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Abstract

Traditionally, most investors have only taken economic variables (prof-

itability and risk) into account when making investment decisions. In this

paper we propose two measures, the Relative Sustainable Performance

Measure (RSPM) and the Measure of Commitment-failure (MC), that

permit sustainable investment decision making, which takes environmen-

tal and social variables into consideration in addition to the economic

variables. This makes a Triple Bottom Line (TBL) approach to invest-

ment decision making possible. We apply our measures to the worldwide

chemical sector and validate them. Moreover, we propose a 2D Graphi-

cal Sustainability Analysis, which is simple and easy for investors to un-

derstand when making investment decisions and can be used if they are

concerned about environmental and social matters.
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†miguelangel.martinezs@ehu.eus

1



Measures for sustainable investment decisions 2

Key Words

Commitment Measurement, ESG, Investment decisions, Performance Measure-

ment, Sustainable Finance, TBL

Abbreviations

• RSPM: Relative Sustainable Performance Measure

• MC: Measure of Commitment-failure

• TBL: Triple Bottom Line

• ESG: environmental, social and corporate governance

• SRI: socially responsible investment

• GRI: Global Reporting Initiative

• VCR: Value Contribution of the Resource

• USD: United States Dollar

• EBIT: Earnings Before Interests and Taxes

• ROTA: Return on Total Assets

• CO2: Carbon dioxide

• NOX : Mono-nitrogen oxides

• SOX Mono-sulphur oxides

• VOC: Volatile organic compound



Measures for sustainable investment decisions 3

1 Acknowledgements

The authors would like to thank Casilda Lasso de la Vega for theoretical sup-

port and other faculty colleagues for helpful comments. The paper also bene-

fited from discussions with seminar participants at the University of the Basque

Country and Deusto Business School. Maite Cubas-Díaz acknowledges research

support from the University of the Basque Country under grant PIF/UPV/12/258.

Miguel Ángel Martínez Sedano acknowledges support from the Basque Govern-

ment under grant IT-241-07. Both authors acknowledge research support from

the Ministry of Economy and Competitiveness under grant ECO2014-51914-P.

Any errors or omissions are our own. Correspondence: Maite Cubas-Díaz

2 Introduction

Traditionally, when making investment decisions, investors take into consider-

ation the classic measures of profitability and risk (Markowitz (1952), Merton

(1969), Samuelson (1969), Li and Ng (2000)), which are concerned with the eco-

nomic aspects of investment. However, in the last few decades, and especially

since the first definitions of Sustainability1 (Ehrenfeld (2008)) and Sustainable

Development (contained in WCED (1987)) were drawn up, environmental, so-

cial and corporate governance (ESG) issues have become more important for

both companies and individuals. This is due to increased awareness of the fact

that economic activities also generate externalities (Pigou (1920), Coase (1960),

Turvey (1963)) that affect society. However, for a long time this effect was not

taken into account by those who carry out the activities in question, because it

did not directly affect their private costs. Investors’ decisions can force compa-

nies to take these externalities into account if ESG variables are considered in

the investment decision making process.
1Sustainability has three pillars: economic, social and environmental.
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By making an investment, investors are financing the activities that a com-

pany carries out. If investors consider not only economic factors but also envi-

ronmental and/or social factors when making investment decisions their analy-

sis will be much more accurate. This is the standpoint of the so-called Triple

Bottom Line (TBL) approach, first introduced by Elkington (1997) and also

explained by other authors such as Slaper and Hall (2011). In fact, socially

responsible investment (SRI) is a promising line of research (Renneboog et al.

(2008)).

Nevertheless, for investors to be able to consider these factors, they need

data and measures to help them to make sense of those data.

A slow but steady data disclosure process started towards the end of the 20th

century (with the creation of the ’Global Reporting Initiative (GRI)’ and other

systems) and indeed continues today. In the beginning the disclosure of ESG

data, for example taking part in the GRI, was voluntary (although reporting is

mandatory if companies wish to stay within the initiative). The ’United Nations

Global Compact’ is another worldwide initiative: it was created in 2001 and has

since promoted data disclosure with good results, as Williams (2004) anticipated

and Rasche (2011) later confirmed.

Later, legislators started to require companies to publish ESG data. In fact,

citing United Nations Global Compact (2014): "Once only a voluntary activ-

ity, there is a trend towards mandatory non-financial reporting. For example,

in South Africa, China, Denmark, Finland, Indonesia, and most recently the

European Union there are requirements in place for companies, be they large,

publicly-listed or state-owned companies, to disclose ESG practices". In the

case of the European Union, Directive 2013/34/EU of the European Parliament

and of the Council of 26 June 2013 on the annual financial statements, consoli-

dated financial statements and related reports of certain types of undertakings2

2Also taking into account amending Directive 2006/43/EC of the European Parliament
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obliges large companies with more than 500 employees, such as listed companies

and banks, to disclose information regarding environmental, social and other

matters as well as issues concerning human rights and anticorruption measures

affecting their company. This has led to what has come to be called "Integrated

Reporting" (Jensen and Berg (2012), Abeysekera (2013), Cheng et al. (2014),

De Villiers et al. (2014)), the creation of single reports that include both eco-

nomic and non-economic information about companies. Such initiatives have

increased the disclosure of non-economic information by companies, as Ioannou

and Serafeim (2011) show. However, ESG data disclosure is not consistent from

one country and one sector to another (Peiró-Signes et al. (2012)).

Although increasing data disclosure is very positive, for most investors data

are just data: they do not reveal whether one company is more sustainable than

another. As Clapp et al. (2016) mention in their report, "investors need clear

and tailored information to enable climate-smart financial decisions". The same

goes for other environmental and social variables. In fact, as Cohen et al. (2015)

state, investors prefer "nonfinancial information that is concise, comprehensive,

comparable, [...]". This is where measures have a part to play.

To date, there have been many attempts to create measures for the "integra-

tion of economic, social and corporate governance performance and reporting in

enterprises" (Hřebíček et al. (2011b)). These same authors proposed a series of

environmental indicators in Hřebíček et al. (2011a), but did not really present

any integrating measure that made the companies comparable. Kocmanová and

Dočekalová (2012) also highlight the importance of creating economic indicators

of the environmental, social and governance performance of companies but fail

and of the Council and repealing Council Directives 78/660/EEC and 83/349/EEC (Direc-

tive 2013/34/EU) as amended by Directive 2014/95/EU of the European Parliament and

of the Council of 22 October 2014 amending Directive 2013/34/EU as regards disclosure of

non-financial and diversity information by certain large undertakings and groups (Directive

2014/95/EU).
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to present any formula for simple calculation; their study is also based on a

survey rather than objective data. Some authors, such as some researchers be-

longing to the ’ECRI Ethics in Finance & Social Value’ group, have conducted

private analyses of the sustainability of some firms. However, such analysis is

based on private data, is not necessarily subject of public disclosure and cannot

feasibly be carried out by investors. Closer to our objective, Sustainalytics and

similar companies have created ESG scores that are included in databases such

as Datastream or Morningstar, but the way that scores are calculated is not

fully disclosed (they outline the process but do not describe the calculations

in detail). Herbohn et al. (2014) also create a sustainability measure, which

rates companies according to a modified version of the framework proposed by

International Finance Corporation (2001), which is based on indicators scaled

in levels and not on continuous variables. Moreover, it does not give a reference

of comparison to the sector’s performance. The closest measure to the one that

we sought can be found in the paper by Hahn and Figge (2011), which presents

a formula for calculating the Sustainable Value of a company which, unfortu-

nately, is of no use for comparing one company to another since it is not a

size-adjusted measure. All in all, our review of the existing tools for sustainable

investment decision making reveals a lack of disclosure of methods of calculation

(except Hahn and Figge (2011)) in those cases in which the measures allow for

comparison of companies (for example, the ratings by Sustainalytics).

