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ABSTRACT Given the increasing importance of sustainability in the business world, there has been
growing interest in using topic modeling approaches to identify reported topics in corporate sustainability
reports (CSR). Due to the inconsistent legal foundation and different sustainability standards, the content
of individual reports can vary greatly. In this paper, the corporate social responsibility reports of DAX
40 companies from 2017 to 2021 are therefore analyzed using Latent Dirichlet Allocation (LDA).
In particular, we attempt to identify topics that are suggested by the Global Reporting Initiative (GRI)
Sustainability Standard for large public companies. In addition, a comparison is made throughout the years.
The study shows that specific guidelines of the GRI can only be identified to a certain degree using LDA.
Although some topics that partly reflect the content of the GRI can be found by the model, the overall
structure of the GRI can’t be replicated. Overall, this study shows that an evaluation of the content of
sustainability reports can be successful in terms of the relevance of the reported topics, although the results
depend heavily on the respective pre-processing steps.

INDEX TERMS Corporate social responsibility reporting (CSR), global reporting initiative (GRI), latent
dirichlet allocation (LDA), topic modeling.

I. INTRODUCTION several standards for sustainability reports, which is why the

The disclosure of corporate social responsibility (CSR)
activities has become increasingly important over the years.
In 2014, the European Union adopted the CSR directive
2014/95/EU, which obliges the member states to implement
this directive in national law. The CSR directive was imple-
mented in national law of the EU members. For example, this
directive is applied in Germany through the national CSR-
RUG. However, it is problematic that it gives corporations
extensive leeway and leaves the content requirements vaguely
formulated. As a result, the reporting corporations can largely
decide individually on the information to be included in
their reports, which makes it difficult to compare these
reports [1]. In general, this has led to the development of
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content of individual CSR reports can vary widely [2]. The
most widespread standards are the Global Reporting Initiative
(GRI), the ISO 26 000 or the Integrated Report (IR) [3],
(41, [5].

The theoretical concept of the study is based on the
signaling theory. Due to the asymmetrical distribution of
information between management and equity investors, CSR
reporting should provide information about the activities
of sustainable and social value creation [6]. However,
this disclosure also triggers reactions among stakeholders.
Various studies have examined the effects of positive CSR
reporting. For example, Saeidi et al. [7] found a positive
influence of CSR reporting on the reputation of a company.
Furthermore, Dhaliwal et al. [8] were able to show that
positive CSR reporting can lead to a decrease in the cost of
capital.
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Due to the emerging signal effect of CSR reports and the
problem of inconsistent sustainability reports, the interest
of this work consists in an overview of currently reported
sustainability topics. This paper will therefore examine the
contents of CSR reports of German DAX (Deutscher Aktien
Index) companies over a period of five years by means of
textual analysis. The aim of this work is (1.) to classify the
main topics of the individual CSR reports based on predefined
GRI Topic standards and (2.) to compare them over time.
We then use these results to provide a comparison between
the topics captured in the sustainability reports and the topics
prescribed in the standard. In this paper, we analyze the CSR
reporting practice among German companies. Using Text
Mining algorithms like Latent Dirichlet Allocation (LDA)
topic Analysis, we examine the current practice among the
corporations included in the DAX 40. We process their CSR
reports since the introduction of mandatory disclosure in
2017. Due to the volume of data, the systematical analysis
of CSR reports can’t be done manually. We use LDA textual
analysis to detect leading topics included in the reports. The
usage of text mining techniques on corporate data isn’t new.
It has been used in various research fields and disciplines,
including for instance, finance [9], and marketing [10], [11].

Text Mining is a vast discipline, and its techniques vary
in terms of complexity and scope [12]. Topic Modeling
approaches, such as LDA provide a comprehensive overview
of unstructured, textual data [13]. Text Mining is therefore
well suited for the analysis of CSR reports to identify
deviation between obligatory information and actual infor-
mation included in the reports as well as understanding the
development of issues in time and in context of regulatory
changes [14], [15], [16].

To the best of our knowledge existing literature combining
non-financial reporting and text mining is insufficient. Espe-
cially literature on CSR analysis using text mining techniques
is rare or due to major changes in the reporting directives
outdated. This paper contributes to the field by combining
recent data with state-of-the-art text mining methods. With
our analysis, we gain insights into the structure and content
of German CSR reports and assess the relevance of the
topics contained, measured against the respective reporting
standards. This not only allows a comparison between the
standard requirements and the actual reporting, but due to
the periodic view, changes in the structure and practice of
CSR reporting can also be examined for each individual year.
Finally, our results confirm the applicability of LDA topic
modeling in the field of sustainability disclosure research.

Il. THEORETICAL BACKGROUND

A. CSR REPORTING

In the European Union, all large capital market-oriented
companies and groups with more than 500 employees have
been obliged to publish a non-financial report since 2017.
This was decided by the Non-Financial Reporting Directive
2014/95/EU, which obliges member states to implement this
in their national law [1].
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To this end, CSR-RUG was passed in Germany. The
CSR-RUG applies from 01.01.2017 and obliges all large cap-
ital market-oriented companies with more than 500 employ-
ees to publish a non-financial report, also called a sustainabil-
ity report, in the management report or on the website of the
company or group. The companies are to provide information
on environmental issues, employee issues, social issues,
respect for human rights and the fight against corruption and
bribery. Precise specifications on the content of these topics
are not given, but only examples of topics, such as greenhouse
gas emissions and water consumption for environmental
issues. Companies can also omit adverse disclosures on topic
areas, which is regulated in.

Furthermore, the CSR-RUG does not provide any precise
regulations on the structure or preparation of the sustain-
ability report and leaves this up to the companies. However,
frameworks can be used for the preparation, which should
then be mentioned by name in the report. This means
that companies are free to choose between the frameworks.
Frameworks for the preparation of sustainability reports
include the GRI, ISO 26 000 or the IR [3], [4], [5].

In addition to the frameworks mentioned here, there are
other frameworks for the preparation of sustainability reports.
An overview of three of the above-mentioned frameworks
is given in Table 1. All three frameworks have a common
purpose. It becomes clear that all three frameworks are
internationally applicable, but only the GRI provides topic-
specific guidelines.

An analysis of the underlying frameworks of CSR reports
shows, that most companies prepare their sustainability
reports based on the GRI standard [20].

B. GRI STANDARD

Table 1 shows that the GRI is a very comprehensive frame-
work that provides guidance on specific ESG (Environment,
Social, and Governance) topics. In addition, studies such as
Guo and Yang [21] show that the GRI is most frequently used
for the preparation of sustainability reports. Guo and Yang
show this by means of a survey of 30 Dow Jonas companies.
In this survey, 66 per cent of the companies used the GRI as
a standard and reported according to it [21].

