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ABSTRACT

The Transitions Performance Index (TPI) is a multi-
dimensional index which ranks 72 countries plus the
world and EU-27 aggregates for their progress along
four dimensions of sustainability: economic, social,
environmental and governance.

The European Commission’s Competence Centre on
Composite Indicators and Scoreboards (COIN) at the Joint
Research Centre (JRC) in Ispra, Italy, was invited by the
developers of the index to audit the TPI for the second time.
JRC-COIN aims to help ensure the transparency of the index
methodology and the reliability of its results. This JRC-COIN
audit focuses on data quality, the statistical soundness of
the multi-level structure of the index, and the impact of key
modelling assumptions on the results.

The analysis suggests that meaningful inferences can be
drawn from the index. The TPl is reliable and the framework
has good statistical coherence, while special care is
suggested for the interpretation of the Environmental pillar’s
role. TPI ranks are shown to be representative of a plurality
of scenarios, and robust to changes in the aggregation and
imputation methods and the pillar weights. Even though the
TPI has many good statistical properties, JRC-COIN has made
some suggestions for possible refinements.

The JRC statistical audit also includes a specific focus
covering the potential extension of the index to a larger
sample of countries. This focus has been requested by
the developers to explore the impact of this potential
extension on some of the characteristics of the index and
its structure.

The Transitions Performance Index (TPI) aims at measuring
countries’ transitions to sustainable development. It is a
multidimensional index composed of 28 indicators organised
into 16 different sub-pillars. Each of these sub-pillars are
themselves aggregated into four pillars. Each of these pillars
corresponds to a dimension of sustainability: the Economic
Transition; the Social Transition; the Environmental Transition;
and the Governance Transition.

This structure aims to respond to the policy priorities of the
EU, with each pillar representing an independent dimension
with a strong and clear meaning, so that it can be used in
a stand-alone analysis.

The TPI framework is well constructed, and a lot of

thought has clearly been put into it. However, conceptual
and practical challenges are inevitable when trying to
summarise with a single composite indicator the complexity
of a multidimensional phenomenon. An analysis is needed
to ensure and validate the statistical soundness of any
composite index. The analysis performed in this audit -

and discussed in this report — aims to help policymakers
derive more accurate and meaningful conclusions form the
Transitions Performance Index, and to potentially guide their
choices on priority setting and policy formulation.

In general, statistical soundness should be regarded as

a necessary but insufficient condition for a sound index.
This is because the correlations underpinning most of
the statistical analyses carried out in this report need not
necessarily represent the real influence of the individual
indicators on the phenomenon being measured. The
development of any index must therefore be nurtured by
a dynamic, iterative dialogue between the principles of
statistical and conceptual soundness.

The JRC assessment of the TPI presented here focuses on
two main issues: the statistical coherence of the structure,
and the impact of key modelling assumptions on the TPI
ranks. The statistical analysis is based on: (i) the adequacy
of aggregating indicators into pillars, and pillars into the
overall index; (ii) the multidimensional structure of the
TPI; and (iii) the specific impact of each element used in
the aggregation. Finally, the JRC analysis complements
the reported country rankings for the TPI with estimated
intervals, in order to better appreciate the robustness of
these ranks to the modelling choices.

The TPI is based on four pillars, each of which relates to
one area found to be critical in sustainable development:
an Economic pillar; a Social pillar; an Environmental pillar
and a Governance pillar. Each of these pillars contains
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4 sub-pillars, making 16 sub-pillars in total. These 16 sub-
pillars are built using 28 indicators (TABLE V.1). The index
is based on these 28 indicators and aggregated at each
level using a weighted arithmetic average. Some of the
indicators are already composite indicators; this may lead
to some repetition of information and a lack of clarity in

the framework. Nonetheless, the developers declared that
every composite indicator included in the framework was
selected to exclude or reduce this risk to the minimum.
Moreover, all the composite indicators are well flagged
(see the index in TABLE V.1) and are all used in the same
pillar (Governance).

TABLE V.1: Conceptual framework of the TPI

code

Gov. expenditure in education per student ind.01

EDUCATION, (% of GDP per capita)
INTERNE;KLIJLSLESAND ICT 1.1.2 | Internet users (%) ind.02
1.1.3 | Proportion of people with ICT skills (composite) ind.03
ECONOMIC WCEU/?rLg:t Szgfse(rpc;;’;a' 1.2 GDP per capita, current dollars (PPPS) ind.04 1
TRANSITION
LABOUR 1.3.1  Output per worker (2011 constant GDP PPPS) ind.05 1
PRODUCTIVITY & R&D ) - :
INTENSITY 1.3.2 | Gross expenditure on R&D (% of GDP) ind.06 1
1.4.1 Gross value added of manufacturing (% of GDP) ind.07
INDUSTRIAL BASE = : — .
1.4.2  Patent families filed in two offices (per billion PPPS GDP) ind.08
HEALTH: Healthy life . ) )
expectancy at birth (years) 2.1 | Healthy life expectancy at birth (years) ind.09 1
2.2.1 | Employment rate of population 20-64 (%) ind.10 1
WORK AND B B .
INCLUSION 2.2.2 | Employment-to-population ratio gender gap 25+ (%) ind.11 -1
SOCIAL 2.2.3 | Gross enrolment ratio, pre-primary, both sexes (%) ind.12 1
TRANSITION FREE OR NON-
REMUNERATED TIME: Free or 2.3 | Free time of the active population (AR * (1 - T/H)) ind.13 1
non-remunerated time (%)
241 Gini coefficient disposable income, after taxes and ind. 14 1
EQUALITY transfers (0-100)
2.4.2 | Income share held by the poorest quintile (%) ind.15 1
EMISSIONS REDUCTION:
Gross gregnhouse 3.1  Gross GHG emissions (tonnes per capita) ind.16 =1
gas emissions
(tonnes per capita)
3.2.1 | Terrestrial key biodiversity areas (KBAs) protected (%) ind.17
ES:E/II\IR&,\LI_ BIODIVERSITY 3.2.2  Freshwater key biodiversity areas (KBAs) protected (%) ind.18
TRANSITION 3.2.3 | Pesticide use per area of cropland (kg/ha) ind.19 =1
3.3.1  Resource productivity (PPPS$ per kg) ind.20 1
MATERIAL USE - - : -
3.3.2 | Material footprint (tonnes per capita) ind.21 =1
ENERGY PRODUCTIVITY:
Energy productivity 3.4 | Energy productivity (2015 PPPS per koe) ind.22 1
(PPPS per koe)
4.1.1 | Voice and accountability index (z-score) ind.23
FUNDAMENTAL RIGHTS - -
4.1.2  Rule of law index (z-score) ind.24
SECURITY: Homicide rate L ) . )
(per 100,000 inhabitants) 4.2 | Homicide rate (per 100,000 inhabitants) ind.25 1
GOVERNANCE 431 |C ti ti index (0-100) ind.26 1
3. orruption perceptions index (0- ind.
TRANSITION TRANSPARENCY P _ percep — _
4.3.2 | Basel anti-money laundering index (0-10) ind.27 -1
SOUND PUBLIC FINANCES:
Government gross debt 4.4 | Government gross debt (% of GDP) ind.28 -1

