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Abstract
Considering the three dimensions of sustainability, viz. economic, environmental, and 
social, the social dimensions of sustainability are getting lesser attention by firms and the 
same can be evinced from the sustainability ratings of firms, particularly in developing 
economies. Social sustainability is measured over several dimensions, where Thomson 
Reuters uses an integrated framework using four major indicators: the shareholders score, 
the community score, the product responsibility score, and the human rights score to meas-
ure and evaluate the social sustainability performances of firms. These four indicators are 
measured based on a number of company level indicators, as observed from the reported 
information of firms. We consider for this study, the Environmental, Social, and Govern-
ance (ESG) ratings of 10 Indian firms that are constantly evaluated for their social sus-
tainability performances, for the past nine years in the reports of Thomson Reuters. We 
have formulated a periodic prediction model for the social sustainability performances 
of firms based on a basic grey prediction model (GM (1, 1)) and a moving probability 
Markov based error prediction model. It is observed from the results of the case evaluation 
that Indian firms have to mend or amend their strategies to improving their focus on social 
sustainability. Although, some of the firms show trivial increasing performance trends for 
these indicators, many of them follow declining trends. Focusing on the theory of Utilitari-
anism, we conclude that any improvements in socially responsible activities of firms can 
result in social good; along with the gain of sustainable competitive advantages for them.

Keywords ESG scores · Prediction models · Grey theory · Markov chains · Social 
sustainability

1 Introduction

Sustainability and performances evaluations remain as attractive research keywords 
for supply chain practitioners of the decade. Sustainability and the triple bottom line 
approaches are incorporated into the supply chains of almost all global firms, considering 
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competitive advantages and owing to increasing pressure from stakeholders (Jadhav et al., 
2019). Economic, environmental and social dimensions of sustainability are widely dis-
cussed across the literature on sustainability and sustainable supply chains (Bappy et al., 
2019; Govindan et al., 2020). As we see, sustainability ratings provided by different rat-
ing agencies can offer an indication of the performance of firms on various dimensions 
of sustainability. Although sustainability and the related issues are discussed in literature 
and practice of supply chains, social dimensions of sustainability are getting lesser atten-
tion; particularly, as we discern through the sustainability ratings of firms in developing 
economies (Drempetic et al., 2019). Environmental, Social and Governance (ESG) scores 
of global firms released by Thomson Reuters can offer a comprehensive outlook of the 
sustainability performance of global firms. These ESG scores are measured over 10 major 
indicators and 400 plus sub-indicators leading to the overall sustainability of firms (Thom-
son Reuters, 2019). Among which, the social sustainability is measured over four major 
indicators: the shareholders score, the community score, the product responsibility score, 
and the human rights score.

One pillar model of sustainability defies the fact that the three dimensions of sustain-
ability are given equal weighting, while consideration for implementation into practice 
(Boyer et al., 2016). Apart from that, this model gives added priorities to the ecological 
dimension of sustainability and observes that sustainable development need to conserve 
eco systems and those resources needed for better economic and social life (Rajesh, 2023a, 
b). In the one pillar model, aspects such as economic and social become pertinent con-
sidering the fact that the ecological advancements and developments desires to be eco-
nomically viable and socially attuned, too (Gast et al., 2017). Later on, social sustainability 
has gained prominence with a chief aim to curb the level of poverty in various developing 
economies. The three pillar model of sustainability, which was developed later, agrees to 
the fact that human wants shall not be adequately fulfilled by merely giving an ecologically 
stable and healthy environment, but the socio-cultural needs are also to be considered with 
priority (Clune & Zehnder, 2018; Rafiaani et al., 2020). Although there are several exist-
ing disputes regarding the assumption of equal weightings for the pillars of sustainability, 
ecological objectives are the one slightest disputed and the economic goals follows it. But, 
there are several disagreements in defining the major social purposes considering sustain-
able development (Yadava & Sinha, 2016). Social sustainability is defined in various ways 
considering social standards, democratic rights, and institutional sustainability. Sustain-
ability approaches seek for the marginal social necessities for development on a long run, 
i.e. it pursues to recognize the challenges for the operation of the society for a long term 
(Fischer et al., 2020).

The social dimension of sustainability is assessed in literature using several indicators, 
where there are a set of three major pointers to evaluate this dimension (Ahmadi et  al., 
2017). First of which, deals with the gratification of the basic needs and is related to the 
quality of life. The major sub-indicators of this can include distribution of income, individ-
ual income, poverty, unemployment, education and training, conditions of housing, health 
conditions, and security. Apart from that, it also includes personal gratification with hous-
ing, income, work, health, and the environment. The additional sets of core indicators are 
related to the privilege of social justice in sustainability discourse, in addition to social 
coherence. The notion of social justice specifies the justice concerning the dissemination 
of economic goods or it can be defined as providing equal opportunities, considering qual-
ity of life and partaking in society. Hence, we observe that the second group of indica-
tors can cover issues related to gender equity and equal opportunities for education. And 
the third set of major pointers can relate to aspects of social coherence and the same can 
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evaluate social network integration, measures of solidarity, and measures of tolerant atti-
tudes. Social dimension of sustainability is boosted by the introduction of the concepts of 
Corporate Social Responsibility (CSR). Exact and commonly accepted demarcations for 
social sustainability and corporate social responsibility are not available in the extant lit-
erature on supply chains. Still, there are strong linkages, as seen in literature linking the 
concepts of sustainability and CSR (Liang & Renneboog, 2017). Many of the available def-
initions of CSR relates to the ethical behaviors towards environment, society and economy. 
It is recommended from literature that a firm that considers the aspects of social sustaina-
bility need to consider its’ implementation over the entire supply chain (Singh et al., 2023).

We consider the four measures of social sustainability given by Thomson Reuters and 
formulate a prediction model for the future sustainability performances of firms based on 
grey prediction models and moving probability state Markov models. As we focus our 
research in the Indian context, we consider the social sustainability performances of select 
Indian firms that perform consistently well in the Thomson Reuters’ ESG ratings. Thus, the 
study considers 10 Indian firms for predicting their future performances in social sustain-
ability. This paper is further arranged as follows. Section  2 details the theoretical back-
ground of the study and elaborates the constructs for measuring the social sustainability 
of firms. Section  3 specifics the methodology for prediction using the combined model 
of grey theory and moving probability Markov models.Sect.  4 elaborates the case study 
considering the data of 10 Indian firms, which is followed by the analysis of the results 
and related discussions in Sect. 5. Section 6 incorporates the conclusions, limitations, and 
future directions of work that is followed by the implications of the research towards the 
theory, practice, and policy of social sustainability of firms, which are presented in Sect. 7.

2  Background of the Study

We review some of the recent developments in the literature concerned to social sustain-
ability and glimpses of these works are presented here. Govindan et al. (2021) presented 
a state of the art literature on social sustainability tensions in supply chains and outlined 
some of the important factors and barriers contributing to the same. Considering frame-
works, Sajjad and Shahbaz (2020) presented a conceptual framework incorporating mind-
fulness and social sustainability, and outlined the role of mindfulness practices to achieving 
social sustainability for workplaces. Seeing the financial benefits of social sustainability, 
Schönborn et al., (2019) observed the role of social sustainability in the financial success 
of firms and identified the dimensions of social sustainability in corporate culture that can 
act as predictors of financial success.Prior to this, Mani and Gunasekaran (2018) studied 
how pressures from sustainability culture, government, stakeholders, and customers can 
influence the adoption of social sustainability practices of firms, with particular focus on 
developing economies context.