The GRI framework is divided into three standard parts.
The first part is the Universal Standard, which is a general part
that provides information on the requirements and principles
of the GRI and clarifies the requirements and guidelines
for the report. The second part refers to Sector Standards.
The Topic Standard or topic-specific standard, form the third
part of the GRI framework. The topic-specific standards are
subdivided into the ESG topic areas (E = Environment,
S = Social, G = Governance). The topic area Environment
is contained in the GRI 300, Social aspects are contained in
the GRI 400 and Governance related topics are listed in the
economic section (GRI 200). For these topic areas the GRI
defines specified subtopics. For example, GRI 300 includes
the subtopics 301 materials or 308 supplier environmental
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TABLE 1. Overview of reporting frameworks [17], [18], [19].

GRI ISO 26 000 IR
publisher Global Reporting Initiative ISO (International Organization for | IIRC (International Intregrated Re-
Standardization) porting Concil)
volume 870 sides 160 sides 58 sides
scope of application international international international
prescribing specific ESG topics yes no no

Universial .
Standards Sector Standards Topic Standards

GRI 200 (Economic)

+ Subtopics:
] — — +GRI 201: Economic
GRI'1 GRI1 Performance

*GRI 207: Tax

(G R
( GRI 300 (Enviromental)

+ Subtopics:

GRI2 GRI 12 +GRI 301: Materials

+GRI 308: Supplier
Environmental Assessment

GRI 400 (Social)

L_|+Subtopics:
GRI3 +GRI 401: Employment

~GRI 418: Customer Privacy

FIGURE 1. Structure of GRI framework in accordance with [17].

assessment. In some cases, these subtopics are subdivided
again. The structure of the GRI is shown in Figure 1.
A complete overview of the GRI Topic Standards 200 to
300 is depicted in Table 22 in the appendix.

lll. RELATED WORK

A. TEXTUAL ANALYSIS AND ESG REPORTING

The use of textual analysis and text mining techniques
is becoming increasingly important in the financial litera-
ture [22]. This need lies in growing proportions of textual
passages in financial disclosure and knowledge of potentially
important insights within this unstructured data [23].

An example of such an approach is provided by Lang
and Stice-Lawrence [24], who examined the length of annual
financial statements of more than 15,000 companies. The
term textual analysis includes a set of methods [22]. For
example, conducting an analysis of the information content
of 10-K reports, Li [25] followed a Naive Bayes classification
approach to determine the information content and tone
of financial-statements. Loughran and McDonald [22] on
the other hand, opted for a “bag of words” approach to
determine the tone of 10-K financial statements. Sai et al. [23]
investigated how the textual component of annual reports can
be used to deduct meaningful information about company’s
performance by employing textual analysis. They performed
sentiment analysis as well as statistical calculations to explore
the relation between the emotions in annual reports and the
future performance of the firm.
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In the era of Big Data, however, another method has been
gaining interest from financial and non-financial disclosure
researchers due to its promising application on large amounts
of unstructured textual data. Seemakurthi et al. [26] applied
various advanced supervised machine learning and natural
language processing (NLP) techniques, including LDA to the
problem of detecting fraud in financial reporting documents.
They used LDA to a collection of type 10-K financial
reports to generate document-topic frequency matrix, and
then submit these data to advanced classification algorithms.
Zhu et al. [27] analyzed corporate risk disclosures as part
of U.S. public companies’ financial reports to identify risk
types and examined their potential implications on stock
returns. They applied a Sentence LDA (Sent-LDA) model
to infer risk types. They then quantified the impact of
these risk factors on stock returns. Hoberg and Lewis [28]
used text-based analysis of 10-K disclosures to examine
verbal disclosure of fraudulent firms. They employed LDA
to identify interpretive verbal topics that firms emphasize
compared to peers. This is based on the central hypothesis
that the verbal factor structure of these text sections can
be interpreted to reveal likely mechanisms that surround
fraudulent behavior. Dyer et al. [29] documented trends in
10-K disclosure over the period 1996-2013, with increases in
length, boilerplate, stickiness, and redundancy and decreases
in specificity, readability, and the relative amount of hard
information, using LDA to examine the specific topics.
Huang et al. [30] applied topic modeling (LDA) to compare
the content of reports from financial analysts after the annual
general meeting with the actual topics of the general meeting
to investigate how financial analysts serve their information
intermediary role.

In the context of non-financial disclosure like the analysis
of companies ESG/CSR reports, text mining applications
are considered to have a lot of potential. With more
corporations publishing corporate sustainability reports due
to stricter regulations, the manual process of analyzing
the reports is becoming inefficient and tedious [31], [32],
[33]. In recent years several publications performing textual
analysis and text mining methods on corporate reports like
ESG/CSR disclosure were published. Following the joint
goal of gaining insights in a vast amount of unstructured
ESG data and to extract hidden information in corporate
disclosure the researchers target various research questions.
Modapothala and Issac [34] examined and analyzed corporate
environmental reports in line with GRI disclosures to identify
differences founded in the nature of the business using a data
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TABLE 2. Output search strings.

Search string Science Direct Web of Science IEEEXplore Jstor
"csr" AND "text mining" 55 15 3 1
"sustainablility reporting" AND "text mining" 7 1 1 1
"csr" AND "machine learning" 132 6 22 5
"sustainability reporting” AND "machine learning" 24 1 1 2
("non" AND "financial reporting") AND "text mining" 56 1 0 2
("non" AND "financial reporting") AND "machine learning" 150 2 1 8
Additional information:

- All searches from 2018 onwards, as CSR RUG only applies by law in Germany from then onwards

- Selected Categories: Business, Management, Accounting, Economics and Finance

Extraction of text related to
predefined GRI Topics into
separated datasets

Selection and
validation of
text database

Year —2017: Year —2022:
GRI 201-207 GRI201-207
GRI 301-308 GRI301-308
CSR reports from GRI401-418 GRI401-418
German corporations
included in DAX40 — =
from 2017-2022 = =

FIGURE 2. Construction of datab

TABLE 3. Top 25 bigrams included in GRI Topics 200-400.

=

Bigrams All 200 300
supply chain 16
board management 15
financial statement 12
corporate governance 11
consolidated financial 10
human right 10
climate change

combined management
health safety
management system
climate protection
environmental social

per cent

raw material

additional information
due diligence
environmental protection
ifrs information
management consolidated
value chain

€02 emission

code conduct

executive board

key figure

risk management

00

O

=] =] = =] D] = =] = D R = =] D D] DI DO = LI | W WO | W K|

=1 G| | W[ DI B D D[ D] W] 19| W W 9| A | | & DO W| & | & W |\
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mining approach. Freundlieb and Teuteberg [35] analyzed
CSR reports published by 97 market-listed companies
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Text pre-processing
of every dataset

Knowledge discovery within text
related to specific GRI Topics

Example corpus:
Year: 2017

GRI Topics: 301-308
Format: .json

Topic
|:> Modeling
(LDA)
- Stopword removal
- Lemmatization
- Stemming

and methodology of intratopic-topic modeling.

