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Background: The challenge

* How can evaluators investigate the impact of scientific research on the
environmental performance of countries?

Macro-indicators are often used to investigate the influence of economic
and non-economic factors on the environmental performance of nations.

The Environmental Performance Index (EPI) is commonly used for this.

Literature shows examples of the influence of economic and non-
economic factors on the environmental performance of nations.

However, the role of national research performance, as a determinant of
the national environmental performance, has not been fully investigated.

We need a new composite index that takes scientific research into
account.

We also, and primarily, need an approach to investigate the relationship
between scientific research and the environmental performance of
nations.
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Background: Need and opportunities

= Need for a Composite Index of Scientific Performance

* Multi-criteria analysis is a synthesis tool often sought by policy makers to
inform the decision-making process.

* When several dimensions characterizing a phenomenon are being
measured for comparative purposes, it is often difficult to determine the
position of the countries being compared relative to one another (i.e., A
performs better than B or vice-versa) without a well-structured ranking
mechanism.

* Various methods have been developed to reduce numerous indicators to
a single composite indicator or multi-rank.

 These methods are often sensitive to the composition of the study
sample.

* A “similarity-based approach to ranking multi-criteria alternatives” was
adapted to provide a stable composite indicator (Composite Index of
Scientific Performance [CISP]) for ranking [Deng, 2007] in a bibliometric
context.
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‘(é% Background: Environmental Performance Index (EPI)

" The Environmental Performance Index (EPI)

Performance-oriented composite index developed by Yale and Columbia
Universities. (See Annex 2 for EPI’s advantages and limitations)

Formally released in Davos, at the annual meeting of the World Economic
Forum in January 2006. Revised in 2008 and 2010.

Measures progress toward a set of targets of desirable environmental
outcomes, taking into account a country's current policies.

Ranks 163 countries on 25 performance indicators tracked across 10
policy categories for both environmental public health and ecosystem
vitality objectives. (See Annex 1 for details on EPI’s framework)

All variables are normalized on a scale from 0 to 100. The maximum
value of 100 is attributed to the target, as the zero value is credited the
worst player in the field.

Many examples of the use of the EPI to examine relations with other
indices/indicators (See Annex 3 for examples)
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Objectives

= Develop a Composite Index of Scientific Performance (CISP): Apply
methods and scientometrics to improve the multi-criteria analysis of
scientific performance of nations

= Apply to macro-evaluation: Investigate the relationship between the
scientific and environmental performances of countries using the CISP
and the EPI to support the macro-evaluation of research outcomes

= Drive research: Provide the basis for further exploration of the
interpretative value of macro-level indicators by better understanding
the links between the environmental research performance and
environmental outcomes of nations
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\C Methods: Approach Overview

DEVELOPMENT OF A COMPOSITE INDEX OF
SCIENTIFIC PERFORMANCE (CISP)
APPLIED TO ENVIRONMENT RESEARCH

CASE STUDY
RELATIONSHIP BETWEEN CISP AND EPI

STEP 1:
BUILD A THEORITICAL CISP
FRAMEWORK TO
MEASURE SCIENTIFIC
PERFORMANCE S G
Selection of bibliometric TESTING OF THE CISP
indicators Correlation analysis
STEP 2: STEP 5:
DELINEATION OF A AGGREGATION OF
RESEARCH FIELD INDICATORS
Environmental research Computation of the CISP

.

T

Improved measure of
scientific impact (ARC)

STEP 3:
NORMALIZATION & STEP 4: MULTIVARIATE
STANDARDIZATION OF ANALYSIS AND WEIGHTING OF
INDICATORS

INDICATORS
Factor analysis

_>

OMPOSITE INDEX STATISTICAL ANALYSIS
OF SCIENTIFIC OF THE RELATIONSHIP
PERFORMANCE BETWEEN THE TWO
(CISP) PERFORMANCE
Scaled between 0 and 100 INDEXES
ENVIRONMENTAL l
PERFORMANCE
INDEX (EPI)
Scaled between 0 and 100
25 performance indicators AVENUES FOR
across 10 policy categories FURTHER RESEARCH

Yale and Columbia
Universities
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Methods (STEP 1): CISP Theoretical Framework

= The CISP should capture, at a minimum, the three following
dimensions relating to scientific performance:

e Scientific Impact: Direct versus indirect measures of a country’s
scientific impact.

