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A B S T R A C T

This paper investigates management incentives for disclosing voluntary non-financial information and whether
such disclosure is associated with firms' environmental, social, and governance (ESG) sustainability perfor-
mance. We hand-collect 580 sample firms' voluntary non-financial disclosure on product, competition, industry,
customers, trends, and technology data from their annual reports in 2010. We find that information contents and
managerial motivations play an important role in assessing the antecedents and consequences of non-financial
disclosure. Specifically, we find that earnings quality is a more pronounced factor in influencing forward-looking
non-financial disclosures whereas proprietary cost is a more pronounced factor in influencing historical non-
financial disclosures. Using the ratings from the KLD database to construct ESG sustainability performance, we
find a two-directional association between non-financial disclosures and sustainability performance. Specifically,
forward-looking non-financial disclosures are associated with a one year lead in sustainability performance,
whereas current year sustainability performance is linked to more disclosures of historical non-financial in-
formation in the year-end annual filings.

1. Introduction

Voluntary disclosure is considered as any financial and non-fi-
nancial information disclosed by management beyond mandatory fi-
nancial reports (Dhaliwal, Li, Tsang, & Yang, 2011; Financial
Accounting Standards Board, FASB, 2014). Voluntary disclosures can
consist of strategic information (product, competition, customers), fi-
nancial information (management earnings forecast, stock price) and
non-financial information (environmental, social and governance sus-
tainability performance) (Li & Yang, 2016; Meek, Roberts, & Gray,
1995; Rezaee, 2016). Prior research shows that voluntary disclosure
can improve stock liquidity, reduce the cost of capital, increase in-
formation intermediation, and improve earnings quality (e.g., Botosan,
1997; Botosan & Plumlee, 2002; Francis, Nanda, & Olsson, 2008; Healy,
Hutton, & Palepu, 1999; Yang, 2012). The extent and type of voluntary
disclosures depend on disclosure-related costs (Zhang, 2001), corporate
governance (Ho &Wong, 2001), executives' personal backgrounds
(Bamber, Jiang, &Wang, 2010), and sustainability performance (Khan,
Serafeim, & Yoon, 2016; Ng & Rezaee, 2015). We extend this literature
by addressing the antecedents and consequences of non-financial dis-
closures pertaining to managerial strategic, product, competition,

customers, trends, and technology decisions as listed in Appendix A.
Specifically, we examine management incentives for the voluntary
disclosure of non-financial information and whether such disclosure is
linked to firms' environmental, social, and governance (ESG) sustain-
ability performance information.1

Motivated by prior research, we construct a model, which simulta-
neously examine s the link between the voluntary disclosure of non-
financial information, earnings quality, and disclosure-related costs. We
proceed with our research in two stages and begin by investigating the
antecedents of voluntary non-financial disclosure. Consistent with
Botosan (1997) and Francis et al. (2008), we hand-collect data on non-
financial historical and forward-looking disclosures for 580 firms in
2010. We find that earnings quality is more important than proprietary
cost in affecting the firms' strategies toward forward-looking non-fi-
nancial disclosures. Proprietary cost, on the other hand, is more im-
portant than earnings quality in affecting the firms' strategies toward
historical non-financial disclosure.

In the second stage, we investigate whether different antecedents of
forward-looking and historical non-financial disclosures lead to dif-
ferent consequences that are linked to ESG sustainability performance.
We construct the ESG sustainability performance measure from the
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Kinder, Lydenberg, and Domini (KLD) database. Adams and Simnett
(2011) argue that integrated reporting reflecting ESG sustainability
information presents a more comprehensive picture of a firm's perfor-
mance, and Cohen, Holder-Webb, Nath, and Wood (2011) find that ESG
sustainability information is valuable to investors. We find that com-
pared to historical non-financial disclosure, forward-looking non-fi-
nancial disclosure is more likely associated with a one-year lead in ESG
sustainability performance. These findings provide further support for
the results in the first stage that different information contents and
different managerial incentives are associated with forward-looking
and historical non-financial disclosures.

This paper is related to, but differs from Hummel and Schlick (2016)
in several ways. First, our paper provides a more comprehensive ex-
amination of the antecedents and consequences of voluntary non-fi-
nancial disclosures. Second, we take an alternative approach in testing
the association between voluntary disclosures of non-financial in-
formation and ESG sustainability performance as discussed in Section 4.
Third, unlike Hummel and Schlick (2016) that use a dummy variable,
we use continuous scores to measure firms' non-financial disclosure.
This method can better describe the diversity or trend in voluntary
disclosures.2 Finally, also different from the Hummel and Schlick
(2016) study that examines 195 European companies' standalone sus-
tainability reports, we investigate the non-financial information dis-
closed in 10-K reports of US public companies and increase the size of
the hand-collected sample to 580 firms.

Our results contribute to the voluntary disclosure and sustainability
literature in several ways. First, our study simultaneously examines the
relationship between earnings quality and proprietary cost relevant to
voluntary non-financial disclosures. Second, we examine the link be-
tween voluntary non-financial disclosures and ESG sustainability per-
formance, and thus complement recent research on business sustain-
ability (Jain, Jain, & Rezaee, 2016, Khan et al., 2016, Ng & Rezaee,
2015). Third, our findings are relevant to the emerging debate in the
disclosure regime (SEC, 2013, 2016) in making financial and non-fi-
nancial disclosures more meaningful and relevant to all stakeholders.
Finally, our results underscore the importance and relevance of ESG
sustainability performance disclosures as a growing number of global
companies (> 14,000) now provide voluntary disclosures on various
ESG dimensions of sustainability performance (Rezaee, 2016).

The remainder of the paper is organized as follows: we review the
literature related to voluntary disclosure and its link to sustainability
performance in Section 2, and develop our two theory-driven hy-
potheses in Section 3. We discuss the sample selection and descriptive
statistics in Section 4. The detailed research design, including mea-
surements and models, is described in Section 4. We present the em-
pirical results and robustness tests in Section 5, and the conclusion in
Section 6.

2. Literature review

2.1. Voluntary non-financial disclosure

The interaction between voluntary and mandatory disclosures has
been examined in prior research (Einhorn, 2005), suggesting that vo-
luntary financial disclosure can provide additional information to in-
vestors (Cohen et al., 2011). Ball and Shivakumar (2008) argue that
mandatory financial reports are not the primary source of timely new
information, and Beyer, Cohen, Lys, and Walther (2010) find that
mandatory earnings reports and SEC filings account for< 12% of total
stock price movement. Anecdotal evidence suggests that investors value

meaningful voluntary disclosures and utilize mandatory disclosures to
verify the voluntary disclosures (EY, 2014). Scholarly research also
supports the importance of the relation between mandatory and vo-
luntary disclosures (Bertomeu &Magee, 2015). On one hand, voluntary
disclosures may provide private information for existing competitors
and potential entrants, as well as reduce the firm's competitiveness and
profitability, described by Verrecchia (1983 and 2001) as proprietary
cost. On the other hand, voluntary disclosures can provide benefits for
both investors and management by reducing information asymmetry
(e.g., Diamond & Verrecchia, 1991; Francis, Khurana, & Pereira, 2005;
Lang & Lundholm, 2000; Sengupta, 1998).

The accounting and finance literature, in addressing managerial
incentives for voluntary disclosures, focuses on financial voluntary
disclosures of management earnings forecasts (MEF) and non-financial
voluntary environmental, social and governance (ESG) sustainability
(Rezaee, 2016). Healy and Palepu (2001, p. 425) argue that “The extent
to which voluntary disclosure mitigates resource misallocation in the
capital market depends on the degree of credibility of information.”
Unlike financial voluntary MEF disclosures, that could be subsequently
substantiated by auditors and is often viewed as complements to
mandatory financial disclosures (Ball et al., 2012), non-financial vo-
luntary disclosures, including sustainability information, are often not
verified by auditors. Thus, management has more latitude to choose the
type, content, and timing of such disclosures without bearing high
disclosure risk if they prove to be incredible ex post (Choi, Myers,
Zang, & Ziebart, 2010).