Collection of text LDA Model Creation and

documents analysis of topics
Dirichlet Parameter ~ Dimensionality k of the
(topic-word dTnsily) Dirichlet distribution
” a0
Dirichlet R
distribution Number of words ina  Creation of topics
n B given document
|
- |
N\ 1]
O+O+O-0O
dn W

i = 0lo

Dirichlet  Document-  Word-topic Observed Number of

Parameter topic assigment  word  documents
(document-  distribution
topic density)

FIGURE 3. LDA model structure in accordance with [40] and [46].

bigram_count
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FIGURE 4. Top 25 bigrams represented in entirety of topics.

from the USA, Germany and the rest of Europe to point
out regional differences as well as changes over time.
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TABLE 4. GRI 200 - Weight and word tount of topic 0-2 (all reports).

Topic: 0 Topic: 1 Topic: 2
. . Word |, . Word |, . Word
Word Weights Count Word Weights Count Word Weights Count
GRI 200s |financial statement 0,00483 supervisory board 0,01402-mauagement approach 0,00453 1807
consolidated financial 0,00410 executive board 0,00935 6189]assurance engagement 0,00275 1129
Number of  |fair value 0,00291 3322|board member 0,00369 2463 |material topic 0,00241 723
bigrams: cash flow 0,00278 2755|financial statement 0,00355 financial statement 0,00218
14940 management consolidated 0,00172 2017|corporate governance 0,00326 consolidated financial 0,00202
combined management 0,00167 2514|consolidated financial 0,00217 limited assurance 0,00175 803
statement ifts 0,00149 1259[board management 0,00191 3588|explanation material 0,00154 364
financial asset 0,00146 1654|board executive 0,00155 1773|evaluation management 0,00153 355
interest rate 0,00141 1351{board supervisory 0,00153 746|human right 0,00143 5338
ifrs information 0,00129 1117[annual general 0,00148 983|gri standard 0,00140 597
additional information 0,00127 1947|general meeting 0,00148 978|topic boundary 0,00129 252
stakeholder combined 0,00127 1071|member executive 0,00144 949|gr1 content 0,00119 492
mtangible asset 0,00125 1413audit committee 0,00138 985|approach component 0,00107 230
mcome tax 0,00113 1370{member supervisory 0,00113 915|combined management 0,00106 2514
financial liability 0,00107 954|executive director 0,00109 1648[boundary management 0,00101 122
profit loss 0,00104 1107{combined management 0,00105 2514{component evaluation 0,00101 181
property plant 0,00103 1251{target achievement 0,00098 834]supply chain 0,00094 3867
TABLE 5. GRI 300 - Weight and word tount of topic 0-2 of (all reports).
Topic: 0 Topic: 1 Topic: 2
. Word . Word . Word
Word ‘Weights Count Word ‘Weights Count Word Weights Count
GRI 3005 [risk management 0.00282 1626|real estate 0,00119 368|supply chain 0.00382
data protection 0,00251 920|raw material G,DDIDT-human right 0.00346
Number of |management system 0,00237 2230 environmental protection 0,00100 1449|code conduct 0,00200 1351
bigrams: human right 0,00186-customel' satisfaction 0,00095 287|work council 0,00147 238
9587 health safety 0.00163 1496 business model 0,00080 891 |parental leave 0.00141 85
management approach 0,00126 1931|community development 0,00077 98|year year 0,00140 50
climate change 0.00121 1455|climate change 0,00075 1455|business partner 0.00132 889
corporate govemance 0,00116 2135|action area 0,00074 201|proportion woman 0,00128 89
risk assessment 0.00110 700|passenger car 0,00074 383|number employee 0.00122 239
business partner 0,00107 889|climate protection 0,00068 1505|equal opportunity 0,00122 257
code conduet 0.00104]  1351|key figure 0,00066]  742|raw material 0.00116 [N3111|
compliance management 0.00097 488|life cycle 0,00065 793|corporate culture 0.00105 237
sustainability strategy 0.00097 901|residential environment 0,00064 78|human resource 0.00102 409
board management 0,00096 1424|management system 0,00061 2230|management system 0,00094 2230
occupational health 0,00096 594|development project 0,00058 144|key figure 0,00092 742
risk opportunity 0.00089]  1122|supply chain 0,00058 || vworking hour 0.00092 205
corporate responsibility 0,00085 682|circular economy 0,00056 655|training course 0,00088 403
occupational safety 0,00083 426|society customer 0,00054 61|working environment 0,00081 145
business activity 0,00079 940|corporate governance 0,00053 2135|due diligence 0,00078 971
supply chain 0,00077-sustainabi]j1y society 0,00053 54{health safety 0,00076 1496
compliance risk 0.00076 273|environmental impact 0,00052 847|board management 0,00075 1424
product service 0,00075 926|customer service 0,00051 119|employee representative 0,00070 242
environmental management 0.00070 717|capital market 0,00050 342|woman management 0.00068 218
environmental protection 0.00069 1449|greenhouse gas 0,00049 1837|attractive employer 0.00068 102
compliance officer 0.00069 301|modernization measure 0,00046 75{total number 0.00065 195
environmental social 0.00064 1045|construction project 0,00046 89|female employee 0.00063 36
integrity compliance 0.00063 136|sustainable development 0,00046 969|vocational training 0.00062 68
sustainable development 0.00061 969|opportunity risk 0,00045 714|diversity equal 0.00062 160
global compact 0.00060 979|sustainable construction 0,00044 85|management position 0.00061 176
information security 0.00058 205|health safety 0,00043 1496|level management 0,00060 48
core business 0,00055 329|long term 0,00042 366|occupational safety 0,00059 426
environment society 0,00053 338|gas emission 0,00042 1132|business human 0,00058 271
climate risk 0,00053 323|renewable energy 0,00041 302|management level 0,00058 163
due diligence 0,00052 971|performance indicator 0,00041 515|reporting period 0,00057 844
sustainable finance 0,00051 285|steering committee 0,00040 193|working condition 0,00057 390
climate protection 0.00047 1505 sustainability environment 0,00040 85|management board 0.00056 326
By conducting a text mining supported quantitative content negatively connoted bigrams/keywords within CSR reports,

analysis on the occurrence frequency of positively and they identified shifts in regard of the CSR reports’ focus, and

77304 VOLUME 12, 2024



T. Contala et al.: Topic Trends in Sustainability Disclosure of German DAX 40 Companies

IEEE Access

TABLE 6. GRI 400 - Weight and word tount of topic 0-2 (all reports).