(% of GDP)
Source: Developers of the index and the European Commission’s Joint Research Centre, 2021.
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3.1 MANAGEMENT OF MISSING DATA

The data used to construct the TPI are based on a time
series from 2011 to 2020. Whenever data were missing,
the developer followed these three rules (the order reflects
the priority among the rules):

1. interpolation between time points - whenever data
are available for a few years only, the intermediate
years are linearly interpolated;

2. last observation carried forward (LOCF) and first
observation carried backwards (FOCB);

3. data points obtained preferably from national
institutions or international organisations (details
in the TPI report).

The data used in this audit are the result of this first step
of data imputation performed by the developers. They are
based on time series and refer only to the most recent year
(2020). Many values used for 2020 are based on LOCF of
2019 or older data. In this situation, it is common practice
to use the last available year accepting the unavoidable
delay in the preparation of international data.

For remaining missing values, the developers opted for an
implicit imputation at the aggregate level. In practice, the
choice was to not impute the values. Because of this, the
score of the aggregate containing the missing value is based
on the other elements which are observed. This approach

is usually selected to improve transparency and avoid any
methodological black box. In the audit of the previous edition,
the JRC-COIN checked the effect of this choice on the results.

In the final data set, only the countries with a maximum
of three missing values (out of 28) are included. All the

72 countries included in this analysis fulfilled this criterion.
There are five indicators that contain between one and
three missing values, and only two indicators show five or
more missing data points: indicators 1.1.3 (Proportion of
people with ICT skills), and 3.2.3 (Pesticide use per area of
cropland, TABLE V.2). The Governance pillar has the best
coverage among the pillars with no missing values.

3.2 TREATMENT OF OUTLIERS

The audit also investigated the presence of outliers that
could potentially bias the effect of the indicators on the
aggregates. The JRC recommends an approach for outlier
identification based on skewness and kurtosis values?, i.e.
when the variables simultaneously have absolute skewness
higher than 2.0 and kurtosis higher than 3.5. The developers
followed the same approach in the construction of the TPI,
identifying indicators 1.3.2 (Gross expenditure on R&D),
3.3.2 (Material footprint) and 4.2 (Homicide rate). Indicators
1.4.2 and 4.2 are log-transformed, while indicator 3.3.2 is
winsorised as an effect of the normalisation based on
goalposts. In fact, the normalisation method based on
goalposts can be effective in reducing outliers. TABLE V.2
offers summary statistics for the normalised indicators
included in the TPI.

3.3 NORMALISATION

The indicators are rescaled to a 0-100 scale, with O as the
lowest score achieved by countries, and 100 as the highest.
This is a common - and usually desired — practice in the
construction of composite indicators. The developers set
minimum and maximum values for each indicator, called
goalposts. In this approach, if a value is lower than the
lower goalpost it has the value O assigned, while if the
value is higher than the higher goalpost the assigned value
is 100. Moreover, all the intermediate values are computed
with the following two formulas:

For a positive indicator:
value - lower bound

score = *100

upper bound - lower bound

For a negative indicator:
upper bound - value

score = *100

upper bound - lower bound

An indicator is intended to be positive when higher values
indicate better performance (it is negative if higher
values indicate worse performance). The direction of all
the indicators is represented in TABLE V.1. Indicators
4.1.1 and 4.1.2 are World Bank worldwide governance
indicators (Voice and accountability index, and Rule of law
index), and are normalised following a slightly different
procedure described in the technical report of the TPI.

1 Groeneveld, R. A. and Meeden, G., ‘Measuring Skewness and Kurtosis’, The Statistician, No 33, 1984, pp. 391-399.
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TABLE V.2: Summary statistics of the indicators included in the TPI

Missin
I e e S N S N R Y

% ind.01 111 4.05 58.97 2047 96.51 76.04 0.05 -1.06
= ind.02 112 O 0 80.1 22.57 100 7743 -1.54 3.28
g ind.03 113 17 2297 45.17 577 78.59 72.82 -0.04 -041
= ind.04 12 0 0 44.24 6.57 100 9343 0.44 -0.72
= ind.05 131 0 0 47.28 6.57 100 93.43 0.3 -0.84
§ ind.06 132 1 1.35 27.76 3.14 98.82 95.68 1.22 1.33
S ind.07 141 0 0 46.14 12.33 100 87.67 0.65 0.5
L ind.08 142 0 0 50.1 0 97.83 97.83 -0.06 -111
% ind.09 21 0 0 76.47 313 96.97 65.67 -1.13 1.76
o ind.10 221 1 1.35 53.25 0 100 100 -061 -0.72
2 ind.11 222 0 0 70.79 7.19 100 92.81 -1.74 251
é ind.12 223 2 27 70.92 0 100 100 -1.17 043
= ind.13 23 0 0 68.01 30.55 94.28 63.73 -0.78 0.12
s ind.14 241 0 0 66.72 444 89.78 8534 -1.27 2.89
n ind.15 242 0 0 63.96 0 100 100 -0.64 0.62
" ind.16 31 0 0 64.35 0 9361 9361 -1.29 1.57
B ind.17 321 0 0 52.77 0 97.24 97.24 0.04 -1.25
E g ind.18 322 3 4.05 56.49 0 99.96 99.96 0.02 -1.24
g @ ind.19 323 5 6.76 75.27 6.64 99.93 93.29 -1.35 14
% E ind.20 331 0 0 38.62 9.38 100 90.62 121 0.86
Z ind.21 332 0 0 49.42 0 93.24 9324 -0.14 -0.89
ind.22 34 0 0 57.36 15.74 100 84.26 0.16 -0.32

ind.23 411 0 0 63.71 4.96 95.77 90.81 -0.73 -0.67

g z ind.24 412 0 0 66.06 19.29 98.12 78.83 -0.28 -14
= E ind.25 42 0 0 69.16 0 95.98 95.98 -1.75 2.98
§ Z ind.26 431 0 0 54.92 25 88 63 0.29 -1.18
S g ind.27 432 0 0 52.54 124 766 64.2 -091 2.17
ind.28 44 0 0 703 0 100 100 -1.18 1.14

Note: The cell with the percentage of missing values exceeding 10% are shaded in light red. The values of skewness and kurtosis if any exceeding
the thresholds are written in
Source: European Commission’s Joint Research Centre, 2021.