One of the aims of this paper is to fill that gap in the literature and pro-

pose a sustainable performance measure. In addition to taking into account the

environmental and/or the social aspects of the activity carried out, any such

measure must use objective public data for its calculations and make it feasible

to draw comparisons between companies. We also propose a second measure of

the Commitment-failure or non-persistence of companies in improving their en-

vironmental and/or social performances. The objective is to learn whether the

apparent commitment of companies on sustainability issues is real or just coin-
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cidental. Finally, with those two measures we propose a 2D Graphical Sustain-

ability Analysis which enables different companies’ sustainability performances

and levels of commitment to be compared. The ultimate objective is to provide

investors with a simple, visual analysis that can be understood by anyone, re-

gardless of their knowledge of finance or sustainability. Given that "a powerful

driver of non-financial reporting is the investment community" (United Nations

Global Compact (2014)), we expect the availability of tools that facilitate data

analysis to strengthen the already existing virtuous circle between the disclosure

of data by companies and their use in analysis by investors.

To show the implementation of our measures and analysis, we have applied

them to real data from the chemical sector. We have validated our measures

and shown the usefulness of the 2D graphical sustainability analysis.

The rest of this paper is organised as follows. Section 2 presents and discusses

the above-mentioned measures. Section 3 presents the data from the chemical

sector that are used in the implementation exercise presented in Section 4. The

last section presents our conclusions.

3 Measures for sustainable investment decision

making

This section presents the measures that we propose for a more complete com-

pany analysis: the Relative Sustainable Performance Measure (RSPM) and its

Measure of Commitment-failure (MC). The ultimate aim of obtaining these

measures is to present a two dimensional (2D) graphical sustainability analy-

sis (Subsection 4.3) that shows how well a company is performing in certain

non-economic issues and its commitment or lack of commitment to those issues.
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3.1 Relative Sustainable Performance Measure (RSPM)

The relative sustainable performance measure provides an assessment of how

well a company is performing in environmental and social matters3 that makes it

possible to draw comparisons between companies. It is based on the profitability

measure proposed by Hahn and Figge (2011), i.e. the Value Contribution of the

Resource (VCR).

It is a measure that is calculated relative to the Market, defined as the set

of companies in a specific industrial sector. Firstly, it is hard to judge whether

a company’s level of, for example, carbon dioxide (CO2) emissions is high or

low, but comparing its emissions with the emissions of the market gives a clear

idea about the company’s performance on that issue. Accordingly, Hahn and

Figge (2011) argue that environmental and social Resources create value if they

are used by companies in a more efficient way than the average in the Market.

Secondly, it is clear that comparisons only make sense for companies that belong

to the same industrial sector.

The measure presented in Hahn and Figge (2011) is the following:

V CRC
i,t = ProfitCt −RUC

i,t ∗REMarket
i,t (1)

where V CRC
i,t is the Value Contribution (to the Profit) of the Resource i

by Company C in year t, ProfitCt is the Total Returns of the Company C in

year t measured, in our case, as the EBIT in millions of USD, RUC
i,t is the Use

of the Resource i by the Company C, measured in the units required in each

case, and REMarket
i,t =

ProfitMarket
t

RUMarket
i,t

=
∑N

C=1 ProfitCt∑N
C=1 RUC

i,t

is the Efficiency4 of Use

of the Resource i by the Market in year t, with N being the total number of
3Following the TBL approach, it takes into account the 3 pillars of sustainability.
4Using Hahn and Figge (2011)’s terminology.



Measures for sustainable investment decisions 9

Companies.

The Resources considered are not the conventional land, labour and capi-

tal but range from CO2 emissions to total donations. They are considered as

Resources by Hahn and Figge (2011) in the sense that they are things that the

Company can manage better or worse in carrying out its activities. In the case

of CO2 emissions, the Company should try to obtain the same Profit with

lower emissions, whereas in the case of total donations it should try to be able

to donate more.

Equation 1 shows that the Profit of Company C is corrected by the profit

that Company C would have obtained if it had performed the same way as the

Market in the use of Resource i (measured as: RUC
i,t ∗ REMarket

i,t ). This gives

the positive/negative excess profit that the Company has obtained (V CRC
i,t>0

/ V CRC
i,t<0) by using a certain Resource more/less efficiently than theMarket

(REMarket
i,t < REC

i,t / REMarket
i,t > REC

i,t =
ProfitCt
RUC

i,t
).

From Equation 1, given the relative (to the market) nature of the V CR,

it can be inferred that any cross-sectional average of the V CR is conceptually

equal to zero (
∑N

C=1 V CR
C
i,t = 0). Additionally,

∑I
i=1 V CR

C
i,t 6= ProfitCt ,

where I is the total number of Resources considered.

On the basis of this first approximation made by Hahn and Figge (2011),

and because our aim is to be able to compare different companies regardless of

their size, we propose a modification to Hahn and Figge (2011)’s measure that

makes every company comparable to every other:

RSPMC
i,t =

V CRC
i,t

TAC
t

(2)

where RSPMC
i,t is the Relative Sustainable Performance Measure of the
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Resource i of the Company C in year t and TAC
t is the Total Assets of the

Company C in year t.

The difference in the way in which the RSPM and the V CR rank different

companies is related to the spread of the TA. The bigger the spread the bigger

the difference, and the higher the TA the bigger the change in the ranking for

a single company5

The value of the RSPM for each company and resource increases with

the company’s profit (∂RSPMC
i,t

∂ProfitCt
> 0) and decreases the use of the resource

(∂RSPMC
i,t

∂RUC
i,t

< 0).

The higher the total assets (TA) are, ceteris paribus, the smaller the RSPM

is in absolute terms6. When the RSPM is positive, the higher the TA the

smaller the RSPM (∂RSPMC
i,t

∂TAC
t

< 0 when RSPM > 0). By contrast, when

the RSPM is negative, higher TA make the RSPM less negative, i.e. higher

(∂RSPMC
i,t

∂TAC
t

> 0 when RSPM < 0).

Once the RSPMs are calculated for every Resource considered, they can be

grouped into less specific resource combinations by working out an arithmetic

average7 of the RSPMs to be grouped. This gives an environmental RSPM , a

social RSPM and a total RSPM , grouping the environmental, social and total
5For example, in the implementation in this paper, the largest company had the third

worst V CR in 2009, but had 9 companies behind it in the RSPM that same year.
6Conceptually, the underlying logic is that when a company is bigger (higher TA) a high

(positive) V CR is less praiseworthy than it would be for a smaller company (lower TA), since

the bigger company has easier access to, for example, newer and less polluting technologies

that can result in lower use of environmental resources. It is that ease of access that also makes

a low (negative) V CR less alarming in a bigger company than in a smaller one, because it

gives the company a greater ability to improve its performance in environmental, social and

economic terms.
7This average can be weighted either equally (as it is in this paper) or according to the

investor’s preferences, or indeed according to objective criteria such as the relative damage

(good) caused by the use of the different Resources.
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resources considered (although any combination is possible).