Average of Relative Citations (ARC): Field normalized indicator of

scientific impact which has been improved through transformation of
the raw citation scores (Normalized ARC).

e Specialization Index (SI): Proportion of a country’s papers published
in research area relative to the same proportion at world level (Sl < 1

means not specialized; S| > 1 means specialized). Based on the
fractional counting of papers.

e Scientific Productivity: The number of papers published by a country

(fractional counting) relative to the number expected given its gross
expenditure in R&D (GERD).
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&% Methods (STEP 2): Delineation of Scientific Research

" Included the set of journals used in a previous s
scientometric study completed for Environment Canada
Bertrand F. and Coté G. Science-Metrix 2006)

= |dentified additional environmental research journals using the Ontology
Explorer Ontology and Journal Classification developed by Science-MEtrix

Ontology Explorer Ontology and Journal Classification
Explorateur de I'ontologie Ontologie et classification des revues

B e e e e e

S e
v e e S ates W W e
= o] W} 5 3@ 11 e 7 bt + 00 - LVt - £ A a—— g
e o S PP | 1y ey
Sowrtific Jaunan Ontagy Exrores by Scunce Matrn
en¥
283
33
g 3338 50 a6
b, L% L= 13551 Natura scences
%, aaaR 13552 Matual cences ”
= 4 % Eah & Enecomentsl Scisnces Ensecreneenl Sdencss Afican ol of Eionmentl Asessment nd Mgt 136750 128839
s, ok e
%, %, o Earth s 1553348 118549
% o % " Journal p— 155
4% " [o——— 58 1065245
o b, -» St of Evironmentl Contaminaon s Tviclogy 110004
A, O, a [t Chesical Speciation and Bioavadabiity 123354
Yy, % e enospr 11omq
% Jrm— Clan- 58, i, W 18530650 102539
o, " 1352 N scres - e sdres GonTevces s oneriis s st
", &, 13563 Mot cunces Eah & Enicomensl Scisnces Ensecreneensl dencss Cimate Py 14653062 100803
8, %, ety s—— [—— Giiteiusiakcnmentl S o Ty 10630 105
& 8 Eanth & Emvironmental Sciences. Emvironmental Sciences. ‘Ekoloji 1300-1361 123319)
¥ , Enviooment w1915 11798
O’Ur-o:Pa»o:%,"’n - o104120 11091
F% 8, %, h Enronmentaland Waste Management 14605147 124554
5,;00” Dl 10l ¥ Bath [ 15555275 108414
Lan, 0t eath © 1ws2517 11873
46 . i, Cop, I¥ Eanhi ul Sciences. 3 16103653 119509)
Bthoy, Ostap, 2 13572 Mot Scunces Eahe. ronmentsl et s efersacon ousssn 10939
ogy g e 13573 ot s ann 15215522 104
Rep, ety 13574 ol s ath . wesi0a 12549
Wiljgp I 13575 Natural Sciences Earth e 08430105
Pubjic 4, 3tion 13576 Natc Sces v o 1075.5565 10785
Heais, e th 13577 Matutal scences " = A 15732959 11393
Policy g o Tsing 1357 Natural Scunces h Esson: 1987) onaTsal 103383
g STVice: X i SOt e ; 1104
*Ontoigg, e sCOPUS e P . o o e
Eoie ! SCOPUS ST, s 55 . ;
- Joe | e | e e e | @s | @e @ (@] sor] fiT [J8EIHe~Te 8 emsLm o m

cience-Metrix 9



\\\V 2 "\

Normalization and standardization

Methods (STEP 3): Normalization of Indicators

*  Crucial step to ensure that the indicators to be summarized are

comparable
Standardization

Normalization

Indicators with different ranges and means
should be standerdized

B Drags

—|ndicator A
the CISP

—|ndicator B

Indicators with identical means but different
ranges should be normalized

—|ndicator A

—|ndicator B

Countries in the right
tail of A are advantaged
relative to those in the
tail of B

e  Country ranking based on rank normalization leads to unstable
rankings and loss of information (See example at Annex 4)
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Methods (STEP 3): Normalization of Indicators

