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Abstract A methodology is proposed to support the evalua-
tion and comparison of different types of emission invento-
ries. The strengths and weaknesses of the methodology are
presented and discussed based on an example. The approach
results in a “diamond” diagram useful to flag out anomalous
behaviors in the emission inventories and to get insight in
possible explanations. In particular, the “diamond” diagram
is shown to provide meaningful information in terms of: dis-
crepancies between the total emissions reported by macro-
sector and pollutant, contribution of each macro-sector to the
total amount of emissions released by pollutant, and the iden-
tification and quantification of the different factors causing the
discrepancies between total emissions. A practical example in
Barcelona is used for testing and to provide relevant informa-
tion for the analyzed emission datasets. The tests show the
capability of the proposed methodology to flag inconsis-
tencies in the existing inventories. The proposed methodology
system may be useful for regional and urban inventory
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developers as an initial evaluation of the consistency of their
inventories.

Keywords Emission inventories - Activity data - Emission
factors

Introduction

Emission inventories are essential in explaining observed var-
iability and trends in atmospheric composition. They are gen-
erally identified as key inputs in the air quality modelling
chain, especially when they are used to support regulatory
decisions, such as for air quality planning or for the assess-
ment of concentration levels over a given territory (EEA 2011;
ETC and ACM 2013). At the same time, studies point out to
emissions as the most uncertain factor among the different
components of air quality models (e.g., meteorology, bound-
ary conditions, model parameters) (Russell and Dennis 2000;
Francois et al. 2005; Davison et al. 2011; Viaene et al. 2013).
The development of accurate emission inventories is therefore
particularly relevant to air quality applications because this
will determine to a large extent the accuracy of the subsequent
air quality models (Tong et al. 2011; Frost et al. 2013; Fann
et al. 2009; De Fatima Andrade et al. 2012).

Building an emission inventory for a given urban area,
region, or country is always a challenge as highly detailed
local information for a large variety of emission sources
needs to be collected. Such information is not always
available with the requested level of accuracy for all emit-
ting sectors and/or pollutants. Two methodological ap-
proaches for compiling emission inventories, often re-
ferred to as “top-down” and “bottom-up,” exist that both
require information concerning the amount of activity “A”
(e.g., fuel consumption, vehicle kilometers travelled) and
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emission factors associated to this activity “e” (e.g.,
amount of pollutant emitted per activity unit). Emissions
are then estimated as the product of the emission factor
with the relevant activity data. The main difference be-
tween “top-down” and “bottom-up” approaches relies on
the specificity of the emission factor selected and the spa-
tial and temporal data aggregation level in which the ac-
tivity is collected. In the case of top-down approaches,
activity data is first collected at national or regional level
and then distributed over the grids of the modelling do-
main based on information or surrogate data that is repre-
sentative of the activity (e.g., population density). In the
case of a bottom-up approach, the activity data is collect-
ed on a fine spatial scale (e.g., facility level for industrial
emissions or road level for traffic emissions) and aggre-
gated to the required spatial resolution of the air quality
model. It is common to use both top-down and bottom-up
methodologies to develop a single emission inventory.
However, emission inventories at national level mostly
rely on top-down approaches, while emission inventories
developed for local and urban applications rely to a larger
degree on bottom-up approaches. Given their diversity in
terms of methodology, these two approaches often do not
lead to comparable emission estimates. In this work, we
propose a simple methodology to compare emission in-
ventories and to identify the key factors on which acting
to improve consistency.

The use of this methodology must be seen as a first step in
an emission inter-comparison exercise to be completed with
further evaluation and comparison indicators (such as intro-
duced in the FAIRMODE emission benchmarking tool)
(Guevara et al. 2015) or with other approaches such as a
GIS comparison exercise (i.¢., spatial cross-checking between
layers of input data and emission results) or a comparison of
air quality model simulations using multiple emission datasets
and observational data.

Methodology: the “diamond” diagram

The main goal of the methodology is to allow for a better
understanding of the reasons for discrepancies between
emission estimates over a given area. The intention is to
screen a bottom-up emission inventory and highlight pos-
sible sources of inconsistencies when compared with stan-
dardized existing top-down inventories. It must be noted
however that the diamond approach may be applied to
any type of inventories. The “diamond” diagram proposed
here aims at identifying whether differences between in-
ventories can be mostly related to differences: (1) in the
use of emission factors or (2) in the choice of activity
data. The methodology also delivers some quantitative
assessment of the underlying uncertainty. It is important
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to note that no reference can be set in terms of emissions
so that the resulting analysis remains relative, meaning
that no information can be retrieved about the correctness
of one inventory with respect to the other. Only differ-
ences can be highlighted.