Moreover, for the ultimate objective of this paper, we calculate the time

series average value for each Company for each Resource and for the environ-

mental, social and total RSPM during the period analysed.

3.2 Measure of Commitment-failure (MC)

The measure of commitment-failure emerged from the idea that since sustain-

ability is a relatively new matter for companies, investors could be interested in

having a way to measure how companies are performing environmentally and

socially over time.

Like financial downside measures that only take into account the left (neg-

ative) side of the distribution of the variable analysed (the downside risk pre-

sented in Sortino and Van Der Meer (1991)), we propose a way to detect which

companies have decreased their interest in these matters over time. In particu-

lar, we need to separate upward and downward movements of the RSPM over

time and disregard upward movements, since they are not dangerous in this

case. Therefore, we propose a measure, the MC, that works like downside-risk

measures and considers only downward RSPM movements:

MCC
i =

∣∣∣∣∣
∑T

t=2A
C
i,t ∗ Z(AC

i,t)

W

∣∣∣∣∣ (3)

where AC
i,t = RSPMC

i,t − RSPMC
i,t−1, Z(AC

i,t) is a function which is 1 if

AC
i,t < 0 and 0 if AC

i,t ≥ 0, T is the last year for which data are available and

W is the total number of two consecutive year periods for which information is

available to compute AC
i,t.
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The aim of only taking downward movements into account is that we seek to

detect companies that start neglecting environmental and social issues, whether

their average performance is bad or good, and punish them. Whether a company

is a good or bad performer is already shown by the RSPM measure. The MC

measures something different and shows a positive value if a company’s RSPM

has decreased in any of the two-year sub-periods in the period analysed and a

level of 0 if its performance has remained constant or improved over the whole

period. Thus, the measure has a minimum value of 0, which corresponds to

the ideal case of companies that have a constant or improving performance over

the whole period, and the higher the MC the worse the trend in the company’s

performance is over time.

The rationale of punishing a company that has been performing well and

better for many years but fails to improve or maintain its performance in one

year is open to argument. Our answer is that it makes sense for two reasons.

On the one hand the company’s time series average RSPM will stay positive

anyway. On the other hand, if the downturn in the RSPM is relatively small

the MC will not be as big as the MC of a company that has had downward

movements in more periods.

Some readers may wonder if the MC in fact adds anything new to conven-

tional standard deviation. We want to emphasise that it is not the same as

standard deviation because it only takes downward movements into account

and it does not take the mean as a reference. We analyse this further later in

this paper.

Lastly, it must be noted that this is a dynamic measure, so the MC of a

Company for a specific Resource or combination of resources is affected by

changes in the efficiency both the Company and the Market in the use of the

Resource(s) involved in the calculation.
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The changes in the latter are not only a result of the change in the individual

Companies’ Profits and use of the Resources, but also of the way the Market

is defined. In our case, to make the analysis as comprehensive as possible we

define the complete Market as the group of Companies in a sector that have

reported data about the specific Resource in the specific year analysed, so

the Market may vary from one Resource to another and its composition may

change over time either because Companies enter or exit theMarket or because

they start (or even stop) reporting environmental and social data. As the last

mentioned changes can distort realness, they are unwanted. We expect these

changes to diminish in the future with new legislation that obliges Companies

to report environmental and social data so that only entries into and exits from

the Market will change the Market’s composition.

4 Data

In this section we discuss data availability and sample selection criteria for the

empirical implementation of our measures.

4.1 Sample selection

The data used in this study are taken from the ASSET4 database in Datas-

tream. At the time of our data collection in May 2015 there was yearly ESG

information8 available about companies’ Use of many Resources from the 2002

to 2014 for many sectors9. As not all sectors and years had enough data for the

set of companies in them to be considered as the Market10, we chose a sector
8https://uvalibraryfeb.files.wordpress.com/2013/09/asset4_esg_data_glossary_

april2013.xlsx
9In May 2015, many companies had not yet reported their 2014 data.

10ESG reporting is not mandatory in all countries or for all companies, and in those where

it is the dates on which it became mandatory differ. For example, as stated in the Directive

https://uvalibraryfeb.files.wordpress.com/2013/09/asset4_esg_data_glossary_april2013.xlsx
https://uvalibraryfeb.files.wordpress.com/2013/09/asset4_esg_data_glossary_april2013.xlsx
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that on the one hand is highly affected by environmental and social issues11 and

on the other has a large amount of published ESG data: the chemical sector.

According to Datastream, the chemical sector between 2009 and 2013 was made

up of 127 companies12 from all around the world.

Once the sector was chosen, we had to decide what ESG resources and years

to include in our study. The selection criteria relied heavily onRepresentativity,

which was calculated as follows for each Resource i and year t :

Representativityi,t =

∣∣∣∣∣
∑N

C=1(TA
C
t ∗WC

i,t)∑N
C=1(TA

C
t )

∣∣∣∣∣ (4)

where TAC
t is the Total Assets of company C in year t andWC

i,t is a function

which is valued at 1 if there are data available for the Resource i for company C

in year t and at 0 if there are none, with N being the total number of companies

in the sector according to Datastream.

For example, as can be seen in Table 1, the Representativity of the Resource

’CO2 emissions’ in 2002 is 8.04%, meaning that CO2 emissions data are available

for a set of companies that represent 8.04% of the total assets of the chemical

sector (according to Datastream). The sampling criterion was to choose those

Resources that had a Representativity in excess of 40% for more than one year,

and the years in which the Representativity level for all those Resources was

higher than 30%. The average Representativity in the sample is 60.5%, which

2014/95/EU of the European Parliament and of the Council of 22 October 2014, in the

European Union it will be mandatory from 2017.
11This is considered to be one of the most polluting industries (Xing and Kolstad (2002))

and, due to the materials involved in its production processes, one of the industries where

most labour risk prevention measures must be taken.
12The list of companies includes, among others, Dow Chemical, LG Chem, Lotte Chem-

ical, Hanwha Chemical, Air Liquide, AzkoNobel, Mitshubishi Chemical, LyondellBasell and

Formosa Plastics.
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we consider representative enough.

As a result, the sample selected13 consists of the annual data available for

2009 to 2013 for the following resources, classified according to their nature:

1. Environmental resources:

(a) Carbon dioxide (CO2) equivalent emissions (CO2Em), measured in

thousands of tonnes

(b) Mono-nitrogen oxide (NOX) emissions (NOxEm), measured in tonnes

(c) Mono-sulphur oxide (SOX) emissions (SOxEm), measured in tonnes

(d) Volatile organic compound (V OC) emissions (VOCEm), measured

in tonnes

(e) Total Waste (WasteTot), measured in thousands of tonnes

(f) Hazardous Waste (HazWaste), measured in thousands of tonnes

(g) Total Energy Use (EnUseTot), measured in terajoules (TJ)

(h) Water Use (WaterUse)14, measured in cubic hectometres (hm3)

2. Social resources:

(a) Injury Rate (InjuryR)15, measured as the ratio of the total number
13It is noteworthy that the Representativity percentages would probably be different (and

result in a different sample in terms of resources and years) in other sectors. For example,

environmental issues may be less important than social issues in the financial sector, so there

would be higher Representativity percentages for social resources than for environmental

ones.
14In this paper we consider that a lower level of water consumption is better than a higher

one. However, we are aware of the use of water as one of the least (if not the least) pollutant

solvents in the chemical sector, so our consideration of WaterUse as a negative resource is

open to argument. As our analysis is flexible in these matters, each analyst or investor can

change the sign of the variable (positive Resource) or not take it into account at all (neutral

Resource).
15Although TBL literature includes Safety variables in the Environmental section, we

choose to consider them a Social resource, as done by Datastream ASSET4.
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of injuries and fatalities including no-lost-time injuries relative to one

million hours worked

(b) Total Donations (DonTot), measured in thousands of USD

The reader should note that TotalDonations are a different kind of resource,

because they are not considered negative but positive for society, i.e. the more

a company donates the better it is for society. This means that, unlike all the

other resources selected, it is good if REC < REMarket. We have therefore

introduced a sign change when calculating the Total Donations RSPM .