Li and Yang (2016: 935) state that “A firm's voluntary disclosure
decision is an equilibrium outcome of its underlying incentives and
disincentives for disclosure.” Firms' incentives and policies of voluntary
disclosure have been extensively and inconclusively debated in the
literature. One stream of research consists of several studies that ex-
amine the management incentives of providing voluntary disclosures,
including lowering the cost of capital (Botosan, 1997), minimizing
agency costs and information asymmetries (Leftwich, 1981), and re-
leasing proprietary information (Healy & Palepu, 2001). Another
stream consists of papers regarding the link between voluntary dis-
closures and earnings quality (e.g., Dichev, Graham,
Harvey, & Rajgopal, 2013; Dye, 1985; Francis et al., 2008;
Jung & Kwon, 1988; Milgrom, 1981; Penno, 1997; Sengupta, 1998;
Tasker, 1998; Verrecchia, 1983, 1990). These studies show that vo-
luntary disclosure is a substitute for earnings quality, and suggest that
firms with lower earnings quality tend to disclose more information.
Other studies (e.g., Dye, 1985; Francis et al., 2008; Jung & Kwon, 1988;
Penno, 1997; Verrecchia, 1990) suggest that firms with higher earnings
quality tend to disclose more information. We extend prior research by
investigating management incentives for voluntarily disclosure of non-
financial information, as well as the link between voluntary non-fi-
nancial disclosure and sustainability performance as described in the
following section.

2.2. Sustainability performance

The increasing demand for sustainability performance information
and its link to firm value has been investigated in prior research. For
example, Eccles, Ioannou, and Serafeim (2014) suggest that firms that
perform better in sustainability performance tend to outperform their
counterparts over the long-term in both stock market and accounting
performance. Other studies (e.g., Eccles et al., 2014; Golicic & Smith,
2013; Kleindorfer, Singhal, & Van Wassenhove, 2005; Lopez,
Garcia, & Rodriguez, 2007; Ng & Rezaee, 2015) report a positive asso-
ciation between non-financial sustainability performance and financial
performance and their integrated effect on cost of equity. Hummel and
Schlick (2016) find that firms with superior sustainability performance
choose high-quality sustainability disclosures to signal their superior
sustainability performance in compliance with signaling/voluntary
disclosure theory. Firms with poor sustainability performance prefer

2 In Hummel and Schlick's study the sustainability disclosure is measured as a dummy
variable whether the company issue the sustainability report and whether the sustain-
ability report has a high quality. The selection of dummy variable may favor disclosure
quality for larger firms, especially when the sample firms of Hummel and Schlick are all
large-size companies from the Bloomberg European 500 Index.
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low-quality sustainability disclosure to protect their legitimacy con-
sistent with legitimacy theory.

Recent research (Jain et al., 2016; Lys, Naughton, &Wang, 2015)
documents that firms may commit to good corporate social responsi-
bility (CSR) and disclose CSR/ESG information in the current period
when they anticipate stronger future financial performance. Prior re-
search also finds the association between individual components of
sustainability disclosures (environmental, social, and governance) and
financial and market information (e.g., Clarkson, Li,
Richardson, & Vasvari, 2011; Dhaliwal, Radhakrishnan, Tsang, & Yang,
2012; Dhaliwal et al., 2011; Jain et al., 2016; Ng & Rezaee, 2015).Our
study contributes to this line of research on business sustainability by
investigating whether voluntary disclosures of forward-looking/histor-
ical non-financial information are associated with ESG sustainability
performance.

3. Theoretical framework and research questions

3.1. Theoretical framework

Building on the stakeholder theory (Freeman, 1984; Jensen, 2001;
Ng & Rezaee, 2015), there are two aspects of sustainability, namely
sustainability disclosure and sustainability performance, which are in-
terrelated and intended to benefit all stakeholders. Anecdotal evidence
suggests management often pays attention to future ESG sustainability
initiatives that affect business operations, improve the corporate gov-
ernance effectiveness, and align the firm's interest with the interest of
its stakeholders (PWC, 2016). Therefore, we argue that the voluntary
disclosure of forward-looking non-financial information can improve
the efficiency and effectiveness of a firm's ESG projects that could
eventually lead to better future financial sustainability performance. In
contrast, in disclosure historical non-financial information, manage-
ment tends to provide non-financial performance that could affect
current ESG projects.

The link between non-financial sustainability disclosures and sus-
tainability performance remains controversial when researchers use
either voluntary/signaling disclosure theory and/or legitimacy theory
to explain its association with sustainability performance (e.g., Cho,
Guidry, Hageman, & Patten, 2012; Hummel & Schlick, 2016). According
to voluntary disclosure theory, firms signal their good news/perfor-
mance through releasing sustainability reports to distinguish them-
selves from poor competitors (e.g., Lys et al., 2015). Moreover, volun-
tary disclosure theory suggests that higher (lower) proprietary costs are
associated with a lower (higher) level of voluntary disclosure, because
the disclosure may increase the risk of being vulnerable to competitors
(e.g., Verrecchia, 2001). In contrast, according to legitimacy theory,
firms tend to release a sustainability report in order to mitigate the
negative effect of bad news/performance (e.g., Rezaee, 2015; Rezaee,
2016).3 These theories provide a solid theoretical framework for our
research questions described in the following section.

3.2. Research questions

We develop our research questions based on three assertions sug-
gested in prior research as discussed in Section 2 and the theoretical
framework of Section 3.1. These three assertions are: (1) earnings
quality is positively associated with voluntary disclosure (e.g., Francis
et al., 2008); (2) earnings quality is influenced by ESG sustainability
information (e.g., Kim, Park, &Wier, 2012; Rezaee & Tuo, 2017) and;
(3) management has the incentives and discretion to selectively choose
the type, extent, timing, tone, and channel of voluntary disclosures

(Clarkson, Li, Richardson, & Vasvari, 2008; Rogers,
Buskirk, & Zechman, 2011; Skinner, 1994). This paper expends prior
research on voluntary disclosures by focusing on the main research
question of: What are management incentives for disclosing voluntary
non-financial information, and is such disclosure associated with firms'
ESG sustainability performance? This main research question is oper-
ationalized in four interrelated sub-questions: (1) Are earnings quality
and proprietary costs associated with nonfinancial disclosures? (2) Do
earnings quality and proprietary costs play different roles in reflecting
forward-looking and historical nonfinancial disclosure? (3) Are volun-
tary nonfinancial disclosures associated with ESG sustainability per-
formance? (4) Do forward-looking and historical nonfinancial dis-
closures have different associations with ESG sustainability
performance?

We focus on both historical and forward-looking voluntary non-fi-
nancial disclosures for three reasons. First, compared to historical non-
financial information, forward-looking disclosures provide more re-
levant information to investors to predict the firm's future return
(Clarkson, Kao, & Richardson, 1994). Second, firms that issue more
forward-looking non-financial disclosures pay more attention to long-
term sustainability performance instead of short-term earnings (KPMG,
2013). Third, better earnings quality under stronger corporate gov-
ernance is associated with a firm's long-term strategy driven by for-
ward-looking non-financial disclosures (e.g., Larcker,
Richardson, & Tuna, 2007).

4. Sample selection, variable construction, and research design

4.1. Sample selection

We collect our sample from COMPUSTAT data for all 2525 firms
within the selected four industries in the United States in 2010.4 We
chose four technology and research-heavy industries, including che-
mical (SIC 28), machinery and equipment (SIC 35), electronics (SIC 36),
and business services (SIC 73) for two reasons. First, professional re-
ports (CAQ& ICR, 2014; IFAC, 2014) suggest that technology and in-
novation play an important role in corporate disclosure. Second, ac-
cording to Vonortas and Kim (2004), the selected industries are the top
four most active industries in innovation and technology from 1990 to
1999. We merge our COMPUSTAT raw data with stock return data from
CRSP, financial analyst data from I/B/E/S, and institutional ownership
data from Thomson Reuters Institutional Managers (13F) holdings, and
exclude the sample firms with missing values, resulting in the final
sample size of 580 firm-year observations as shown in Table 1.5

We obtain ESG non-financial sustainability performance scores from
the KLD database, which includes over 60 ESG KPIs in seven ESG ca-
tegories for the three pillars of ESG, as explained in detail in the next
section. To exclude the impact of outliers, we winsorize our sample at
the top and bottom one percentile, except for non-financial disclosure
scores (NDSCORE), forward-looking non-financial disclosure scores
(F_NDSCORE), historical non-financial disclosure scores (H_NDSCORE),
and the number of financial analysts following (NO_Analyst).