Topic: 0 Topic: 1 Topic: 2
. Word . Word . Word
Word Weights Word Weights Word Weights
Count Count Count
GRI 400s |real estate 0,00300 295|health safety 0,00574 co2 emission 0,00386 984
customer satisfaction 0,00161 306|occupational safety 0,00384 813|raw material 0,00373 1672]
Number of |society customer 0,00119 92 occupational health 0,00355 1005 co: emission 0,00344 331
bigrams: development project 0,00115 139 health management 0,00201 390/ commercial vehicle 0,00330 173
9858 capital market 0,00112 340/ management system 0.00 141-passenger car 0,00324 153
residential environment 0,00110 110|sustainable development 0,00123 929 life cycle 0,00306 428
sustainable development 0,00108 929|aero engine 0,00095 390)|light commercial 0,00226 81
climate change 0,00103 1148 development goal 0,00087 479/ greenhouse gas 0,00198 882
residential real 0,00085 44|comporate citizenship 0,00086 370|car light 0,00196 79
business model 0,00084 932|safety management 0,00079 294|environmental impact 0,00192 536
urban development 0,00083 65|employee retention 0,00077 161 electric vehicle 0,00177 226
customer service 0,00080 142|zero harm 0,00077 107|carbon emission 0,00176 523
living space 0,00075 61|decent work 0,00076 176|environmental protection 0,00161 1269
corporate governance 0,00074 work econoimic 0,00075 129\ fuel consumption 0,00147 282
construction project 0,00073 56|employee health 0,00074 168|climate protection 0,00145 955
see chapter 0,00071 306/social responsibility 0.00072 611|per vehicle 0.00138 113
neighborhood development 0,00071 51 per employee 0,00069 332|gas emission 0,00135 597
action area 0,00069 195|working environment 0,00067 396|vehicle fleet 0,00122 120
esg rating 0,00066 107 health well-being 0,00066 150/ environmentally friendly 0,00121 264
long temm 0,00064 451 | economic growth 0,00063 226|renewable source 0,00119 204
residential unit 0,00063 37|sustainability strategy 0,00063 895|entire life 0,00111 123
green bond 0,00063 105|engine sustainability 0,00061 196|water consumption 0,00110 213
sustainability sustainability 0,00062 138|work council 0,00060 655 production site 0,00109 584
affordable housing 0,00061 55| hour worked 0,00059 132|use phase 0,00105 96|
estate company 0,00060 24|sdg decent 0,00056 94|per cent 0,00103 1001
contribution urban 0,00059 42|safety health 0,00054 230|green electricity 0,00102 151
mobility concept 0,00057 92| offer employee 0,00054 285|carbon footprint 0,00097 253
housing industry 0,00056 29|responsible consumption 0.00054 94/supply chain 0.00096-
sustainability sustainable 0,00055 162|safety employee 0,00054 175|value chain 0,00081 1180
home customer 0,00054 31technical service 0,00054 103|power plant 0,00081 695
residential property 0,00054 38|production site 0,00052 584 figure fuel 0.00079 128
parking space 0,00052 56|consumption production 0,00050 149 natwral gas 0,00078 152]
increasingly important 0,00051 124|working hour 0,00050 458|cycle assessment 0,00077 91
modernization work 0,00050 34 risk assessment 0,00049 813|environmental management 0,00074 588
society contribution 0,00049 36/industry innovation 0,00049 86|resource efficiency 0,00073 162]
TABLE 7. GRI 200 - Weight and word tount of topic 0 (2017-2021).
2017 2018 2019 2020 2021
Number of bigrams: 2128 Number of bigrams: 2519 Number of bigrams: 2756 Number of bigrams: 3212 [Number of bigrams: 3969
Word Weights 20':]‘:‘ Word Weights 20“1::‘ Word Weights gﬂ‘::‘ Word Word Weights ‘C’Vo"u‘:‘
Topic: 0 [human right 0.003100 658 raw material 0.001287 417|per cent 0.003069| executive board 0.001857| 1491
code conduct 0.001265| 283 human right 0.000943_682|supply chain 0.000890 0.001265|_ 1303
risk 0.001249 369| financial 0.000875-c1imte protection 0.000698| 0.000931 599
[work council 0.001076 127 interest rate 0.000874 290|environmental portfolio 0.000557| 984
comumer cial vehicle 0.000989] 55| exccutive board 0.000814] 977 human right 0.000517 0.001214
hnical service 0,000063 48[ supply chain 0,000768| _ 512[greenhouse gas 0,000503 [board executive 0.001075 |1
@\lﬂglz chain 0.000863 468 per cent 0.000657 655 cnyglczec engagement 0.000501 132|executive director 0.000977| 364|financial statement
internal control 0.000839] _ 170[board 0.000655] _ 716|corporate governance 0.000500] 1 896]cnvi Iportfolio | 0.000974] 134 system 762
[business partner 0,000761]  173[consolidated financial 0,000590 sport car 0,000462]  101|supply chain 0,000888]  903|due diligence 0000630[ 373
control system 0.000734 53] sI_Ipsﬂ'iml board 0.000589 vehicle delivered 0.000430] 29|board. management 0.000779 878|united state. 0.000614| 454
fair value 0.000676] 450 constant currency 0.000524] __130[carbon dioxide 0.000422] __59]corporate governance 0.000730]__ 976|corporate governance 0000580 791
risk opportunity 0.000675 138| eurex clearing 0.000512 152]i 3¢ per 0.000414| 27|co2 emission 0.000581 43 i I social 0.000541 310
management system 0.000645 425|united state 0.000508 323|co2 emission 0.000408| 311|target achievement 0.000577| 222|health safety 0.000533 557
risk 0.000621] 119 fair value 0.000487]__615[board 0.000405] __ 553|per cent 0.000523] __513|climate risk 0000514 244
ployee rep 0.000601 84| key figure 0.000469 201|carbon emission 0.000397| 172|member board 0.000519 257|sustainable finance 0.000486 250
strategic objective 0.000598 33] system 0.000399 482|raw material 0.000388| 533|greenhouse gas 0.000517| 441|climate change 0.000470| 598
highest governance 0000588 42|bérse annual 0.000387| 363/ health safety 0.000378|__400|performance bonus 0.000488] 1 ive board 0.000441{ 11648
sustainability requirement | 0,000535 30]executive supervisory 0,000385]  365|consolidated financial o,ooozssthman right 0.000461] 1253|net revenue 0000438 190
[natural gas 0.000527 68| billion billion 0.000385 115|special item 0.000361 171|per share 0.000446 175|code conduct 0.000437| 4“7
listleblover system 0.000517] 21/ annual exceutive 0.000384] _353[climate change 0.000358] _ 278|carbon dioxide 0.000429 i I 0.000416] 298

also whether CSR reports were being (mis)used as marketing
instruments. Chang and Cheng [36] applied text mining as
a tool to explore annual corporate sustainability reports in
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Taiwan to investigate the industrial context of enterprises
on corporate sustainability reporting and to identify the dif-
ferences in viewpoints in corporate sustainability reporting.
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FIGURE 5. Occurrence of top 10 bigrams represented in GRI Topics
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FIGURE 6. Absolute and relative development of number of bigrams per
GRI Topic and year.