Larimian and Sadeghi (2021) considered urban social sustainability by incorporating 
dimensions of social interaction, sense of place, social participation, safety, social equity 
and neighborhood satisfaction, and developed a comprehensive measurement scale to 
assess urban social sustainability. Considering studies on indicators, Popovic et al. (2018) 
identified several quantitative indicators of social sustainability in supply chains and clas-
sified them into categories of generic, echelon, and specific indicators. It is seen that most 
of the recent developments in the area of social sustainability are focused on conceptual 
development, creating frameworks, and analysing drivers and barriers. It is also seen that 
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forecasting social sustainability performances, particularly using small datasets are not 
attempted in the literature and is the typical focus of this study.

An information integrated approach is needed for addressing the CSR and issues related 
to social sustainability of firms. And decision-makers call for exact tools that require com-
plete picture of the dimensions of CSR and the potential impacts of its implementation. 
Social sustainability has been described using several indicators in businesses and is inter-
preted in a variety of means (Ajmal et  al., 2018; Mani et  al., 2016a, 2016b; Schönborn 
et al., 2019). Some of the representative indicators, while operationalizing social sustain-
ability are taken from the extant literature. We observe that these indicators appear promi-
nently in the publically reported information of firms, such as; annual reports, reports on 
sustainability, data on social responsibility, and citizenship initiatives.The indicators are 
discussed as follows.

2.1  Labor Equity

This measure is an indicator of the distribution of employee returns inside an organization 
(Eizenberg & Jabareen, 2017). It is required to benchmark this measure for all workforces 
of firms. It is measured as the average hourly labor cost to the hourly compensation pack-
age offered for the top paid employee by the firm. The more this fraction is, the more is the 
level of labor equity of the firm.

2.2  Healthcare

This matric measures the role of a firm or a corporation in providing better healthcare for 
its employees and their families (Maghsoudi et al., 2020). This is measured as the ratio of 
the healthcare expenses paid by company per employee to the per employee market capi-
talization. As there can be biases due to different industry types, market capitalization is 
considered as a better measure than revenue or profit per employee. Wellness expenses per 
employee or health maintenance can also be used as a measure of healthcare, although it is 
challenging to observe this data from the publically reported information.

2.3  Safety

Social sustainability measures, as observed from the reported information of firms can also 
consider the safety of workplace (Ballet et al., 2020). The hours lost due to accidents can 
be an indicator for the safety of workplace. Still, the ratio of mean days not injured to the 
total employee working days can be a better indicator of the level of safety of the firm.

2.4  Philanthropy

Most of the firms play vital financial roles in the public and in a society that do not add to 
its core business functions (Mani et al., 2016a, 2016b). Some of these are, funding various 
public welfare programs, providing fellowships, etc. A firm’s philanthropic obligation can 
be evaluated as the ratio of contributions in charity to its market capitalization.

These four indicators, in general can be observed from the publically reported informa-
tion of the firm, such as; corporate reports or sustainability reports. All of these indicators 
are positive indicators of social sustainability of the firm; as when these indicators increase, 
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there is an improvement in the overall level of social sustainability performance of the firm. 
Although these four indicators need not include the entire spectrum of measures for social 
sustainability, they can cover many of the human and social needs and can act as an open-
ing plug for evaluating the social sustainability of firms or corporations. Considering the 
ESG evaluations of Thomson Reuters, the four indicators that describe social sustainability 
are the shareholders score, the community score, the product responsibility score, and the 
human rights score (Thomson Reuters, 2019). These major indicators are measured using 
a number of minor indicators contributing to it and these indicators can include all the gen-
eral traits of social sustainability discussed above, such as; labor equity, healthcare, safety, 
and philanthropy. The ESG indicators of social sustainability performances of firms taken 
into consideration for the study and the definitions for the same given by Thomson Reuters 
in their ESG ratings are elaborated as follows.

2.5  Workforce Score

The Workforce Score, as indicated by Thomson Reuters represents a measure of the effec-
tiveness of a company in achieving and maintaining the levels of job satisfaction, a healthy 
and safe workplace through sustaining diversity, equity, and equal opportunities, and at the 
same time providing opportunities for progressing their workforce.

2.6  Human Rights Score

The Human Rights Score indicates the competences of the firm to follow the fundamental 
human rights. At the same time, it represents the proficiencies of the firm to monitor, eval-
uate, and improve the effectiveness of retaining the fundamental human rights concords.

2.7  Community Score

The Community Score provided in the ESG ratings of Thomson Reuters indicates the com-
mitment of the firm in developing the communities, which are located in and around the 
whereabouts of the firm. This also includes the evaluation of the business ethics of the 
firm, considering their obligations towards public education and public health.

2.8  Product Responsibility Score

The Product Responsibility Score offered by Thomson Reuters can gauge the capacity of a 
company for producing goods and services within the quality standards. Also, this indica-
tor measures several other practices for producing responsible products, such as; health and 
safety of customers, integrity, and privacy of data. Hence, these four measures are used for 
evaluation of performances in social sustainability of firms and the methodology for pre-
diction is elaborated in the coming section.



302 R. Rajesh 

1 3

3  Methodology

Industrial integrations enhance the need for standard prediction models for firm performances 
(Xu, 2020). And hence, social sustainability performances are also a matter of concern. We 
use a grey prediction model, GM (1, 1) and a moving probability state Markov model for pre-
diction and error correction (Deng, 1982, 1989). Grey prediction models are advantageous; as 
it can successfully handle small data and limited information and are able produce promising 
results (Hu, 2020; Lin & Liu, 2004; Liu & Lin, 2006; Wu et al., 2020). The moving probabil-
ity Markov models are used to predict the state that the future error can occur, so as to improve 
the exactitude of prediction results (Kumar & Jain, 2010). The combined methodology has 
the stated advantage that it can produce reasonably good prediction results out of the small or 
limited information available. The methodology for prediction is pictorially displayed in Fig. 1 
and is detailed as follows.

3.1  The Grey Model of the First Order and with One Variable (GM (1, 1)) Model

Let us assume that the initial sequence of data representing the performance in social sustain-
ability of the firm for the period 1 ≤ i ≤ n , be.

(1)Z(0) =
(
z(0)(i)

)n
i=1

,

Construct the moving 
probability matrices 

Observe the state with 
maximum total prob.  

Observe the mean error 
corresponding to state  

Error correction for 
GM (1, 1) model  

Construct the states based on 
errors  

Estimate the mean error

Assess moving prob. for 
each state 

Calculate the sum total of 
the probabilities 

Grey moving 
probability 

Markov model

Predict the level of social 
sustainability performances

GM (1, 1) 
prediction 

model

Observe indicators of social 
sustainability performances

Construct simulated original 
sequences 

Estimate the level of social 
sustainability  

Strengthen/ weaken the 
data sequences 

Accumulating generator 
operator sequences  

Mean generator operator 
sequences 

Simulated sequences of 
social sustainability

Error estimates of 
prediction

Ensure a level1 prediction

Fig. 1  Integrated model for prediction of social sustainability performances
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Thus, Z(0) represents the periodical indicator of the social sustainability performance. 
Say for example; z(0)(2) indicates the zero order performance indicators of social sustain-
ability for the second period taken into consideration.

Let us consider the following sequence of data;

Referring to the previous example, we can consider that z(2) indicates the periodical 
indicator for the second time period.

3.1.1  Data Transformation (Strengthening or Weakening Operators)

Due to the occurrence of some shock waves, the observed data may show too slow or too 
fast developmental tendencies and the same not represent the true developmental tenden-
cies of the system (Liu & Lin, 2006). As such, the data cannot be used for statistical analy-
sis, making predictions, or drawing conclusions out of it. Hence, strengthening or weaken-
ing of the data is needed and we employ either of these operators successively to remove 
the interference of shock waves. These operators can level the data for prediction and the 
accuracy of predictions can be enhanced.