Regarding Representativity, the heterogeneity of the sample is evident in

Table 1, as not all companies report all data. Therefore, the number of obser-

vations, i.e. the number of companies that have reported data for a specific

resource in a specific year (out of the 127 possible companies that comprise

the worldwide chemical sector according to Datastream’s ASSET4 database) is

different for each resource in each year, as Table 2 shows16.

Year CO2Em NoxEm SoxEm VOCEm WasteTot HazWaste EnUseTot WaterUse InjuryR DonTot
2009 66 55 51 34 57 34 62 60 31 32
2010 78 57 56 38 65 35 74 69 43 39
2011 85 62 60 44 73 45 78 75 46 54
2012 89 62 61 44 78 48 86 80 51 58
2013 79 57 57 43 75 45 82 76 49 57

Table 2: Number of observations

This table shows the number of companies (out of a total of 127) that have provided data for
the different variables and years selected.

In addition, for each company and year we have also used data on the fol-

lowing economic variables for our RSPM calculations:

1. Earnings Before Interests and Taxes (EBIT), measured in millions of USD

2. Total Assets (TA), measured in millions of USD
16Exceptionally, there are companies that report ESG values but not EBIT, which prevents

their RSPMs from being calculated.
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It is important to note that the data obtained are aggregate data for each

company, regardless of whether the company operates and uses resources in one

or more countries. Therefore, we are unable to disaggregate the data in order

to analyse Resource Use by country or continent, and nor can we analyse the

effect of the different legislations that exist.

4.2 Descriptive Statistics

Table 3 summarises the descriptive statistics of the Resources used in the study.

As a general comment, the descriptives are stable throughout the period, with

some exceptions that we explain below. It is worth mentioning that the median

is always lower than the mean, which shows that the most extreme values are

on the right side of the distribution. This is confirmed by the fact that the

variables are all positively skewed and leptokurtic.

As Panel A shows, average CO2 equivalent emissions remained quite stable

from 2009 to 2012 but in 2013 they doubled, due to Sumimoto Chemical more

than quadrupling its emissions. As the other descriptives show, this resource’s

distribution has fatter tails than a normal distribution (leptokurtic) and is pos-

itively skewed, which means that the extreme events are more extreme on the

right side of the distribution (the high emission values). The facts that the

median is lower than the mean and the standard deviation is double or more

than double the mean and the minimum and maximum values only confirm the

description of the distribution given above.

NOX emissions, shown in Panel B, have a similar distribution to CO2 equiv-

alent emissions. However, it is to worth noting that there were no big changes

in the former during the period analysed and that NOX emissions are about

a thousandth of the CO2 equivalent emissions. Moreover, the coefficients of

variation are about double the values of the same statistic for CO2 equivalent
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Year Mean Median Minimum Maximum Standard
Deviation

Coefficient
of variation

Skewness Kurtosis

Panel A: CO2 emissions (CO2Em)
2009 (n=66) 5,373.06 2,337.50 19.80 71,322.00 10,222.88 1.90 4.63 28.42
2010 (n=78) 5,294.35 2,160.90 26.62 74,976.00 10,328.12 1.95 4.61 28.99
2011 (n=85) 5,061.68 1,844.87 26.81 74,778.00 9,988.64 1.97 4.74 30.70
2012 (n=89) 5,212.09 2,196.00 27.10 75,448.00 9,864.04 1.89 4.77 31.53
2013 (n=79) 10,600.67 2,340.00 27.21 412,400.00 47,039.39 4.44 8.17 70.06

Panel B: NOX emissions (NOxEm)
2009 (n=55) 6,224.79 1,363.00 7.00 160,000.00 21,628.89 3.47 6.72 48.20
2010 (n=57) 7,103.75 1,530.00 10.30 165,000.00 22,834.12 3.21 6.12 41.92
2011 (n=62) 6,572.40 1,544.00 10.20 155,000.00 21,036.07 3.20 6.11 42.13
2012 (n=62) 6,859.90 1,965.40 10.50 155,000.00 20,972.13 3.06 6.12 42.30
2013 (n=57) 6,007.37 1,683.60 7.70 158,000.00 20,916.65 3.48 6.91 50.69

Panel C: SOX emissions (SOxEm)
2009 (n=51) 7,277.93 730.00 0.70 233,000.00 32,549.61 4.47 6.73 47.18
2010 (n=56) 7,915.59 852.00 0.50 241,000.00 32,742.76 4.14 6.66 47.61
2011 (n=60) 6,897.28 519.00 0.29 208,000.00 27,637.17 4.01 6.67 48.47
2012 (n=61) 6,722.88 899.00 0.26 202,000.00 26,607.04 3.96 6.73 49.34
2013 (n=57) 6,059.67 494.00 0.15 215,000.00 28,455.88 4.70 7.13 52.84

Panel D: V OC emissions (VOCEm)
2009 (n=34) 3,418.72 767.00 64.80 47,000.00 8,164.55 2.39 4.68 25.39
2010 (n=38) 3,560.36 915.50 25.21 47,700.00 7,924.14 2.23 4.74 26.77
2011 (n=44) 3,200.57 918.00 22.47 46,500.00 7,180.57 2.24 5.17 31.51
2012 (n=44) 3,302.62 1,160.00 21.00 47,200.00 7,318.16 2.22 5.10 30.87
2013 (n=43) 3,327.73 1,049.00 2.00 47,500.00 7,437.71 2.24 5.06 30.38

Panel E: Total Waste (WasteTot)
2009 (n=57) 1,540.17 93.94 2.99 34,506.00 5,646.03 3.67 4.61 24.37
2010 (n=65) 1,093.07 71.92 2.02 29,089.50 4,507.19 4.12 5.39 31.29
2011 (n=73) 4,463.39 88.70 3.91 218,393.00 26,050.86 5.84 7.78 64.08
2012 (n=78) 4,460.50 84.43 3.05 246,129.06 28,225.92 6.33 8.22 70.72
2013 (n=75) 4,389.52 80.00 3.57 252,974.46 29,449.88 6.71 8.19 69.54

Panel F: Hazardous Waste (HazWaste)
2009 (n=34) 68.36 18.67 0.20 560.00 121.53 1.78 2.89 11.20
2010 (n=35) 112.99 28.05 0.20 1,199.00 231.47 2.05 3.46 15.57
2011 (n=45) 143.10 23.50 0.15 2,287.51 384.15 2.68 4.46 23.82
2012 (n=48) 131.29 20.16 0.10 2,284.42 369.22 2.81 4.73 26.44
2013 (n=45) 130.56 18.74 0.15 1,877.75 328.49 2.52 4.10 20.53