4.2. Variable construction

4.2.1. Non-financial disclosure
Following Robb, Single, and Zarzeski (2001), we construct scores

for non-financial information from the list of non-financial information
desired by users suggested by the American Institute of Certified Public

3 In addition to this theory, Kim et al. (2012) offer three theories of ethical, political,
and integrative in explaining how earnings quality may influence management incentives
to voluntarily disclose the firm's ESG information.

4 Similar to Botosan (1997) and Francis et al. (2008) there is a possibility of bias in our
sample selection, which is further addressed in robustness tests. We choose sample year
2010 instead of other years due to the time to hand collect data.

5 To derive non-financial disclosure scores in firms' annual reports, we read sample
firms' 10-Ks one by one. Thus firms that don't issue 10-Ks but issue 20-Fs are excluded
from our sample.
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Accountants (AICPA, 1994) Jenkins Committee. This non-financial in-
formation list includes two categories, forward-looking non-financial
information and historical non-financial information listed in Appendix
A. Each category also includes several subcategories, such as industry
environment, market competition, company strategy, production, and
customer. Consistent with Healy and Palepu (2001) and following the
R & D disclosure list provided by Jones (2007), we include the tech-
nology-related items in both the forward-looking information category
and the historical information category.6

The measurement of the non-financial disclosure level includes two
items, the quality and the quantity. We measure the non-financial
quantity by giving one point to the sample firm if the firm provides
related information according to each item in the list. We define the
quality of non-financial disclosure as the truthfulness, completeness,
and timeliness of the non-financial information provided in the annual
reports. To measure the completeness of non-financial disclosures, we
assign one point if the firm provides descriptive information related to
each item in the list. The sample firm gets two points if the firm pro-
vides additional numerical and directional information related to each
item in the list. Therefore, for each item, the possible scores will be
zero, one, or two. Zero points indicates that a firm doesn't provide re-
lated non-financial information. One point indicates that a sample firm
provides only qualitative information whereas two points indicate that
a sample firm provides both qualitative and quantitative information.
To capture the timeliness of non-financial disclosures, we measure both
forward-looking non-financial information and historical non-financial
information. Taken together, we construct the non-financial disclosure
score (NDSCORE) based on both quantitative and qualitative criteria.

Table 2 displays our sample descriptive statistics of non-financial
disclosure scores, forward-looking non-financial disclosure scores, and
historical non-financial disclosure scores. Although different industries
may have different methods of and incentives for disclosing non-fi-
nancial information, on average they disclose largely similar volumes of
non-financial information in their annual reports.7

We use five methods to examine the validity of our hand-collected

NDSCORE measurements. First, following Botosan (1997), we compare
one component of the NDSCORE with another and compare the
NDSCORE with the number of Wall Street Journal articles relevant to
the firm during 2010. We find that our NDSCORE, forward-looking
NDSCORE, and historical NDSCORE are positively associated with each
other at the 0.01% significant level. We also find that the coefficient of
correlation between NDSCORE and the number of WSJ articles is about
0.2 with a P-value of 0.0035. Second, we compare our NDSCORE with
the firm size (measured by total sales) and leverage (measured by long-
term debt to total assets), as larger firms are more likely to disclose
detailed non-financial information (Francis et al., 2005). We find that
our NDSCORE is positively and statistically significantly associated
with firm size and leverage.

Third, we collect the ESG disclosure scores from Bloomberg for all
four industries in 2010. We find that our non-financial disclosure score
(NDSCORE) is significantly and positively associated with ESG dis-
closure performance published by Bloomberg (coefficient = 0.2358, P-
value < 0.0001).8 Specifically, we find that our measure of historical
non-financial disclosure (H_NDSCORE) is more closely associated with
Bloomberg's ESG disclosure measures (Coefficient = 0.2185, P-
value < 0.0001). Fourth, we compare the NDSCORE with the CSR
scores issued by the CSRHub.9 These corporate reputation scores eval-
uate the firm's ethics, transparency, sustainability, and social respon-
sibility through four dimensions, including community, employees,
environment, and governance. We find that for our sample firms, the
relationship between the third-party scores and our NDSCORE is posi-
tive with a correlation coefficient of 0.24 and is significant at the 0.01%
level.

Finally, we conduct additional tests to check the quality of non-
financial information disclosed in the 10-Ks. Consistent with prior re-
search (e.g., Li, 2008; Loughran &McDonald, 2014), we use Fog, which
is a combination measure of sentence length and word complexity to
capture the readability of non-financial disclosures.10 We also use the
number of words contained in the 10-Ks and the file size of 10-Ks to
measure the length of disclosures.11 Through univariate tests, we find
that our three measures of non-financial disclosures (NDSCORE,
F_NDSCORE and H_NDSCORE) are all significantly and positively as-
sociated with the number of words contained in the 10-Ks and the file
size of 10-Ks. In conclusion, firms with higher non-financial disclosure
scores tend to have more textured narratives in the 10-Ks. Therefore,
the non-financial disclosures in our sample contain good quality in the
form of readability. Pearson correlations between readability and non-
financial disclosure variables are presented in the Table 3.

4.2.2. Proprietary costs
As mentioned above, if the firms face a higher level of competitive

pressure, the risk of revealing private information through voluntary
disclosure will be higher. We construct two measures of proprietary
costs. First, consistent with Gong, Li, and Zhou (2013), we develop
proprietary costs by using the barriers to entry measured by the in-
dustry-level (SIC 3 digit) weighted average gross plant, property, and
equipment (PPE) scaled by the firm's market share (Ent_Cost). Gong
et al. (2013) suggest that firms in an industry with the higher entry

Table 1
Summary of sample selection procedure.

Sample collection Observations

1. Initial samples from COMPUSTAT 2525
2. Sample after merging with CRSP data, excluding missing values 1342
3. Sample after merging with I/B/E/S data, excluding missing

values
950

4. Sample after merging with institutional ownership data,
excluding missing values

835

5. Sample after excluding firms which don't issue 10-K reports 600
6. Final sample, excluding missing values contained in

COMPUSTAT
580

This table illustrates the sample collection procedure. The sample year is 2010. We start
to collect data from COMPUSTAT for the firms within the four predetermined industries
(chemical, machinery and equipment, electronics, and business services) and then merge
the raw data with variables from CRSP, I/B/E/S and Thomson Reuters Institutional
Managers (13F) holdings. After deleting the observations which don't issue 10-K reports,
the final sample without missing values includes 580 observations.

6 For example, we add the items, such as development-stage research, discussion of
new products, the new patents under application, and future focus of technology in-
novation, into the forward-looking information category. We add the items, such as
current innovation of the product, research projects in progress, failure of older projects,
and current patents into the historical information category. We give scores to the sample
firms by checking whether they provide related nonfinancial information recommended
in the revised list and management earnings forecasts.

7 However, firms in different industries typically disclose different volumes of non-
financial information related to certain subcategories (not shown in table). For example,
firms in the chemical industries usually have much higher technology-related disclosure
scores compared to the other three industries. Firms in the business services industry on
average have higher customer-related disclosure scores compared to the other three in-
dustries.

8 This provides support for our data coding method in Appendix A that the hand-col-
lected nonfinancial disclosures capture the firm's attributes pertaining to business op-
erations, customer relations, work environment, governance, social, and environmental
initiatives very similarly to the three ESG data compiled in the KLD and Bloomberg da-
tabases.

9 CSRHub is an organization that provides CSR and sustainability ratings and in-
formation on> 10,178 companies from 135 industries in 104 countries, website: http://
www.csrhub.com/content/about-csrhub/.