Let us assume � as a sequence operator, performed on the periodic data sequence, Z 
such that,

Consider the sequence Z as a monotonically increasing sequence, then � can represent 
weakening operator if,

Consider for an example, if z(2)� ≥ z(2) for the second period and the same hold true 
for all periods; then � can be a weakening operator of the data. Similarly, � can represent 
a strengthening operator of the monotonically increasing data sequence Z , if the following 
condition satisfies;

Consider for an example, if z(2)� ≤ z(2) for the second period and the same hold true 
for all periods; then � can be a strengthening operator of the data. Considering the case of 
monotonically decreasing sequences, the reverse of Eqs. (4) and (5) holds true. For mono-
tonically increasing sequences, the data will expand on application of a weakening opera-
tor and the data will shrink on application of a strengthening operator (Liu & Lin, 2006).
Hence, for the response time sequences representing social sustainability, we use a weak-
ening operator of second order to expand the data. The operator �2 is applied as follows;

Where.

and 

(2)Z = (z(1), z(2), z(3)… , z(n)).

(3)Z� = (z(1)�, z(2)�, z(3)�… , z(n)�).

(4)z(k)� ≥ z(k); k = 1, 2, 3… , n.

(5)z(k)� ≤ z(k); k = 1, 2, 3… , n.

(6)Z(0)� =
(
z(0)(1)�, z(0)(2)�, z(0)(3)�… , z(0)(n)�

)
,

(7)z(0)(k)� =
1

n − k + 1

(
z(0)(k) + z(0)(k + 1) + z(0)(k + 2)… , z(0)(n)

)
,
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where

 The sequence Z̃ can be used to represent the sequence after second order weakening oper-
ation ( Z(0)�2) , i.e.,

 For example, we can say z̃(0)(2) represents the value of indicator sequence for the second 
period, after applying the second order weakening operator.

3.1.2  Data Transformation (First Accumulating Generator Operator)

We obtain the first accumulating generator operators (1-AGO) of the sequence Z̃ as follows;

where

Thus, z̃(1)(k) represents the cumulative sum up to k . For example, we can say that 
z̃(1)(2) represents the value of indicator sequence for the second period, after application 
of the weakening operator of second order and the first accumulating generator operator, 
subsequently.

3.1.3  Data Transformation (Mean Generator Operator)

We obtain the mean generator sequences Ż(1) using the neighborhood values of Z̃(1) and the 
same are displayed as follows;

where

Consider as an example; ż(1)(2) represents the value in the periodical indicator sequence, 
after the weakening operator of second order, the accumulating generator operator, and the 
mean generator operator are applied.

3.1.4  Simulate the Performance Sequences

We use the GM (1, 1) prediction model and the sequences are simulated using the matrices 
γ and B as follows;

(8)Z(0)�2 =
(
z(0)(1)�2, z(0)(2)�2, z(0)(3)�2 … , z(0)(n)�2

)
,

(9)z(0)(k)�2 =
1

n − k + 1

(
z(0)(k)� + z(0)(k + 1)� + z(0)(k + 2)�… , z(0)(n)�

)
.

(10)Z(0)�2 = Z̃ =
(̃
z(0)(1), z̃(0)(2), z̃(0)(3)… , z̃(0)(n)

)
.

(11)Z̃(1) =
(̃
z(1)(1), z̃(1)(2), z̃(1)(3)… , z̃(1)(n)

)
,

(12)z̃(1)(k) =
∑k

i=1
z̃(0)(i);k = 1, 2, 3… , n,

(13)Ż(1) =
(
ż(1)(1), ż(1)(2), z(1)(3)… , ż(1)(n)

)
,

(14)ż(1)(1) =
((
0.5 ×�z(1)(k)

)
+
(
0.5 ×�z(1)(k − 1)

))
;k = 2, 3, 4… , n.
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Here, we assume,

The prediction parameters a, b are observed using the method of least squares, repre-
sented as;

where â represents the column vector of prediction parameters obtained as follows;

The following expression results after expansion of the terms;

The time response sequences are built based on GM (1, 1) model, after obtaining the 
parameters a, b and is shown as follows;

and

Based on the Eqs. (20) and (21), we simulate the sequences of social sustainability per-
formances, which are represented as follows;

Say for example, we can say that ẑ(0)(2) indicates the simulated sequences for the second 
period.

3.1.5  Prediction Error Estimates

We calculate the error estimates to observe the accuracy of the prediction results. The pre-
diction results, as obtained for the performances in social sustainability of 10 firms con-
sidered in the study were subject to satisfy a level one or level two predictions, based on 
five indicative error measures (Rajesh & Rajendran, 2019). The sequences of errors are 
observed as;

(15)γ =

⎡
⎢⎢⎢⎢⎣

z̃(0)(2)

z̃(0)(3)

z(0)(4)

⋮

z̃(0)(n)

⎤
⎥⎥⎥⎥⎦
; B =

⎡
⎢⎢⎢⎢⎣

−ż(1)(2) 1

−ż(1)(3) 1

−z(1)(4)

⋮

−ż(1)(n)

1

⋮

1

⎤
⎥⎥⎥⎥⎦
.

(16)dz̃
(1)

dt
+ ãz(1) = b.

(17)â = [a, b]T ,

(18)â =
([
BTB

]−1
BTγ

)
.

(19)�a =

⎡
⎢⎢⎢⎣

���
1

n−1
(
∑n

k=2
�z(0)(k)×

∑n

k=2
ż(1)(k))

�
−(

∑n

k=2(�z
(0)(k)×ż(1)(k)))

�
�∑n

k=2[ż(1)(k)]
2
−

1

n−1
[
∑n

k=2
ż(1)(k)]

2
�

�

�
1

n−1

�∑n

k=2
�z(0)(k) + a

∑n

k=2
ż(1)(k)

��
⎤
⎥⎥⎥⎦
.

(20)ẑ
(1)(k + 1) =

([
z̃
(0)(1) −

(
b

a

)]
e
−ak +

(
b

a

))
; k = 0, 1, 2, 3… , n − 1,

(21)ẑ(0)(k + 1) = ẑ(1)(k + 1) − ẑ(1)(k).

(22)Ẑ =
(̂
z(0)(k)

)n
k=1

.
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where

and the relative errors of the sequences are as follows;

where

with the mean relative errors of the sequences are indicated as follows;

and the filtering errors of the sequences are shown as follows;

We observe the error measures to lie in their permissible levels for a compatible level 
one or level two prediction results.

3.2  Grey Moving Probability Markov Model

Let us assume 
{
Yn ∶ n ∈ T

}
 as a stochastic process; hence, for any integer n ∈ T  and for 

any states,s0, s1,… , sn ∈ I , then 
{
Yn ∶ n ∈ T

}
 is referred to as a Markov chain, supposing 

that the following condition is satisfied;

Equation (29) reveals that the future state at time t = n + 1 is merely dependent on the 
present state,t = n ; and therefore, the future state is independent of all past states consider-
ing time t ≤ n − 1 . Let us consider the following equation;

which holds true for any random state n ∈ T  and i, j ∈ I , then Pij(n) can be referred to as the 
moving probability of the Markov chain (Kumar & Jain, 2010). Let’s assume, if the mov-
ing probability of the Markov chain Pij(n) shows no relation to n , and then 

{
Yn ∶ n ∈ T

}
 

can be said as a homogenous Markov chain. We represent the moving probability matrix, 
considering a system state of a homogenous Markov chain as follows;

(23)�(0) =
(
�(0)(k)

)n
k=1

,

(24)�(0)(k) =
(̃
z(0)(k) − ẑ(0)(k)

)
,

(25)Δ =
(
�k
)n
k=1

,

(26)�k =
||�(0)(k)||
z̃(0)(k)

,

(27)Δ =
1

n

(∑n

i=1
�i

)
,

(28)∅ = �n.

