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1 Executive summary

1.1 Why was this research undertaken?

The United Nations (UN) has called climate change the defining issue of our time (UN 2019).
In line with this, we are witnessing a major increase in public awareness of the challenges
faced in trying to deal with and mitigate the potential negative impacts of climate change
and human-driven activities that provide a potential threat to our natural environment.
Meeting these challenges and dealing with these threats comes under the broad umbrella
of environmental sustainability. The concept of environmental sustainability' has been a hot
topic in recent years and is becoming an increasingly important aspect of our everyday lives
due to UN and UK government initiatives such as the Net Zero Strategy.

At the same time as public awareness is being raised, many companies are seeking to
demonstrate their sustainability credentials in various ways, such as measuring and reporting
their environmental profiles (Carbon Disclosure Project 2011); participating in voluntary
initiatives targeted at environmental issues or publishing their environmental-related
activities (Brammer and Pavelin 2006; Binh 2012; Qiu et al. 2016); and gaining accreditation
against the ISO 14001 standard for an environmental management system (Chiarini 2017).
Tracking these organisational developments has seen a growth in literature around the theme
of sustainability in project-intensive companies, in general (Martens and Carvalho 2013) and,
in particular, as an example of a sector that largely consists of project-intensive companies,
the construction industry (Fernandez-Sanchez and Rodriguez-Lépez 2010). This reflects the
fact that the activities of project-intensive companies often have a significant impact on the
environment (Chang et al. 2018). For example, in providing the final product, and including

all the activities that take place across the whole project life cycle, from inception of a new
building/structure through to its completion, the construction industry makes up 20-35% of all
the negative impacts against the main environmental impact categories, i.e. global warming,
abiotic depletion, human toxicity and ozone layer depletion. Globally, the construction industry
consumes 40% of total energy production, 12-16% of all water available, 32% of non-renewable
and renewable resources, 25% of all timber and 40% of all raw materials, produces 30—-40% of
all solid wastes and emits 35-40% of CO, (Darko et al. 2017).

Previous studies acknowledge that there is often a lack of sustainability knowledge

amongst employees in companies (Banihashemi et al. 2017) and a failure to integrate wider
sustainability concerns at the operational levels (Karunasena et al. 2016). Hence, in line with
previous literature which examines top-down approaches to transferring higher-order values,
such as those linked to sustainability, down to operational levels, i.e. within specific project
teams (Herazo et al. 2012), we argue that those at the highest levels in project-intensive
organisations have a crucial role to play in ensuring that their companies deliver against
sustainability-related targets. Building on this argument, the research findings summarised in
this report shed light on how different characteristics of those at the highest levels in project-
intensive companies in the construction sector, i.e. boards of directors, result in variations in
sustainability-related activities of their companies.

1 For the remainder of this report, for ease of reading, we use the term ‘sustainability’ to
encompass just environmental aspects and not to include economic and social elements,
as typically conceptualised under the heading of “sustainability”.



This study draws insights linked to the concept of ‘board capital’, which is used to distinguish
characteristics — with such capital being reflected in the knowledge, experience and social
networks of boards of directors and, hence, consisting of both human capital and social
capital. Social capital fulfils a vital role in providing knowledge and resources which are useful
for board decision making (Hillman and Dalziel 2003). Accessing and using the expertise,
skills and other resources that are available inside or outside a focal company is a significant
challenge in enabling better decision making. It is not always possible for one individual or
group of individuals, i.e. a director or board of directors, to have complete knowledge to be
able to adequately respond to all the challenges faced by the organisation. Therefore the
social networks that exist amongst individuals working in different companies serve as a
channel of influence, support, resources and information flow (Borgctti and Foster 2003), and
they enable the harnessing of the power of these inter-organisational relationships to deliver
enhanced performance.

Given that responding to the sustainability agenda is an increasingly important function of
boards of directors, and an increasingly important dimension of company performance, by
providing knowledge and allocating resources (Pfeffer and Salancik 1978; de Villiers et al.
2011) and by ensuring that management endeavours to address the environmental agenda
effectively (Berrone and Gomez-Mejia 2009), we explore how boards of directors’ social
capital enables this function .

Hence, the research aims to answer the following question:

What are the relationships between the social capital of boards of
directors and firms’ environmental profile?

1.2 What did the study aim to achieve?

This report takes the first step in providing data-driven evidence of the power of the social
network in enhancing organisational performance relating to achieving environmental
sustainability goals in a project-intensive industry sector. The aim is to show how the
social capital of those individuals working at a board level in construction companies, as
an example of a project-intensive sector, is utilised in different ways when carrying out
environmental management practices that maximise environmental performance.

1.3 Who is the intended audience?

The primary audience for this report is people responsible for appointing boards of directors,
the board members themselves and others with overall responsibility for ensuring that
projects meet environmental sustainability-related performance targets. The secondary
audience is practitioners working at the project level in organisations responsible for
delivering against the sustainability-related performance targets.