10 Specifically, the Fog index is calculated as: Fog = 0.4 × (words per sentence and
percent of complex words). The 10-K Fog data from Li (2008) are available on http://
webuser.bus.umich.edu/feng/.

11 The 10-K file size data from Loughran and McDonald (2014) are available on http://
www3.nd.edu/~mcdonald/Word_Lists.html.
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barriers face a lower level of competition and thus experience a lower
level of proprietary costs. Second, following Ellis, Fee, and Thomas
(2012), we also use the intangible assets net of goodwill scaled by total
assets (INTAN) to measure proprietary costs. Ellis et al. (2012) suggest
that firms with more intangible assets are more competitive and thus
experience a lower level of proprietary costs. We separately include the
entry cost (Ent_Cost) and the intangible assets (INTAN) in our model.12

Since proprietary costs are inversely measured by entry costs and in-
tangible assets, we multiply Ent_Cost and INTAN by −1, and thus
larger values indicate higher proprietary cost.

4.2.3. Earnings quality
We use the Francis et al. (2005) model to measure earnings quality

that is supported by actual cash flow.

= ∅ + ∅ + ∅ + ∅ + ∅ ∆

+ ∅ +

− +TCA CFO CFO CFO Rev

PPE ε

j t j j j t j j t j j t j j t

j j t j t

, 0, 1, , 1 2, , 3, , 1 4, ,

5, , ,

All the variables in this model are explained in Francis et al. (2005)
and included in Appendix B. Earnings quality of our sample firm in the

year 2010 is measured by the standard deviation of residuals in the
model over the years 2000–2009. The larger value of standard devia-
tion of residuals indicates a lower level of earnings quality (Francis
et al., 2005). Since the value of residuals inversely measure the earnings
quality, we also multiply the standard deviation of residual by −1, and
thus a larger value indicates a better earnings quality (EQ).

4.2.4. Sustainability performance
Consistent with prior research (Dhaliwal et al., 2012; Jain et al.,

2016; Ng & Rezaee, 2015), we use the ratings from the KLD Research
and Analytics Database (KLD) in constructing our ESG sustainability
performance.13 The KLD database contains over 60 ESG performance
indicators in seven ESG categories for the three ESG dimensions of
sustainability performance, and uses a binary representation of ESG
ratings.14 If a firm meets the criteria established for a rating, this is

Table 2
Descriptive statistics of non-financial disclosures.

Industry SIC code Sample size Mean Std. dev. Min Max Possible max scores

NDSCORE

Chemical 28 184 67.1036 6.0527 52 95 154
Machinery and equipment 35 89 67.7753 6.2555 52 86
Electronic 36 151 66.6556 4.6189 54 78
Business service 73 156 65.8333 5.5670 43 88

F_NDSCORE

Chemical 28 184 38.3454 4.2401 23 57 80
Machinery and equipment 35 89 36.6136 3.9492 23 45
Electronic 36 151 35.8874 2.9990 28 42
Business service 73 156 36.8718 3.7635 26 50

H_NDSCORE
Chemical 28 184 28.7617 3.4724 19 41 74
Machinery and equipment 35 89 31.0562 3.6784 21 41
Electronic 36 151 30.7682 2.7214 22 37
Business service 73 156 28.9615 3.1965 17 38

This table illustrates the descriptive statistics of non-financial disclosure scores, forward-looking non-financial scores and historical non-financial scores for each industries. The sample
includes 580 observations in 4 industries and the sample year is 2010. See Appendix B for variable definitions.

Table 3
The relation between non-financial disclosure and readability.

NDSCORE F_NDSCORE H_NDSCORE NWords FileSize Fog

NDSCORE 1
F_NDSCORE 0.7691 1

< 0.0001
H_NDSCORE 0.7453 0.1402 1

< 0.0001 0.0007
NWords 0.2262 0.1883 0.1574 1

< 0.0001 < 0.0001 0.0002
FileSize 0.2409 0.1988 0.1694 0.9959 1

< 0.0001 < 0.0001 < 0.0001 < 0.0001
Fog 0.0645 0.0702 0.0301 0.1185 0.1114 1

0.1687 0.1343 0.521 0.0146 0.0218

This table illustrates the relation between non-financial disclosure and readability of 10-Ks. NDSCORE represents the non-financial disclosure scores derived from our manual scoring
scheme. F_NDSCORE represents the level of forward-looking non-financial information disclosed by the sample firm in its 10-K. H_NDSCORE represents the level of historical non-
financial information disclosed by the sample firm in its 10-K. Nwords is the variable to measure the log of the number of words contained in the sample firm's 10-K. FileSize indicates the
log of net file size of the sample firm's 10-K. Fog inversely measure the 10-K's readability based on Li (2008).

12 Another proxy for the proprietary costs is the number of patents applied for in the
sample year. We did not use this proxy because the use of the patent proxy will sig-
nificantly reduce sample size.

13 Our sample size reduces to 508 after merging with the KLD database. The sample
year is 2010.

14 The seven categories of ESG are environmental, governance, diversity, community,
product, employee, and humanity. Prior research (Dhaliwal et al., 2011, 2012; Jain et al.,
2016; Kim et al., 2012; Ng & Rezaee, 2015) use KLD data in constructing ESG sustain-
ability performance whereas Bloomberg data, GRI data are used as proxies for ESG sus-
tainability disclosure. Consistent with prior research we use KLD Data in measuring non-
financial ESG sustainability performance and construct our voluntary non-financial
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designated with a “1” in the corresponding cell in the Excel spread-
sheet. Alternatively, if a firm does not meet the established criteria, this
is specified with a “0.” Ratings within each ESG category are divided
into two sets of indicators measuring best practices' performance
(strengths) and the most serious challenges (concerns). Then we sum
the scores of these seven subcategories of sustainability performance
and get the net scores by subtracting the number of concerns from the
number of strengths. In our main test, we use the net corporate sus-
tainability scores (CSS), which is the number of strengths of seven
subcategories of ESG performance, minus the number of concerns in
those subcategories. In our robustness test, we use the number of cor-
porate sustainability strengths (CSS_Str) and the number of corporate
sustainability concerns (CSS_Con) to test the sensitivity of our results.

4.2.5. Control variables
We include several control variables documented in prior research

to be relevant to our study. First, we measure the financing strategy,
ISSUE, by the sum of long-term debt issuance and equity issuance in
year t + 1 scaled by total assets. We expect that firms planning to issue
more new debt/equity in the future tend to disclose more non-financial
information in their annual reports to reduce information asymmetry
(Lang & Lundholm, 1993). Second, we use book-to-market ratios (BM)
as a proxy for reporting informativeness and following Jones (2007)
expect more non-financial disclosures to be provided by firms with
lower BM. Third, if the firms have more segments, they are more likely
to disclose additional information related to specific segments
(Dunn &Nathan, 2005). Therefore, we include the number of business
and geographic segments (No_Segment) in our model.

Fourth, we use the natural logarithm of the number of financial
analysts following during the sample year (NO_Analyst), and the per-
centage of institutional ownership (Inst_Owner) as other control vari-
ables that may affect firms' voluntary disclosures (Botosan, 1997;
Eng &Mak, 2003). Finally, we include the information asymmetry
control variable (Inform_Asy), which is the variance of the previous
one-year stock return prior to the annual report release date, to capture
a firm's information environment (Healy & Palepu, 2001). Other control
variables include firm size, leverage, and ROA. The descriptive statistics
of all variables are summarized in Table 4. Compared to the sample of
Jones (2007), which manually collected the data of voluntary R &D
disclosures in the four industries (SIC 28, SIC 35, SIC36 and SCI 38)
during the year 1997, our sample firms during the year 2010 in the four
industries (SIC 28, SIC 35, SIC 36, and SIC 73) experience similar firm
size, slightly more financial analysts following, slightly lower in-
formation asymmetry and a much larger amount of proceeds from debt
and equity issuance. In conclusion, the table shows distributional
properties that are similar to past studies focusing on the similar in-
dustries. Since our sample focuses on the more recent time period, our
sample firms show more transparent information environment.