Shahi et al. [31] analyzed a corpus of corporate sustainability
reports using a supervised learning based text mining soft-
ware to build a classifier and a feature selector, to investigate
the possibility of measuring the completeness of CSR
reports. By assessing them based on GRI content index,
they identified sections, which fulfill particular performance
indicators to figure out whether or not a CSR report complies
with the GRI guidelines. Te Liew et al. [37] used text mining
techniques to identify frequent use of sustainability-related
terms in sustainability reports in the four main sectors
of the process industry. These terms presumably reflect
the main concerns and emphasis of the reports and allow
insights in the most prominent sustainability topics and
sector-specific sustainability issues. Liu et al. [32] conducted
text-mining to determine the benchmark of environment
performance indicators defined in the GRI and advise an
example model for the petrochemical industry’s CSR reports
to gain valuable information on decision making and strategy
planning.

In the context of ESG reporting, LDA has also found
its first applications. Benites-Lazaro et al. [38] analyzed a
large amount of data from public corporate documents using
LDA to identify companies’ commitment to sustainability
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TABLE 8. Top 20 bigrams included in GRI 200 (2017-2021).

Bigrams All | 2017| 2018| 2019| 2020| 2021
consolidated financial 30 3 7 7 7 6
financial statement 30 3 7 6 7 7
human right 27 3 6 6 6 6
supervisory board 22 1 3 6 5 7
corporate governance 21 2 3 5 7 4
executive board 21 1 2 6 5 7
supply chain 21 3 2 5 5 6
combined management 16 0 5 4 3 4
environmental social 16 0 5 5 5 1
board management 15 1 1 2 5 6
management consolidated 15 0 5 6 1 3
management system 15 1 2 4 5 3
risk management 13 3 2 2 2 4
board member 12 1 1 3 2 5
per cent 12 0 3 1 4 4
additional information 11 0 0 5 3 3
economic environmental 11 0 5 5 1 0
raw material 11 1 3 4 1 2
fair value 10 2 4 1 2 1
health safety 10 0 1 2 3 4
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FIGURE 7. Occurrence of top 10 bigrams represented in GRI 200
(2017-2021).
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FIGURE 8. Occurrence of top 10 bigrams represented in GRI 300
(2017-2021).

and business-led governance by identifying main themes
that demonstrate the rule-setting power of the sugarcane
ethanol industry. Goloshchapova et al. [14] performed topic
modeling using text mining and LDA analysis on CSR
reports for all constituent firms of the major stock market
indices of 15 countries included in MSCI Europe. Their
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TABLE 9. GRI 300 - Weight and word tount of topic 0 (2017-2021).

2017 2018 2019 2020 2021
Number of bigrams: 1450 Number of bigrams: 1519 Number of bigrams: 1845 Number of bigrams: 2017 [Number of bigrams: 2475
) . |word [ L [Word | L [Word | . Wod | .
Word Weights | " (Word Weights | | Word Weights | > |Word Weights |, [Word Weights
Topic: 0 as: 000115 1 approach 0,00249 353{:;«; flow 0,00097|  248/buman right bhuman right 0,00434
raw material 0.00107| material topic 0.00134 1 financial 0.00096 fin ancial statement supply chain 0.00174]
co2 emission 0,00090 lu ati 0,00120 ISO‘Iair value 0,00093 ed financial financial statement 0,00149
supply chain 0.00079) 1 material 0,00118 130|r aw mat erial 0,00092, approach lidated finan cial 0,00118|
per cent 000074] __139|supply chain 0,00095 financial statem ent 0.00081 supply chain code conduct 0.00118] 337
i partfolio 000067 85[power plant 000086 system 0,00081]  468|corporate govemance 0.00103] 591|supervisory board 0,00079)
system 0.00066 334 human right 0.00078 interest rate 0.00074] 155|health safety 0.00096 21| due diligence 0.00076
limited assurance 0.00062| 156|raw material 0.00076 supply chain 0.00066 mbined 0.00090 368|executive board 0.00075 730|
climate change 0. 00055‘ 184|topic boundary 0.00060 84|foreign currency 0.00062| 87|value chain 0.00078 system 0.00073 567|
co2 emission 000054 111|approach 0.00059 ﬁl‘chmate protection 0.00061 386{code conduct 0.00076 28d]raw material 0.00072] 804
human right 0.00053} approach evaluation 0.00059 64 | 0.00056 S18|material topic 0.00074 162|board 0.00071 518
risk 0,00052| 209{boundary 0,00058 59| employee 0.00053 103|global compact 0,00072 207|corporate governance 0,00069 445|
b as 0,00052] 256|health safety 0,00054]  212|value chain 0,00051 0 system 0,00066] 477]risk: 0,00063] 443
fuel 0.00049| 123 |financial statement 0,00052 carbon emission 0.00050 17 as U,UUUSE‘ 477|value chain 0.00063| 461
value chain 0.00047| 180|interest rate 0.00050 0.00050) 229|raw material 0,00059‘ 682 approach 000058 366)|
i 0.00045| 160 financial 0.00046 health safety 0.00046 279 ori content 0.00058 178|climate protection 0.00052 364
code conduct 0.00042] 223 |fair value 000043 human right 0,00046) co2 emission 000055 481|circular economy 0,00052 265|
quality control 0.00041] evaluation 0.00042 47| business activity 0.00044 0.00053 204]business human 0.00052] 77|
i protection 0.00040, 235|climate change 0.00041 protection 0.00044] al social 0.00052 270]global compact 0.00047] 177
envi impact 0.00037| 131|special item 0.00038| 9. social 0.00043 information 0.00052 155|business partner 0.00047] 204
executive director 0,00035 129|analysis 0,00038 31|property plant 0,00043 100|gri standard 0,00049 106|health safety 0,00045 375|
carbon dioxide 0.00035| 58|data protection 0.00037 1 I as 0,00043| 323|envi al protection 0.00047 Z#mmbined 0,00040) 425
health safety 0,00035 2&71 ible development 0,00037 175|c ode conduct 0.00041 233|see page 0,00047 175|climate change 0,00040] 517|
metric ton 000034 14 overnance 0.00036 4@‘ approach 0,00041 ive board 000045 59| envi protection 0,00038| 301
business activity 000034 li?‘damale protection 0.00036 2 information 0.00039] 188|statement 0.00045 llﬂlswal enterprise 0.00038] 23|
corporate. ibili 000034 162 |environmental protection 0.00036 ZSﬂpowa plant 0,00037| 188 0.00045 it information 0.00037 336|
risk opportunity 0.00034 113|gri standard 0.00033 131|board 0.00037] 261 corporate 0.00045 11_9| consolidated 0.00037] 346|
climate protection 0,00033| 1 IS‘fuel 0,00033 135|exchange rate 0,00037| 72|metric ton 0.00044 229 y strategy 0,00037, 321
executive board 0.00032| @‘cm’pora{e 0.00030 18 ent 0.00036 197| 0.00043 53| sustainable dev clopment 0.00037] ZUU‘
as emission 0,00032] 153 |env | impact 0.00030 128|plant equipment 0.00036 89|board 0,00043 0| climate risk 0,00036| 182‘
product service 0.00030, l7ﬂr:02 emission 0.00029 360 profit loss 0.00036 64|gri 0.00043 108|data protection 0.00034| 188§|
product safety 0.00029| 84 l health 0.00029 88|target measure 0.00035 56|business activity 0.00042 207|united nation 0.00033 128|
sport car 0.00029) 49 |ebit special 0,00029 0| ic environmental 0,00034 170|research devel 0,00041 177|heatth innovation 0,00033| 64
materiality analysis 0.00029 118 |research development 0,00028 170| c 02 emission 0.00033 247|climate change 0.00041 | 0.00031 125‘
envi 0.00027] lZQ‘de» clopment goal 0.00027 87|air quality 0,00033| 105|due diligence 0.00040 262 as 000031 465{
north america 0.00027| 19/oil gas 0.00027 297| gas emission 0.00033] 19 business 0.00040 118] social 0.00031 206]
TABLE 10. Top 20 bigrams included in GRI 300 (2017-2021). is
6
Bigrams All | 2017| 2018| 2019| 2020| 2021 M
supply chain 37 8 8 8 5 8 .
raw material 35 8 8 8 3 8
: : 0
consolidated financial 33 7 8 8 2 8
financial statement 31 5 8 8 2 8 £
management system 31 8 6 8 2 7 %6
human right 30 8 7 8 3 4 .\
environmental protection 26 7 7 8 1 3
corporate governance 24 4 8 8 1 3 '
— )
€02 emission 23 |8 7 4 1 3 g mepiycs  homige  omled ool mpevoybodbomd | ansehond | mpee | bathntey
greenhouse gas 23 5 4 7 1 6 s ) )
value chain 73 3 5 6 o) g w2017 w2018 w219 %2020 <201
executive board 21 5 4 4 2 6 . .
- - FIGURE 9. Occurrence of top 10 bigrams represented in GRI 400
climate protection 20 2 5 8 0 5 (2017-2021)
health safety 20 6 4 5 1 4
supervisory board 19 3 6 4 1 5
risk management 18 4 4 6 0 4
climate change 17 5 1 2 1 8 . d th th CSR d
“ode conduct 7 T%6 Y ——— 1 ) topics and thus the most common concerns an
board management 16 0 5 5 1 5 practices.
management approach 15 4 3 4 1 3