Panel G: Total Energy Use (EnUseTot)
2009 (n=62) 66,538.59 24,497.35 396.00 521,000.00 95,964.13 1.44 2.65 11.00
2010 (n=74) 69,610.01 24,737.71 530.00 590,600.00 105,103.96 1.51 2.67 11.21
2011 (n=78) 72,133.60 26,452.23 424.63 606,600.00 108,536.90 1.50 2.56 10.48
2012 (n=86) 72,889.40 30,600.00 452.26 592,900.00 107,042.87 1.47 2.47 9.84
2013 (n=82) 70,633.98 28,049.33 517.83 592,800.00 104,307.64 1.48 2.66 11.25

Panel H: Water Use (WaterUse)
2009 (n=60) 175.57 51.41 0.28 3,009.00 453.06 2.58 5.04 29.59
2010 (n=69) 155.18 42.26 0.39 2,693.00 378.38 2.44 5.11 32.27
2011 (n=75) 156.19 35.13 0.29 2,830.00 392.71 2.51 5.11 32.21
2012 (n=80) 160.81 38.61 0.30 2,770.00 378.03 2.35 4.91 31.39
2013 (n=76) 153.74 40.25 0.38 3,052.00 403.36 2.62 5.58 38.09

Panel I: Injury Rate (InjuryR)
2009 (n=31) 3.94 2.70 0.00 13.50 3.44 0.87 1.44 4.53
2010 (n=43) 3.49 2.70 0.00 14.15 3.23 0.92 1.46 5.13
2011 (n=46) 4.25 2.30 0.00 46.91 7.21 1.70 4.79 28.54
2012 (n=51) 3.97 2.48 0.00 38.33 5.77 1.46 4.41 26.35
2013 (n=49) 3.81 2.31 0.07 35.58 5.41 1.42 4.43 26.14

Panel J: Total Donations (DonTot)
2009 (n=32) 4,691.96 2,546.04 1.10 26,800.00 6,633.03 4.23 4.86 25.75
2010 (n=39) 4,261.18 2,152.07 1.40 40,060.00 7,288.51 3.51 4.44 23.44
2011 (n=54) 5,174.06 1,782.87 0.00 51,400.00 8,920.26 4.20 5.60 35.87
2012 (n=58) 5,364.80 1,626.47 0.00 50,550.00 10,029.00 5.63 7.03 51.68
2013 (n=57) 6,286.90 2,000.00 1.54 73,511.33 12,281.77 5.04 6.28 42.13

Table 3: Descriptives of the Resources year by year

This table shows the descriptive statistics of all the environmental and social resources used
in this study, each measured in its respective unit of measure as stated above.
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emissions, which means that the tails are fatter. This is confirmed by a much

higher level of kurtosis.

As shown in Panel C, SOX emissions have a similar distribution to those of

NOX .

Panel D shows that V OC emissions have a similar distribution to CO2 equiv-

alent emissions between 2009 and 2012. The minima in 2012 and especially in

2013 correspond to the company Yara International, which seems to have made

a real effort to improve its Resource Efficiency over the whole 2009-2013 pe-

riod.

As Panel E shows, average Total Waste reported by companies quadrupled

from 2010 to 2011. This is due, at least in part, to one company, MOSAIC,

having approximately sextupled its Total Waste from 2009 to 2011 (in 2010 it

did not report any data for this variable).

Panel F shows two significant changes in the Hazardous Waste variable. One

happens in the period 2009-2010, when the mean of the variable nearly doubles.

This is due to the company Lyondellbasell Inds.Cl.A starting to report its data

in 2010 and its value being 2010’s maximum. In 2011 the maximum almost

doubled again, when the company Incitec Pivot started providing data on this

variable.

Panel G shows that Total Energy Use has the least leptokurtic distribution

of all the resources used in this study. However, it is positively skewed and

leptokurtic, just as all the other variables are.

Panel H shows that the distribution of Water Use looks similar to that of

V OC emissions.

In Panel I some interesting facts about the Injury Rate variable can be seen.
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First of all, the minimum is really low throughout the period. This means that

those companies that have fewer injuries relative to one million hours worked

are close to or at zero, which is good news. Secondly, a big increase in the

maximum can be seen in 2010-2011. This is due to the company K+S starting to

report these data in 2011 and its figures being very high in comparison to those

reported by other companies in the years before. This made the distribution

more positively skewed and leptokurtic in 2011.

Total Donations, shown in Panel J, show a steady increase, indicating that

at least some companies have become more socially aware (especially those that

donate most: Dow Chemical, the biggest company in the sample in terms of

Total Assets in the first four years, although it decreased its donations in 2013,

and Sasol, which shows a steady increase culminating in the maximum for 2013).

Table 4 shows the trend in the average EBIT of the chemical sector in the

2009-2013 period. There is a tendency towards EBIT growth, but some years

are not as good as others. One company, Lyondellbasell Inds.Cl.A, is worth

mentioning since it started in 2009 and 2010 with the lowest value in the dis-

tribution and ended up in 2011 with the highest, with the latter being much

higher than any of the other maxima. This value made the distribution more

positively skewed and more leptokurtic.

Year Mean Median Minimum Maximum Standard
Deviation

Coefficient
of variation

Skewness Kurtosis

2009 (n=122) 490.17 267.74 -5,411.81 4,942.40 981.02 2.00 0.01 18.17
2010 (n=123) 363.80 186.80 -2,620.84 2,995.90 664.67 1.83 0.92 9.28
2011 (n=125) 746.46 387.30 -4.15 10,434.17 1,127.78 1.51 5.55 45.30
2012 (n=125) 780.40 443.93 -40.47 4,863.12 866.66 1.11 2.09 7.82
2013 (n=125) 677.96 379.11 -1,574.22 4,648.76 903.60 1.33 2.09 8.54

Table 4: Descriptives of Earnings before Interest and Taxes year by year

This table shows the descriptive statistics for the variable Earnings before Interest and Taxes
(EBIT), which is measured in millions of USD.

Table 5 shows a steady increase in the average Total Assets of the companies.

The maxima in all the years of the period are those of Dow Chemical, the largest
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company in our sample.

Year Mean Median Minimum Maximum Standard
Deviation

Coefficient of
variation

Skewness Kurtosis

2009 (n=122) 6,864.50 4,379.11 0.57 41,574.00 7,858.43 1.14 2.09 7.39
2010 (n=123) 7,116.85 4,200.30 2.54 63,898.00 8,805.62 1.24 3.12 16.83
2011 (n=125) 7,947.85 5,004.22 33.17 67,509.00 9,525.71 1.20 2.95 15.33
2012 (n=125) 8,448.89 5,426.06 37.26 66,665.00 9,596.75 1.14 2.79 14.06
2013 (n=125) 8,797.76 5,539.06 109.09 66,272.00 9,819.35 1.12 2.67 12.92

Table 5: Descriptives of Total Assets year by year

This table shows the descriptive statistics of the variable Total Assets (TA), which is measured
in millions of USD.

5 Results

This section presents the main results of applying the measures proposed to

data for the companies in the chemical sector worldwide.

5.1 Descriptives and analysis of the RSPM and the MC

With the variables presented in the previous section, we calculated the RSPM

for each company, year and resource (and for the Environmental, Social and

Total resources) and their associated MCs.