We assume here to have two emission inventories over a
given geographical area, detailed with similar nomenclatures
in terms of emitted pollutants and sectors. If this is not the
case, correspondences between the sectors should be built
prior to the analyses. Note that this step is not specific to the
approach proposed here but needs to be performed before any
inventory inter-comparison. It is important, however, to stress
that this step might lead to possible inconsistencies between
emissions inventories that are rather artifacts than real mis-
matches. The necessary input data are the emission totals,
detailed in terms of pollutant and activity sector (e.g., SNAP
macro-sectors).

Diamond diagram for a single source technology

For convenience, we start our derivation by considering a
single technology before extending it to the more complex
case of a macro-sector (set of technologies).

‘We consider emission estimates from two inventories (de-
noted below with the subscripts 1 and 2) for a given technol-
ogy. Our aim is to express the emission factor ratio ef”/e5” (for
a technology ¢ and a pollutant p) and the activity ratio 47/45
from the only information we have, i.e., the two emission
totals E” and E5”. Nor the emission factors neither the activ-
ities need to be known a priori.

From the relation linking total emissions to activity level
and emission factors: E””=A4"¢"”, we can express the activity
and emission factor ratios as follows:

A" _E &' (1)
AP B €Y

Lp Lp 4tp
e’ _EV A4

Lp T plp qlp
) Ey" A,

(2)

To simplify these expressions and make them depend only
on the known emission totals (E), we assume that, for a given
technology, (t) one pollutant species (denoted as p*) can serve
as a reference and satisfy the following two conditions:

Ve, 3p* sothatel? = e (3)
A7 A
Vi, Vp, F:E:A_S (4)

The first assumption (3) means that, for a given technology,
we are confident that the emission factors for at least one
pollutant are similar in the two inventories. For instance, the
gasoline Euro-5 NO, emission factor is supposed to be more
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certain than the primary PM;, emission factors for the same
technology. The second assumption (4) is easier to fulfill since
activities are generally independent of the pollutant (e.g.,
Amann et al. 2011). For the example of the traffic sector, this
implies that the same number of cars is responsible for the
emissions of the different pollutants. In our case, the assump-
tion is even less stringent because we only require that the
activity ratios are independent of the emitted pollutants.
With these assumptions, eq. (1) can be written for p* as:

t.p* tp*  tp* tp*
Al' E{ €y E] Ali ( )
¥ tp*  tp* tp* 1 5
A 2,[7 E27p e 1,17 E2p A 2

where the last equality results from the assumption that the
activity ratio is independent of the emitted pollutant. Using
Egs. (5) into (2) leads to:

t, t.p*
P El,P E2P

tp tp*
EY E

e

,

1

tp
€

(6)

It is important to note that the ratios given by (5) and (6) are
now expressed only in terms of the total emissions.

We can then express the total emissions (E) in terms of the
previous activity and emission factor ratios through the fol-
lowing equality:

Etal’ Al eﬁl’ Al et’p
log[ =~ | = log| = —log<—1> +log( = | (7)
(i) =u ()=o) o5

Note that this equation is independent from the assumption
made on the reference pollutant p*.

Ratios (5) and (6) are used to construct the “diamond”
diagram which enables comparing the two inventories in

Fig.1 Diamond diagram. The X-

terms of emission factors and activity levels (Fig. 1). The
X-axis represents the emission factor ratio in a logarithmic
scale log(e;/e;) while the Y-axis represents the activity data
ratio in a logarithmic scale log(4,/4,). Relation (7) is then
used to construct emission ratio iso-lines. The choice of the
logarithmic scale allows visualizing relatively large differ-
ences which may occur between two inventories for given
sectors or pollutants and results in a symmetric diagram for
both over and under reporting. The distance from the X and
Y origin provides information on the deviation (i.e., under-
and over-prediction) made in terms of emission factor and
activity, respectively. The emission ratio iso-lines (lines
with slope —1) provide information on the overall under/
over prediction in terms of emission totals. Colored thick
lines are overlaid to delimitate where activity, emission
factor, and total emissions all remain within a given degree
of variation forming a diamond shape. The red diamond
indicates ratios of activity, emission factor, and total emis-
sions all within 100% (or a factor 2) differences.
Compensation effects such as an over-prediction of emis-
sion factors linked to an under-prediction of the activity
levels estimates are also identifiable on this diagram.
These compensation points would lie on the diagonal but
outside of the diamond areas.