1.4 Benefits

By focusing attention on the social networks of their directors, organisations in project-
intensive industry sectors, like construction, can support practitioners tasked with delivering
against environmental-sustainability targets through:

« Utilising the social capital of boards of directors so that they maximise their managerial
influence and information collection abilities. In doing so, appropriate and innovative
policies and practices in relation to environmental sustainability can be brought into the
organisation from outside and communicated and diffused to the project level.

» Setting up effective environmental management and disclosure methods which act as
the enablers of environmental performance that practitioners are tasked with meeting at
the project level. This ensures that the right organisational support is in place for project
management in terms of delivering against multi-dimensional success criteria that
include environmental sustainability.

«  Utilising knowledge obtained through business intelligence techniques, such as big
data analysis. Taking a data-driven and evidence-based approach, organisations are
able to understand the character of their own board social networks and how specific
characteristics relate to the environmental management and disclosure approaches
adopted. Such knowledge raises awareness of limitations and weaknesses related to
board social capital that can then be addressed.

1.6 How was the study carried out?

The research utilised three large existing datasets. Firstly, data on US companies listed as
working in the construction and materials sector were collected from BoardEx, which contains
information about the characteristics of these companies’ social networks. Secondly, the
characteristics of the companies’ boards of directors and their financial performance were
obtained from Compustat. Thirdly, the Carbon Disclosure Project (CDP) dataset provided
information on environmental management practices and performance. We merged the
above datasets to produce a panel dataset of 709 firms for the period 2010-2018.

To test hypotheses about the contribution of knowledge networks and environmental
management practices to environmental performance, independent variables were created
to measure 1) board social capital (monogeriol influence, information collection ability)

and 2) environmental management practices (responsibilities, information disclosure and
incentives). Data on board social capital came from BoardEx, and data on environmental
management practices fromm CDP. Compustat provided the control variables of board size,
CEO/chairperson duality and length of board tenure.

The research was conducted in two stages. Firstly, data-mining and clustering techniques
modelled different types of social networks of boards of directors and how these differences
impact on environmental management and disclosure practices. Secondly, regression
analysis was used to develop a predictive model of the effect of board social capital/
environmental management/disclosure practices on the level of environmental performance
— whilst controlling for certain firm- and individual-related variables.



1.6 What did the research discover?

The results of the big data clustering analysis demonstrate that companies in the
construction and materials industry sector can be grouped based on differences in their
board social capital. Reflecting variations in the social networks of the individual board
members, these groupings are firstly, those companies whose boards of directors have
strong managerial influence capability versus those whose directors have weak managerial
influence capability and, secondly, those companies whose boards of directors have strong
information collection ability versus those whose information collection ability is weak. The
findings also show that the composition of the groups changes over time — with companies
moving from one to another. This illustrates the dynamic nature of social networks and
individuals’ positions within them.

This is important because those with high managerial influence capability and high
information collection ability, which reflects a high level of board social capital, exhibit
different characteristics in relation to their environmental management practices, i.e. the type
of organisational structures set up with responsibility for environmental issues, the financial
incentives paid to employees, and the nature of the information disclosed, for environmental
performance, compared with those in the clusters of companies classed as having low social
board capital. The relevance of this finding is that variations in practices and disclosure have
an influence of the level of environmental performance, where performance is measured

by a company’s score on the CDP index. In addition, the inclusion of control variables in the
analysis indicates that board size, market value of company and average tenure of individual
board members are positively associated with CDP performance score.

In terms of the most effective environmental management practices, the findings indicate
that disclosure of environmental information has a statistically significant positive relationship
with environmental performance (CDP score), as does having a formal group set up in the
company with responsibility for environmental issues. Finally, having monetary incentives in
place is positively and significantly related to environmental performance. Taking all the study
variables into consideration, i.e. boards of directors’ characteristics, firm characteristics, social
networks of directors and environmental management and disclosure practices, the study
derived a regression equation that predicts CDP performance score. This can be used by
companies to explore how different combinations of variables lead to changes in the level of
environmental performance.

To conclude, the findings provide evidence to help answer the question: What are the
relationships between the social capital of boards of directors and firms’ environmental
profiles? There is clear and strong evidence that the social networks of individual directors
influence environmental sustainability-related practices, in terms of environmental
management and disclosure through the managerial influence and information collection
ability that individual people can access through their social networks. This influence and
ability ultimately influence the environmental performance of the company, which, in the case
of project-intensive industry sectors, such as construction, is manifested in the practices that
take place at the project level.



2 Literature

This study draws from literature in two broad areas, environmental profile and board social
capital, to answer the research question: What are the relationships between the social
capital of boards of directors and firms’ environmental profiles? As shown in Figure ],
environmental profile consists of three elements: environmental performance, environmental
management and environmental disclosure. Environmental management is made up of
having a responsible team, typically in the form of an environmental committee, to oversee
the sustainability-related activities undertaken by the company, and having incentives in
place, such as financial rewards, in relation to exhibiting certain behaviours and meeting
targets related to sustainability. The research reported in this paper explores the relationships
between board social capital, environmental performance, environmental management and
environmental disclosure. As part of this exploration, we take into consideration the effects of
various control variables such as characteristics of the companies and variations in board
characteristics. In the next section, we briefly review the literature relating to these different
concepts in turn.