Tables 6 and 8 summarise the main statistical descriptive measures for the

RSPM and the MC, respectively, along with some other values, that we con-

sider relevant in each case.

We analyse the RSPM first. To make it easier to interpret, we start by

taking an example from Table 6. The mean value of the RSPM which takes

into account CO2 emissions is 0.0316. This means that, on average17, each

company in the sample obtained a profit that exceeded that of the Market by
17This is the cross-sectional mean of the time-series means calculated previously for each

company.
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about 3% of their Total Assets due to their good management of CO2 emissions

in 2009-2013.

Table 6 shows that the mean is statistically zero for 6 out of 13 resources or

combinations of resources. The other values are positive for some environmental

resources and negative for social resources and their combination, and for the

combination of all resources, at different levels of significance. The fact that

the Total RSPM is negative (although only at the 10% level of significance) is

remarkable, and means that on average for the whole period and all companies

the profit obtained was lower than it would have been if they had performed

the same way as the market due to the managing of the combination of all the

resources considered. Specifically, if they had performed the same way as the

market, they would have obtained, on average, a profit higher by an average of

about 3% of their Total Assets (the mean of Total RSPM is -0.0317).

Furthermore, it can be seen in Table 6 that the median RSPM (of the

time series averages calculated for each company) is positive for all environmen-

tal resources and their combination, and negative for all social resources and

their combination, which means that more and less than 50% of the companies

respectively obtained positive time-series average RSPM values. The percent-

age of companies with a positive average RSPM confirms that more companies

perform better/worse than the Market in the cases where the median is pos-

itive/negative. The percentage of positive values (without making time-series

averages for the companies) is also similar. These facts show that most compa-

nies generally perform better in environmental matters than in social matters,

which may imply that the companies that made up the chemical sector between

2009 and 2013 were more aware of environmental concerns than of social con-

cerns. It might be thought that a high percentage of positive values means that

the sector is performing fine, and in a way it is, but the somewhat symmetric

nature of the V CR, the measure on which the RSPM is built, must not be
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forgotten. This means that the higher the percentage of positive values is, the

more probable it is that there are more companies that are performing really

badly, with extremely negative RSPM values. For example, NOx Emissions

RSPM , with 76.19% of positive values, has a very negative minimum (-4.4297)

but the rest of the values are around and especially just above 0. The maximum

is 0.1855, very little in absolute terms compared to the minimum. Lastly, the

percentage of companies that have at least one positive RSPM value during the

period is really high for most of the Resources or combinations of them. This

means that almost every company has performed better than the market at least

once (though some do not perform this way regularly, as the lower percentages

of companies with an average positive value show).

The trend over time in the RSPM for the combinations of environmental,

social and all resources over the years analysed is displayed in Figure 1, where

each coloured line represents a company. It can be seen that there is hetero-

geneity between companies and that although there are positive values for some

companies the most extreme values are negative18. This means that some com-

panies perform really badly in environmental and social issues, which should be

a reason for investors not to choose these companies in their investment portfo-

lios. However, most of the companies in question seem to have improved their

performance by the end of the period, which may also be a positive sign for

investors.

Moreover, the most remarkable point in Figure 1 is the RSPMs of many of

the companies remain quite stable over time. This can be seen more clearly in

the next section, when the MC is added to the analysis.

In order to validate our measure as something new, we need to demonstrate

that it provides information that is not included in the classic measures used in
18It is evident that there are some companies for which we do not have data for all the

years, as expected from Table 2. This is especially evident in the most negative cases.
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Figure 1: Trend in RSPM over time

This graph shows the trend in the RSPM of the combination of the environmental resources,
the combination of the social resources and the combination of all the resources for each
company from 2009 to 2013. Each line on the graph corresponds to a company.
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investment decision making. We take the Return on Total Assets (ROTA) as

the classic economic measure with which to compare the RSPM .

The ROTA is calculated as follows, using the information available in our

database: ROTAC
t =

EBITC
t

TAC
t

.

Accordingly, we conducted four analyses, one graphic and three analytical.

For the graphic analysis the Total RSPM (rescaled for a better graphic rep-

resentation) has been plotted against the ROTA in Figure 2, both for time

series averages per company and for all the company-year observations. In both

cases it can be seen that there are companies that perform well financially (high

ROTA) but not environmentally and socially (low RSPM) and viceversa. This

evidence seems to confirm that our measure provides new information for in-

vestors (although there are also companies that perform well or badly in both

financial and environmental/social issues).

We prove this also by calculating the Pearson correlation coefficient for the

TotalRSPM andROTA, obtaining low values for both average and non-average

data (0.1002 and 0.1915, respectively). Although only the first is statistically

equal to 0 (p-values for the 2-tailed test are 32.13% and 0% respectively), the

value of the correlation is not high enough to make us reject the idea that the

RSPM is, indeed, a different measure from the ROTA.

In addition, we performed linear regression analysis through Ordinary Least

Squares (OLS) to see if the ROTA was capable of explaining the different

RSPM calculated. The model tested for each resource i or combination of

resources is the following:

RSPMC
i,t = αi + βi ∗ROTAC

t (5)
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Figure 2: Total RSPM vs. ROTA (Time series average and company-year
observations)

This graph shows the Total RSPM plotted against the ROTA for both time series averages
per company and all company-year observations.
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Table 7 shows the main results obtained. We find that in 8 out of 13 cases

they are closely related, with significant betas (at the 5% confidence level).

However, except in one case where the adjusted R2 is nearly 60%, the figures do

not exceed 40%, which makes us believe that the RSPM is not only measuring

what the ROTA measures.

Beta P-value Adj. R2

CO2Em 0.8742 0.00% 31.89%
NoxEm 0.7736 6.01% 0.88%
SoxEm 0.4585 20.96% 0.21%

VOCEm 0.6087 0.00% 8.17%
WasteTot -0.5150 11.11% 0.46%
HazWaste 0.7874 1.71% 2.38%
EnUseTot 0.9934 0.00% 39.60%
WaterUse 1.0972 0.00% 58.42%
InjuryR -0.0599 92.47% -0.47%
DonTot -0.5869 0.00% 10.00%

Environmental 0.7755 0.00% 11.82%
Social -0.3112 34.07% -0.03%
Total 0.4957 0.00% 3.46%

Table 7: Results of the linear regressions RSPM vs. ROTA

This table shows the betas, their p-values and the adjusted R2 for the 13 regressions conducted.
The model tested is: RSPMC

i,t = αi + βi ∗ROTAC
t .

Lastly, we also calculated the Spearman correlation between the two vari-

ables, obtaining high positive and negative19 values that are significantly differ-

ent from zero and range from -0.5 to 0.84. This shows that both measures do

not rank the same way by definition, since if that had been the case we would

have expected to find similar coefficients of correlation between the ROTA and

the different implementations of the RSPM (different resources and resource

combinations). In fact, we confirmed this by looking at a selection of particular

cases selected, which can be seen in Table 10. As an example, it can be seen that

there are companies such as MOSAIC or DULUXGROUP that have two of the

highest ROTA values of the sample but have negative average Total RSPMs.