This influence relies on the interplay between both conceptual
and statistical soundness. The degree of coherence between
The assessment of statistical coherence consists of the conceptual framework and the statistical structure of the
a multi-level analysis of the correlations of variables, and data is an important factor for the reliability of an index.
a comparison of TPI rankings with their constituent pillars.
The correlation analysis is used to assess the extent to
which the observed data support the conceptual framework.

4.1 CORRELATION ANALYSIS Ideally, there should be positive significant correlations
within every level of the index. This effectively ensures that
The statistical coherence of an index should be considered the overall index scores adequately reflect the underlying

a necessary but insufficient condition for a sound index. Given  indicator values.
that the statistical analysis is mostly based on correlations,

the correspondence of every index to a real-world Redundancy, which could be identified by very high
phenomenon needs to be critically addressed by developers correlations (>0.92), should be avoided in the framework.
and experts, because ‘correlations do not necessarily This is because if two indicators are collinear, this may
represent the real influence of the individual indicators on amount to double counting (and therefore over-weighting)
the phenomenon being measured’ (OECD & JRC, 2008)% of the same phenomenon.

2 OECD/EC-JRC (Organisation for Economic Co-operation and Development/European Commission, Joint Research Centre), Handbook on
Constructing Composite Indicators: Methodology and User Guide, OECD Publishing, Paris, 2008.
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Correlation analysis between indicators and aggregates

Table V.3 shows the correlation coefficients between

indicators and sub-pillars belonging to the same pillar. Most
correlations are significant and positive (>0.30). However, a few

Among the indicators which make up a sub-pillar on

their own, indicators 16 (3.1, Gross GHG emissions),

22 (3.4, Energy productivity) and 28 (4.4, Government gross
debt) show generally low correlations. This will be further
analysed in the next paragraph.

problematic cases are identified in the paragraphs below.

Indicators 7 (1.3.1, Gross value added of manufacturing),

8 (1.3.2, Gross expenditure on R&D), 19 (3.2.3,

Pesticide use per area of cropland), 20 (3.3.1, Resource

As a consequence, among the indicators mentioned above,
indicators 7, 16, 19, 21, and 28 show low correlations with
the TPI. In particular, indicator 21 is proven to be negatively
correlated with the TPI (a correlation of -0.59, see TABLE V.4).

productivity) and 21 (3.3.2, Material footprint) show

shallow, when not negative, correlations with the other
indicators in their sub-pillars. This may suggest that
these indicators do not entirely cooperate with the
others, and this may cause a conflict in results and
reduce the impact of the aggregate to which they belong

in the following aggregations.

Indicator 19 is the only low-correlated indicator in a group

of three. As a result, indicators 17 and 18 (3.2.1 and 3.2.2,
Terrestrial and Freshwater key biodiversity areas protected)
dominate the sub-pillar (correlation with sub-pillar 0.3 vs
0.91 and 0.93). This is probably the reason why indicator 19
is weakly correlated with higher aggregates (see TABLE V.4).

TABLE V.3: Correlations between indicators in the same pillar

Economic transition

Social transition

ind.01 059 043 049 047 040 -021 057 ind.09 054 033 057 0.58 0.40 027
ind.02 f 059 061 | 073 071 048 -007 062 ind10 | 054 aw | as || e 1 oo IR
Correlation Correlation
ind0o3f 043 061 068 069 048 -021 052 high High
g ind1l 054 | 047 056 || 073 017 013 g
OK 0K
ind04 049 073 068 096 062 -001 080 = Weak Weak
ind12 057 | 067 056 069 041 036
ind05 047 071 069 | 096 059 [ -003 077
ind13 058 078 073 069 023 016
ind06 040 048 048 062 059 016 079
) i 040 036 017 041 023 092
ind07 -021 -007 -021 -002 -003 016 002 ind.14
ind08 057 062 052 080 077 079 002 ind1s 027 029 013 036 016 § 092
&> )V ) > ) © <\ ® 9 Q N J ) > o
S 3 S o S & S & S S N N N N N
RS G G G S S & QL@
Environmental transition Governance transition
ind.16 -0.06 0.11 0.15 -0.23 0.64 0.19 ind.23 0.11 026 072 074 -024
ind.17 -0.06 079 005 | 044 -035 035 )
ind24§ 075 056 094 063 -0.19
Correlation Correlation
ind18 011 | 079 014 | 038 -023 036 oK . High
Weak ind25 026 056 052 028  -012 0K
M Negative Weak
ind19 015 || 005 014 -031 020 -020
ind26 = 072 094 052 061 | -015
ind20 -023 011 = 038 -031 RV 057
) ind27 = 074 063 028 061 -0.14
ind21 064 -035 -023 020 [EOZS 018
ind22 019 035 036 -020 057 -018 ind28 -024 -0.19 -0.12 -0.15 -0.14
© A G ) o N 9% ) b S © A >
> - > - % v % v W v v v <%
& L QT QTR & & & & & & &

Note: Numbers represent the Pearson correlation coefficients. Good correlations (i.e. Pearson correlation coefficients greater than or equal to 0.30 and

lower than 0.92) are highlighted in

(greater than or equal to 0.92) are written in
in red. Squares in dark grey represent sub-pillars.

Source: European Commission’s Joint Research Centre, 2021.