(29)P
(
Yn+1 = sn+1

||Yj = si;i, j = 0, 1,… , n
)
= P

(
Yn+1 = sn+1

||Yn = sn
)
.

(30)Pij(n) = P
(
Yn+1 = j||Yn = i

)
,

(31)P =
�
pij
�
=

⎡⎢⎢⎣

p11 p12 … p1n …

p21 p22 … p2n …

… … … … …

⎤⎥⎥⎦
.
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We assume that the elements of the moving probability matrix are satisfying the follow-
ing conditions; pij ≥ 0, i, j ∈ I ; and 

∑
j∈Ipij = 1, for all i ∈ I . This implies that the row sum 

of elements of P is always 1. Hence, the nth step moving probability of the Markov chain is 
indicated as follows;

Considering the same, P(n) =
[
p
(n)

ij

]
 is referred to as the nth step moving probability matrix, 

which fulfills the ensuing properties; pij(n) ≥ 0, i, j ∈ I ; 
∑

j∈Ipij
(n) = 1, for all i ∈ I ; and 

P(n) = Pn.Let’s reassume that the moving probability matrix of a Markov chain encompasses 
of grey values, and then the Markov chain can be referred to as a grey Markov chain (Wang 
& Meng, 2008). We can take on the initial state distribution of a finite grey Markov chain as,

and let’s also assume that the moving probability matrix of the same be represented as,

And then, the distribution of the next state system can be represented as,

Also, we can represent the second state system distribution as,

If we continue like this up to the nth state, we can characterize the system distribution as,

Hence, we are able to predict the next state distribution or any future state distributions 
of the system by knowing the initial distribution and the moving probability matrix.

3.3  Grey State Markov Model

Let’s assume Z = (z(1), z(2),… , z(n)) is representing the raw data series and 
Ẑ = (̂z(1), ẑ(2),… , ẑ(n)) is indicating the simulated data series built using the GM (1, 1) 
model. Also, we assume that the sequence Ẑ is representing the trend prevalent in the original 
sequence Z . We divide it into n states in consideration that Z is an instable stochastic sequence 
and this satisfies the condition of a Markov chain.

and

We define the state moving probability for the sample data having size Mij(m) , indicat-
ing the development of the system state from ⊗i to ⊗j through m steps. And we assume that 

(32)Pij
(n) = P

(
Ym+n = j||Ym = i

)
, i, j ∈ I, n ≥ 1

(33)PT (0) =
(
p1, p2,… , pn

)
,

(34)P(⊗) =
[
Pij(⊗)

]
,

(35)PT (1) = PT (0) × P(⊗).

(36)PT (2) = PT (0) × P2(⊗).

(37)PT (n) = PT (0) × Pn(⊗).

(38)⊗i =
[
�⊗1i,

�⊗2i

]
, �⊗i ∈ ⊗i,

(39)�⊗1i = �z(k) + Ai;
�⊗2i = �z(k) + Bi, i = 1, 2,… , n.
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the size of the sample data remaining at state ⊗i is Mi ; hence the state moving probability 
is indicated as follows;

We often regard this as a one-step moving probability matrix indicated by P and we take on 
that the item to be forecasted is at the ⊗k state. We further check whether the kth row of P is 
satisfying the following condition;

If the condition is satisfied, the system can be assumed to develop from state ⊗k to ⊗l . 
We further check whether two or more probability values in the kth row of the matrix P 
are equal or nearly so. If the above condition satisfies, we can observe the nth step moving 
probability matrices indicated as,P(2),P(3) , and P(n) . Markov chains and related models find 
several applications, as seen in literature (Ardia et al., 2018; Fei et al., 2017). We imple-
ment a case evaluation to exemplify the methodology elaborated for prediction and the 
details of the same are discussed in the next section.

4  Case Evaluation

We consider for this study, the integrated ESG ratings of 10 Indian firms that are con-
sistently rated for their social sustainability indicators for the past nine years (Thomson 
Reuters, 2019). The reason for selecting 9 years as the time period of the study is that con-
tinuous ratings are available for the firms for the past nine years and also nine years data 
can be successfully incorporated in a small data prediction model like GM (1, 1), which is 
used in this study to provide accurate results. For the study, we separate the indicators of 
social sustainability from the ESG ratings and we consider the developmental tendencies 
of the 10 firms for a period of 9 years. We construct five different values for the social 
sustainability measures by assigning diverse importance weightings to the values of the 
4 indicators used in the study: the shareholders score, the community score, the product 
responsibility score, and the human rights score. The weighting schemes vary from assign-
ing equal weightings towards assigning highest priority weightings to each indicator, sepa-
rately constituting five distinct values for the measure of social sustainability for a particu-
lar year. This is done to identify, if any potential biases are there in the calculation of social 
sustainability scores. The assumed weightings for the four factors (in the order) for the five 
different instances are as follows; ((0.25, 0.25, 0.25, and 0.25), (0.55, 0.15, 0.15, and 0.15), 
(0.15, 0.55, 0.15, and 0.15), (0.15, 0.15, 0.55, and 0.15), and (0.15, 0.15, 0.15, and 0.55). 
The firms considered for analysis of their social sustainability performances, the reference 
codes for them, their business sector classifications, and the Thomson Reuters economic 
sector classifications are shown in Table 1. The step-wise implementation of the methodol-
ogy for prediction is elaborated below.

4.1  Step 1

The initial five sequences representing the social sustainability indicators of the firm 
code REDY.NS is shown in Table  2. Similarly, the social sustainability indicator 

(40)Pij(m) =
Mij(m)

Mi

, i = 1, 2,… , n

(41)j
maxpkj = pkl.
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sequences for all other firms are constructed. The first and second order weakening 
operators are employed and the sequences corresponding to the same are constructed as 
per Eqs. (1)–(10). The sequences corresponding to the same for the firm code REDY.NS 
is shown in Table 2. Similarly, the weakening operator sequences for all other firms are 
calculated.

4.2  Step 2

The first aggregate generator operator sequences and the mean generator operator 
sequences are constructed as per Eqs. (11)–(14). These sequences for the firm code REDY.
NS is as shown in Table 3. Similarly, for all other nine firms the sequences are constructed.

Table 2  Initial sequences, first and second order weakening sequences of data (REDY.NS)

Year Soc. Sus. 1 Soc. Sus. 2 Soc. Sus. 3 Soc. Sus. 4 Soc. Sus. 5

Initial periodical sequences
2010 76.408 63.028 84.718 79.648 78.239
2011 77.373 65.918 85.411 77.563 80.601
2012 84.488 75.512 90.211 83.705 88.524
2013 81.618 70.853 88.5 80.735 86.382
2014 82.555 78.324 89.093 75.247 87.555
2015 86.869 87.475 91.111 82.626 86.263
2016 81.674 78.665 85.784 78.326 83.919
2017 82.364 79.961 85.543 79.031 84.922
2018 83.173 83.596 85.442 78.981 84.673
ZD
2010 81.836 75.926 87.313 79.54 84.564
2011 82.514 77.538 87.637 79.527 85.355
2012 83.249 79.198 87.955 79.807 86.034
2013 83.042 79.812 87.579 79.158 85.619
2014 83.327 81.604 87.395 78.842 85.466
2015 83.52 82.424 86.97 79.741 84.944
2016 82.404 80.741 85.59 78.779 84.505
2017 82.769 81.779 85.493 79.006 84.798
2018 83.173 83.596 85.442 78.981 84.673
ZD2

2010 82.87 80.291 86.819 79.265 85.106
2011 83 80.837 86.758 79.23 85.174
2012 83.069 81.308 86.632 79.188 85.148
2013 83.039 81.659 86.412 79.085 85.001
2014 83.039 82.029 86.178 79.07 84.877
2015 82.967 82.135 85.874 79.127 84.73
2016 82.782 82.039 85.508 78.922 84.659
2017 82.971 82.688 85.468 78.994 84.736
2018 83.173 83.596 85.442 78.981 84.673



311Grey Markov Models for Predicting the Social Sustainability…

1 3

Ta
bl

e 
3 

 F
irs

t a
gg

re
ga

te
 g

en
er

at
or

 a
nd

 m
ea

n 
ge

ne
ra

to
r s

eq
ue

nc
es

 o
f d

at
a 

(R
ED

Y.
N

S)

Ye
ar

1 
A

G
O

Ye
ar

M
ea

n 
G

S

So
c.