goal was to identify common topics reported and sector
bias with industrial firms and consumer discretionary and
consumer staples. Nakagawa et al. [33] analyzed non-
financial information in integrated reports by using NLP,
LDA and Word2Vec to identify the differences between good
and less good integrated reports. Niveditha et al. [39] applied
NLP as a technique towards CSR research. By combining
LDA to identify the topics of primary focus in the reports
and a classifier for labeling the text data, they created a
supervised machine learning model and applied it on annual
reports of various Indian companies to extract dominant
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B. MOTIVATION AND LITERATURE GAP

From an economic point of view, the analysis of unstruc-
tured textual sections of financial disclosure using text
mining applications such as LDA has evident benefits.
Financial analysts can extend conventional methods based
on numerical information for analyzing the performance
of the organization by analyzing textual data in annual
reports, which was inaccessible information for a huge
number of novice investors [23]. With blurring lines between
financial and non-financial disclosure, stricter GRI reporting
guidelines and dependencies between CSR performance,
CSR reporting and business performance, the textual anal-
ysis of sustainability reports attracting more and more
attention.
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TABLE 11. GRI 400 - Weight and word tount of topic 0 (2017-2021).

2017 2018 2019 2020 2021

Number of bigrams: 1519 Number of bigrams: 1675 [Number of bigrams: 1878 Number of bigrams: 2077 Number of bigrams: 2417

Word Word Weights 2:“': ([wora Weights Word W eights 20‘:": (| Word Weights 20‘::(
Topic: 0 executive board human right 0.00485 670 supervisory board 0.00237| combined non-financial 0.00431 56|supervisory board 0.00928]