= Normalization to fit a Gaussian (or normal) distribution followed by
standardization to obtain a scale between 0 and 1:

= Scientific Impact:
 Normalization: Detailed description follows.
e Standardization: (Value — Min)/(Max — Min)
= Specialization Index (Sl):
Normalization: Box-Cox Power Transformation (KS p-value = 0.08)
e Standardization: (Value — Min)/(Max — Min)
= Scientific Productivity:

e Normalization: Square root (KS p-value = 0.06)

e Standardization: (Value — Min)/(Max — Min)

Science-Metrix
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Methods (STEP 3): Normalization of Indicators

Countries in Env. Power Transform with Countries in Env.
Research an exponent of 0.04 research

> Applied on the raw >
C . . . c
< citation scores prior to <
g calculating the ARC g

- Median = 497 H Median = 1.282

Mean = 18,784 Mean = 1.304

KS p-value =0.06

No. of Citations No. of Citations
ARC of Countries Normalized ARC of
in Env. Res. Countriesin Env. Res.
- Average Relative -
= Citation (ARC) 2
z Calculation S
O O
g g
w Median=1.03 | w Median=1.003 |
Mean=1.08 Mean =1.003
KS p-value=0.07 KS p-value=1.00

ARC

Normalized ARC
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12



Methods(STEP 3): Normalization of Indicators

35%

30%

25%

20%

Frequency

15%

10%

5%

0%

Frequency Distribution of Relative Citation Scores (prior to transformation) of
Irag and Norway in Environmental Research

Iraq e Iraqghas 681 papers

M Norway e Norway has 11,317 papers

e Iraqis ranked 6% in front of Norway (9t) based on
the ARC

e Norway is ranked 10" in front of Iraq (93") based
on the normalized ARC

Relative Citation Score (Prior to Transformation)
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Methods (STEP 4): Multivariate Analysis (Weighting)

= Statistical weighting of indicators included in the CISP to remove
redundancy from correlated indicators:

Pearson Correlation Matrix and Weighting from the Factor Analysis

Normalized ARC Si Productivity Weighting
Normalized ARC 1.00 0.39
SI 0.18 1.00 0.29
Productivity 0.03 0.52 1.00 0.31

= Based on factor analysis, for more details, see OECD and JRC joint
Handbook on Constructing Composite Indicators: Methodology and User
Guide.
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Methods (Step 5): Aggregation of Indicators

Fictive example for the explanation of
the aggregation method in 2D

The positive ideal vector = (1, 1) prior to
weighting

In this example, the SI has a weight of
0.4 and the ARC a weight of 0.6

The weighted positive ideal vector =
(0.4, 0.6)

The weighted country vector is obtained
in the same manner = (0.3, 0.2)

CISP = |c|/|a| * 100 = DE/DF * 100 =
46.15

CISP ranges from 0 to 100

Science-Metrix

15



Methods (Step 6): Testing of the CISP

= Validation of the CISP

= To validate the CISP, correlations between the individual indicators
and the CISP were computed to ensure that the CISP reflects each
indicator to the extent determined by the differential weighting

Pearson Correlation Coefficient of Individual Indicators with the CISP
R R2 R2 Weighting
(sum scaled to one) (sum scaled to one)
Normalized ARC 0.759 0.58 0.41 0.39
S 0.703 0.49 0.35 0.29
Productivity 0.59 0.34 0.24 0.31
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Pearson Correlation
Coefficient = 0.49 |
OLS p-value = 0.002 ' ' ~ o

T — — —
0 500 1,000 2,000 3,000 4,000 5,000 6,000 7,000 -8,000
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Next steps

= Further validate and improve the CISP:

e Compute principal components and/or factor analysis to further
validate the selection of scientometric indicators used in the
composite index

e Additional testing of the limits/errors of the approach (composite
indicator and ranking in a bibliometric context)

= Further explore the interpretative value of macro-level indicators:

* Delineate environmental research at the subfield level to align with
EPI policy categories indicators (e.g., air pollution, fisheries,
environmental health, etc.)