4.3. Research model

We construct the following model based on the modified Jones'
(2007) model for our analyses:

= + + +

+ + +

+ + + + +

+ +

NDSCORE β β EntCost INTAN β EQ β ISSUE

β NOAnalyst β InstOwner β NOSegment

β InformAsy β SIZE β BM β ROA β LEV

INDUSTRY ε

1 2 3 4

5 6 7

8 9 10 11 12

(1)

All the variables in Eq. (1) are defined in Appendix B. We expect
lower proprietary costs and higher earnings quality to be associated

with more non-financial disclosures, and earnings quality to be more
significant for forward-looking non-financial disclosures. However
proprietary cost is more significant for historical non-financial dis-
closures.

We conduct additional tests to investigate the link between non-
financial disclosures and firms' long-term sustainability performance. In
addition to non-financial disclosure (NDSCORE), we also test the as-
sociation between forward-looking non-financial disclosure
(F_NDSCORE), historical non-financial disclosure (H_NDSCORE), and
sustainability performance. Control variables include firm size, book-to-
market ratio, ROA, leverage ratio, firm growth rate, net intangible as-
sets, and the binary variable (LOSS). We also control for the industry
fixed effect. The models to test the association between sustainability
performance and voluntary non-financial disclosure are presented as
follows:

= + +

+ + + + +

+ + +

∗

CSSLead β β NDSCORE FNDSCORE HNDSCORE β SIZE

β BM β ROA β LEV β Growth β INTAN

β LOSS INDUSTRY ε

1 2 3

4 5 6 7 8

9 (2)

= + + + +

+ + +

+ + + + +

+ +

NDSCORE β β CSS β EntCost INTAN β EQ β ISSUE

β NOAnalyst β InstOwner β NOSegment

β InformAsy β SIZE β BM β ROA β LEV

INDUSTRY ε

1 2 3 4 5

6 7 8

9 10 11 12 13

(3)

where CSS_Lead refers to the one year lead corporate sustainability
scores and CSS refers to the current year corporate sustainability scores.
Other variables in Eqs. (2) and (3) are defined in Appendix B.

5. Empirical results

5.1. Main results

5.1.1. Antecedents of non-financial disclosures
Table 5 presents the Pearson correlations among our major vari-

ables. Consistent with our conjecture, the univariate correlation results
illustrated in the Table 5 suggest that both the two measures of pro-
prietary costs (INTAN and Ent_Cost) are negatively and earnings quality
(EQ) is positively associated with voluntary disclosures of nonfinancial
information. Moreover, consistent with prior research, we find that firm
size, financial analysts following, institutional ownership, ROA, the
number of geographic and business segments, and firm leverage are
significantly and positively related to the voluntary nonfinancial dis-
closures, and we find that book-to-market ratio and information
asymmetry are significantly and negatively associated with the volun-
tary nonfinancial disclosures. Table 6 describes the multivariate

Table 4
Descriptive statistics of sample.

Variable Mean Std dev 25th Pctl Median 75th Pctl

Ent_Cost −9.2060 1.0375 −9.8941 −9.5232 −8.9860
Intan −0.0681 0.0894 −0.0875 −0.0350 −0.0065
EQ −0.2780 0.1156 −0.3302 −0.2613 −0.2268
ISSUE 0.4519 0.7800 0.0893 0.1885 0.4343
NO_Analyst 8.0169 7.2755 3.0000 6.0000 11.0000
Inst_Owner 0.6912 0.2882 0.5207 0.7586 0.9026
NO_Segment 3.0784 0.7759 2.7081 3.2189 3.6889
Inform_Asy 0.0289 0.0112 0.0207 0.0273 0.0347
SIZE 6.4410 1.8624 5.1220 6.2510 7.6624
BM 0.3923 0.3169 0.1996 0.3569 0.5318
ROA −0.0194 0.2424 −0.0237 0.0460 0.0916
LEV 0.1118 0.1620 0.0000 0.0214 0.1831
Growth 0.1966 0.4618 −0.0010 0.0959 0.2569

This table illustrates the descriptive statistics of sample. The sample includes 580 firms
and sample year is 2010. See Appendix B for variables definitions.

(footnote continued)
disclosures in two categories of forward-looking and historical for 10-K annual reports
and validate them with data from the Bloomberg database.
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regression of the factors that are associated with a firm's non-financial
disclosure strategy. In Column 1 and Column 2, we respectively use
entry cost (Ent_Cost) and net intangible assets (INTAN) to measure
proprietary cost. In Panel A, our dependent variable is the overall non-
financial disclosure score (NDSCORE). We find that proprietary costs,
measured by Ent_Cost (coefficient = −0.775, P-value = 0.0011) and
INTAN (coefficient =−7.0199, P-value = 0.0025), are significantly
and negatively associated with non-financial disclosure scores. This
suggests that firms with higher barriers to entry and more intangible
assets tend to be more competitive and experience lower disclosure-
related costs. Thus, these firms have more incentives to increase the
level of non-financial disclosure in their annual reports.

We also find that earnings quality (EQ) is significantly and posi-
tively related to non-financial disclosure score (coefficients are 4.5984
and 4.0166 with P-values of 0.0232 and 0.0184 in Column 1 and
Column 2, respectively). Consistent with prior research, we find that
firms with more businesses, geographic segments, larger size, and lower
book-to-market ratios tend to disclose more non-financial information
in their annual reports.

Results presented in Panel B of Table 6 show that earnings quality is
significantly and positively associated with the forward-looking non-
financial disclosure score (coefficients are 3.2327 and 3.0306 with P-
values of 0.0089 and 0.0125 in Column 1 and Column 2, respectively).
In contrast, we do not find a significant association between forward-
looking non-financial disclosure score and proprietary costs. Both
measures of proprietary costs, entry cost, and net intangible assets, are
negatively, but insignificantly associated with forward-looking non-fi-
nancial disclosure scores.

In Panel C, we find that both Ent_Cost (coefficient = −0.4864, P-
value = 0.0009) and INTAN (coefficient = −3.9488, P-
value = 0.0041) are significantly and negatively related to historical
non-financial disclosure score. The results suggest that firms with lower
proprietary costs tend to disclose more historical non-financial in-
formation in their annual reports. The earnings quality is positively, but
insignificantly associated with the historical non-financial disclosure
score in both Columns 1 and 2. One possible explanation for this result
is that earnings quality is perceived to be more closely associated with

long-term sustainability performance, but proprietary cost is more
closely related to a position of temporary competition.

5.1.2. Non-financial disclosure and sustainability performance
Table 7 presents the association between non-financial disclosure

and ESG sustainability performance.15 Results in Panel A show that,
consistent with our expectations, non-financial disclosure (NDSCORE)
is significantly and positively associated with a one year lead in cor-
porate sustainability score (coefficient = 0.0492, P-value = 0.0235).
We also find that forward-looking non-financial disclosure
(F_NDSCORE) is significantly associated with better future sustain-
ability performance (coefficient = 0.0589, P-value = 0.0051). In con-
trast, we find that historical non-financial disclosure is positively re-
lated to a one year lead in sustainability performance, but the
association is significant only at the 10% level (coefficient = 0.0656, P-
value = 0.0557). Additionally, we find that firms with larger size,
lower book-to-market ratios, higher earnings, lower debt levels, lower
growth rates, and higher intangible assets tend to experience better
sustainability performance.

Panel B indicates that the current-year sustainability performance is
significantly associated with non-financial disclosures (coeffi-
cient = 0.1818, P-value = 0.0430). Specifically, that current-year sus-
tainability performance is not significantly associated with forward-
looking non-financial disclosure (coefficient = 0.0849, P-
value = 0.1931), while it is significantly and positively associated with
historical non-financial disclosure (coefficient = 0.0960. P-
value = 0.0468). In conclusion, we find forward-looking non-financial
disclosure and historical non-financial disclosure play different roles in
the financial reporting system. Forward-looking non-financial dis-
closures encourage management to actually take actions to improve
ESG sustainability performance. In contrast, historical non-financial
disclosures are channels to communicate past ESG sustainability per-
formance to investors.