supervisory board supply chain 0.00210 467|human right 000116 assur: 0.00397] 106/ executive board 0.00570] 1093
climate change 0.00072] 157 |united state 0.00108 178|supply chain 000110, 638|limited assurance 0.00209| 75|board memb er 0.00280 436
corporate governance 0:00060| 277|fair value 0.00095 & 0.00109| 648|quality control 0.00142] 17| financial statement 0.00210] 1079
board member 0.00060] 27| fnancial statement 000093 | I0808| member supervisory 000103 156lassurance proced 0.00121] _27|consolidated financial 0.00136] 716
power plant 0.00059| 169| ed financial 0.00087| 5 i financial 0.00099, 679\ highest governance 0.00118 24|board 0.00125 8352
lidated financial 0.00058] 344 |raw material 0.00069| 287|raw material 0.00067| 329|governance body 0.00118| 42|member supervisory 0.00122] 202
corporate bl 0.00037|__167|code conduct 0,0003§] board 000059 400]reporting period 0.00116] _141]general meetin 0.00104] 170
raw material 0.00055] 282|per cent 0.00056 324|financial statement 0.00057| 603|financial statement 0.00113 1020 annual general 0.00104] 170
climate protection 0.00050] 83 |cash flow 0.00052] 223|code conduct 0.00057| 206|envi social 0.00102] 29| ber executive 0.00091 204
code conduct 0.00046] 277{stobal compact 000052 198|member board 0.00033]_170/stakeholder ooote2] 1 financial 0.00090] 267
supply chain 0.00045] 427|due diligence 0.00051 110]defined benefit 0.00052] 145| combined 0.00102] 5|raw material 0.00079 385
financial statement 0,00041 281 system 0,00050 377|execuh\'eboard 0,00051] 72 lidate d financial 0,00101 773| member board 0,00078] 223
product service 0.00040] 156|respect human 0.00049| 49|board since 0.00050| 48|economic 0.00094| 193|audit committee 0.00074] 149
member executive 0.00037] 111|working condition 0.00048| 95|board director 0.00046| }T‘ erman 0.00091 0.00069| 615
system 0.00035] 340|guiding principle 0.00047] Gﬂ lidated 0.00046| | reporting 0.00089| 44|product service 0.00063] 257
united state 0.00033] _112|corporate governance 00004553 system 000043 Sﬁ{cdlatﬁ\e bargaiin 0.00086] __ 93|board supervisory 000059 132
i social 0.00034] 127 |business partner 0.00039 190|ebit special 0.00044) 40|gri content 0.00085| 0.00058 188
human right 0.00033 action plan 0.00037| 63|special item 0.00044) 66|bar gaining agreement 0.00082] 38|additional 0.00058 35
house gas 0.00032| _139[united naticn 000037 _116|sharehold 000044 fal topic 0,00082| 113 information aznual 0.00037] 185
value chain 0,00030| 155|value chain 0.00037| 162]child labor 0.00041] 77|internal control 0.00080] 10: 0.00057] 142
financial reporting T4|respect system 0.00037] 22|pension plan 0.00040, 10: te non-financial 0.00080] 17|financial review 0.00057] 149
around world 123]sight respect 000037 24|health safety 0,00040]_408]stakeholder group 0.00080] __44|sharehold ive 00003788
annual 164|supervisory board 0.00037] L 0.00039 312|content indes 0.00079] 39|review consolidated 14
pension plan 80|environmental social 0.00036 237|environmental protection 0.00037| 0.00079| 57|share -based payment 62
internal control human 000036 40]stobal compact 000035 202|sustainability strategy 0,007 193|perfommance boms 8
vocational trainin; 63|oil gas 0.00035 :@'resem’ch development 0.00032) 191|legal representative 0.00076 13|statement additional 150
share-based payment X 5 development 0,00032] 181|cash equivalent 0,00032) 73|material misstatement 0,00075 1 158
0.00025 118|health safety 0.00032 Zgﬁﬂdﬁticmal information 0.00030| 227|data capture 0.00074] 11|borse annual 177
business activity 0.000: 131 |combined 0.00032 248|risk 0.00030, 348|r 0.00073 consalidated 0.00054] 305
social responsibility 0.00025] 90|business model 0.00032] 179]united nation 0.00030, 160|social topic 0.00072] system 0.00053 598
risk 0,00025| 24 corporate citizenship 0.00032] 76| sistainable finance 000030 93/audit firm 0.00072] __13|statement note 0.00032 256
health safety 0.00023 311 0.00031 97|cash cash 0.00030, GEFISC 0.00071 11 utive supervisory 0.00051 17?1
see page 0.00023] 91 |corporate bl 0.00031 241)risk a sment 0.00030, 18 ial employee 0.00071 18|per cent 0.00051 2&‘
human resource 0.00023]_ 108]financial tiabitity 000031 76]cost capital 000025 35]stakeholder dlalo 0.00071]_10|middle east o00049] st

TABLE 12. Top 20 bigrams included in GRI 400 (2017-2021). TABLE 14. Comparison keywords with modeled topics (partial match).

Bigrams All | 2017| 2018| 2019| 2020| 2021 Partial match

management system 65 15 14 15 9 12 GRI 300

supply chain 63 15 11 16 8 13 co2 emission
human right 61 15 12 15 7 12 consumption
consolidated financial 61 14 16 15 4 12 material raw

financial statement 58 9 16 15 5 13 topic
supervisory board 51 14 14 11 5 7 electricity green

board management 51 5 13 13 10 10 GRI 400

executive board 49 14 14 13 2 6 health safety
corporate governance 49 8 14 15 5 7 occupational
health safety 45 10 8 14 3 10 diversity equity

code conduct 41 14 10 9 2 6 inclusion
risk management 37 10 5 10 5 7

raw material 34 8 8 8 1 9

environmental social 31 5 12 10 2 2 TABLE 15. Comparison keywords with modeled topics (synonymous
environmental protection 27 9 6 8 1 3 word combinations).

business partner 27 7 6 4 2 8

corporate responsibility 26 6 10 10 0 0 Synonymous word combinations

data protection 24 3 9 1 6 GRI 300

combined management 23 2 10 3 1 7 cod co2 emission
board member 22 7 6 5 1 3 oo emission

carbon emission
carbon dioxide
greenhouse gas

TABLE 13. Comparison keywords with modeled topics (full match). ghg emission

environment

GRI 200

GRI 300

GRI 400

environmental impact
environmental protection

climate change

fuel consumption

parental leave

water consumption
ghg emissions
supply chain

Corporate non-financial information has become more
important. Within the guidelines for CSR reporting the
content may vary due to sector or company specific
practices. Since it is difficult to manually read and compare
multiple reports consisting of hundreds of pages, the need to
read unstructured textual data efficiently and objectively is

77308

increasing [33]. Despite growing interest in ESG disclosure
and early promising research in this respective field as
introduced in subsection A. TEXTUAL ANALYSIS AND
ESG REPORTING, we noticed a lack of publications keeping
up with both the evolving practices and guidelines for
ESG disclosure as well as the state-of-the-art text mining
and textual analysis techniques. Our search strategy was
structured as follows. To search specifically for literature
on the topic of sustainability reporting, the databases
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Science Direct, Web of Science, IEEE-Xplore and Jstor were
examined. These databases were searched for literature using

9 <6

the search strings ““csr” AND “‘text mining”’, ‘“‘sustainability
reporting” AND ““text mining”’, “csr’”” AND ‘““machine learn-
ing”, ‘“sustainability reporting” AND “machine learning”,
(“non” AND *““financial reporting”’) AND “‘text mining”,
and (“non” AND “financial reporting”) AND “machine
learning”. The results of the literature search are presented
in Table 2.

Based on this literature research, it appears that little
literature is available in the area of sustainability report-
ing, and its analysis using text mining techniques, which
consequently highlights the literature gap in this topic. While
topic modeling is a well-established technique for textual
data analysis, the application of topic modeling to ESG
reports is a relatively new area of research. There are only
very limited scientific publications that have used topic
modeling approach to extract topics from ESG reports and
compare them to GRI reporting requirements. Regarding
CSR reports of German DAX40 companies from 2017 till
2021, we built a unique corpus of up-to-date ESG disclosure,
which include changes in GRI guidelines as well as the
listing of respective companies. By applying LDA Topic
Modelling algorithm, building on existing promising research
on CSR disclosure while addressing the lack of up-to-
date publications combining recent data and state-of-the-art
machine learning algorithms.

IV. METHODOLOGY

The following subsections contain a detailed description of
our research approach and the methodology used to apply a
textual analysis.

A. DATA COLLECTION AND TEXTUAL ANALYSIS
PROCEDURE

The sustainability reports of the DAX 40 companies in the
period from 2017 to 2021 serve as the data basis for the
following analysis. An overview of the DAX 40 companies
with a year of admission to the DAX is provided in
Table 16 in the appendix. The period was chosen from 2017,
as the reporting obligation for large capital market-oriented
companies came into force from this year. The law stipulates
that the companies either add their reports to the management
report or publish them on their website. The reports are
thus publicly accessible and can be downloaded from the
companies’ websites. Only a few reports have been published
for the reporting year 2022. An overview of the reports
used with sources is shown in Tables 17 to 20 in the
appendix.