Board social capital

Environmental profile

Environmental management
— Responsible team

- Incentives

Environmental performance

Environmental disclosure

Figure 1: The conceptual framework



2.1 Environmental profile

The environmental profile of a company is multi-dimensional (llinitch et al. 1998), describing
the environmental features and characteristics of activities, products and services of the firm
that have an impact on the environment in which it operates (Trumpp et al. 2015). The three
broad dimensions of environmental profile are environmental performance, environmental
management and environmental disclosure. The concept of an environmental profile is a
move away from a traditional approach to sustainability that is purely focused on measuring
performance against certain metrics, e.g. energy efficiency and use of renewable energy,
towards a “systematic and comprehensive approach and activities towards sustainability
related knowledge management”, with a focus on organisational learning (Baumgartner
and Ebner 2010, p. 82) and embedding a culture of delivering against sustainability-related
targets. Hence the starting point is not firstly on measuring environmental performance

but rather on putting in place the enablers of performance, which are grouped under the
headings of “environmental management” and “environmental disclosure”. Once the
enablers are there, measurement of performance follows. In the next sections, we briefly
describe these dimensions of a firm’s environmental profile.

2.1.1 Environmental performance

Environmental performance is multi-dimensional, encompassing such metrics as energy
efficiency, eco-efficiency, land waste, water pollution and greenhouse gas (GHG) emissions.
It reflects the outcome of a company’s strategic activities that manage (or do not) its impact
on the natural environment (Walls et al. 2012). Metrics can include input-based variables,

e.g. resource consumption or total energy input, or output-based ones, e.g. GHG emissions

or waste.

2.1.2 Environmental management

Environmental management has two main parts: firstly, having a responsible team in place,
and secondly, providing incentives, for example in the form of enhanced pay.

2.1.2.1 Responsible team

The first element of environmental management is having a responsible team in place, at
the highest level in the organisation, in relation to sustainability, which systematically plans,
implements and reviews sustainability policies and activities (Liao et al. 2015). Given that
boards are directly accountable for related irresponsible/responsible behaviours in relation
to sustainability (Neville et al. 2019), one way in which boards may address environmental
issues is by forming specialised board committees to oversee corporate environmental
policy (Dixon-Fowler et al. 2017). Hence, this responsible team is typically formed as an
environmental committee. The committee will evaluate the sustainability initiatives, provide
transparent and consistent environmental-related information, and address social and
environmental issues from the perspective of risk, strategy and commitment to stakeholders
(Lico et al. 2015). A company’s orientation towards sustainability is achieved through the
presence of such a responsible team (Ayuso et al. 2014). Its presence at board level ensures
there is a priority given to environmental plans. When the board is directly responsible for
environmental issues, i.e. through a committee appointed by the board, it is more likely that
the board will guarantee the development of an environmental profile by supporting other
aspects of environmental management and environmental disclosure.



2.1.2.2 Pay incentives

One function of the responsible team is to set up various types of incentives to encourage
groups of actors, mainly internal stakeholders, to take action in relation to environmental
activities (Liao et al. 2015). In this respect, the role of paying financial incentives as an effective
way to motivate employees to take particular actions is evidenced by previous research
(Conyon 20086). Paying incentives could help to promote environmental management and
shape company activities in a way that pays attention to the diverse interests of external
stakeholders, such as the environment. Introducing an environmental-related incentive
scheme can help to bring external stakeholders’ interests and internal stakeholders’
behaviours closer together. Firms may have several incentives to voluntarily improve
environmental performance (Khanna and Anton 2002). Depending on the board’s knowledge
of employees’ behaviour, it can design an appropriate reward scheme, either for all the
employees or for a specific group such as a sustainability team or senior managers. In
addition, a firm may set up an incentive scheme to show itself to the outside world as being
an environmentally responsible company (Rodrigue et al. 2013).

2.1.3 Environmental disclosure

Environmental disclosure describes the impact firm activities have on the physical or natural
environment in which they operate (Wilmshurst and Frost 2000). The need to undertake such
disclosure reflects the fact that companies are facing growing demands to disseminate
more relevant and reliable information on their environmental performance (Arena et al. 2015;
Alberici and Querci 2016). Firms have a set of key performance indicators (KPIs) to evaluate
the success of environmental activities. Therefore firms attempt to collect, measure, manage
and evaluate against KPIs and then report their environmental information. This process
provides transparency and enables comparability with other companies, in terms of their
environmental profile (Baumgartner and Ebner 2010). Ben-Amar and Mcllkenny (2015) explore
the role of the boards of directors in preparing environmental reporting. When the board has
access to more reliable and up-to-date environmental information, it has more opportunities
to monitor management performance in relation to the different dimensions of the firm's
environmental profile. Firms usually publish their environmental-related information through
annual company reports, voluntary reports or other regulatory filings (Carbon Disclosure
Project 2019), intending to provide insights into the main impacts on both the company profile
and the environment.

