specific components (that constitutes the shift) and the portion that follows regional 
growth trends (that constitutes the share). 

The question we aim to address is whether the gap between the considered province 
and the regional benchmark average depends on (Jack ot) environmental friendly 
technologies in the included economic sectors, and/or on a provincial specialization in 
sectors with higher/lower eco-efficiency. 

We firstly calculate the intensity of emissions by considering the emission of each 
pollutant referred to the number of workers employed in each sector. This variable 
provides insights into the socio-environmental efficiency of the productive sectors, 
which is useful in order to plan a strategy to support environmental innovation at sector 
level. We then analyse the relative environmental efficiency of the provincial economic 
system with respect to the regional average, referring to the GHG pollutants and to the 
economic sectors included in the hybrid accounts. 

The aggregate indicator of emission intensity is represented by ' total emissions [EJ 
on number of employees[Empl]'. The benchmark is represented by the regional value. 
We define the index of emissions intensity as X for the regional average (X=E/Empl), 
as XP, for the province (XP?Ep,/Emp)p,) and as X' for each sector for the province and 
X"PrE'p,/Empl' P, for the region X'=E' /Empl'). We then define the share of sector value 
added as P'=Empl'/Empl for the region and P"PrEmp)' p,/Emplp, for the province. 

X= LsP5 X 5 (3) 

(4) 

The shift-share decomposition allows to identify three effects that explain the gaps 
in terms of aggregate emissions efficiency between the province and the region. 

The first effect ('structural' or industry mix) is given by: 

(5) 

mPr assumes a positive (negative) value if the region is ' specialized' in sectors 
associated with !ower (higher) environmental efficiency, given that the gap in value 
added sector shares is multiplied by the value of X of regional average (' as if the 
province were characterized by average regional efficiency). The factor mr, assumes 
!ower values if the province is specialized in ( on average) more efficient sectors. 

The second factor ('differentia! ' or 'efficiency') is given by: 
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(6) 

Pp, assumes a positive (negative) value ifthe region is less (more) efficient in terms 
of emissions (the shift between provincial and regional efficiency), under the 
assumption that ('as if) number of employees sector share were the same for the region 
and the province. 

The third effect ('allocative component') is given by: 

apr = Ls(Xtr - X5 )(Nr - P5 ) (7) 

The ap, factor is positive (negative) if the province is specialized, relative to the 
regional benchmark, in sectors characterized by higher (!ower) emission intensity. 

Table 1. Data with and without uncertainty at regional and provincial level. 
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3. Results 

The Piedmont region contains important industrial centers: from automobile to 
electronics, to mechanical, to food and beverage industries. Hybrid flow accounts have 
been compiled for all provinces of Piedmont and Shift-Share Analysis has been 
performed for regional-provincial cases. Results have been compared for estimates with 
and without uncertainties. Differences stand out in three cases that will be presented in 
details . The three provinces are Biella, Torino and Vercelli. Table 1 shows the estimates 
with (W) and without (W/0) uncertainties of these provinces compared with the 
regional level. lt is important to consider the transport sector separately from the 
secondary sector. In the first case there are no remarkable differences between the 
regional and provincial deltas, while in the second case for some pollutants at provincial 
level shows remarkably higher differences. 

In the province ofBiella there are many factories working on spinning and weaving 
ofwool and on other tissues. Table 1 shows that the difference in considering data with 
and without uncertainty for secondary sector diverges from the regional trend for the 
pollutants C02, N20, PM and S02. The shift-share analysis for Biella shows that when 
we consider uncertainty the productivity differentia! changes for two pollutants: NOx 
and S02. 

The second province we report is Torino: the most important province in the region 
from historical, economic and demographic points of view. The industrial sectors 
mostly developed in this province are the automobile industry and all its related 
industrial sectors, and electronics. Table l shows the estimates with (W) and without 
(W /0) uncertainties of this province compared to the regional level. Differently from 
the Biella province in Torino C02 and PM with and without uncertainty follow the 
regional trend. It is important to check on Table 1 that the only province of Torino 
generates almost half of C02 emissions due to traffic for the who le region. Clearly the 
province of Torino has a remarkable impact at regional level for some of the main 
pollutants due to traffic (i.e. C02 and PM). The shift-share analysis for Torino shows 
that the allocative component change~ when data are computed with uncertainty: the 
main differences are recorder for the pollutants NH3 and PM2.s. 