The actual ratios between the inventories are then in-
troduced as single elements in the “diamond” diagram.
Different colors are used to identify each technology,
and different symbols are used to distinguish pollutants.
The size of the symbol is proportional to the emission
magnitude. This feature is introduced to identify the big-
gest contributors and potential sectors that need attention.
For example, a point far away from the origin but of small
size could indicate a second order problem.

Emission Benchmark
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Diamond diagram for a macro-sector with multiple
technologies

The emissions corresponding to a macro-sector can be seen as
a sum of emissions from the different technologies contribut-

ing to that macro-sector, i.e.,; E"? =Y EP =Y 4"
t t

which we can re-write as:

Z ¢ Z e tot P
AP —— = 4P ¢ (8)
>

t

where m identifies the macro-sector that is source of the emis-
sions, A"”""% is the sum of all activities for pollutant “p” (from
all technologies) within the macro-sector (e.g., kilometers
driven for transport) and & is an activity weighted emission
factor for the macro-sector. This weighted macro-sector emis-
sion factor can be re-written as:

mp AP

> — § tp § tm.p ,t.p

€ - Atat.m,pe - arve
t t

where the symbol a is used to denote the relative activity
shares within a given macro-sector.

Similarly to the single technology derivation, we assume
that, for each macro-sector, a reference pollutant can be iden-
tified, characterized by: (1) similar weighted emission factors
and (2) activity ratios which do not depend on pollutant within
that macro-sector. We can then generalize Egs. (3) and (4) as:

_m.p* _m.p*
Vm, 3dp*sothat ¢ = ¢
Atot,m,p* Atot,m,p Atot,m
Vm, Vp tlnt‘m,p* :Atlot,m,p :Atlot,m
AZ 2 2

Relations (5) and (6) can then be generalized similarly as:

tot,m mp* ~mp mp  mp*
477 _E and e _ETE

Torm T Tmp =P = TP Tap*
A, E] e, E, EY

Similarly to the case of a single technology, Eq. (7) can be
generalized to obtain the total emission ratio: E7"”/E5"” for a
macro-sector over the region of interest and derive the uncer-
tainty iso-lines:

Em.p Atot m ém.p

log (17) 10g< ’ m) + log| =5

EYY A5 i
Since in this case the diamond diagram is based on aggre-
gated quantities per macro-sector (i.e., weighted emission fac-

tors and total activity), it is necessary to take some precaution
for its interpretation:

» The weighted emission factor (&) includes activity shares

in its definition. In the case of a single technology, the total
emission is the product of two independent quantities: the

@ Springer

emission factor and the activity. On the contrary, in the
case of multiple technologies, Eq. (8) shows that the total
emission is the product of two dependent quantities.
Indeed, the weighted emission factors depend on activity
shares. The differences seen in the diagram along the X-
axis can therefore not be directly related to the single tech-
nology emission factors. A few examples are provided in
the next subsection.

* Because the total activity (Y-axis) represents the sum of all
technology activities, compensation effects (i.e., a positive
activity change for one technology compensated by a neg-
ative change in another) will not be seen on the diagram.

It is important to note that an analysis at macro-sector level
should be seen as a first step in the screening process, to
identify the sectors/pollutant discrepancies. A more detailed
approach in terms of sectors should then be used to identify
the causes behind these differences.

Interpretation of the “diamond” diagram

As mentioned, the interpretation of the X-axis of the diamond
diagram is sometimes misleading due to the mix of informa-
tion related to activities (activity share) and emission factor in
the definition of é.