. Correlations with low values (lower than 0.30) are written in grey. Correlations at risk of redundancy
. Correlations with meaningful negative value (lower than -0.35) are highlighted
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TABLE V.4: Correlations between indicators and their aggregates

ind.01 067 Correlation
ind.02 057 ¥ High
(0]1¢
ind.03 052 Weak
M Negative
ind.04 073
ind.05 071
ind.06 054
ind.07 007
ind.08 0.71
ind.09 074
ind.10 066
ind.11 045
ind.12 065
ind.13 068
ind.14 057
ind.15 047
ind.16 013
ind.17 065
ind.18 061
ind.19 -014
ind.20 071
ind.21
ind.22 058
ind.23 0.76
ind.24 080
ind.25 062
ind.26 075
ind.27 060
ind.28 -0.13
,Q\\é ‘2%\1bs \&Q}
BN

Note: Numbers represent the Pearson correlation coefficients. Good correlations (i.e. Pearson correlation coefficients greater than or equal to 0.30 and
lower than 0.92) are highlighted in . Correlations with low values (lower than 0.30) are written in grey. Correlations at risk of redundancy
(greater than or equal to 0.92) are written in darker green. Correlations with meaningful negative value (lower than -0.35) are highlighted in red.
Dark grey borders represent sub-pillars, pillars and index.

Source: European Commission’s Joint Research Centre, 2021.

® In both the Economic and the Social pillars most
correlations are significant and positive (>0.30). Only
sub-pillar 8 (2.4, Equality) shows a lower but not critical
lack of correlation with sub-pillar 7 (Free or non-
remunerated time).

A suggestion would be to keep monitoring these specific
indicators and their position in the framework for future
editions of the TPl in order to check their behaviour and
modify them if appropriate.

Correlation analysis between sub-pillars

©® The Environmental pillar shows a lack of internal relation,
only three correlations are above the threshold. This may
weaken the pillar with respect to the other three when
they are aggregated.

Table V.5 shows the correlation coefficients between sub-
pillars belonging to the same pillar. A few cases, which need
specific attention, are identified in the points below.

[
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TABLE V.5: Correlations between sub-pillars in the same pillar

Economic transition

sp.01 0.70 0.67 031
sp.02 0.70 0.90 0.55
Correlation
OK
sp.03 067 0.90 0.65 Weak
sp04 031 0.55 0.65
> Qv g >
R R K K
Environmental transition
sp.09 0.08 0.46 0.19
0.08 0.09 031
sp-10 Correlation
0K
Weak
sp.11 046 0.09 0.32
spl2 019 0.31 0.32
%) Q N 1
Q
K 8 8L 8

Social transition

sp.05 057 058 0.36
sp.06 057 087 0.35
Correlation
OK
sp.07 0.58 0.87 021 Weak
sp.08 0.36 0.35 0.21
$ © A\ &
Q Q Q Q
R X R R
Governance transition
sp.13 043 0.90 -0.23
043 045 -0.12
sp14 Correlation
OK
Weak
sp.l5 090 0.45 -0.16
sp.l6  -023 -0.12 -0.16
@) X » ©
eQ'\/ G)QS’ QQ"\’ G,Q"\’

Note: Numbers represent the Pearson correlation coefficients. Good correlations (i.e. Pearson correlation coefficients greater than or equal to 0.30 and lower than

0.92) are highlighted in
Source: European Commission’s Joint Research Centre, 2021.

In the Governance pillar, there is a satisfying relation among
the first three sub-pillars. Nevertheless, sub-pillar 16 (Sound
public finances) seems to describe a slightly different

concept in respect to the others. This may be reflected in the
role and representation of this pillar in the final aggregation.

Correlation analysis between aggregates
and the index

The values in TABLE V.6 represent the correlation
between the aggregates (sub-pillars or higher). This level
of aggregation is the most important as it represents the
consistency of the general concepts.

. Correlations with low values (lower than 0.30) are written in grey.

All the sub-pillars appear consistent and well allocated
within their pillar, with very satisfying correlation levels.
The only exception is sub-pillar 16 (Sound public finances),
which shows a slightly negative correlation with its pillar.
This is a direct effect of the low relation of this sub-pillar
with the other elements of the same pillar. The same sub-
pillar, along with sub-pillars 9 (Emissions reduction) and
11 (Material use) are also not positively correlated with
the overall index. This result suggests that these three
sub-pillars are not sufficiently represented in the overall
aggregate. Sub-pillars 2 (Wealth) and 3 (Labour productivity
and R&D intensity) show a very high correlation with their
pillar (0.93 and 0.95 respectively), with a risk of being

V-8
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TABLE V.6: Correlations of sub-pillars with pillars and the index

sp.01
sp.02
sp.03
sp.04
sp.05

sp.06
Correlation

M High
OK
Weak

sp.07
sp.08
sp.09
sp.10
sp.1l1
sp.12
sp.13
sp.14
sp.15

sp.16

5 +
N ()
X &

Note: Numbers represent the Pearson correlation coefficients. Good correlations (i.e. Pearson correlation coefficients greater than or equal to 0.30 and lower than
0.92) are highlighted in . Correlations with low values (lower than 0.30) are written in grey. Correlations at risk of redundancy (greater than or equal to
0.92) are written in darker green.

Source: European Commission’s Joint Research Centre, 2021.

redundant at pillar level. This is nevertheless mitigated aggregation. Pillars are positively correlated, except for

at the index level with the two sub-pillars showing good pillar 3 (Environmental transition), which is the only pillar
positive correlations, without exceeding the 0.92 set that has a low correlation with the other pillars. The weak
threshold (0.73 and 0.71 respectively). correlation is also evident at index level where, despite

having a larger weight, the Environmental pillar has a more
The direct correlation among pillars and with the index moderate correlation to the index than the other pillars.
(TABLE V.7) illustrates the balance at the top level of This is further investigated in the following section.
V-9
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TABLE V.7: Correlations between the pillars and with the index

p.01 071 -0.10 081
.02 0.71 0.09 081

P Correlation
OK
Weak

p03 010 0.09 0.03

p.04 081 0.81 0.03

> V ) >
Q Q Q Q
< Q Q Q

p.01 0.77
p.02 0.84
Correlation
OK

p.03 0.45
p.04 0.87
N

&

\<\2>

Note: Numbers represent the Pearson correlation coefficients. Good correlations (i.e. Pearson correlation coefficients greater than or equal to 0.30 and lower than

0.92) are highlighted in
Source: European Commission’s Joint Research Centre, 2021.