A number of prior studies (Stanny and Ely 2008; Stanny 2013) have examined the incentives
for voluntary corporate carbon disclosures. Key findings are: investors may penalise non-
disclosing firms and interpret the absence of disclosure as an adverse signal about the firm’s
environmental performance and lack of commitment to reducing GHG emissions; companies
facing direct economic consequences of perceived poor environmental performance are
more likely to disclose; company size, previous disclosures and foreign sales are related to
whether firms disclose information about climate change requested by institutional investors.



2.2 Board social capital

Board capital consists of human capital and social capital (Hillman and Dalziel 2003). The
human capital of directors is formed by current and past professional experience (Carpenter
and Westphal 2001), which enables them to develop specific skills and knowledge about

the firm and industry operation (Khanna et al. 2014). Social capital is embedded in social
connections (Kilduff and Brass 2010) and depends on the arrangement of social connections
of a focal firm (Burt 2002). It is described as an investment in social relations with expected
outcomes, which cannot be achieved by the use of human capital (Lin 1999).

Previous studies examining the contribution of social capital to a company’s performance
(Kim and Cannella 2008) assume that social networks of board directors serve as a channel
of influence, support, resources and information flow (Borgatti and Foster 2003). Directors
with specific knowledge are required within a board (Kor and Sundaramurthy 2009), and
this knowledge is often acquired by bringing in directors from outside the company who
have strong social connections and, hence, access to diverse perspectives (Conger et al.
2001). Research has highlighted the influence of social capital on the effectiveness of board
monitoring (Devos et al. 2009) and the importance of interlocking relationships between
directors (Zona et al. 2018), which affect the firm’s decision making. The board-level social
network is measured by the social network centrality metrics, which are Degree, Betweenness,
Closeness and Eigenvector. It is generally accepted that the more central a company’s
directors, the more access to resources and information it has (Borgotti and Foster 2003).

Given that the board of directors is not only responsible for protecting shareholders’ interests,
but also for making decisions about issues which concern a variety of stakeholders, such as
sustainability-related issues, implementing and developing the environmental profile of the
firm is an agenda item for the board of directors. It is incumbent on the board of directors to
develop the company’s environmental profile, by providing knowledge and other resources
(Pfeffer and Salancik 1978; de Villiers et al. 2011) and ensuring that management endeavours
to address the environmental agenda (Berrone and Gomez-Mejia 2009).

Previous studies consider how variations in the character of boards of directors influence
organisational approaches to engaging in sustainable practices (Naciti 2019). These
characteristics include the CEO salary and compensation package (Berrone and Gomez-
Mejia 2009; Walls et al. 2012); board size (Kock et al. 2012); or some of the directors’
characteristics such as diversity, board independence, board size, board compensation,
CEO-duality, insider/outsider directors and directors’ average age and education (e.g. Post
et al. 2014; Prado-Lorenzo and Garcia-Sanchez 2010; Zou et al. 2014).



Another stream of research has highlighted the importance of social networks for knowledge
sharing and for the diffusion of new and innovative practices into an organisation. If one
accepts that the policies and practices associated with a company’s environmental profile
require knowledge sharing across the whole of the organisation and effective diffusion, then it
is useful to take a network perspective when analysing the character and composition of the
senior management structure, i.e. at board level. There are a number of reasons for taking a
network perspective:

» All organisations are social networks and therefore need to be analysed in terms of
networks of relationships. Organisations operate in environments comprising networks
of other organisations.

« Difficulty in seeing overall patterns of relationships by looking at one organisation due to
“multiple, complex, overlapping webs of relationships”.

» Actions of actors in organisations can best be explained in terms of their position within
networks of relationships.

* The comparative analysis of organisations must take into account their network
characteristics.

(Nohria, N. and R.G. Ecceles, 1992 p. 4)

Pryke (2004) undertook pioneering research into the characteristics of the social networks in
the construction sector, and established the importance of the use of social network analysis
(SNA) as a methodology in the analysis of the relationships that comprise the construction
project coalition. Building on this research is work by Alsamadani et al. (2013), who used SNA
to model safety-related communications, and Alimahmoud and Doloi (2015), who utilised the
method for assessing social sustainability in construction projects.

A few studies have examined the impacts of director social networks on firms’ adoption

of proactive environmental performance/practices. Specifically, Ortiz-de-Mandojana

and Aragon-Correa (2013) found that director interlocks are positively connected with the
environmental performance of a firm in two specific situations: (1) when the firm is linked to
a larger parent company and (2) in cases of low and high levels of interlock diversity. They
conceptualise enhanced performance as “positive environmental deviance”, i.e. where
companies go above and beyond the minimal normative expectations that offer broad social
benefits and deviate from others within the institutional field-related performance. Walls and
Hoffrman (2013) found that organisations located on the periphery of the network, or whose
boards of directors possess a high level of environmental experience, are more likely to
deviate in positive ways.

The overall finding of studies is that firms can learn about the experience of other companies
and avoid their mistakes through harnessing the power of their social network connections.
Moreover, the social network between companies will help them to identify the necessary
resources, such as products and processes, that will enable them to deliver against
sustainability targets much quicker and with less cost.