Examples on how to interpret the diamond diagram are
presented in this sub-section. We focus for simplicity on the
case of a macro-sector composed of two different technologies
(t; and t,), each characterized by a specific emission factor.
For a pollutant p, the two inventories (1 and 2) to be used in
this comparison exercise can be expressed as follows:

mp
t.p 2 1, ~
Amt (a ell + a 2 P) Atlutel

m.p
fot ( t1 L.p tr h,p\ __ 4tot
=4, (a +ase, ) = Ay'e,

Eml’ Atl lll’ +At2 P _
3 t
E2 Atl 11’ —i—Atz 2P

We will use the first inventory as reference and impose ar-
bitrary variations to the second inventory in terms of total ac-
tivity (Ayoy), activity shares (@), and emission factors (e). Table 1
provides an overview of the possible variations of these three
factors, while Fig. 2 shows how these variations would be seen
graphically. The left columns (orange) in Table 1 provide values
for the reference inventory: the total activity (4..r), the activity
shares (a, and a,) and the two emission factors (e; and e,). The
weighted emission factor (&) and total emissions (£ are
calculated from these values. Note that these reference invento-
ry values are kept unchanged for all the examples in Table 1.
We then assume arbitrary variations of the total activity, activity
shares, and emission factors (yellow columns) and calculate
similarly the weighted emission factor (¢) and total emissions
for the test inventory. From these values, the X and Y position in
the diagram are obtained (green columns, Table 1) together with
the ratio of the total emissions (Z column, Table 1) which
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Table1 Comparison of two emission inventories with variations imposed in terms of three factors (total activity (A), activity shares (a), and emission
factors (e))
Ref y (Eref) Test inventory (E) X Y Z y ch Nb

IAref| a1 | a2 [ e1| e2 | € ef| Eref | A [a1]| a2 |e1|e2]| & E |&/&er| A/A | E[Eref | DA | Aa1 Aa2|Ael Ae2)
300] 0.3[0.7] 5 | 10] 85 [2550]|600[ 03] 0.7] 5 [10] 85 |5100[ 200 [ 200 | 200 | 71 - o [
300]0.3[0.7] 5 [ 10] 85 [2550]600] 0.3] 0.7] 10| 20 | 17.0]10200] 2.00 | 2.00 | 400 | T - 1|2
300]0.3[0.7] 5 | 10] 85 [ 2550|600 03] 0.7] 10[ 5 | 65 [3900] 0.76 | 2.00 | 153 1 - T E
300] 0.3[0.7] 5 | 10] 85 [2550]600[ 0.7[ 0.3] 5 [10] 65 [3900[ 0.76 | 2.00 | 153 1 T o [ a
300]0.3[0.7] 5 [ 10] 85 [2550[600[ 0.7 0.3] 10| 20| 13.0] 7800] 2.53 | 2.00 | 306 | T Tl 11 |5
300]0.3]0.7] 5 [ 10] 85 [ 2550|600 0.7[0.3] 10| 5 | 85 [5100] 200 [ 200 | 200 [ T T |6
300]0.3]0.7] 5 | 10] 85 [2550[300] 0.3 0.7] 10| 20 [ 17.0] 5200] 2.00 [ 200 | 200 | « - m |7
300] 0.3[0.7] 5 | 10] 85 [2550|300[ 0.3[0.7] 10| 5 | 65 [1950] 0.76 | 200 | 076 | « - |8
300]0.3]0.7] 5 [ 10] 85 [2550[300[ 0.7[0.3] 10[ 20| 13.0]3900] 2.53 | 200 | 153 [ « T 11 |9
300]0.3]0.7] 5 | 10] 85 [2550[300] 0.7[0.3] 10| 5 | 85 [2550] 2.00 [ 2.00 | 200 | « T 1 |10
300]0.3[0.7] 5 | 10] 85 [2550]300[ 0.7[ 03] 5 [10] 65 [1950] 0.76 | 200 | 076 | < T E

The left most columns (orange) provide the values for the total activity, the two emission factors, and the activity shares for the reference inventory. From
these values, the weighted emission factor (&) and total emissions (E) are calculated. Arbitrary variations are assumed in the test inventory (vellow
columns) and the weighted emission factor (€) and total emissions are calculated similarly. From these values, the X and Y position in the diamond
diagram are obtained (green columns) together with the ratio of the total emissions (Z column). The next three columns (in gray) summarize the changes
in total activity (AA), activity shares (Aal Aa2), and emission factors (Ael Ae2) (1 for an overestimation, «>for a status quo and | for an underes-
timation) between the two inventories. The last column provides the reference number of the scenario, used in Fig. 2

informs about the overall under- or over estimation in terms of
total emissions. The next three columns (in gray) summarize
the changes in total activity (AA), activity shares (Aal Aa2),
and emission factors (Ael Ae2) (1 for an overestimation, «>for
a status quo and | for an underestimation). The last column
provides the reference number of the example used to identify
the cases in Fig. 2. Note that only overestimation and compen-
sation are tested here because underestimation would lead to
similar interpretations.
It is noteworthy to highlight the following points:

*  Whatever the changes in terms of activity share and emis-
sion factors, the variations in terms of total activity (Ay) are
always seen directly along the Y-axis. Indeed, the Y coor-
dinates of points 7 to 11 are equal to 1 because their total
activity are equal in both inventories, while the Y coordi-
nates for points 1 to 6 are equal to 2, corresponding to an
underestimation by a factor 2 of the total activity.

Fig. 2 Diamond diagram

Changes of both emission factors (e; and e;) in similar
ways (i.e., || or 11) (e.g., point 7) are directly visualized
along the X-axis.

Impacts of changing only the activity share (e.g., point 11)
are seen on the X-axis because weighted emission factor
include activity shares in their definition.

Changes in activity compensated by changes in emission
factors (e.g., point 10) cannot be identified.

Changes in emission factors only (point 8) or in activity
shares and emission factors that do not compensate each
other (point 9) are reflected on the X-axis.

The diamond diagram does not allow differentiating
between:

Changes in emission factors compensated by changes in
activity shares (point 8—11 or points 3—4)

Compensations in both activity shares and emission fac-
tors (points 1-6)

Emission Benchmark
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Due to the possible compensations, a position close to the
origin does not guarantee that deviations between the two
inventories are negligible, but positions far away from this
origin are indicative of deviations.

The two main assumptions required to create the diamond
diagram have the following implications:

* Assumption 1: A reference pollutant that uses the same
emission factors per macro-sector in the two inventories
can be selected. The points corresponding to the reference
pollutant (p*) will consequently always lay along the ver-
tical axis for all macro-sectors. Note that the choice of the
reference pollutant is left to the user.

* Assumption 2: The activity level ratio per macro-sector
between two inventories is the same for all pollutants.
For a given macro-sector, the points corresponding to dif-
ferent pollutants will consequently always lay on the same
horizontal line in the diagram.

A case study: Barcelona

This section presents an example of the use of the diamond
diagram to compare bottom-up and top-down emission inven-
tories. We compare a Barcelona City local/regional inventory
including a large amount of “bottom-up” information (i.e.,
HERMESV2.0; Guevara et al. 2013; hereinafter referred to as
BUP) to a European inventory driven by “top-down” informa-
tion (i.e., TNO _MACC-II; Kuenen et al. 2014; hereinafter re-
ferred to as TOD), the reference year being 2009 in both cases.
In general, bottom up inventories are defined in terms of ad-
ministrative divisions whereas EU wide top-down inventories,
based on a spatial allocation of country totals, are provided as
gridded. For the comparison, the emissions from grid cells be-
longing to the administrative entity (through comparison with a

Fig. 3 Diamond diagram applied 10.
on the test case of Barcelona city .‘
for the non-industrial combustion INDU - 5.
(DOM), industrial combustion E;Wv;c 2
and processes (INDU), and road A NOx % 2.
transport (TRAFF) sectors for : 2},‘;0 § g
VOC, NOX, SOZ, and PPM]O ":', < 1.
<3 7
R
§ <
F a
5 2
sl
0.05
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shape file) are summed up and compared to the regional totals.
Note that grid cells crossing the administrative border are fully
accounted for. It is important to keep track of this assumption,
especially for small administrative regions or/and if the resolu-
tion of the top-down inventory is coarse.

The macro-sectors and pollutants considered for the analy-
sis are non-industrial combustion (SNAPO02, hereafter referred
to as DOM), industrial combustion and processes (SNAP03 +
04, hereafter referred to as INDU), and road transport
(SNAPO7, hereafter referred to as TRAF). The pollutants con-
sidered are NO,, SO,, VOC, and PPM,,,.

For all sectors, NO, is selected as the reference pollutant
since it is generally accepted that the choice of emission
factors and activity shares are similar in the TOD and BUP
NO, emission inventories. This assumption is in line with the
results presented by Granier et al. (2011) in which several
global and regional emission inventories were assessed for
the 1980-2010 period, the best consensus being found for
NO, emissions for all periods and all regions. If another pol-
lutant is selected as reference, results will change in the dia-
mond diagram (see point 5 in Screening methodology).