Table 5
Pearson correlation.

NDSCORE Ent_Cost Intan EQ ISSUE NO_Analyst Inst_Owner NO_Segment Inform_Asy SIZE BM ROA LEV

NDSCORE 1
Ent_Cost −0.1104 1

0.0073
Intan −0.1424 −0.01966 1

0.0005 0.6337
EQ 0.1292 0.1400 −0.0757 1

0.0018 0.0007 0.0676
ISSUE −0.0832 0.1163 −0.0565 0.2499 1

0.0436 0.0047 0.1704 < 0.0001
NO_Analyst 0.1889 0.1046 0.0286 −0.0928 −0.2206 1

< 0.0001 0.011 0.4885 0.0249 < 0.0001
Inst_Owner 0.1618 −0.1414 0.0292 −0.1282 −0.3563 0.3659 1

< 0.0001 0.0006 0.4797 0.0019 < 0.0001 < 0.0001
NO_Segment 0.2133 −0.1884 0.0614 −0.1452 −0.3244 0.1858 0.2323 1

< 0.0001 < 0.0001 0.1363 0.0004 < 0.0001 < 0.0001 < 0.0001
Inform_Asy −0.1841 0.1038 −0.1404 0.2186 0.4196 −0.3297 −0.4246 −0.3472 1

< 0.0001 0.0116 0.0006 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
SIZE 0.3191 −0.0607 0.2107 −0.2426 −0.4145 0.5841 0.4437 0.4747 −0.6313 1

< 0.0001 0.1407 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
BM −0.0810 −0.1432 0.1062 −0.1113 −0.2298 −0.1378 −0.0231 0.2169 0.0001 0.0537 1

0.0495 0.0005 0.0099 0.0072 < 0.0001 0.0008 0.5767 < 0.0001 0.9996 0.1933
ROA 0.1489 −0.1347 0.0391 −0.2780 −0.4635 0.2549 0.3552 0.4065 −0.4760 0.4474 0.0918 1

0.0003 0.001 0.3436 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.0259
LEV 0.1365 −0.0626 0.2422 −0.0268 −0.0001 0.0336 0.1472 0.1160 −0.1289 0.3235 −0.2270 0.0512 1

0.0009 0.1295 < 0.0001 0.5184 0.9992 0.4166 0.0003 0.0049 0.0017 < 0.0001 < 0.0001 0.2148

This table illustrates the Pearson correlation. The sample includes 580 firms and the sample year is 2010. See Appendix B for variables definitions. All variables are winsorized at the top
and bottom one percentile except NDSCORE, F_NDSCORE, H_NDSCORE, and NO_Analyst.

15 In this table, we use the entry cost to proxy for proprietary cost. We also run the tests
using intangible assets to proxy for proprietary cost and get the same results.
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5.2. Robustness tests

We conduct additional tests to investigate the validity of our main
tests by examining whether our NDSCORE can reduce information
asymmetry. We use the one-year daily average quoted bid-ask spread
after the release of the financial annual report to measure information
asymmetry (bid_ask_spread). Because firms that are followed by fewer
financial analysts and have lower institutional ownership tend to have
higher levels of information asymmetry, we include financial analysts
following (Follow) and Percentage of firms' shares owned by the in-
stitutional investors (Inst_Owner) in our regression. Follow is the nat-
ural logarithm of the number of financial analysts following within
3 months after the release of an annual financial report. We also include
the firms' previous situation of information asymmetry, as measured by
the previous one-year standard deviation of stock return prior to the
release of financial statements (Inform_Asy), in our model. Other con-
trol variables include firm size, book-to-market ratio (BM), ROA,
leverage ratio (LEV), growth rate (Growth), and a loss during the
sample year (LOSS).

Results presented in Table 8 show that overall NDSCORE (coeffi-
cient =−0.0003, P-value = 0.0055), F_NDSCORE (coeffi-
cient =−0.00026, P-value = 0.0397), and H_NDSCORE (coeffi-
cient =−0.00025, P-value = 0.0425) are all significantly and
negatively associated with the bid-ask-spread. We find that analysts
following, institutional ownership, firm size, and ROA can significantly
reduce information asymmetry and the previous variances of stock re-
turn, rapid growth of the firm, and negative earnings can significantly
increase information asymmetry, as supported by prior studies.

Second, we conduct sensitivity tests using the number of sustain-
ability strengths (CSS_Str) and the number of sustainability concerns
(CSS_Con) instead of the overall corporate sustainability scores (CSS) to
investigate the association between non-financial disclosure and a one
year lead in sustainability performance. Untabulated results suggest
that overall non-financial disclosures (coefficient = 0.0398, P-
value = 0.0415), forward-looking non-financial disclosures (coeffi-
cient = 0.0452, P-value = 0.0155), and historical non-financial dis-
closures (coefficient = 0.0552, P-value = 0.0569) are positively asso-
ciated with future corporate sustainability strengths. We also find that
overall non-financial disclosures and historical non-financial dis-
closures are negatively related to corporate sustainability concerns, but
these relationships are not significant at the 5% level.

Finally, we conduct additional robustness tests to examine the re-
lation between certain specific types of non-financial disclosure and
either corporate governance sustainability performance or social re-
sponsibility performance.16 Untabulated results indicate that the dis-
closures of competition information (coefficient = 0.0338, P-
value = 0.0111) and the disclosures of production information (coef-
ficient = 0.0093, P-value = 0.0338) are significantly and positively
associated with a better, one-year lead in corporate governance sus-
tainability performance. Furthermore, the disclosures of technology
information (coefficient = 0.0972, P-value =0.0148) and the dis-
closures of company trend (coefficient – 0.0847, P-value = 0.0757) are
associated with a better, one-year lead in social responsibility perfor-
mance.

6. Conclusions

Public companies report their mandatory financial information as
well as a set of voluntary disclosures regarding their strategic in-
formation (product, competition, customers, trends, and technology),
financial management earnings forecasts, stock price information, and
non-financial ESG sustainability information. We investigate manage-
ment discretions in determining the extent of voluntary non-financial

Table 6
Managerial strategies on non-financial disclosures.

Variable Dependent Variable = NDSCORE

Estimate P-value Estimate P-value

Panel A: overall non-financial disclosures
Intercept 51.3398 < 0.0001 58.1405 < 0.0001
Ent_Cost −0.7756 0.0011
Intan −7.0199 0.0025
EQ 4.5984 0.0232 4.0166 0.0184
ISSUE 0.3962 0.2518 0.3556 0.2532
NO_Analyst −0.0235 0.5756 0.0048 0.9213
Inst_Owner 1.2840 0.1577 1.1006 0.3264
NO_Segment 0.9553 0.0120 0.9523 0.0138
Inform_Asy 11.5709 0.6778 17.5624 0.4933
SIZE 0.8252 0.0002 0.7434 0.0157
BM −1.8506 0.0218 −2.3373 0.0062
ROA 0.0134 0.9907 0.1773 0.8731
LEV 0.1228 0.9373 −1.2159 0.4255
Industry fixed

Effect
Yes Yes

Sample size 580 580
R-Square 0.1363 0.1309

Panel B: forward-looking non-financial disclosures
Variable Dependent variable = F_NDSCORE