 S
us

. 1
So

c.
 S

us
. 2

So
c.

 S
us

. 3
So

c.
 S

us
. 4

So
c.

 S
us

. 5
So

c.
 S

us
. 1

So
c.

 S
us

. 2
So

c.
 S

us
. 3

So
c.

 S
us

. 4
So

c.
 S

us
. 5

20
10

82
.8

7
80

.2
91

86
.8

19
79

.2
65

85
.1

06
20

10
–

–
–

–
–

20
11

16
5.

87
16

1.
12

8
17

3.
57

7
15

8.
49

5
17

0.
28

20
11

12
4.

37
12

0.
71

13
0.

19
8

11
8.

88
12

7.
69

3
20

12
24

8.
93

9
24

2.
43

6
26

0.
20

9
23

7.
68

3
25

5.
42

8
20

12
20

7.
40

5
20

1.
78

2
21

6.
89

3
19

8.
08

9
21

2.
85

4
20

13
33

1.
97

8
32

4.
09

5
34

6.
62

1
31

6.
76

8
34

0.
42

9
20

13
29

0.
45

9
28

3.
26

6
30

3.
41

5
27

7.
22

6
29

7.
92

9
20

14
41

5.
01

7
40

6.
12

4
43

2.
79

9
39

5.
83

8
42

5.
30

6
20

14
37

3.
49

8
36

5.
11

38
9.

71
35

6.
30

3
38

2.
86

8
20

15
49

7.
98

4
48

8.
25

9
51

8.
67

3
47

4.
96

5
51

0.
03

6
20

15
45

6.
50

1
44

7.
19

2
47

5.
73

6
43

5.
40

2
46

7.
67

1
20

16
58

0.
76

6
57

0.
29

8
60

4.
18

1
55

3.
88

7
59

4.
69

5
20

16
53

9.
37

5
52

9.
27

9
56

1.
42

7
51

4.
42

6
55

2.
36

6
20

17
66

3.
73

7
65

2.
98

6
68

9.
64

9
63

2.
88

1
67

9.
43

1
20

17
62

2.
25

2
61

1.
64

2
64

6.
91

5
59

3.
38

4
63

7.
06

3
20

18
74

6.
91

73
6.

58
2

77
5.

09
1

71
1.

86
2

76
4.

10
4

20
18

70
5.

32
4

69
4.

78
4

73
2.

37
67

2.
37

2
72

1.
76

8



312 R. Rajesh 

1 3

4.3  Step 3

The matrices for estimating the prediction parameters are built as per Eqs. (15)–(19) for 
the five sequences, separately. These matrices for the firm code REDY.NS is as shown 
in Table 4. Similarly, the tabulations are made for other firms, as well.

4.4  Step 4

The simulated accumulating generator sequences and the actual simulated sequences are 
built, as per Eqs. (20)–(22). Predictions are made for the year 2019 and 2020, based on 
the data available till 2018. The simulated value of social sustainability performances 
for the year 2018, as well as the predicted value of social sustainability performances 
for year 2019 and 2020 for the firm code REDY.NS is shown in Table 5. Likewise for 
other firms, the sequences are built.

4.5  Step 5

The error measures are constructed for the GM (1, 1) model as per Eqs.  (23)–(28). 
Based on the basic error measure, as shown in Eqs. (23) and (24), we construct differ-
ent error states. Here, for the 10 firms, we carefully observe the errors and construct 
error intervals by considering 6 different error states. The error states for the firm code 
REDY.NS is indicated in Table 6. Similarly, the tabulations are made for other firms, as 
well. The range of error values is also shown in Table 6.

4.6  Step 6

The sum of moving probabilities for transition from one state to another is tabulated for 
all the five constructed sequences of social sustainability performances, based on the 
computed errors. These four sequences can represent the one step moving probability 
values, the two step moving probability values, the three step moving probability values, 
and the four step moving probability values. The basis for calculating the moving prob-
abilities is as shown in Eqs. (29)–(41). These four sequences for the firm code REDY.
NS is as presented in Table 7. Likewise for other firms, the sequences are constructed. 
Hence, the moving probabilities are calculated for 10 firms, 5 instances, and 6 states 
with 4 set of moving probabilities, i.e., we observe 200 (10 × 5 × 4) moving probability 
values. Say for instance, the one step moving probability represents the probability of 
moving from one state of error to another state, considering a one-step movement. Simi-
larly, the two step moving probability indicates the probability of moving from one state 
of error to another state, considering a two-step movement. Likewise, the three step and 
four step moving probabilities are calculated.

4.7  Step 7

The sum total of the probabilities for 5 instances, and 6 states with 4 set of moving 
probabilities are calculated and the final values of the same for all the 10 firms taken 
into consideration are shown in Table 8. The moving probabilities considering the four 
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set (one step, two step, three step, and four step) of values in contemplation and the sum 
total of the moving probabilities for the firm REDY.NS is pictorially displayed in Fig. 2.
This is for clarity of understanding and for visualization purposes. Similarly, the mov-
ing probabilities and the cumulative moving probabilities can be represented for other 
firms, as well.

4.8  Step 8

The sum of total probabilities and the error states for the predicted year 2019 and 2020 are 
calculated and are shown in Table 9. The cumulative sum of state moving probabilities for all 
the 10 firms for the 6 states are graphically displayed in Fig. 3.

Table 5  Prediction error estimation for the GM (1, 1) model (REDY.NS)

Predicted errors

Year Soc. Sus. 1 Soc. Sus. 2 Soc. Sus. 3 Soc. Sus. 4 Soc. Sus. 5 1 AGO

2010 0 0 0 0 0 2018 746.91
2011 − 0.01 −0.059 −0.03 0.024 0.018 2019 829.908
2012 0.06 0.089 0.06 0.02 0.073 2020 912.905
2013 0.032 0.116 0.057 −0.046 0.005 Actual Predicted
2014 0.033 0.159 0.038 − 0.023 − 0.037 2019 82.998
2015 − 0.037 − 0.061 − 0.051 0.071 − 0.105 2020 82.997
2016 − 0.221 − 0.486 − 0.203 − 0.096 − 0.095
2017 − 0.03 − 0.167 − 0.029 0.013 0.062
2018 0.173 0.41 0.158 0.037 0.079

Table 6  Error states of prediction (REDY.NS)

Error states of prediction Error ranges

Year Soc. Sus. 1 Soc. Sus. 2 Soc. Sus. 3 Soc. Sus. 4 Soc. Sus. 5 States Range Mean 
error

2010 State 3 State 3 State 3 State 3 State 3 State 1 (− 3, − 1) − 2
2011 State 3 State 3 State 3 State 4 State 4 State 2 (− 1, − 0.5) − 0.75
2012 State 4 State 4 State 4 State 4 State 4 State 3 (− 0.5, 0) − 0.25
2013 State 4 State 4 State 4 State 3 State 4 State 4 (0, 0.5) 0.25
2014 State 4 State 4 State 4 State 3 State 3 State 5 (0.5, 1) 0.75
2015 State 3 State 3 State 3 State 4 State 3 State 6 (1, 3) 2
2016 State 3 State 3 State 3 State 3 State 3
2017 State 3 State 3 State 3 State 4 State 4
2018 State 4 State 4 State 4 State 4 State 4
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4.9  Step 9

The modified predicted sequences, based on the combined model of GM (1, 1) and the 
moving probability state Markov model based error correction model is as represented 
in Table 10.