The following hypothesis was derived to focus this analysis:
H1 There is a positive relationship between boards of directors’

social networks and their companies’ environmental
performance.



3 How was this study
carried out?

This study utilises data that have already been collected and is stored in large datasets.
Firstly, data on US companies listed as working in the construction and materials industry
sector were collected from a dataset called BoardEx. BoardEx holds information about the
characteristics of these companies’ social networks. Secondly, the characteristics of the
companies’ boards of directors and the company financial performance were obtained

from a large dataset called Compustat. Thirdly, the Carbon Disclosure Project (CDP) dataset
provided information on environmental management practices and performance in
companies. Data were extracted from each of the three datasets and merged to produce a
panel dataset of 709 firms in the construction and materials sector for the period 2010-2018.
In order to deal with endogeneity, we lagged social network metrics and other board
characteristics data by one year to allow for changes in environmental management,
disclosure and performance to take place based on the board characteristics in the previous
year. Table 1 shows the list of variables generated for the panel dataset and a brief description
of each.

D e T

Board social capital

Managerial influence BoardEx Degree and Eigenvector centrality metrics — this
captures managerial influence of boards of directors’
members from their direct links to other directors
outside their companies (measured by Degree) and
from their indirect links to other directors (measured by
Eigenvector).

Information BoardEx Closeness and Betweenness centrality metrics — this

collection ability captures information collection ability of boards of
directors’ members from their position within the
network (measured by Closeness) and from their
position to act as a bridge/broker between different
networks (as measured by Betweenness) .

Environmental management

Pay incentives CDP This variable is constructed based on the CDP question:
‘Do you provide incentives for the management of
climate change issues, including the attainment of
targets?” Firms respond to this question by selecting
“Yes” or “No”. If the answer is “Yes”, then there are two
follow-on questions:

(incentive type to
entitled group)

“Who is entitled to the incentive? (board/senior
executive, other managers, sustainability team, any
group of employees)”

“What type of incentives are you are paying? (Monetary,
non-Monetary, recognition)”

Climate change CDP This variable is constructed based on the firms’
responsibility responses to the CDP question: “Where is the highest
level of direct responsibility for climate change within
your company?” Firms have four choices to identify the
position of the individual or name of the committee
having this responsibility, namely:
+ board
- senior manager/officer
- other manager/officer

» no individual or committee



Environmental disclosure

Publishing climate CcDP
change reports

Environmental performance

CDP performance CDP
score

Companies are asked to answer the following question:
“"Have you published information about your company’s
response to climate change and GHG emissions
performance for this reporting year in places other than
in your CDP response?” There are three options:

+ Annual reports — referring to the mandatory annual
financial reporting, published to meet regulatory
obligations

+ Voluntary communication — non-mandatory and
optional sustcﬂnmbility/CSR2 reports

« Other regulatory filings - those required through
regional or national legislation

CDP uses a scoring methodology, which measures
progress towards environmental stewardship, as
reported by a company’s CDP response, i.e. awareness
of climate change issues and environmental
management-related issues, and progress towards
actions to address climate change. CDP performance is
reported as a single score.

Board characteristics (Control variables)

Average age Compustat
Average tenure Compustat
CEO-duality Compustat
Board size BoardEx

Average age of directors.

Average tenure of directors.

Whether CEO is also chairperson of boards of directors.
Total number of directors on a board.

Firm characteristics (Control variables)

Firm size Compustat
Net income Compustat
Market to book value Compustat

Ln(Total Asset).
Net income.
Market to book value.

Table 1. Variables used in the study, with data sources and descriptions

To answer the research question “What are the relationships between the social

capital of boards of directors and firms’ environmental profiles?”, the study used data
measuring 1) board social capital (managerial influence, information collection ability)
and 2) environmental management practices (responsibilities, information disclosure
and incentives) as the independent variables. As shown in Table 1, the data on board
social capital came from BoardEx, and the data on environmental management,
disclosure and performance from CDP. The performance score from CDP was the
dependent variable. The data from Compustat, i.e. CEO/chairperson duality and length
of board tenure, provided the control variables for the study.

The data analysis approach involved two stages. In stage 1, data-mining techniques
were used to model the impact of board characteristics on environmental
management and disclosure practices. Then in stage 2 regression analysis developed
a predictive model of the effect of board social capital/environmental management
practices on the level of environmental performance.

2 Corporate Social Responsibility



Stage 1: Descriptive analysis Stage 2: Predictive analysis

To explore the social capital of companies To understand the impact of the companies’
and their environmental profile ——> social network, environmental management and
« Social network analysis and visualisation disclosure on environmental performance

« Data mining: clustering * Regression analysis

Figure 2: The analysis steps

Stage 1 - Descriptive analysis: social network analysis and
clustering analysis

First, an undirected and unweighted social network was constructed between companies
using shared directorates. Two construction companies are linked through a director if they
share the same director in time t. Moreover, if directors from two companies sit on the board
of a third company, the latter company will form a network of construction companies as well.
Mathematically, a network is a square “adjacency” matrix where each cell indicates whether
two individual directors are connected. A company’s position in relation to others on the entire
network is captured by calculating Degree, Closeness, Betweenness and Eigenvector using
the NetworkX library in Python. Metrics were normalised, which helps when comparing them
over time.