4.2 PRINCIPAL COMPONENTS ANALYSIS

OF THE TPI
As a further step in the analysis of statistical coherence,
principal components analysis (PCA) was used to confirm
the presence of one single statistical dimension among
the four TPI pillars. Technically, the expectation here is that
there is only one principal component with an eigenvalue
greater than 1, or explaining more than 70% of the
variance. In practice, the achievement of these thresholds
suggests the presence of a common, unidimensional
phenomenon underlying the pillars.

In the case of the TPI, the first principal component (PC1 or
Dim 1) is the only principle component with an eigenvalue
significantly higher than 1 (PC1 = 2.55, PC2 = 1.02) and
explains about 649% of the total variation (68% in the previous
edition), while the second principal component explains an
additional 269%, as compared to 22 % in the previous edition.
Thus the first two principal components explain nearly all
variance in the data (90% of the total variance). Figure V.1
illustrates the projections of the TPI pillars onto the plane

spanned by the first two principal components in a ‘factor map’.

The correlation between each TPI dimension and the
principal component is given by the projection of the TPI
pillar vector onto the component axis. The Economic, Social

. Correlations with low values (lower than 0.30) are written in grey.

and Governance pillars (p.01, p.02, and p.04) all correlate
highly with the first principal component.

The correlations are all above 0.90 except for the
Environmental pillar (p.03, correlation 0.01, as compared

to 0.43 of the previous edition), which shows a clear unicity,
pointing in a different direction than the other pillars.

The second principal component is much less influential

than the first and only accounts for one fourth of the total
variance, mainly because it explains one of four pillars.
Despite being less influential, PC2 is useful to evaluate the
differences between the environmental and the other pillars.
This difference is illustrated in Figure V.1, where pillars 1,

2 and 4 are not correlated with PC2, while pillar 3 is highly
correlated with — and explained by - that principal component
(i.e. the correlation between the pillar and PC2 is close to 1).

The results of the PCA suggest the possible bi-dimensional
structure of the TPI. The Environmental pillar tells a different
story in respect to the other three pillars. Therefore, JRC-
COIN suggests keeping it under strict monitoring since it is
clearly describing something that is related to the overall
concept from a different perspective in respect to the other
pillars. This is a common result for environmental aspects
included in social and economic composite indicators. The
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FIGURE V.1: Factor map of the four pillars and comparison with the overall TPI

PCA graph of variables

1.0

Dim 2 (25.63 %)

05

0.0

-1.0

-10 -05

Source: European Commission’s Joint Research Centre, 2021.

JRC-COIN team suggests to highlight the specificity of

the Environmental pillar when describing the TPI. Further
analysis may be useful to highlight the different scores (and
ranks) deriving from the Environmental pillar and from the
aggregation of the other three.

The PCA within the pillars shows some possible limitations
in the structure of the Environmental and Governance
pillars. Practically, sub-pillar 16 (Sound public finances)

is not aligned with the other sub-pillars and the principal
component. As for the Environmental pillar, the first principal
component explains about 44 9% of the total variation, while
the second principal component explains around 22 % of the
total variation. These results are in line with those obtained
in the correlation analysis.

4.3 ADDED VALUE OF THE TPI

Sometimes a high statistical association among the main
components of an index can be due to the redundancy of
information. This is not the case with the TPI. The TPI ranking

IR S— -

0.0 05 1.0

Dim 1 (63.85%)

(and any of the four pillar rankings) differ by 15 positions or
more for at least 12% of the countries included in the TPI
(see TABLE V.8). This result suggests that the TPI ranking
highlights aspects of countries’ efforts that do not emerge by
looking at the four pillars separately. In particular, pillar 3 is
confirmed to be the least aligned of the components. Almost
47 % of the countries show a difference in rank of at least
15 positions in respect to the TPI.

4.4 IMPACT OF THE COMPONENTS OF THE TPI

The study of the impact of the components (the underlying
indicators or aggregates) on the index is conducted by observing
alternative simulated rankings based on the omission of one
component at a time. One would typically expect to find some
variability in rankings in such simulations. Otherwise, the
omitted component would be proven to be irrelevant, adding no
significant valuable information to the index.

Figure V.2 outlines the average shifts in the TPI country
rankings when one element is omitted at a time.
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TABLE V.8: Distribution of rank differences between pillar and TPI rankings

Shift in respect to TPI _______ Pillarl] ____ Pillar2] _______ Pillar3] _______Pillard]

More than 30 positions 4.1%
15-29 positions 23.0%
5-14 positions 52.7%
Fewer than 5 positions 17.6%

0 positions 2.7%

Source: European Commission’s Joint Research Centre, 2021.

Among the elementary indicators, 20 (3.3.1, Resource

productivity), 22 (3.4, Energy productivity), and 25 (4.2,

Homicide rate) have the most significant impacts on
the rankings, with an average shift of the absolute
rank of 2.6, 2.8 and 2.5 positions respectively. The
omission of one of these indicators would cause a
relevant change in the rankings of countries?. But,
while indicators 22 and 25 are also sub-pillars,
indicator 20’s effect is reduced by the aggregation

into sub-pillar 11 (Material use), which exclusion would

1.4% 20.3% 2.7%
17.6% 27.0% 9.5%
39.2% 33.8% 459%
39.2% 16.2% 39.2%

2.7% 2.7% 2.7%

cause an average change of 1.9. The only sub-pillar
with larger impact than the above three indicators
is sub-pillar 10 (Biodiversity).

The Environmental pillar proves its specificity again

by causing an average rank change of 7.4 positions

and a maximum shift of 274, This result classifies the
Environmental pillar unequivocally as impactful, and it is
due to the diversity of this pillar compared to the rest of
the TPI. No pillar causes an average rank shift lower than 3.

FIGURE V.2: Average shifts in TPl country rankings when one element is omitted at a time

(pillars, sub-pillars and indicators)
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Source: European Commission’s Joint Research Centre, 2021.

3 Looking at the maximum rank shift observed when omitting an element, indicators 16 (Gross GHG emissions) and 21 (material
footprint) show a significant impact on a country’s rank.
4 Iceland would be the most affected by the exclusion of pillar 3, gaining 27 positions, followed by Australia and Canada,

which would both gain 21 positions.
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A fundamental step in the statistical analysis of

a composite indicator is to assess the effect of different
modelling assumptions on the country rankings. Despite the
efforts in the development process, there is an unavoidable
subjectivity (or uncertainty) in the resulting choices. This
subjectivity can be explored by comparing the results
obtained under different - alternative — assumptions.