Table 7  Moving probabilities for the error states (REDY.NS)

Sum of moving probabilities

P1 1 2 3 4 5 6 Sum States Prob

1 0 0 0 0 0 0 0 4 0
2 0 0 0 0 0 0 0 4 0
3 0 0 0.521739 0.478261 0 0 1 3 0.5
4 0 0 0.5 0.5 0 0 1 3 0.5
5 0 0 0 0 0 0 0 3 0
6 0 0 0 0 0 0 0 4 0

Sum 1

P2 1 2 3 4 5 6 Sum States Prob

1 0 0 0 0 0 0 0 4 0
2 0 0 0 0 0 0 0 4 0
3 0 0 0.347826 0.652174 0 0 1 3 0.5
4 0 0 0.681818 0.318182 0 0 1 3 0.5
5 0 0 0 0 0 0 0 3 0
6 0 0 0 0 0 0 0 4 0

Sum 1

P3 1 2 3 4 5 6 Sum States Prob

1 0 0 0 0 0 0 0 3 0
2 0 0 0 0 0 0 0 3 0
3 0 0 0.391304 0.608696 0 0 1 4 0.5
4 0 0 0.727273 0.272727 0 0 1 3 0.5
5 0 0 0 0 0 0 0 4 0
6 0 0 0 0 0 0 0 4 0

Sum 1

P4 1 2 3 4 5 6 Sum States Prob

1 0 0 0 0 0 0 0 4 0
2 0 0 0 0 0 0 0 3 0
3 0 0 0.478261 0.521739 0 0 1 3 0.5
4 0 0 0.5 0.5 0 0 1 3 0.5
5 0 0 0 0 0 0 0 4 0
6 0 0 0 0 0 0 0 4 0

Sum 1
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Table 8  Sum total of the moving probabilities (All firms)

Sum of total probabilities

REDY.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 0 0 0 0 0
State 3 0 0 1.73913 2.26087 0 0
State 4 0 0 2.409091 1.590909 0 0
State 5 0 0 0 0 0 0
State 6 0 0 0 0 0 0

GLSM.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 2 2 0 0 0
State 2 0 0.375 1.75 0.625 0.875 0.375
State 3 0 0.666667 1.5 0.944444 0.777778 0.111111
State 4 0 1.111111 1.888889 0.444444 0.555556 0
State 5 0.142857 0.714286 1.428571 1.142857 0.285714 0.285714
State 6 1 0.5 1 1 0 0.5

BHEL.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 0 2 2 0 0
State 3 0 0.041667 2.166667 1.625 0.166667 0
State 4 0 0.055556 2.388889 1.388889 0.166667 0
State 5 0 0.5 2 1.5 0 0
State 6 0 0 0 0 0 0

ITC.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 0 4 0 0 0
State 3 0 0.04 2 1.84 0.12 0
State 4 0 0.111111 2.388889 1.444444 0.055556 0
State 5 0 1 2 1 0 0
State 6 0 0 0 0 0 0

LART.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 0.666667 1.5 0.5 0.833333 0.5
State 3 0 0.5 1.863636 0.909091 0.681818 0.045455
State 4 0 0.6 2.6 0.6 0.2 0
State 5 0 0.5 1.666667 1.666667 0.166667 0
State 6 0 0 2 1 1 0

MAHM.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 1.428571 0.428571 1.714286 0.428571 0
State 3 0.411765 0.588235 1.235294 1.411765 0.352941 0
State 4 0 0.705882 2.176471 0.941176 0.176471 0
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5  Results and Discussion

Integrated performance evaluation for social sustainability is receiving increased attention 
in recent times, as this can be reflected in the increase in number of research articles that 
discusses on the same (Dempsey et al., 2011; Vallance et al., 2011). Many research works 
can be seen discussing the theme of social sustainability with a conceptual basis (Hervani 
et  al., 2017; Wang et  al., 2018). Also, we can see that some of the works are based on 
empirical evidences, while others have discussed on the modeling aspects of social sus-
tainability (Mani et  al., 2020; Sroufe & Gopalakrishna-Remani, 2019). We formulate a 

Table 8  (continued)

MAHM.NS State 1 State 2 State 3 State 4 State 5 State 6

State 5 0 1.5 1.5 0.75 0.25 0
State 6 0 0 0 0 0 0

TISC.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 0 0 0 0 0
State 3 0 0 1.818182 2.181818 0 0
State 4 0 0 2 2 0 0
State 5 0 0 0 0 0 0
State 6 0 0 0 0 0 0

SAIL.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 0 0 0 0
State 2 0 0.285714 1.142857 2 0.571429 0
State 3 0 0.888889 1.333333 1.388889 0.388889 0
State 4 0 0.5 2.125 1.125 0.25 0
State 5 0 0.5 1.5 2 0 0
State 6 0 0 0 0 0 0

SUN.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0 0 4 0 0 0
State 2 0 0.333333 2 1.333333 0.333333 0
State 3 0 0.266667 1.066667 2.266667 0.333333 0.066667
State 4 0.105263 0.842105 1.105263 1.578947 0.263158 0.105263
State 5 0.333333 0.666667 1.333333 1.333333 0 0.333333
State 6 1 0 3 0 0 0

MRTI.NS State 1 State 2 State 3 State 4 State 5 State 6

State 1 0.444444 0.333333 1.333333 0.777778 0.444444 0.666667
State 2 0 0 0.5 0.5 1.5 1.5
State 3 0.923077 0.230769 0.846154 0.692308 0.769231 0.538462
State 4 0.333333 0.333333 1 0.5 1.166667 0.666667
State 5 1.25 0 1.375 0.5 0.5 0.375
State 6 1.142857 0 1.571429 0.285714 0.285714 0.714286
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periodic performance prediction model for social sustainability that considers four meas-
urement aspects of social sustainability. These four indicators include the workforce score, 
the human rights score, the community score, and the product responsibility score. We 
have formulated a periodic prediction model for the social sustainability performance indi-
cators of firms, based on the basic grey prediction model (GM (1, 1)) and the moving prob-
ability Markov model based error state prediction model. The combined model is capable 
of handling small data and provides useful and reliable prediction results.

The case evaluation has been conducted for 10 Indian firms and the results of predic-
tion are analyzed. We observe the following from the trends of prediction; four (GLSM.
NS, SAIL.NS, SUN.NS, and MRTI.NS) of the considered firms show increasing trends for 
social sustainability performances for the year 2019, while six (REDY.NS, BHEL.NS, ITC.
NS, LART.NS, MAHM.NS, and TISC.NS) among them show decreasing trends for social 
sustainability performances. This shows that major Indian firms need to consider revisiting 
their strategies to support more social sustainability initiatives. These declaiming trends 
for firms are alarming and social sustainability should be considered with high priorities 
to upsurge its performances through proactive measures. Considering the trends for the 
year 2020, we observe some similar patterns, but more firms are showing better perfor-
mances on social sustainability, when compared to 2019.The Indian firms that are consid-
ered for analysis and prediction and are showing increasing trends for social sustainability 
performances for the year 2020 are GLSM.NS, BHEL.NS, TISC.NS, SAIL.NS, and SUN.