Estimate P-value Estimate P-value
Intercept 31.4203 < 0.0001 33.6427 < 0.0001
Ent_Cost −0.2555 0.1507
Intan −2.9076 0.0957
EQ 3.2327 0.0089 3.0306 0.0125
ISSUE 0.2266 0.2724 0.2121 0.3082
NO_Analyst −0.0528 0.1265 −0.0432 0.2026
Inst_Owner 1.0527 0.2330 1.0036 0.2510
NO_Segment 0.3366 0.2267 0.3363 0.2277
Inform_Asy −9.8856 0.5910 −7.6817 0.6734
SIZE 0.5446 0.0176 0.5128 0.0241
BM −1.5041 0.0147 −1.6939 0.0047
ROA −1.4352 0.0822 −1.3743 0.0959
LEV −0.5854 0.5958 −1.1115 0.3076
Industry fixed

effect
Yes Yes

Sample size 580 580
R-square 0.1247 0.1249

Panel C: historical non-financial disclosures
Variable Dependent

variable = H_NDSCORE
Estimate P-value Estimate P-value

Intercept 20.1867 < 0.0001 24.4647 < 0.0001
Ent_Cost −0.4864 0.0009
Intan −3.9488 0.0041
EQ 1.3776 0.2053 1.0216 0.3452
ISSUE 0.1658 0.4120 0.1412 0.4744
NO_Analyst 0.0321 0.1851 0.0497 0.0405
Inst_Owner 0.1945 0.7012 0.0701 0.8882
NO_Segment 0.6235 0.0094 0.6213 0.0091
Inform_Asy 21.3487 0.1690 24.9046 0.1123
SIZE 0.2870 0.0384 0.2395 0.0872
BM −0.2893 0.5304 −0.5703 0.1903
ROA 1.4010 0.0332 1.4974 0.0199
LEV 0.3804 0.6617 −0.4020 0.6375
Industry fixed

effect
Yes Yes

Sample size 580 580
R-square 0.1848 0.1766

This table illustrates how managers determine their non-financial disclosure strategies.
The sample includes 580 observations in year 2010. We use two variables, industry entry
cost (Ent_Cost) and intangible assets excluding goodwill (INTAN) to proxy proprietary
costs. In Panel A, we use the overall non-financial disclosure scores as dependent variable.
In Panel B, the dependent variable is forward-looking non-financial disclosure scores. In
Panel C, the dependent variable is historical non-financial disclosure scores. See Appendix
B for other variable definitions.

16 The dependent variables are measured as one-year lead.
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Table 7
Non-financial disclosures and sustainability performance.

Variable Estimate P-value Estimate P-value Estimate P-value

Panel A: non-financial disclosures and one year lead sustainability performance
Intercept −14.4581 < 0.0001 −13.4863 < 0.0001 −13.1737 < 0.0001
NDSCORE 0.0492 0.0235
F_NDSCORE 0.0589 0.0051
H_NDSCORE 0.0656 0.0557
SIZE 1.6197 < 0.0001 1.6345 < 0.0001 1.6304 < 0.0001
BM −1.3106 < 0.0001 −1.3257 < 0.0001 −1.3408 < 0.0001
ROA 0.9796 0.0005 0.9134 0.0008 1.0455 0.0003
LEV −2.0092 < 0.0001 −1.9857 < 0.0001 −1.9937 0.0013
Growth −0.4358 0.0191 −0.4362 0.0118 −0.3969 0.0239
LOSS −0.5716 0.0142 −0.5808 0.0132 −0.5547 0.0170
INTAN 2.1573 0.0675 2.1165 0.0711 2.0921 0.0788
Industry fixed effect Yes Yes Yes
Sample size 508 508 508
R-square 0.4652 0.4638 0.4338

Panel B: current year sustainability performance and non-financial disclosures
Variable Dependent = NDSCORE Dependent = F_DNSCORE Dependent = H_NDSCORE

Estimate P-value Estimate P-value Estimate P-value
Intercept 53.8976 < 0.0001 33.9867 < 0.0001 20.1495 < 0.0001
CSS 0.1818 0.0430 0.0849 0.1931 0.0960 0.0468
Ent_Cost 0.7741 0.0034 0.2615 0.1481 0.4798 0.0015
EQ −5.9158 0.0042 −3.3917 0.0154 −2.5322 0.0571
ISSUE 0.5454 0.1542 0.3163 0.2218 0.2203 0.3743
NO_Analyst 0.0084 0.8533 −0.0336 0.2658 0.0451 0.0903
Inst_Owner 1.1959 0.1871 0.3686 0.5676 0.7778 0.1642
NO_Segment 0.8458 0.0302 0.1401 0.5808 0.7055 0.0081
Inform_Asy 8.8868 0.7430 −22.0963 0.2368 31.1853 0.0637
SIZE 0.4243 0.0274 0.2808 0.0423 0.1557 0.0137
BM −0.8619 0.0206 −0.8495 0.0286 0.0554 0.0202
ROA −0.1144 0.9191 −1.0033 0.1968 0.8470 0.2431
LEV 2.3915 0.1649 0.8320 0.4790 1.1808 0.2341
Industry fixed effect Yes Yes Yes
Sample size 499 499 499
R-square 0.1538 0.1496 0.2153

The table illustrates the association between voluntary non-financial disclosures and sustainability performance. In the Panel A, we regress one year lead corporate sustainability scores
(CSS_Lead) respectively on overall non-financial disclosure, forward-looking non-financial disclosure, and historical non-financial disclosure. In the Panel B, we respectively regress
overall non-financial disclosure, forward-looking non-financial disclosure, and historical non-financial disclosure on current year corporate sustainability scores (CSS).

Table 8
The validity of non-financial disclosure data on information asymmetry.

Variable Estimate P-value Estimate P-value Estimate P-value

Intercept 0.0622 < 0.0001 0.0524 < 0.0001 0.0500 < 0.0001
NDSCORE −0.0003 0.0055
Follow −0.0015 0.0044
NDSCORE ∗ follow 0.0001 0.0028
F_NDSCORE −0.0003 0.0397
Follow −0.0008 0.0523
F_NDSCORE ∗ follow 0.0001 0.0308
H_NDSCORE −0.0003 0.0425
Follow −0.0006 0.0600
H_NDSCORE ∗ follow 0.0001 0.0320
Inst_Owner −0.0042 0.0033 −0.0044 0.0023 −0.0046 0.0019
Inform_Asy 0.5803 < 0.0001 0.5687 < 0.0001 0.5828 < 0.0001
SIZE −0.0027 < 0.0001 −0.0028 < 0.0001 −0.0029 < 0.0001
BM 0.0014 0.1932 0.0016 0.1275 0.0018 0.0872
ROA −0.0086 0.0063 −0.0089 0.0054 −0.0082 0.0095
Growth 0.0027 0.0464 0.0028 0.0435 0.0027 0.0544
LOSS 0.0023 0.0436 0.0024 0.0334 0.0022 0.0539
LEV 0.0027 0.2197 0.0022 0.2944 0.0029 0.1656
Industry fixed effect Yes Yes Yes
Sample size 580 580 580
R-square 0.7307 0.729 0.7275

This table investigates the validity of hand-collected non-financial disclosure data. We examine whether our non-financial disclosure scores can reduce information asymmetry through
decreasing bid-ask-spread. The sample includes 580 observations in year 2010. The dependent variable is the quoted bid-ask-spread. In column one, the independent variable is the
overall non-financial disclosures score (NDSCORE). In column two, the independent variable is the forward-looking non-financial disclosure scores (F_NDSCORE). In column three, the
independent variable is the historical non-financial disclosure scores (H_NDSCORE). See Appendix B for other variable definitions.
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disclosures based on the firm's earnings quality and proprietary cost.
We construct a model to simultaneously examine whether earnings
quality and proprietary cost are associated with forward-looking and
historical non-financial disclosures and their integrated link to ESG
sustainability performance.

Our results suggest that firms with better earnings quality and lower
proprietary cost release more non-financial disclosures. Specifically,
earnings quality is more important factor when firms determine the
level of voluntary disclosures of forward-looking non-financial in-
formation. Conversely, the proprietary quality is a more important
factor when firms determine the level of voluntary disclosure of his-
torical non-financial information. Moreover, we find a two-directional
association between non-financial disclosure and sustainability perfor-
mance. Specifically, the higher level of voluntary disclosure of forward-
looking non-financial information in the year-end, as reflected in an-
nual reports (10-Ks), is associated with better ESG sustainability per-
formance in the next year. Furthermore, better sustainability perfor-
mance in the current year could results in disclosing more historical
non-financial information in year-end 10-Ks. Our multivariate regres-
sion analysis shows that non-financial disclosure scores, forward-
looking non-financial disclosure scores, and historical non-financial
disclosure scores are significantly and negatively associated with the
bid-ask-spread, a proxy for information asymmetry, providing further
support for our main conclusion.