The literature on this topic® suggests assessing the
robustness of the index by means of a Monte Carlo
simulation and by applying a multi-modelling approach.
This also assumes ‘error-free’ data as possible errors have
already been corrected in the preliminary stage of the
index construction before the audit.

The TPI, like most composite indicators, is the outcome of
several choices. Among other things, these choices include:
(i) the underlying theoretical framework; (ii) the indicators
selected; (iii) the imputation of missing values; (iv) the
weights assigned; and (v) the aggregation method. Some
of these choices may be based on expert opinion or other
considerations driven by statistical analysis or the need to
ease communication or draw attention to specific issues.

This section aims to test the impact of varying some of
these assumptions within a range of plausible alternatives
in an uncertainty analysis. The objective is therefore to try
to quantify the uncertainty in the ranks of the TPI, which
can demonstrate the extent to which countries can be
differentiated by their scores.

The modelling issues considered in the robustness
assessment of the TPI are the aggregation formula, the
imputation of missing data and the pillars’ weights. The
following paragraphs deal with each of these in turn.

The TPI team opted for the arithmetic averaging of the four
pillars, which implies a strong compensability, allowing for
an outstanding performance in some aspects to balance
weaknesses in others and vice-versa. This approach puts
countries that have both high and low results at the same
level, with more ‘balanced’ countries showing average
results. To assess the impact of this choice, the JRC included

in the analysis a comparison with the geometric mean.
The comparison of the two aggregation approaches should
be able to highlight countries with unbalanced profiles,
since the geometric mean tends to penalise low values,
especially in the presence of other values that are not so
low (unbalanced profiles).

The missing values in the TPl are not numerous. Namely
only those remaining after the imputation performed

by the developers and based on the observations of the
previous years. The TPl team opted to avoid imputation.
As a comparison, the JRC-COIN included the imputation
of the remaining missing values using the Expectation-
Maximisation method.

Our Monte Carlo simulation comprised 1000 runs of
different sets of weights for the four pillars constituting
the TPI. The weights are the result of a random extraction
based on uniform continuous distributions centred in the
reference values® plus or minus 20% of these values.

Four models were tested that combined the different
aggregation formulas and imputation methods,

which resulted in a total of 4000 runs of simulations
(1000 simulated sets of weights for each combination
of aggregation and imputation).

TABLE V.9: Alternative assumptions considered
in the robustness analysis

| Reference | Alternative

I. Aggregation Arithmetic Geometric
formula average average

Il. Imputation of No imputation Expectation-

missing data Maximisation
11l. Weighting system | Fixed weights Varying up
of pillars to 20%
Economic 0.20 U[0.16;0.24]
Social 0.20 U[0.16;0.24]
Environmental 0.35 U[0.28;0.42]
Governance 0.25 U[0.20;0.30]

Source: European Commission’s Joint Research Centre, 2021.

5 Saisana, M., D’Hombres, B., and Saltelli, A., ‘Rickety Numbers: Volatility of University Rankings and Policy Implications’, Research Policy,
No 40, 2011, pp. 165-177. Saisana, M., Saltelli, A, and Tarantola, S., ‘Uncertainty and Sensitivity Analysis Techniques as Tools for the
Analysis and Validation of Composite Indicators’, Journal of the Royal Statistical Society, A 168 (2), 2005, pp. 307-323.

6 Weights of the pillars: 0.20, 0.20, 0.35, 0.25.
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The main results obtained from the robustness analysis are
shown in Figure V.3, with median ranks and 90 % intervals
computed across the 4000 Monte Carlo simulations.
Countries are ordered from worst to best according to

their original TPI rank, where each blue dot represents the
median rank among the iterations for each country, and

error bars represent the 90% interval across all simulations,

i.e. from the 5" to the 95™ percentile.

TPI ranks are shown to be representative of a plurality
of scenarios and robust to changes in the aggregation
method, imputation and pillar weights for most of the
countries. Suppose one considers the median rank across
the simulated scenarios as being representative of these
scenarios. In this case, the fact that the TPI rank is close
to the median rank (less than three positions away) for
93 % of the countries suggests that the TPI represents a
suitable summary measure of the four scenarios tested.
Furthermore, the reasonable narrow intervals for most
of the countries’ ranks (less than 10 positions for about
909% of countries) imply that the ranks are also, for most
countries, robust to changes in the pillars’ weights and
other modelling assumptions (Table V.10).

Only seven countries show a simulated interval larger than
- or equal to — 10 positions: Australia, Canada, Colombia,
Iceland, the Philippines, the United Arab Emirates and the
United States. Probably, this is due to the lack of balance
among their values on the three pillars. When a country
shows unbalanced values, it is particularly penalised by
the geometric mean. This aspect is investigated in the
following paragraphs.

Overall, country ranks in TPI are very robust to changes

in the pillar weights, imputation method, and aggregation
formula for most of the countries considered. These ranks
are robust enough to allow for meaningful inferences to be
drawn. For full transparency and information, TABLE V.9
reports the country ranks together with the simulated
intervals (central 90 percentiles observed among the
4000 scenarios) to appreciate better the robustness and

behaviour of specific countries with respect to perturbations.

FIGURE V.3: Robustness analysis on ranks (TPl rank vs median rank and 90 % intervals)
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Note: Labelled countries show a shift of at least ten positions between the two aggregation formulas.

Source: European Commission’s Joint Research Centre, 2021.
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The uncertainty analysis is also complemented by

a sensitivity exercise, in which the TPI rankings are
compared with the rankings resulting from specific
changes in the modelling assumptions. In Figure V.4, it is
possible to compare the ranks derived from the TPI with
the ranks that would have been obtained by changing

the aggregation procedure from arithmetic to geometric
mean. This comparison makes it possible to inquire
whether the variability in the rank intervals originates from
the modelling assumptions underlying the aggregation
procedure. In the figure, the countries placed under the
diagonal decrease in rank positions with the geometric
mean. They are probably penalised by the geometric mean
for their unbalanced profiles. Many countries with a larger
interval in the robustness analysis are influenced by the

aggregation formula. In particular, Australia, Canada,
Colombia, and Iceland show at least five positions of

difference when comparing the two alternative formulas.

Similarly, using Figure V.4 it is possible to compare the
original TPI ranks with the ranks that would have been
obtained by changing the imputation method. This
comparison makes it possible to further investigate the
source of the variability in the rank intervals. The TPI

is not influenced by the imputation of the remaining
missing values, probably because of the small number
of such values. No country shows any shift of position
in this comparison.