The last province we present is Vercelli, whose main economic activities are linked 
with the production ofrice. Table l shows the estimates with (W) and without (W/0) 
uncertainties of this province compared with the regional level. This province shows 
different trends for many pollutants: in some cases the differences between data with 
and without uncertainties between the provincial and the regional levels are much 
higher (CO, N20, S02) and in some other cases are much !ower (COV, PM10, PM2.s). 
The shift-share analysis for Vercelli shows that there are a lot of differences when data 
are computed with and without uncertainty. The structural component has a single 
critical pollutant: without uncertainty is NH3 but with uncertainty is COV. The eco
efficiency component without uncertainty is favorable only for CH4, COV and S02 
while with uncertainty becomes favorable for all pollutants. The allocative component 
presents a more favorable condition without uncertainties where the only critical 
pollutants are CH4, NH3 and S02; with uncertainties in fact all pollutants become 
critical except C02 and COV. 

4. Discussion and finał remarks 

Looking at the numbers, when considering the differences in absolute terms in most 
cases estimates with uncertainties double the initial estimates. However when using a 
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tool such as Shift-Share Analysis, doubled estimates do not dramatically affect the 
outcomes. In some cases differences can be found but not as striking as initially 
expected. As source of air emissions we consider all secondary sector and from the 
tertiary sector only transport. For all provinces we consider separately the secondary 
sector and transport when comparing the difference of estimates with and without 
uncertainty between the regional trend and the provincial trend (ref. Table 1). For all 
provinces the regional and provincial levels in secondary sectors show important 
differences for N2O, PM and SO2 (the one exception is the province of Torino). When 
the two sectors are summed some of these difference disappear: e.g. the difference 
(higher or !ower) in PM between the regional ad provincial trends disappear. Moreover, 
the territorial aggregation is impacted by some provinces which deterrnine the weights 
of some pollutants ( of course due to their generating activities) rather than others: Table 
1 shows that it also applies in terms ofuncertainties. For example the province ofTurin 
has a considerable impact because it collects the major economic activities and host 
most of the population. In fact when comparing the regional and the provincial levels, 
for many pollutants that in other provinces shows important differences if considered 
with and without uncertainty, in the province of Torino the difference only emerge in 
two cases (N2O and SO2). In the province of Vercelli the economic activities and the 
number of inhabitants are less. This province records many differences in data with and 
without uncertainty compared to the regional level (ref. Table 1) and thus sucha reality 
could not be represented by the regional level: it should be analyzed individually. Ifthis 
difference shows up within a region like Piedmont, we can imagine the huge differences 
that would show at national level. In ltaly for example the national level would never 
represent equally the Northem and the Southem parts: territorial policies, development 
and environmental policies not only must consider uncertainty but must also identify 
for the appropriate territories the appropriate administrative level. 

However, the method we used to estimates uncertainty was applied in a very 
elementary way. In fact we did not make any difference among pollutants: we assumed 
that all measured data are underestimates. Some studies, e.g. [ 6], shows that some 
pollutants are prone to over estimates rather than underestimates and some other 
pollutants' estimates are fine. Moreover, we did not apply any refinement to the 
coefficient interval : we consider the worse hypothesis, i.e. the maximum possible 
applicable percentage of error. 

Having set few statements in the previous section, we would like to conclude this 
paper with few remarks. Firstly, the calculation of uncertainty varies according to the 
administrative level considered. In our example we started from a sub-national level 
(the region) and further looked into a loca! context (the provinces). The message does 
thus amplify when the initial level is a nation or a macro-region. Secondly, by adding 
uncertainty to estimates can affect the message to policy makers, even if in some case 
less than expected when looking at the differences in absolute terms. Finally, a raw 
methodology, like the one we have applied in this paper, can help to identify which are 
the pollutants that require a deeper analysis. Considering the limits oftime, budget and 
data, this kind of methodologies can work as sieve. To the identified pollutants and to 
the critical territorial contexts amore sophisticated approach should be applied in order 
to provide the policy maker with a correct and robust message. 
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