23

 State moving probabilities 
Note: Company Code: REDY.NS
       : One step moving probabili�es 
       : Two step moving probabili�es 
       : Three step moving probabili�es 
       : Four step moving probabili�es 
       : Sum of moving probabili�es 
Error states 5 and 6 do not appear in the error es�ma�on for this firm.  
Hence, to and fro moving probabili�es are represented in do�ed lines and 
the probabili�es for these states are not shown in the diagram.
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Table 9  Sum total of probabilities for the predicted year (All firms)

Total prob-
abilities for the 
predicted year
Sum of prob-
abilities 2019

Sum probabili-
ties 2020

Error state for 2019 Error state for 2020

REDY.NS Total probability (2019) Total probability (2020)

2.074110672 2.049713712
State 1 0 0
State 2 0 0
State 3 2.074111 2.049714 State 3 State 3
State 4 1.925889 1.950286
State 5 0 0
State 6 0 0

GLSM.NS Total probability 
(2019)

Total probability 
(2020)

1.448743386 1.504285819

State 1 0.047619 0.06994
State 2 0.708333 0.610303
State 3 1.448743 1.504286 State 3 State 3
State 4 0.88459 0.897613
State 5 0.563823 0.654993
State 6 0.346892 0.262865

BHEL.NS Total probability 
(2019)

Total probability 
(2020)

2.092592593 2.225565844

State 1 0 0
State 2 0.138889 0.062114
State 3 2.092593 2.225566 State 3 State 3
State 4 1.615741 1.560185
State 5 0.152778 0.152135
State 6 0 0

ITC.NS Total probability 
(2019)

Total probability 
(2020)

2.166666667 2.231130864

State 1 0 0
State 2 0.254074 0.08051
State 3 2.166667 2.231131 State 3 State 3
State 4 1.502222 1.599898
State 5 0.077037 0.088461
State 6 0 0

LART.NS Total probability 
(2019)

Total probability 
(2020)

2.014646465 2.010417815

State 1 0 0
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Table 9  (continued)

LART.NS Total probability 
(2019)

Total probability 
(2020)

2.014646465 2.010417815

State 2 0.483838 0.605133
State 3 2.014646 2.010418 State 3 State 3
State 4 0.886364 0.816824
State 5 0.544444 0.467586
State 6 0.070707 0.100038

MAHM.NS Total probability 
(2019)

Total probability 
(2020)

1.669467787 1.254407645

State 1 0.137255 0.101932
State 2 0.906863 1.01866
State 3 1.669468 1.161353 State 3
State 4 1.023109 1.254408 State 4
State 5 0.263305 0.326392
State 6 0 0

TISC.NS Total probability 
(2019)

Total probability 
(2020)

2.050395257 2.079320226

State 1 0 0
State 2 0 0
State 3 2.050395 1.92068 State 3
State 4 1.949605 2.07932 State 4
State 5 0 0
State 6 0 0

SAIL.NS Total probability 
(2019)

Total probability 
(2020)

1.696097884 1.577267114

State 1 0 0
State 2 0.510582 0.618982
State 3 1.696098 1.44641 State 3
State 4 1.54795 1.577267 State 4
State 5 0.24537 0.35734
State 6 0 0

SUN.NS Total probability 
(2019)

Total probability 
(2020)

1.588888889 1.852387401

State 1 0.330409 0.083303
State 2 0.535673 0.394382
State 3 1.588889 1.254273 State 3
State 4 1.342982 1.852387 State 4
State 5 0.128947 0.326099
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NS; while the firms REDY.NS, ITC.NS, LART.NS, MAHM.NS, MRTI.NS show declining 
performances on social sustainability performances for the year 2020, as per the results 
observed from the proposed prediction model. We have done a validation of the results 
considering the best fit distribution for the data representing each of the 10 firms. This is 
done using the ©XLSTAT software and the best distribution considering the fit of data are 
observed. The distribution fit, the p values, and the parameters for the best fit distribution 
are calculated and are represented in Table 11.

In order to validate the findings of study and for the generalizability of the results, we 
analyse the data of 39 Indian firms listed in the Thompson Reuters ESG evaluation and 
are continuously rated for a period of 10 years from 2009 to 2018. We observe that some 
of the firms show too fast or too slow developmental tendencies considering a past data 
trend. Hence to avoid this trend, we restrict our analysis for a period from 2014 to 2018 
and observe for predicting the social sustainability performances of these firms for 2019. 
We have assigned equal weighting (0.25) for the four indicators of social sustainability 
performance namely; shareholders score, the community score, the product responsibility 
score, and the human rights score for calculating the overall score for social sustainability 
performances. This is to reduce the bias and to obtain the social sustainability score with 
equal consideration to all of the four indicators. We observe from the results of implemen-
tation of the grey prediction model to the 39 firms that the social sustainability indica-
tors of Indian firms need significant improvements. Among these firms, 16 out of the 39 
show declining trends for social sustainability performances and 19 of them show slight 
improvements.

Only four firms (VDN.NS, GOCP.NS, DIVI.NS, and PIRA.NS) show significant 
improvements in the social sustainability performance scores for the predicted year 2019. 
The detailed results of prediction considering the 39 firms, their industrial sector classi-
fications are shown in Table 13 and are attached in the “Appendix”. Hence, the analysis 
substantiates the results of our study that the Indian firms need significant focus on their 
social sustainability and indicators and this also throw insights into the policy implications 
of the study. As we consider the data corresponding to a five year window and the Markov 
based error corrections were not applied, some small discrepancies in the prediction results 
has been observed for the prior firms. The firms REDY.NS, BHEL.NS, GLSM.NS, LART.

Table 9  (continued)

SUN.NS Total probability 
(2019)

Total probability 
(2020)

1.588888889 1.852387401

State 6 0.073099 0.089556

MRTI.NS Total probability 
(2019)

Total probability 
(2020)

1.25709707 1.036249662

State 1 0.734178 0.674705
State 2 0.205128 0.158569
State 3 1.257097 1.03625 State 3 State 3
State 4 0.579645 0.595759
State 5 0.647945 0.785271
State 6 0.576007 0.749446
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NS, TISC.NS, and SUN.NS show slight improvements in their social sustainability perfor-
mances, where the firms ITC.NS, MAHM.NS, MRTI.NS, and SAIL.NS show declining 
performances for their social sustainability performances.

6  Conclusions and Scope of Future Works

We have offered in this study, an integrated prediction model using grey theory and moving 
probability state Markov models for evaluating and predicting the performances in social 
sustainability of firms. We have used the data and information related to social sustainabil-
ity performances of 10 Indian firms from 2010 to 2018 and the predictions for their social 
sustainability performances were made for the year 2019 and 2020.The evaluations were 
made based on 4 major indicators of social sustainability performances and social sustain-
ability performance sequences are constructed for 5 instances, by changing the weighting 
scheme of these indicators. The first one, among the sequences was constructed assuming 
an equal weighting scheme for these indicators; whereas, four of the other sequences are 
constructed by assuming highest weightings to individual indicators, separately for each 
instance; while assuming equal weightings for the other indicators.

It is observed from the results of the combined prediction model that Indian firms have 
to mend or amend their strategies to focus more on their social sustainability performances. 
Although some of the firms show slight increasing performances for the indicators, most of 
them follow declining trends. Hence, this research can provide directions for firms towards 
setting a benchmark for their social sustainability performances and to improve the lag-
ging indicators to achieving and sustaining this benchmark level. There are some confines 
of this study, as well. The performance indicators taken in this research are the indicators 
taken into consideration by Thomson Reuters for evaluating the social sustainability per-
formances of firms. Several other rating agencies, such as; the Global Reporting Initiatives, 
IChemE, or the Wuppertal Sustainability Indicators, and Sustainalytics may provide differ-
ent indicators to assess the social sustainability performances of firms.