The procedure of Renneboog and Zhao (2011) was followed to distinguish between the
different roles of networks: managerial influence accumulation and information collection.
As outlined in Table 1, Degree and Eigenvector are representing managerial influence and
Betweenness and Closeness are representing information collection ability. A clustering
technique (the KMeans algorithm) was used to create a profile of companies based on each
pair of variables for each year. The Elbow method and Silhouette score were then used to
identify the optimum number of clusters.

Stage 2 - Predictive analysis: Regression analysis

The Ordinary Least Squares/Random-effects regression analysis was used to test the effect of
board social capital and environmental practices on the level of environmental performance.

The regression equation is as follows:

CDP PerformanceScore,= a;+ a, X Network, , + a, X Env,_ + 7T XZ,+te +U,
[l

where i denotes the firm and ¢ the year. Variables are defined as follows: CDP
PerformanceScoreit is the CDP performance score of firm i in year £; a, is the firm fixed effect.
€, measures within-entity error and U, measures between-entity error. Vector Z, contains the
various firm-, board- and industry-level control variables discussed in Section 3. The variable
Network,,_ is one of the two social network measures previously defined for firm i in year /—1.
The vector Env, | contains the variables of interest related to environmental management for
firm i in year t—1: i.e. responsible team and incentives and environmental disclosure.



4 Findings

4.1 stage 1: Types of board-level social networks in
construction companies

Figure 3 shows the social network between companies in the construction and materials
industry sector for the year 2018. Overall, all the companies in the dataset are connected
(connected component = 1) but the density of the network is not very high. This means

that not all companies are connected to each other directly. As with any social network
visualisation, we can distinguish between the centre and the peripheral part of the graph. The
companies which are in the centre of the graph have higher Degree, which means they are
well connected to other companies. There are some companies that are acting as brokers
within the network and connect various parts of the network, and therefore help facilitate
information flow. In addition, the network analysis shows that it is not necessary to be at the
centre of the graph to get access to many resources and information directly. Sometimes,
you can be connected to a well-connected company and through this connection gain
access to information (as measured through the Eigenvector value).

Example of
Example of a company a broker
with high Eigenvector
Centre of the graph

Figure 3: Social network visualisation for construction companies for year 2018



The Elbow method and Silhouette score showed that the best number of clusters in each year
is two. So, for each year we use the Degree and Eigenvector variables to create two clusters
which show a group of companies with strong managerial influence where they have high
Degree and high Eigenvector. Another group of companies that have low Degree and low
Eigenvector represent the companies with weak managerial influence. The same approach
was applied on Betweenness and Closeness to identify two groups of companies with high/
low information collection ability. This is shown graphically in Figure 4.

Social capital of boards of directors

#

Two clusters:
- High managerial influence capability

- Weak managerial influence capability

Two clusters:
— High information collection ability

- Weak information collection ability

\i/

i. Responsible team

ii. Payincentives
(values:
No
Yes: two more variables:

Environmental management variables:

(values: Board/Senior managers/Other managers/No one)

Type of incentives Who is entitled to the incentive?

Publishing information

Environmental disclosure variables:

(values: Annual reports/Voluntary communications/Other regulatory filings)

Figure 4: Clustering approach



The following two figures (5 and 6) show the clustering of companies based on the
differences in their board social capital, i.e. strong vs weak managerial influence and

strong vs weak information collection ability. These two scatter plots show that we can
clearly differentiate between two clusters of firms in terms of managerial influence and
information collection ability. In addition, Figure 6 shows that these clusters exhibited different
characteristics in relation to their environmental management practices, i.e. the type of
organisational structures set up with responsibility for environmental issues, the financial
incentives paid to employees, and the nature of the information disclosed, for environmental
performance. It should be noted that the same patterns are observed for all years.
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Figure 5: Two clusters based on variations in the level of managerial influence — as measured in
terms of high v low Degree and Eigenvector (2018)

120
100
2
= 80
o
o
o 60
o
@
o 40 ‘
c
[
(7]
o 20
O
0

0 20 40 60 80 100 120
Betweenness percentile

Figure 6: Two clusters based on variations in the level of information collection ability — as
measured in terms of high v low Closeness and Betweenness (2018)



4.2 Stage 1: Relationships between board social
networks, environmental management and
environmental disclosure

A parallel coordinates plot, presented in Figure 7, shows a visual comparison of both

social network variables and the environmental management and disclosure variables

of companies together. Figure 7 clearly shows the following patterns and relationships:
companies that have better social network connections, as reflected in higher managerial
influence and information collection ability, are more likely to be publishing information on
their environmental performance and to be paying monetary incentives and providing other
forms of recognition — all attributes that lead to better performance.