* Further explore the value of macro-level indicators with multiple
sources of evidence (other data on national policies and programs) to
explain macro-evaluation results

e Test the experimental design (including the limits/errors of the EPI)
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&% Annex 1: Background — EPI’s Framework

Objectives

Environmental
Health

Ecosystem
Vitality

Policy Categories

Environmental Burden of Disease

Air Pollution
(effects on humans)

Air Pollution (effects on ecosystems)

|

Water (effects on ecosystems)

Biodiversity & Habitat

Forestry

Fisheries

Agriculture

Climate Change

Indicators
Environmental Burden of Disease

Access to Drinking Water

Access to Sanitation

Urban Particulates

Indoor Air Pollution

Sulfur Dioxide Emissions

Nitrog_;en Oxide Emissions

Volatile Organic Compound Emissions
0Ozone Exceedance

Water Quality Index

Water Stress

Water Scarcity Index

Biome Protection

Critical Habitat Protection

Marine Protected Areas

Growing Stock

Forest Cover

Marine Trophic Index

Trawling Intensity

Pesticide Regulation

Agn’cultural Water Intensity

Agn‘cuitural Subsidies

Greenhouse Gas Emissions/Capita

Electricity Carbon Intensity

Industrial Carbon Intensity

Science-Metr
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Annex 2: EPI’'s Advantages and Limitations

One-dimensional metric to facilitate cross-
country comparisons and analysis
[Emerson et al., 2010]

Unambiguous yardstick against which a
country’s development can be measured
and even a cross-country comparison can
be performed [Bohringer & Jochem, 2008]

Facilitates the identification of leaders and
laggards, highlights best policy practices,
and identifies priorities for action [Samimi
et al., 2010]

Intuitive methodology, possibility to drill
down into specific issues, global

coverage, full data access and transparency
[Srebotnjak, 2010]

Absence of broadly-collected and
methodologically-consistent data [Saisana &
Saltelli, 2010]

Fails to meet fundamental scientific
requirements with respect to the three
central steps of indices formation:
normalization, weighting, and aggregation
[BOhringer & Jochem, 2008]

Utilizes the best available global datasets on
environmental performance, but overall
data quality and availability alarmingly poor
[Emerson et al., 2010]

Lack of time series, focus too narrow
[Pillarosetti & van den Bergh, 2010]

Science-Metrix
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Annex 3: Examples of the use of the EPI
(Relation between two indices/indicators)

Question and data used Main findings

Impact of improvements in environment quality as
a determinant of economic growth in developing
countries [Samimi, Erami, and Mehnatfar, 2010]

Impact of EPl on economic growth in the
countries under consideration is positive

and significant.
Data: EPI and Economic Growth

Trade or cross-border investment * No strong support to the Pollution Haven
flows as a determinant of environmental Hypothesis (i.e. migration of pollution-
degradation [Chakraborty & Mukherjeeo, 2010] intensive industries to the developing
Data: Relations between the EPI and the share of a world), but showed relationships between
country in the global export market and Foreign socio-economic and socio-political factors
Direct Investment inflow and national environmental performance.
e Democracy in itself is not a sufficient
Governance and social development as a precondition for good environmental
determinant of environmental performance and policies
capacity for climate change adaptation [Foa, 200S] e  Strong evidence that engagement in local
Data: EPl and EM-DAT database, Worldwide community can help improve environmental
Governance Indicators and Indices of Social performance
Development * Positive effect of gender equity upon

environmental performance
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Annex 4: Methods (Step 3): Normalization of