Although a comparative study using the data from Sustainalytics is shown in the study, 
a detailed relative study considering other indicators into prediction model can provide 
more insights and can be considered as a direction of future work. Also, we have consid-
ered only 10 Indian firms that are consistently rated for their social sustainability for the 
past 10 years by Thomson Reuters. More firms can be included into study by reducing the 
time span for consideration. Even though, 29 more firms were later incorporated and con-
sidered for the generalizability of the results, additional data can be incorporated to further 
validate the results. This can provide more insights in the direction of a comparative study 
on social sustainability performances and can be regarded as another direction of prospect 
works. As we see that the research consider 10 Indian firms for analysis, followed by the 
addition of 29 firms, the results are not generic and can be assumed that similar results may 
be expected for other firms, as well. A detailed study in this direction can provide more 
discernment on it.

As discussed prior, we analyze the results of the study, considering the alternative data 
of ESG risk ratings of Sustainalytics, a different ESG score benefactor. The ESG risk rat-
ings provided by Sustainalytics can capture the exposure to ESG risk of a firm, the industry 
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specific risks of a firm, and it also reports how firms manage these ESG risks. The risk 
ratings on ESG provided by Sustainalytics can provide an overall ESG risk score for inves-
tors to understand how much of the ESG risk of a company remain unmanaged. As being 
a negative indicator, we see that the more of the risk is unmanaged, and then higher is the 
ESG risk rating score. The score is calculated across 138 pre-defined sub-industry classi-
fications and are based on 20 material ESG issues. Controversies are assessed and accom-
modated in the ESG, resulting in the decrease in the management score and a subsequent 
increase in the ESG risk score. The predicted social sustainability performances using the 
proposed model are compared with the ESG risk ratings and risk classifications of firms 
provided by Sustainalytics. This is shown in Table 12. We observe the measures of Spear-
man’s rank correlation (− 0.042) with coefficient of determination (0.002) for the social 
sustainability predicted performance values and the ESG risk ratings of the company pro-
vided by Sustainalytics. A Pearson coefficient of correlation (− 0.125) was also calculated 
to verify the results, where the coefficient of determination (0.016) is also intended.

Even though a weak negative correlation is only observed, the negative correlation is 
indicating that the social sustainability indicators of ESG are performing well, then there 
is less probability that the firms are included under a high risk category by the ESG rating 
scheme. Although, the measures and indicators of ESG ratings by Thomson Reuters and 
the ESG risk ratings by Sustainalytics may vary, we can interpret our results in the light of 
the risk classifications provided by Sustainalytics. We observe that majority of the firms 
(6 out of 10) considered for the study are classified under the severe or high risk category 
by the ESG ratings of Sustainalytics. Also, we observe that considerable number of firms 
(3 out of 10) fall in the medium risk category. Not surprisingly, only one firm, MAHM.NS 
is classified in the low risk category based on the ESG risk ratings of Sustainalytics.This 
supports our findings that Indian firms need to improve their social sustainability perfor-
mances, as well as the overall ESG performances. This can aid firms to gaining sustainable 
competitive advantages for future, as well as it can make the firm to be appealing to cus-
tomers, stakeholders, and other shareholders.

Table 12  Predicted social sustainability performances and risk orderings by Sustainalytics

Sl. no. Code Adjusted predic-
tion 2019

Adjusted predic-
tion 2020

Sustainalytics ratings 
2020–2022

Risk category

1 REDY.NS 82.748 82.747 31.4 High
2 GLSM.NS 56.498 57.198 29.7 Medium
3 BHEL.NS 49.13 49.592 35.2 High
4 ITC.NS 72.404 72.287 27.5 Medium
5 LART.NS 53.014 52.594 34.4 High
6 MAHM.NS 75.323 75.28 19.3 Low
7 TISC.NS 94.052 94.677 35.9 High
8 SAIL.NS 76.249 76.55 40.9 Severe
9 SUN.NS 59.022 60.459 36.2 High
10 MRTI.NS 79.117 78.644 25.7 Medium
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7  Implications of the Study

This research offers several implications to the theory of social sustainability and practice 
of information and data predictions for social sustainability performances of firms. The 
main advantage is that practitioners can predict the position of their firm on social sustain-
ability in future; so that they can take proper corrective actions for improvement of their 
performances. The theoretical, practical, and policy implications of the research are dis-
cussed below.

7.1  Implications to Theory

We center on the theory of Utilitarianism to elucidate the theoretical underpinnings of the 
study. Utilitarianism is an ethical theory focusing on normative ethics and the theory states 
that any action or activity can be considered morally right, if that action or activity pro-
duces the most good (Van Staveren, 2007; Warke, 2000). Extending the theory towards 
social sustainability, we can say that the actions or activities creating more social goodness 
in the society can be considered as socially sustainable. Since, social sustainability and 
its building constructs are highly correlated with the ethical dimensions of sustainability; 
we can infer that the actions taken by the firm can be considered right, if it creates and 
promotes happiness of society and the same can be considered wrong, vice-versa. Utili-
tarianism can be considered different, in comparison with other ethical theories, as it is 
silent on the motive of the action performer. According to Utilitarianism, it is possible for 
a firm to do a right action, even though the motive of the action may not be exactly right. 
Applying this towards the concept and practice of social sustainability, we can comment 
that the focus on social sustainability need to be improved for firms; no matter whether it 
is arising due to demands from customers or stakeholders for a sustainable product, or due 
to increasing pressures from competitors, while competitors are focusing more on socially 
responsible activities and gaining good market share. Thus, we can conclude that increas-
ing socially responsible activities of the firm can cause more social good, along with the 
gain of several sustainable competitive advantages for firms.

7.2  Implications to Practice

The research offers several implications to information practitioners and managers. Man-
agers are suggested to utilize the combined prediction model, as proposed in this study to 
evaluating and predicting the social sustainability performances of their firm. This allows 
them to apprehend the current status of the firm considering social sustainability and the 
development directions, where the firm needs to work on to achieving the targeted levels 
for social sustainability performances. Also, the prediction results can be helpful to under-
stand the competitors’ position in social sustainability, considering future trends; and man-
agers can plan their actions accordingly in this direction. This also helps in benchmarking 
the performances of the firm in social sustainability; so as it can help them to achieve or 
maintain the desired level of performances. Also, the model is advantages for managers, 
as they can process any quantitative and qualitative information or data measured in any 
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ordinal, interval, or ratio scales. Hence, the total social sustainability performances can be 
calculated based on the proposed methodology by including more parameters, clubbing 
both the qualitative and the quantitative information, to obtaining satisfactory results.

7.3  Implications to Policy

From a business perspective, social sustainability is considered as a least quantifiable 
part in the sustainability evaluations using a triple bottom-line approach. Although, 
measuring social sustainability is a difficult task, identification of the same is an 
easy job. The policies for social sustainability performance improvements for firms 
can focus on several thrust areas. Significant among them are the human rights, fair 
labour practices, living conditions, health, safety, wellness, equity, work-life balance, 
diversity, empowerment, engagement in communities, volunteerism, philanthropy, etc. 
Social impacts of businesses can include all entities affecting the company-stakeholder 
relations, including how well suppliers are being managed and paid? And how much 
a product can influence and affect the lives of people? Companies need to understand 
the risks of social sustainability, where poor social sustainability performances can 
lead to damaging product quality and brand image. At the same time, customers and 
stakeholders are more informed and engaged that they prefer those companies who are 
transparent in their social sustainability norms. Finally, social sustainability is achiev-
able and attainable. For this, companies need to partner with Non-Government Organi-
sations (NGOs) or any social sustainability organisations to become more transparent, 
more ethical in their operations and processes, and for understanding the human cost 
of businesses.

Appendix

See Table 13.
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