Cluster 1 —
10 Cluster 2 ——
8
6
4
2
0
Managerial Information EnvResponsibility EnvPublication Monetary Non-monetary Recognition
Influence collection

ability

Figure 7: Parallel coordinates visualisation of patterns between social network characteristics and
environmental management and disclosure variables for year 2018

4.3 Stage 2: Influence of board social capital,
environmental management and environmental
disclosure on environmental performance

To test our hypothesis, we examined the impact of social networks in terms of managerial
influence and information collection ability on environmental performance.

Our results clearly show that companies in the construction and materials industry sector
with high managerial influence, as measured by the Degree and Eigenvector centrality
metrics, have enhanced environmental performance.

CDP performance score is positively and significantly related to the boards of directors’
managerial influence (coefficient = 0.710, p = 0.030). The results further show that
environmental disclosure has a positive and statistically significant (at the 5% level)
relationship with CDP performance score (coefficient = 0.103, p = 0.000). The existence of a
responsible team is also positively and significantly (coefficient = 0.219, p = 0.012) related to
CDP performance score. Amongst the three types of incentives paid to various employees,
only monetary incentives are positively and significantly (coefficient = 0.017, p = 0.068) related
to CDP performance score. CDP performance score is insignificantly and negatively related to
recognition incentives (coefficient = -0.011, p = 0.460) and negatively related to non-monetary
incentives (coefficient = -0.022, p = 0.048).



The results of the regression analysis, after controlling for the effects of the control variables, in
respect of managerial influence are shown in the equation below.

CDP PerformanceScore,
= 1.915 + 0.71 X Network,_, + 0.103 X EnvPublication + 0.219 X EnvResponsibility
+ 0.017 X Monetary — 0.022 X Non-monetary — 0.011 X Recognition + yT XZ +e +U,

[2]

We also analysed whether there is a relationship between environmental performance and
information collection ability of the boards of directors. Our analysis demonstrates that
companies in the construction and materials industry sector with high information collection
ability, as measured by the Closeness and Betweenness centrality metrics, have enhanced
environmental performance (coefficient = 0.690, p = 0.050).

Furthermore, the results show environmental disclosure has a positive and significant
relationship with CDP performance score (coefficient = 0.103, p = 0.000). The existence

of a responsible team shows a positive and significant correlation (coefficient = 0.219,

p = 0.012). There are the same patterns for different types of incentives paid to various
groups of employees. Monetary incentives are positively and significantly (coefficient = 0.017,
p = 0.069) related to CDP performance score. On the other hand, CDP performance score is
insignificantly and negatively related to recognition incentives (coefficient = -0.011, p = 0.046)
and negatively related to non-monetary incentives (coefficient = -0.021, p = 0.048).

The equation resulting from the regression analysis in relation to information collection ability
is shown in the equation below.

CDP PerformanceScore,
= 1915 + 0.69 X Network,_, + 0.103 X EnvPublication + 0.219 X EnvResponsibility
+ 0.017 X Monetary — 0.021 x Non-monetary — 0.011 X Recognition + yT XZ +e +U,

[3]

The results for the control variables indicate that board size, market to book value and
average tenure are positively associated with CDP performance score (p = 0.100, 0.000, and
0.050, respectively).



5 Reflections

Those involved in projects in construction companies are typically tasked with meeting
sustainability-related targets in such areas as energy and water consumption and GHG
emissions. This task is made easier when there is a top-down and strategic approach within
the organisation focused on environmental management, i.e. having a high-level committee
and appropriate incentives and environmental disclosure, both internally and externally.
The nature of the approach adopted varies depending upon the characteristics of the
social networks that boards of directors form with other companies in their sectors. These
characteristics are level of managerial influence and information collection ability. So, those
responsible for appointing board members, and the individual board members themselves,
once in place, need to recognise that the types of social networks individuals have access
to have an influence on environmental management and disclosure practices, which in turn
affect what is done at the project level. Finally, in this respect, the dynamic nature of social
networks highlights the fact that managerial influence and information collection ability can
ebb and flow over time and cannot be taken for granted. Steps need to be taken to ensure
that the social capital built up through access to the network remains at a high level.

Harnessing the social network is one effective way of diffusing innovation, in the form of

new management structures and practices, and knowledge creation for companies, but it
is usually ignored. Those companies that have boards of directors with high levels of social
capital, have high managerial influence capability and high information collection ability.
This capability and ability translates into higher levels of environmental performance. So the
practical challenge for companies is to be proactive in developing their social capital and
establishing boards that have the characteristics conducive to enhanced environmental
performance, such as size of board.

Lastly, there is a temptation amongst those leading construction companies to focus
exclusively on environmental performance, setting targets in this area for those managing the
projects through which performance will be delivered and then putting pressure on regarding
delivery. Once targets for performance are identified, the focus should be on the performance
enablers, i.e. having adequate board social capital and the right environmental management
and disclosure practices.