FIGURE V.4: Sensitivity analysis: comparison of ranks according to arithmetic and geometric means
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Note: Labelled countries show a shift of at least five positions between the two aggregation formulas.

Source: European Commission’s Joint Research Centre, 2021.
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TABLE V.10: TPI ranks and 90% intervals

S0 PiRen el 02 ek nerat o2 e ment e

1 [1-2] (24-27] [46-60]
DK 2 [1-2] HU 27 [24-28] PH 52 [48-62]
IE 3 [3-3] LT 28 [27-29] DZ 53 [495-55]
NL 4 [4-5] KR 29 [25-34] TR 54 [47-55]
GB 5 [4-7] IL 30 [29-31] VN 55 [52-57]
DE 6 (5-6] GR 31 [29-33] WD 56 [49-57]
SE 7 [6-8] IS 32 [30-43] CO 57 [54-65]
NO 8 [8-12] RO 33 [30-34] MD 58 [54-59]
MT S [7-11] NZ 34 [32-37] BA 59 [56-60]
Sl 10 [9-11] cY 35 [32-36] ME 60 [59-62]
AT 11 [9-11] SG 36 [33-38] AR 6l [56-63]
FR 12 [10-13] BG 37 [32-37] CN 62 [58-67]
EU-27 13 [13-16] AL 38 [34-40] RS 63 [59-65]
BE 14 [13-16] AU 39 [38-55] EG 64 [59-65]
Cz 15 [13-16] MK 40 [37-41] IN 65 (62-67]
LU 16 [12-19] ID 41 [35-44] UA 66 (63-67]
IT 17 [14-20] CL 42 [38-43] MX 67 (63-68]
JP 18 [17-20] TH 43 [39-45] SA 68 [67-69]
Fl 19 [17-21] CA 44 [40-64] KE 69 (68-71]
ES 20 [17-20] AM 45 [43-47] BR 70 [69-71]
PT 21 [19-21] us 46 [42-52] RU 71 [69-72]
EE 22 [21-22] TN 47 [43-50] NG 72 [70-74]
SK 23 [23-25] MY 48 [43-51] IR 73 [72-73]
RY 24 [23-26] MA 49 [44-53] ZA 74 [73-74]
HR 25 [24-28] GE 50 [47-52]

Note: In bold 90% confidence intervals of 10 or more positions.
Source: European Commission’s Joint Research Centre, 2021.
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and the changes that the choice to extend the sample
of observations would imply in terms of rankings.

The JRC statistical audit also includes a specific focus
covering the potential extension of the TPl to a larger sample 6.1 DATA QUALITY AND AVAILABILITY
of countries (by adding 39 new countries). This focus has

been requested by the developers to explore the impact of Following the same approach of the original data set, only
this potential extension on some of the characteristics of the the countries with a maximum of three missing values
index and its structure. The following sections analyses in (out of 28) are included. All the 113 entities included in

brief the main features of the data, the statistical coherence this analysis fulfilled this criterion.

TABLE V.11: Summary statistics of the indicators included in the TPl (extended data set)

—lmmmm-m

z ind.01 111 354 0.29 -097
= ind.02 112 o 0 083 -055
g ind.03 113 42 37.17 -0.06 050
& ind.04 12 0 0 0.82 -026
v ind.05 131 0 0 064 -054
§ ind.06 132 5 442 154 230
5 ind.07 141 0 0 0.54 0.49
o ind.08 142 0 0 041 -1.08
z ind.09 21 0 0 076 021
= ind.10 221 1 0.88 034 -1.02
2 ind.11 222 0 0 -1.35 1.53
= ind.12 223 5 442 042 139
2 ind.13 23 1 0.88 059 -0.16
S ind.14 241 1 0.88 083 048
@ ind.15 242 0 0 -038 -031
. ind.16 31 0 0 131 164
= ind.17 321 0 0 0.19 -1.15
e ind.18 3.2.2 5 442 0.16 -1.07
z9 ind.19 323 9 7.96 -150 1.90
=¥ ind.20 331 0 0 142 1.69
z ind.21 332 0 0 052 -090
ind.22 34 5 442 024 050

ind.23 411 0 0 -0.18 -135

gz ind.24 412 0 0 0.14 -136
S E ind.25 42 5 442 -098 035
§ z ind.26 431 0 0 0.60 -0.75
S e ind.27 432 0 0 045 -0.04
ind.28 4.4 1 0.88 117 133

Note: The cell with the percentage of missing values exceeding 10% are shaded in light red. The values of skewness and kurtosis exceeding the threshold
(if any) are written in
Source: European Commission’s Joint Research Centre, 2021.

Only two indicators contain more than five missing values the proportion of missing values in indicator 1.1.3 increases
(at least 96 % of coverage): indicators 1.1.3 (Proportion to 37 9% (22% in the original data set). With respect to the
of people with ICT skills), and 3.2.3 (Pesticide use per detection of outliers, no further comments are needed for
area of cropland, TABLE V.2). Despite the indicators with the extended data set.

missing values being the same as in the main database,

V-17

TRANSITIONS PERFORMANCE INDEX 2021



6.2 STATISTICAL COHERENCE

Most of the characteristics of the TPI's structure are
not particularly affected by the addition of almost forty
countries. The tables are not reproduced for the sake of
simplicity. A summary is included below:

Correlation among indicators of the same sub-pillars
and pillars, do not significantly change in any group.

In respect to the original results (TABLE V.3), the
indicators of the sub-pillar 6 lose some of their relative
correlations, without reaching worrying levels.

The general relation of the elementary indicators

with the aggregates is not changed significantly (as
compared to TABLE V.4). Among the indicators already
showing a weak relation with the structure, indicator

7 shows a slight improvement, while 19 and 21 seem
to deteriorate their relation with the overall index (see
Section 4.1 for reference).

As for the relation between sub-pillars of the same

pillar, the elements of the Economic pillar show slightly
stronger relations, while those in the Social pillar have
slightly weakened. In particular, sub-pillar 7 and sub-
pillar 8 have a correlation of -0.21 in the larger data set.
Environmental transition shows an even weaker structure
of correlation among its sub-pillars than that observed

in the original data (respect to TABLE V.5). For instance,
none of the correlations is higher than 0.3 except for the
one between sub-pillar 9 and sub-pillar 11.