Altogether, we can confirm that RSPM and ROTA do not measure the

same thing and that the contribution of our measure RSPM is relevant.
19It is noteworthy that the negative values correspond to total donations and the social

factor grouping.
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Table 8 contains the descriptive statistics for theMC. 0.0195 is the mean of

downward movements of the companies’ CO2 Emission RSPM during the period

(taking into account only the years with RSPM data for each company). It can

be seen that the median is low compared to the maximum in all cases, which

means that some values are far away from the majority (see the maxima and

Figures 4, 5 and 6). The fact that the mean is always higher than the median

confirms this. The minima are zero in all cases, which is the theoretical minimum

of the measure. This shows that there are indeed companies that improve or, at

least, do not worsen their performance over time, which is good. However, the

percentage of companies that show such behaviour is low, for example 14% for

the Total MC as can be seen in the last column of the table. This shows that

most companies are not really committed to environmental and social issues. It

is also worth noting that although they generally perform worse in social issues,

chemical companies do not worsen their performance in social issues as much as

in environmental issues (12.22% vs. 18.75% of zero-values).

In order to make sure that the MC is not the same as the standard devi-

ation of the RSPM , we again conducted four analyses: one graphic and three

analytical. First of all, we plotted the TotalMC against the standard deviation

of the Total RSPM (see Figure 3). As can be seen, there is a positive link

between the two variables when the MC is positive, but no clear pattern exists

for companies with an MC value of zero.

In our second analysis, we obtained high significant correlations between

MCs for different resources and resource combinations and the standard de-

viations of their corresponding RSPMs. We attribute these high correlations

to the low zero-value percentages, because not taking into account (that is,

not punishing) upward movements is the most distinctive part of our measure.

Since the percentage of companies with MC values of zero is really low, they

do not offset the highly correlated MCs and standard deviations of the badly



Measures for sustainable investment decisions 31

M
ea
n

M
ed

ia
n

M
in
im

um
M
ax

im
um

St
an

da
rd

D
ev
ia
ti
on

C
oe
ffi
ci
en
t
of

va
ri
at
io
n

A
sy
m
m
et
ry

K
ur
to
si
s

%
of

0
va
lu
es

C
O
2E

m
0.
01

95
**

*
0.
01

28
0.
00

00
0.
29

49
0.
03

44
1.
76

30
6.
28

22
49

.9
08

6
10

.5
9%

N
ox

E
m

0.
03

22
**

*
0.
01

37
0.
00

00
0.
82

53
0.
10

36
3.
22

00
7.
30

20
56

.3
58

5
6.
35

%
So

xE
m

0.
03

21
**

*
0.
01

27
0.
00

00
0.
69

53
0.
09

13
2.
84

08
6.
59

80
48

.0
66

8
3.
33

%
V
O
C
E
m

0.
01

89
**

*
0.
00

87
0.
00

00
0.
10

91
0.
02

53
1.
33

86
2.
00

65
6.
65

63
11

.1
1%

W
as
te
T
ot

0.
01

40
**

*
0.
01

18
0.
00

00
0.
06

44
0.
01

21
0.
86

92
1.
32

12
5.
59

94
13

.1
6%

H
az
W
as
te

0.
01

39
**

*
0.
00

48
0.
00

00
0.
08

60
0.
01

98
1.
42

34
1.
89

55
6.
45

42
28

.2
6%

E
nU

se
T
ot

0.
01

93
**

*
0.
01

11
0.
00

00
0.
12

20
0.
02

33
1.
20

87
2.
43

49
9.
78

86
11

.7
6%

W
at
er
U
se

0.
01

77
**

*
0.
01

32
0.
00

00
0.
08

49
0.
01

71
0.
96

41
1.
78

89
6.
69

42
6.
49

%
In
ju
ry
R

0.
02

77
**

*
0.
00

72
0.
00

00
0.
45

25
0.
06

76
2.
44

34
5.
21

37
31

.9
81

0
23

.0
8%

D
on

T
ot

0.
02

19
**

*
0.
00

73
0.
00

00
0.
33

31
0.
04

62
2.
11

14
5.
40

28
36

.0
70

1
20

.0
0%

E
nv

ir
on

m
en
ta
l

0.
02

38
**

*
0.
01

14
0.
00

00
0.
25

60
0.
04

10
1.
72

08
3.
61

82
17

.3
34

4
12

.2
2%

So
ci
al

0.
02

84
**

*
0.
00

92
0.
00

00
0.
45

25
0.
06

59
2.
32

21
4.
84

55
28

.3
27

5
18

.7
5%

T
ot
al

0.
02

38
**

*
0.
01

56
0.
00

00
0.
22

57
0.
03

75
1.
57

21
3.
61

34
17

.8
77

5
14

.0
0%

T
ab

le
8:

D
es
cr
ip
ti
ve
s
of

th
e
M
C

fo
r
th
e
in
di
vi
du

al
an

d
gr
ou

pe
d
re
so
ur
ce
s

T
hi
s
ta
bl
e
sh
ow

s
th
e
de
sc
ri
pt
iv
e
st
at
is
ti
cs

of
th
e
M
ea
su
re

of
C
om

m
it
m
en
t-
fa
ilu

re
(M

C
)
fo
r
ea
ch

of
th
e
re
so
ur
ce
s
an

d
re
so
ur
ce

co
m
bi
na

ti
on

s.
Sp

ec
ifi
ca
lly

,
it
sh
ow

s
th
e
m
ea
n,

th
e
m
ed
ia
n,

th
e
m
in
im

um
,
th
e
m
ax

im
um

,
th
e
st
an

da
rd

de
vi
at
io
n,

th
e
co
effi

ci
en
t
of

va
ri
at
io
n,

th
e
sk
ew

ne
ss
,
th
e
ku

rt
os
is

an
d
th
e
pe

rc
en
ta
ge

of
ze
ro

va
lu
es

(o
ut

of
al
lt
he

va
lu
es

ca
lc
ul
at
ed
,o

ne
fo
r
ea
ch

co
m
pa

ny
th
at

ha
s
at

le
as
t
2
R
SP

M
ye
ar
ly

va
lu
es
).

T
he

sy
m
bo

l*
**

de
no

te
s
th
at

th
e
m
ea
n
va
lu
e
is
st
at
is
ti
ca
lly

di
ffe

re
nt

fr
om

ze
ro
,
ac
co
rd
in
g
to

th
e
si
gn

te
st

w
it
h
a
le
ve
l
of

co
nfi

de
nc
e
of

1%
.



Measures for sustainable investment decisions 32

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Standard deviation of the Total RSPM

0

0.05

0.1

0.15

0.2

0.25
T

o
ta

l 
M

C

MC vs. Standard deviation 

Figure 3: MC vs. Standard deviation

This graph shows the Total MC plotted against the standard deviation of the Total RSPM .

performing companies . To prove this, we calculated the correlation between the

correlations calculated earlier (of which there were 13, one for each resource or

resource combination) and the percentage ofMC values of zero. The result was

a value of -0.34, which means that the higher the percentage of "zero values"

is, the bigger the difference is between the values of the standard deviation of

the RSPM and the MC. Although that correlation is not significantly differ-

ent from zero (probably due to the fact that only 13 data items were used to

calculate it), we consider the result enough to corroborate that the MC is not

the same as the standard deviation of the RSPM .

Moreover, we used OLS to linearly regress theMCs for each resource and re-

source combination against the standard deviations of the correspondingRSPMs,

testing the following cross-sectional model:

MCC
i = αi + βi ∗ σ(RSPMC

i ) (6)
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where σ(RSPMC
i ) is the standard deviation of the time series of RSPM for

resource or combination of resources i of company C.