Indicators

Country rankings based on rank normalization of indicators leads
to unstable rankings and loss of information, 2003 - 2007

Rank within top producers Rank within all countries
Country ARC Sl ARC SI  Average rank ARC Sl Average rank
Norway 0.6131 6 1- 19 50 34.5 (1)
Denmark 0.5527 2 4 7 79 43.0 (2™)
Finland 075735\ 9 2 5.5 22 71 46.5
Sweden 55 0.t°0°° : ) 5 4.5 13 89 51.0
Canada 29  0¢ o.oggwnmou 3 8.5 37 76 56.5
Australia ~o001 0.516u 11 6 8.5 27 92 59.5
Switzerland 0.6850 0.4330 1 10 5.5 5 122 63.5
Netherlands 0.6592 0.4403 3 9 6.0 11 118 64.5
Spain 0.6132 0.4478 10 7 8.5 23 112 67.5
Belgium 0.6378 0.4321 5 11 8.0 15 123 69.0
United Kingdom 0.6217 0.4128 8 13 10.5 21 131 76.0
United States 0.5981 0.4207 13 12 12.5 30 128 79.0
France 0.5996 0.3732 12 16 14.0 28 143 85.5
Germany 0.6268 0.3368 7 19 13.0 20 154 87.0
Turkey 0.5406 0.4432 17 8 12.5 65 116 90.5
Italy 0.5753 0.3433 15 18 16.5 40 153 96.5
Brazil 0.5154 0.3879 19 15 17.0 78 137 107.5
Rep. of Korea 0.5520 0.2646 16 21 18.5 53 166 109.5
China 0.5145 0.2693 20 20 20.0 79 165 122.0
Japan 0.5227 0.2381 18 22 20.0 75 172 123.5
India 0.4636 0.3989 21 14 17.5 119 134 126.5
Poland 0.4562 0.3724 22 17 19.5 125 145 135.0

Source: Computed by Science-Metrix using Scopus
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Annex 4: Methods (Step 3): Normalization of

Indicators

Country rankings based on rank normalization of indicators leads
to unstable rankings and loss of information, 2003 - 2007

Rank within top producers Rank within all countries
Country ARC Sl ARC SI  Average rank ARC Sl Average rank
Norway - 0.6131 6 1- 19 50 34.5 (1%
Denmark 0.5527 2 4 7 79 43.0(2™)
Finland 0.6182 0.5735 9 2 5.5 22 71 46.5
Sweden 0.6455 0.5225 4 5 4.5 13 89 51.0
Canada 0.5829 0.5607 14 3 8.5 37 76 56.5
Australia 0.6001 0.5186 11 6 8.5 27 92 59.5
Switzerland 0.6850 0.4330 1 10 5.5 5 122 63.5
Netherlands 0.6592 0.4403 9 6.0 11 118 64.5
Spain 0.6132 0.4478 10 7 8.5 23 112 67.5
Belgium 0.6378 0.4321 5 11 8.0 15 123 69.0
United Kingdom 0.6217 0.4128 8 13 10.5 21 131 76.0
United States 0.5981 0.4207 13 12 12.5 30 128 79.0
France 0.5996 0.3732 12 16 14.0 28 143 85.5
Germany 0.6268 0.3368 7 19 13.0 20 154 87.0
Turkey 0.5406 0.4432 17 8 12.5 65 116 90.5
Italy 0.5753 0.3433 15 18 16.5 40 153 96.5
Brazil 0.5154 0.3879 19 15 17.0 78 137 107.5
Rep. of Korea 0.5520 0.2646 16 21 18.5 53 166 109.5
China 0.5145 0.2693 20 20 20.0 79 165 122.0
Japan 0.5227 0.2381 18 22 20.0 75 172 123.5
India 0.4636 0.3989 21 14 17.5 119 134 126.5
Poland 0.4562 0.3724 22 17 19.5 125 145 135.0

Source: Computed by Science-Metrix using Scopus
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