This study contributes to the literature on voluntary disclosure in
several ways. First, we investigate management incentives for de-
termining the extent of non-financial disclosures from both the chal-
lenging aspect (proprietary cost) and the positive effect (earnings
quality) of voluntary disclosure. To the best of our knowledge, this is
the first study that addresses proprietary cost and earnings quality

simultaneously. Second, we find that voluntary non-financial dis-
closures and sustainability performance are interrelated in both direc-
tions. Third, we distinguish the antecedents and consequences of for-
ward-looking non-financial disclosures and historical non-financial
disclosures. Moreover, we provide evidence in support of regulators'
and standard-setters' initiatives (European Commission, 2014; SASB,
2016; SEC, 2016) in promoting the disclosure of non-financial in-
formation. Finally, our results pertaining to the link between non-fi-
nancial disclosure and ESG sustainability performance encourage
management to pay more attention to the importance and relevance of
sustainability information and the global move toward mandatory
sustainability reporting and assurance.

Our results should be interpreted with care because of potential
limitations. First, we investigate only the potential association between
non-financial disclosure and sustainability performance with no evi-
dence to determine what factors cause such an association. Second,
consistent with the related research (Larcker et al., 2007), we hand-
collect non-financial information for only one year (2010), which does
not allow us to conduct a time-series analysis of voluntary disclosure.
Third, there is a possibility of bias in our sample selections (similar to
Botosan, 1997 and Francis et al., 2008). Future research could focus on
multiple-year observations of non-financial disclosure and sustain-
ability performance reporting, as well as comparing mandatory versus
voluntary sustainability reporting. Finally, this paper examines only
non-financial disclosures in annual reports. In fact, firms disclose non-
financial information through various methods, including periodic fi-
nancial reports, conference calls, and internet media (such as Facebook,
Twitter, and official websites). Future research is encouraged to in-
vestigate non-financial disclosures released from other sources on firms.

Appendix A. Disclosure scoring system

Panel A: Forward-looking non-financial information

1. Environment around the Company:
(1) Ability of new companies to enter the industry
(2) Ability of substitute products or services to displace those of reporting company
(3) Company's relationships with competitors and their positions within the industry
(4) Changes in markets, competition, or technology (identity, source, and sustainability)
(5) Description of company's industry structure
(6) Growth or shrinkage in market share
(7) Information about economy, company's industry, and company itself
2. Intensity of Competition in the Industry:
(1) Recent changes in environment; nature and timing of company's response
(2) Regulation and legislation affecting segment
(3) Business strategy and Management consistency of strategy with external trends
(4) Enabling infrastructures including organizational structure, business strategy, management philosophy, and employee incentives
(5) Financial information by management responsibility
(6) Goals for return on assets, equity and capitalization ratio
(7) Identity and background of directors and management
(8) Identity and description of management incentive plans
(9) Identity of major shareholders, all shares owned and shares owned by directors, management, and employees
(10) Information about compensation committee interlocks and insider participation in decisions
(11) Major goals, strategy, and factors that are critical to successfully implementing strategies
(12) Methods of conducting the business
(13) Mission, broad objectives, and strategy to achieve broad objectives
(14) Nature of disagreements with prior directors, bankers, independent auditors, and lead counsel
(15) Need to know the major segments by which management operates the company
(16) Types and amounts of director/management compensation and methods used to compute
3. Company Trends:
(1) Beneficial or detrimental circumstances in which the company is involved and that may cause increased or decreased cash flows in the future
(2) Changes in financial position and Company's financial flexibility
(3) Explanation of relationships and changes among the data
(4) Qualitative forward-looking information including forecasts, prospective Information
(5) Development-stage R & D including likelihood that new product will be successful, date testing phase will be complete and approval by
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regulatory agency
(6) Discussion of new products that will be introduced
(7) Discussion of patents that will apply for
(8) Future focus of technology innovation

Panel B: Historical non-financial information

1. Environment of the Company:
(1) Description of business and industry structure
(2) Employee involvement and fulfillment of its rate of change
(3) General development of the major events for the business in the last 5 years
(4) Number of employees, average compensation of employees
(5) Related party identity and description of relationship
(6) Scope and description of the business and related properties
(7) Seasonality and cyclicality
2. Production:
(1) Amount and quality of key resources and related suppliers
(2) Definition of industry (or other segment)
(3) Description and duration of important patents, trademarks
(4) Description of nature of operations and current vulnerability due to concentrations
(5) Description of principal products/services
(6) Growth in units sold or average prices of units sold
(7) Information about geographic concentrations in the production base
(8) Information about the change in the nature of the warranty for a product
(9) Large changes in the proportion of materials purchased from the one or two largest suppliers
(10) Non-financial historical business information (often about ten years) – backlog figures
(11) Recent process, product, or service innovations; sources and consequences
(12) Relative bargaining power of resource providers and provider satisfaction
(13) Timeliness to perform key activities (production, delivery, developing new products)
(14) Trends in sales, sales prices, unit costs, and volume and prices of materials consumed
(15) Where products are produced and where they are delivered
3. Customers:
(1) Information about geographic concentrations in the sales base of a company
(2) Information about technological and regulatory changes that may affect the market
(3) Information from a marketing, merchandising, and distribution point of view
(4) Large increases or decreases in the proportion of products or services sold to the largest customers
(5) Major contractual relationships
(6) Market acceptance-changes in prices, volumes, and products and reasons why
(7) Market penetration and quality
(8) Measures of customer satisfaction
(9) Relative bargaining power of customers
4. Technologies:
(1) Current innovation of the products
(2) Description of research projects in progress
(3) Failure of older projects
(4) Discussion of patents

Appendix B
Variable definition.

Variable Definition

NDSCORE Non-financial disclosure scores
F_NDSCORE Forward-looking non-financial disclosure scores
H_NDSCORE Historical non-financial disclosure scores
ND_Tech Disclosure of technology and innovation information
ND_Product Disclosure of production information
ND_Trend Disclosure of company trend information
ND_Compet Disclosure of company competitiveness information
ND_Customer Disclosure of customer information
BM Book-to-Market ratio
SIZE Natural logarithm of total assets
Growth Total assets growth rate
LEV Long-term debt over total assets
LOSS 1, if the firm experiences negative profit during the sample year, zero else
EQ Earnings Quality measured by residuals obtained from Francis et al. (2005) model multiplying by −1
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ISSUE Sum of long-term debt issuance and common equity issuance in the next year scaled by total assets
INTAN Firm's intangible assets net of goodwill scaled by total assets. We multiply the value by −1
Ent_Cost Industry-level weighted average gross cost of property, plant and equipment, weighted by each firm's market share (based on

sales) in this industry, following Gong et al. (2013). We multiply the value by −1
Inform_Asy Standard deviation of previous one year of daily average stock return prior to the release of annual financial report
No_Analyst Number of financial analysts following over one-year period prior to the release of annual financial report
Inst_Owner Percentage of firms' shares owned by the institutional investors at the year end
Follow Number of financial analysts following over one-year period following the release of annual financial report
No_Segment Number of business and geographic segments during the sample year
Bid_ask_spread One year average daily bid-ask spread after the release of annual report
CSS Corporate sustainability scores, which are the sum of the number of environmental, governance, diversity, community, product,

employee and humanity strengths minus the sum of the number of environmental, governance, diversity, community, product,
employee, and humanity concerns.

CGOV_SCORE Net scores of corporate governance sustainability performance
CSR_SCORE Net scores of corporate social responsibility performance which is the sum of environmental, diversity, community, product,

employee, and humanity ratings.
CSS_Str the number of sustainability strengths
CSS_Con the number of sustainability concerns
TCA the firm's total current accruals developed by Francis et al. (2005)
CFO firm's cash flow from operations developed by Francis et al. (2005)
ΔRev firm's change in revenues
PPE firm's gross value of property, plant and equipment
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