6 Implications for theory

Our work builds upon a well-established element of resource dependency theory, which
posits that board directors are boundary spanners, who, through this role, provide tangible
and intangible resources from outside the company into the firm’s management (Wang

et al. 1992). In terms of project management, tangible resources are methodologies and
practices (know what) and intangible resources are a tacit knowledge-sharing process and
facilitation (know how) (Aimari and Gardiner 2014). We extend theory by revealing how the
characteristics of the social networks of the board of directors influence the effectiveness

of the boundary-spanning function in the context of environmental management and
environmental disclosure. We show that specific network characteristics are aligned with
different levels of managerial influence and information collection ability, which are important
conditions for environmental management, disclosure and, ultimately, performance.



7 Implications for practice

There is evidence that in order to achieve firms’ goals, the power of boundary-spanning board
directors is harnessed at the project team level through the mediating role of the middle-
level board structures that sit between the projects and the high-level boards of directors. An
example is the area of innovation, where innovation review boards (IRBs), which are made up
of internal executives whose mandate is to oversee the portfolio of innovations that are being
delivered through innovation projects, have a crucial bridging role (Robeson and O’Connor
2013). There are a number of conditions for ensuring the effectiveness of the IRB in this role,
one of which is demonstrating a high level of project team interaction. This interaction takes
the form of frequent, informal interactions with the innovation project teams, rather than a few
very formal project reviews.

Hence, project-focused firms in sectors like construction need to ensure that their middle-
level project boards, whatever they are called, do not focus exclusively on governance
activities, such as formal and planned project reviews, but also engage in more regular

and informal interactions with their project teams. These interactions should be specifically
focused on achieving enhanced environmental performance. In doing so, they will enable the
boundary-spanning activities of board-level directors not only to lead to organisational-level
practices in terms of environmental management, disclosure and performance but also to
support the project teams tasked with delivering against environmental sustainability targets.

8 Limitations and areas
for further work

In terms of the limitations of our study, we have proposed an explanation of our findings which
suggests that levels of environmental performance are caused, in part, by board directors’
social networks. We argue that, based on prior studies in other management contexts, this

is a credible hypothesis. However, we are not able to claim that such a causal link is proven,
and there are other explanations of the results that we have not explored. For example, board
directors involved in firms that have better environmental performance have more to disclose
and disseminate on their social network. Testing alternative hypotheses would be a fruitful
avenue for further work.

In terms of other areas for further work, the authors of this report would welcome a further
investigation into the mechanisms by which organisations translate the environmental
management and disclosure practices undertaken at the organisational level, such as the
dissemination and disclosure of information and the use of incentives, into action at the
project level. In addition, how these organisational-level practices influence the behaviours of
those involved in the management of individual projects. For example, a project-level analysis
could usefully explore how the environmental profile of a company in a project-intensive
industry sector, where there is pressure to deliver against environmental sustainability-related
targets, is operationalising in project management activities — and how such activities are
measured and reported at the organisational level.



Another useful area for further research is how the perceived environmental threats

and opportunities in project management provide a bottom-up counter or balance

to performance in addition to the top-down activities of management and disclosure.
Moreover, comparisons between different project-intensive industries may provide further
insights into different approaches taken. In addition, future research could consider whether
there are other non-monetary incentives, e.g. ethical and legal, which drive environmental
performance. Last but not least, our findings show clearly the value of the social network and
the interactions that take place in these networks. It would be useful to explore in more depth
how these social interactions actually take place, i.e. the role of communities of practices,
such as professional bodies like the Association for Project Management, and other groups,
as forums for interactions that lead to informal information sharing. To develop this research
further, we recommend investigating whether the environmental profile of companies leads
to the development of the social capital of companies.

9 Conclusions and summary

This study analyses how inter-organisational social networks of boards of directors
contribute to environmental sustainability-related practices and performances in the
project-intensive industry sector of construction. The findings provide hard evidence of the
power of the social network in enhancing organisational performance relating to achieving
environmental sustainability goals in a project-intensive industry sector. In their recruitment
of board members and their utilisation of existing board members' capabilities, organisations
can harness this power to drive environmental management practices that maximise
environmental performance.

In general, the researchers found that the social networks of the members of boards of
directors served to classify the approaches to environmental management taken by the
organisations of which they had governance responsibility and strategic oversight. They
concluded that the key characteristic of the social networks of board directors is in the Degree
and Eigenvector metrics, which, respectively, are the number of connections an individual

has to board members of other companies and a weighting of the importance of these
connections based on whether they are direct or indirect links. In addition, the Betweenness
and Closeness metrics help to estimate the information collection ability of directors, which
could directly influence board decision making in relation to various agendas, including
sustainability. Thus the authors believe that when boards of directors are seeking to develop
their environmental management practices, organisation social network analysis has a useful
role to play and needs to be incorporated into theories of how innovations are diffused into
organisations and resources are utilised to achieve competitive advantage.

To summarise, the key findings are as follows:
» Environmental performance is positively and significantly related to the board of

directors’ managerial influence capability and information collection ability.

» Disclosure of environmental information has a positive and significant relationship with
environmental performance.

» The existence of a formal group responsible for environmental issues is positively and
significantly related to environmental performance.

* Amongst three types of incentives paid to employees for meeting environmental-
related targets, only monetary incentives are positively and significantly related to
enhanced environmental performance.
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