In the analysis of the correlation between sub-pillars
and the higher aggregates, the only relevant difference
is observed in sp.09 which sees its relation with the
overall index deteriorate to a significant -0.33 (respect
to -0.13 in TABLE V.6).

The Environmental pillar increases its specificity,
further weakening its role in the overall aggregation.
The correlation of the third pillar with the other three
pillars is between -0.21 and -0.1. This is weaker than
those observed in the left side of TABLE V.7. Moreover,
the final correlation with the TPI is 0.26, which can
definitely be considered very unbalanced and low as
compared to the other three pillars (showing values
between 0.82 and 0.88).

6.3 RANKINGS OF THE ADDED COUNTRIES

TABLE V.12 shows the ranks observed in the extended
data set and which entities would change their rank in

case of inclusion in a wider data set. The first 38 entities

in the ranking would not change their position if compared
to the original sample. An impact is visible starting at
position 39 in the ranking, in which the newly added entities
take a higher position than some of the entities originally
considered. Nevertheless, it is possible to observe that a
relevant proportion of the new countries (32 out of 39)
position themselves in the bottom half of the overall
ranking. The Diff column shows the exact rank loss for each
of the entities observed in the original data set.

6.4 FINAL REMARKS

The use of a larger set of data does not seem to impact
the general structure significantly. The main issues are
observed among the elements of the Environmental pillar
and in the relation of this pillar with the other pillars. The
general distance observed between the Environmental pillar
and the rest of the structure increases when the additional
observations are included.
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TABLE V.12: Ranking of the entities (extended data set)

I e T T T

Switzerland
Denmark
Ireland
Netherlands

United Kingdom

Germany
Sweden
Norway
Malta
Slovenia
Austria
France
EU-27
Belgium

Czechia

Luxembourg
Italy

Japan
Finland
Spain
Portugal
Estonia
Slovakia
Latvia
Croatia
Poland
Hungary
Lithuania
South Korea
Israel
Greece
Iceland
Romania
New Zealand
Cyprus
Singapore
Bulgaria
Albania

Note: The newly added entities are highlighted in licht grey. The Diff columns show the ranks loss for each entity of the original data set.
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Dominican Republic
Costa Rica
Australia

North Macedonia
Sri Lanka
Indonesia
Mauritius
Panama

Chile

Thailand

Canada

Peru

Belarus

Armenia

United States

Tunisia
Malaysia
Morocco
Georgia
United Arab Emirates
Philippines
Algeria
Turkey
Uruguay
Vietnam
Burkina Faso
World
Senegal
Rwanda
Colombia
Moldova
Ecuador
Bosnia and Herzegovina
Jordan
Montenegro
Argentina
Gambia
China

Source: European Commission’s Joint Research Centre, 2021.
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40
41
42
43
44
45
46
47
48
49
50
51
52

53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

)]

NN NN N NN NN

11
11

12

13
13

14

Serbia

Egypt
Myanmar
India

El Salvador
Namibia
Ukraine
Mexico
Botswana
Paraguay
Uganda
Kyrgyzstan
Cote d'lvoire
Saudi Arabia

United Republic
of Tanzania

Kazakhstan
Nicaragua
Kenya
Tajikistan
Honduras
Brazil
Russia
Nigeria
Pakistan
Togo
Mongolia
Ethiopia
Niger
Angola
Guatemala
Zimbabwe
Iran
Mozambique
Iragq
Zambia
South Africa
Mauritania

78
79
80
81
82
83
84
85
86
87
88
89
90

91

92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

14

15

17
17

22

25

27
27
27

35

38
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The JRC statistical audit delves into the extensive work
carried out by the developers of the TPI with the aim of
suggesting improvements in terms of data characteristics,
structure and methods used. The analysis aims to ensure
the transparency of the index methodology and the
reliability of the results.

The data coverage of the framework is very good. Most
indicators contain no missing values for 2020 because the
developers imputed the data from previous years. The use
of 2019 data is a perfectly acceptable lag for the TPI
considering the international coverage of the index.

A few indicators present outliers that are implicitly
treated with goalpost normalisation by the developers.
The analysis suggests that, mostly, the TPI is statistically
well balanced within its pillars. There are mostly positive
correlations between indicators and their corresponding
sub-pillar, thus suggesting that most of the indicators
provide meaningful information on the variation of the
scores. Special care is suggested in the report for some
indicators, especially in the Environmental pillar.

The results of the statistical coherence analysis suggest

a structure of the TPI that is not strictly unidimensional.
The Environmental pillar shows an apparently independent
behaviour in respect to the other three. As a consequence,
the Environmental pillar contributes less to the index than
the other three pillars. Further analysis by the developers
may be useful to highlight the different scores (and ranks)
deriving from the Environmental pillar and from the
aggregation of the other three.

Secondly, indicators 7 (1.3.1, Gross value added

of manufacturing), 16 (3.1, Gross GHG emissions),
19 (3.2.3, Pesticide use per area of cropland),

20 (3.3.1 Resource productivity), 21 (3.3.2, Material

footprint), and 28 (4.4, Government gross debt) show
very low, when not negative, correlations with the other
indicators in their sub-pillars and pillars. This may
suggest that these indicators do not entirely fit within
their group, and this may cause a conflict between results
and reduce the significance of the aggregate to which
they belong.

The JRC analysed a series of different choices that were
made during the construction of the TPI. The results

of the uncertainty analysis reveal that the TPl is a
robust summary measure for almost all countries. The
simulated intervals are narrow enough for meaningful
inferences to be drawn from the index for 96 % of the
units observed; there is a shift of less than 10 positions
for about 90% of the countries included in the index.
Nevertheless, there are seven countries with 90 %
confidence interval widths of at least 10 positions.
Thus, their ranks vary significantly with changes in
weights and aggregation method, as observed also in
the sensitivity analysis.

The JRC-COIN team suggests keeping the Environmental
pillar under strict monitoring since it is clearly describing
something that is related to the overall concept from

a different perspective in respect to the other pillars. It
is @ common result for environmental aspects included
in social and economic composite indicators. The JRC-
COIN team suggests to highlight the specificity of the
Environmental pillar when describing the TPI.

Considering the specificity of the Environmental pillar,
this audit confirms that the TPI is reliable, and that

the framework has a good statistical coherence. The
audit also acknowledges the significant efforts by the
developers to obtain a balanced and transparent result.
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