The results for Barcelona are shown in Fig. 3. Moreover, in
order to interpret the results and carry out the comparison of
the two given inventories, a screening methodology is pro-
posed below.

Screening methodology

To perform the analysis of Fig. 3, we propose to follow the
following approach:

Diamond overview

Most of the 12 pollutant-sector comparisons lie outside of the red
diamond shape (factor 2), indicating clear issues to be solved.
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Analysis of total emissions per sector

As mentioned before, all pollutants for one sector lay on the
same horizontal line as a result of assumption 2 (i.e., relation
4). In Fig. 3, the bottom-up (BUP) emission estimates for the
industrial (INDU) sector clearly underestimate the top-down
inventory (TOD) estimate, whereas the contrary is seen for the
traffic (TRAF) sector. We identify the over or underestimation
of the emissions from the position of the points with respect to
the diagonal —1 slope curve. The DOM sector shows both
underestimation (PPM;,, VOC, and SO,) and overestimation
(NO,). Because emissions from one specific activity sector
should be treated consistently for all the different pollutants
in the two inventories, we expect that the points characterizing
the different pollutants are very close to each other within a
given activity sector. The fact that this is not the case for DOM
might point out to issues in terms of emission factors.
However, it could also indicate discrepancies in terms of ac-
tivity shares (i.e., percentage of biomass and natural gas burn)
since the difference between biomass-NO, emission factors
and natural gas-NO, emission factors for the DOM sector
are usually very low compared to the differences between
VOC, PPM,¢-, and SO,-emission factors (EEA 2013).

The diamond diagram helps also to screen differences in
terms of emission magnitude. Indeed, large differences in
terms of emission factors, activity, or total emissions between
the two inventories might not be a priority if the magnitude of
the emissions concerned is small. In Fig. 3, the symbol size for
a pollutant is proportional to the quantity of emissions in a
given sector compared to the sum of all sectors. This analysis
clearly points to VOC and PPM; as main outliers for TRAF
and to SO, for the INDU emissions. PPM o for DOM and SO,
for TRAF are second priorities. On the other hand, NO, for
TRATF is the closest to the origin, a reassuring feature on the
consistency of the two inventories, considering its size.

Emission factors vs. activities

The value of the ratios in the diamond diagram indicates the
magnitude of the differences between the two inventories. In
the example in Fig. 3, with the exception of a couple of
pollutant-sectors (TRAF-NO, and DOM-NO,), all other ratios
show larger differences in terms of emission factors than in
terms of activities. This is clearly seen by the larger distance
from the Y-axis than from the X-axis.

Compensation vs. adding up

The DOM points mostly lay in the compensation zone char-
acterized by an overestimation of the activity and an underes-
timation of the emission factor, whereas for the INDU sector,
most of the points lay in the adding-up zone where underesti-
mations in terms of activity and emission factors both

contribute to the underestimation of the total emissions. It is
interesting to note that some compensation also occurs in
terms of sectors. Indeed, while the TRAF sector tends to over-
estimate all pollutants, the two other sectors tend to underes-
timate. While the total emissions might be similar, its reparti-
tion across different sectors might lead to important impacts,
for example in terms of modelled concentrations due to a
different spatial allocation of emission per sector in the air
quality model. This is particularly relevant in the later assess-
ment of potential measures to improve AQ where an incorrect
source representation might lead to budget being allocated to
address the wrong sources.

Changes in reference pollutant

The choice of the pollutant of reference influences the inter-
pretation of the diagram. Therefore, it is interesting to assess
how the diagram changes if another pollutant would be select-
ed as reference. It is important to note that all points in the
diagram would only move along their —1 diagonal. These
diagonals indicate the total emissions ratios, and these ratios
remain unchanged regardless of the choice made for the ref-
erence pollutant. If SO, is selected as reference for the TRAF
sector, its point would therefore move along the —1 diagonal
until it reaches the e/e=1 line (vertical axis) to satisfy assump-
tion 1 (i.e., relation 3) and therefore stay at coordinates (1, 10).
The NO, point would also move along its diagonal until it
reaches the same horizontal line as SO,, i.e., (0.1, 10), and
similarly for all other pollutants within this macro-sector. In its
new position, NO, would be characterized by an underestima-
tion by a factor of 10 of the emission factor, compensated by
an overestimation of the activities by a factor 10. Being very
improbable, we conclude that SO, cannot be used as refer-
ence. If we conduct the same analysis for the INDU and DOM
sectors (i.e., selecting SO, as the reference pollutant), the NO,
point would reach the coordinates (4.5,0.1) and (4.2, 0.35)
respectively. In both cases, NO, would be characterized by a
large underestimation factor of the activity (i.e., up to 10 for
the DOM sector) partially compensated by an overestimation
of the weighted emissions factors, the results being again very
improbable.