The results obtained (see Table 9) show that in 11 of the 13 cases the beta is

statistically significant. Furthermore, in most of the cases where the percentage

of zero-values of the MC is lower the adjusted R2 is much higher, almost ex-

plaining the whole MC in some cases. Therefore, we continue to attribute the

close relationship between the MC and the standard deviation of the RSPM

to the low percentage of companies with MC values equal to zero.

Beta P-value Adj. R2

CO2Em 0.5241 0.00% 84.81%
NoxEm 0.4789 0.00% 98.76%
SoxEm 0.4640 0.00% 98.10%

VOCEm 0.1815 0.07% 21.67%
WasteTot -0.0006 93.32% -1.34%
HazWaste 0.0632 5.70% 5.90%
EnUseTot 0.5134 0.00% 65.84%
WaterUse 0.2947 0.00% 42.07%
InjuryR 0.2327 0.00% 62.56%
DonTot 0.4563 0.00% 88.13%

Environmental 0.5154 0.00% 86.62%
Social 0.2887 0.00% 69.43%
Total 0.3324 0.00% 79.73%

Table 9: Results of the linear regressions MC vs.σ(RSPM)

This table shows the betas, their p-values and the adjusted R2 for the 13 regressions conducted.
The model tested is: MCC

i = αi + βi ∗ σ(RSPMC
i ).

Finally, we calculated the Spearman correlations between the two variables.

Although they are significantly different from zero (as expected), the coefficients

are never higher than 0.72. We can thus confirm that the rankings of companies

that result from each of the two variables are different.

In short, we have proven that the MC is not the same measure as the

standard deviation of the RSPM and that it is therefore a good contribution

to the literature.

Finally, we sought to learn whether there was a relationship between the

RSPM and theMC. We calculated the Pearson correlation for the 13 resources
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or resource combinations and, in most cases, obtained negative correlations

significantly different from zero. This means that in general those companies

that perform better in the different categories presented are also more committed

to those issues.

5.2 2D graphical sustainability analysis

This section takes both measures proposed into account at the same time

and presents the 2D20 graphical sustainability analysis: a tool for making

sustainable investment decisions. By using it investors can choose not only

those companies that have positive RSPM values but also those which also

work to maintain them or even make them better.

One really valuable aspect of this 2D graphical sustainability analysis is

that investors can apply it to whatever resource or set of resources21 they are

concerned about or consider most important, as RSPM andMC are calculated

for each of them.

The 2D graphical analysis for the environmental (Figure 4) and social (Fig-

ure 5) resources separately and for the above-mentioned different combinations

(Figure 6) can all be seen. In each graph we represent the MC on the x-axis

and the time series Average RSPM for each company on the y-axis. Therefore,
20Referring to the 2-dimensional nature of the graph and not to the number of sustainability

pillars taken into account: all 3 are covered: economic, social and environmental.
21It is important to note that in the resource combinations (Figure 6) some of the downward

movements offset upward ones in other resources, so the same company can haveMC=0 in an

aggregate measure and MC>0 for some of the individual resources of which it is composed.

Therefore, if an investor is concerned, for example, about environmental issues, especiallyNOx

emissions, he/she should take into account both issues, analysing the two different relevant

2D analyses. He/she could evaluate one company using one analysis and, if it fulfils his/her

expectations, go on to evaluate the company using the other to see whether it performs in the

range acceptable to him/her. The order of the analysis depends on his/her priorities.
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every point on a graph corresponds to a company. For the sake of illustration

we have selected some of the most representative companies (see Table 10) and

included three of them22 in the above-mentioned Figures. As mentioned in the

previous section, and although it is not very clear graphically, there is a general

pattern: the better (higher) the RSPM , the better (lower) the MC. However,

there are also companies that have better RSPM while having worseMC values

and viceversa.

According to our analysis, investors should choose companies with high

RSPM and low MC (especially MC=0) over those with lower RSPM and/or

higher MC. Thus, preferences expand to the top left part of the graph. How-

ever, the final investment decision will depend on the investor’s specific concerns

and his/her threshold of tolerance.

An examination of Table 10 and Figures 4-6 enables us to identify some

companies that are always (or almost always) preferable to investors, no matter

what their particular concerns may be. For example, Table 10 shows that LG

CHEM is a better performer than URALKALI in all the emissions analysed,

because its RSPM is higher and its MC lower. This can also be seen in Figure

6, for example, when comparing the performances of LG CHEM and MOSAIC

in relation to environmental resources, in which the former is clearly better

than the latter. However, there are other cases where the RSPM is higher

but the MC is higher too (see Figure 5 for the graph for Total Donations).

In those cases, for example when deciding whether to invest in LG CHEM or

CLARIANT based on their performance in Total Donations, investors must

decide whether they prefer a better performing company or a company that is

working on improving its performance (or, at least, not neglecting it as much).

Whatever the investor’s specific concerns (and threshold of tolerance) for
22LG CHEM, MOSAIC and CLARIANT, which have data for almost all the measures

represented.
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Figure 5: 2D analysis for individual social resources

This figure shows the 2D analysis for social resources individually. Each point corresponds to
a company.

each individual resource or combination of them, we believe that this 2D graph-

ical sustainability analysis can be a useful tool in investment decision making.

6 Conclusions

In this paper we present two measures that enable sustainable investment de-

cisions to be made, following the TBL approach: the RSPM , which shows

how well a company performs in environmental and social matters; and the

MC, which detects which companies have decreased their interest in those mat-

ters. Both measures are very flexible and thus really useful because they can

be calculated for different resources and resource combinations (in which the

resources can be weighted as desired in line with the investor’s preferences) and

for different time frames.

This is a contribution to the sustainable investment literature, because to the
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Figure 6: 2D analysis for grouped resources

This figure shows the 2D analysis for the grouped resources: environmental, social and total.
Each point corresponds to a company.
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best of our knowledge no-one has presented measures with calculation formulas,

and to date there have been no dynamic measures such as the MC.

We also apply these measures to real public data on companies in the chemi-

cal sector and validate them. Particularly, we show that the RSPM is different

from the ROTA and that the MC is different from the standard deviation of

the RSPM . It is noteworthy that both the measures proposed are applicable to

any industrial sector and that the relevant/selected resources may be different

in each one.

Moreover, we propose an intuitive 2D graphical analysis based on the two

measures proposed. This is a useful tool that can help investors make investment

decisions. It is useful both to investors seeking to maximise profits and to those

more concerned about non-economic issues, since it can be supplemented by

well known economic and financial measures.

In our opinion it would be very useful for the databases that investors use in

their analysis of companies (Datastream and Bloomberg, for instance) to include

our analysis, so that investors can also easily take into account the non-financial

performance of companies.

In addition, the measures and the 2D graphical sustainability analysis that

we propose could also be useful for policy-makers during the regulation making

process, helping to define limits in the use of some resources, or even levying

different taxes on companies depending, for example, on whether and with what

frequency they report, or on their RSPM and MC directly.

Finally, companies could also benefit from our measures, since they can be

seen as a tool for assessing their sustainability performance. Thus, companies

can use the information that they offer to manage and improve their efficiency

in the use of a resource in their production process, possibly selecting another
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similar company as a benchmark.
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