A similar reasoning has been followed for other pollutants
and sectors to increase our confidence in the choice of our
reference pollutant and about the robustness of the analysis.

Distances between points

Distances along the horizontal axis provide information on
pollutant ratios. A large distance along the horizontal axis
between two points indicates issues in terms of emission fac-
tors. This is the case for example between NO, and SO, for the
TRAF sector or between NO,. and PPM  for the DOM sector.
However, this distance also provides information about
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pollutant ratios and about their consistency between invento-
ries. Indeed, for TRAF the vicinity of the VOC and PPM,,
along the X-axis implies that:

_TRAF,VOC ~ TRAFPPM;,  TRAFVOC  TRAF,VOC
2 g - 2 &
TRAF,VOC ~  TRAF,PPM,, TRAF,PPM,, = TRAF,PPM,
e, e, e e,

We deduce therefore that the proportional emission ratio
VOC/PPM,, for TRAF is consistent in the two inventories,
but that both VOC and PPM, are probably overestimated in
the BUP inventory, as indicated by the position of these two
points with respect to the diagonal. Similarly, we conclude
that proportions or pollutant ratios between the VOC,
PPM;, and SO, emissions (i.e., VOC/PPM;,, VOC/SO,,
and PPM,(/SO,) are consistent between the two inventories
for INDU, but all pollutants are underestimated with respect to
NO,. For DOM, this consistency is only observed between the
VOC and SO2 emissions (i.e., VOC/SO,) all pollutants being
also underestimated with respect to NO,.

A similar reasoning can be followed along the Y-axis
where the proximity of the three sector lines indicates that
the relative sectorial emission ratios are consistent between
the two inventories, or in other words:

tot, TRAF tot, DOM tot, TRAF tot, TRAF
4, A4 A; _A;

= o
JOLTRAF ™10t DOM

tot,DOM ~ tot,DOM ’
§ 2 AO’O Ao [0)

1 2
with possible generalization of this relation to the INDU
sector.

In conclusion, the screening evaluation points out to pos-
sible inconsistencies between the two inventories in the
TRAF sector, especially for the PPM;, and VOC in terms
of emission factors. It also points out the need for checking
the accuracy of the SO, emission factor for the INDU sector
and the issue of the PPM,, for INDU and SO, for TRAF
and PPM10 for DOM, again in terms of weighted emission
factors.

As mentioned earlier, the analysis presented here at macro-
sector level should be seen as a first step in the screening
process to identify the sectors/pollutant discrepancies. A more
detailed approach in terms of sectors is then necessary to iden-
tify the causes behind these differences. This is however not
the purpose of this work.

Conclusions

In this work, a methodology has been proposed to compare
emission inventories. The main strengths of the approach (dif-
ferentiating discrepancies in terms of emission factors and
activity level) as well as its main limitations (assumption made
on the reference pollutant and its influence on the
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interpretation) have been discussed. A practical example was
used to illustrate and explain the methodology, providing rel-
evant information for both emission datasets. The “diamond”
diagram is shown to be useful to flag out anomalous behaviors
in emission inventories and to get insight in possible explana-
tions. It is particularly helpful to provide information in terms
of: discrepancies between total emissions reported by macro-
sector and pollutant, contribution of each macro-sector to the
total amount of emissions released by pollutant, and identifi-
cation and quantification of the different factors causing the
discrepancies between total emissions. This methodology
which must be seen as a first step in an emission inter-
comparison exercise, to be completed with other approaches
(e.g., GIS or air quality simulation comparison exercise), is
general enough to be applied to any type of inventory com-
parison, independently of the modelling purpose of the inven-
tories. The robustness of the analysis will increase with the
level of details (e.g., in terms of sectors). It is therefore advis-
able to start the analysis with macro-sectors to identify the
main differences and pursue it at sector and/or sub-sector level
to understand the causes behind these differences.
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