Our aim is to analyze the subtopics included in corporate
reports targeting predefined GRI Topics. Figure 2 visualizes
our approach as follows:

First we collect textual data in form of CSR reports of
German corporations.
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TABLE 16. Overview of companies included in DAX 40 [49].

company/group year of
recording
Adidas 1998
Airbus 2021
Allianz 1988
BASF 1988
Bayer 1988
Beiersdorf 2022
BMW 1988
Brenntag 2021
Continental 2012
Covestro 2018
Daimler Truck 2022
Deutsche Bank 1988
Deutsche Borse 2002
Deutsche Post 2001
Deutsche Telekom 1996
E.ON 2000
Fresenius 2009
Fresinus Medical Care 1999
Hannover Riick 2022
HeidelbergCement 2010
Henkel vz. 1988
Infineon 2009
Linde 1988
Mercedes-Benz Gruppe (Daimler) 1998
Merck 2007
MTU Aero Engines 2019
Miincher Riickversicherungs-Gesellschaft 1996
Porsche AG 2022
Porsche SE 2021
QIAGEN 2021
RWE 1988
SAP 1995
Sartorius vz. 2021
Siemens 1988
Siemens Energy 2022
Siemens Heathineers 2021
Symrise 2021
Volkswagen 1988
Vonovia 2015
Zalando 2021

Second the textual data we extract parts of the text related
to a specific GRI Topic (201-207, 301-308, and 401-418) and
accumulate them into individual data sets for every respective
year. The keywords used to segregate the text passages are
listed in Table 21. Those keywords were derived from the
GRI Topics and subtopics as depicted in Table 22 in the
appendix.

Third we pre-processed the text in several sequential
steps as described in subsection B. PRE-PROCESSING
and finally applied LDA Topic Modeling on the resulting
corpora. In doing so we want to identify patterns, con-
tent tendencies and new information within the disclosure
given by corporations on predefined GRI Topics. The
model identifies influential words by measuring their co-
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TABLE 17. Internet source of the sustainability report [Adidas-Covestro].

DAX company/group year Internet source of the sustainability report

Adidas

2017 https://report adidas-group.com/201 7/index html#25

2018 https://report.adidas-group.com/2018/#download center

2019 https:/report.adidas-group.com/2019/en/servicepages/downloads. html
2020 https://report adidas-group.com/2020/en/servicepages/downloads. html
2021 https://report.adidas-group.com/2020/en/servicepages/downloads. huml

Airbus

2017 not found
2018 not found
2019 not found
2020 not found
2021 https://www airbus com/en/sustainability ‘reporting-and-performance-data/our-approach-to-sustainability-reporting

Allianz

2017 https://www.allianz. com/en/press/news/ commitment/community/1 804 1 2-allianz-sustainability-report-2017 html
2018 not found

2019 not found

2020 not found

2021 https./www.allianz. com/en/sustainabilitv/publications/sustainabil itv-report. html

BASF

2017 https://report basf.com/2017/en/servicepages/downl oads. html
2018 https://report.basf.com/2018/en/servicepages/downl oads. himl

2019 https:/report.basf.com/201%/en/servicepages/downl oads. himl

2020 https://report basf.com/2020/en/servicepages/downl oads. html
2021 hitps://report.basf.com/202 1 /en/services/downloads html

Bayer

2017 not found
2018 https://www bayer.com/de/nachhaltigkeit'nachhaltigkeitsberichte
2019 https://www.bayer.com/de/nachhaltigkeit'nachhaltigk eitsberichte

2020 hitps:/'www.bayer.com/de/nachhaltigkeit'nachhaltigk eitsberichte
2021 https://www bayer com/de/nachhaltigkeit'nachhaltigkeitsberichte

Beiersdorf

2017 hitps://www.beiersdorf . com/sustainability/reporting/downl oads

2018 hitps./www.beiersdorf.com/sustainabilitv/reporting/downl oads
2019 https:/www beiersdorf com/sustainability/reporting/downl oads
2020 https://www.beiersdorf com/sustainabilitv/reporting/downl oads
2021 https./www.beiersdorf. com/sustainabilitv/reporting/downl oads

BMW

2017 https:/www bmwgroup_com/de/search html ?q=sustainable%:2 0value%2 Oreport
2018 https://www.bmwgroup.com/de/search html ?q=sustainable%s2 0value%2 Oreport
2019 https./www.bmweroup.com/de/search himl 7g=sustainable%:2 0value%2 Oreport
2020 not found

2021 https://www.bmwgroup.com/en/download-centre. html ?area=investor

Brenntag

2017 https://corporate.brenntag. com/en/sustainabilitv/downloads-and-contact
2018 https://corporate brenntag. com/en/sustainabilitv/downloads-and-contact
2019 https://corporate. brenntag. com/en/sustainabilitv/downloads-and-contact
2020 https://corporate.brenntag. com/en/sustainability/downloads-and-contact
2021 https://corporate brenntag. com/en/sustainabilitv/downloads-and-contact

Continental

2017 https:/www.continental .com/de/nachhaltiskeit/downl oads
2018 https.//www.continental.com/de/nachhaltigkeit/downloads
2019 https://www.continental.com/de/nachhaltigkeit’downl oads

2020 https:/www.continental .com/de/nachhaltiskeit/downl oads

2021 https./www.continental.com/de/nachhal igkeit/nachhaltige unternehmens fuehrung/nachhal tigkeitsberichte

Covestro

2017 https://www.covestro.com/de/investors/reports-and-presentations

2018 https://report.covestro.com/annualreport-2018/servicepages/downloads. html

2019 https://bericht covestro com/geschaefisberi cht-2019/serviceseiten/downloads html

2020 https://report.covestro.com/annual-report-2020/servicepages/downloads. html

2021 https://report.covestro.com/annual-report-2021/servicepages/downloads. html

occurrence [40]. By applying it on pre-selected text related
to a specific GRI Topic, the resulting clusters represent the
main subtopics within a main-topic and reveal interesting
insights in reporting practices and tendencies. In subsection
C. LATENT DIRICHLET ALLOCATION we provide a
brief introduction to LDA and describe our Topic Modeling
approach.

B. PRE-PROCESSING

This section describes the procedure of collecting the data and
all the pre-processing steps carried out, necessary for further
data analysis. Beginning with the handling of the downloaded
CSR reports to the point of applying text mining methods on
the prepared data set. In a first, manual step, we examined
the structure of the CSR reports. This provided an overview
of the technical requirements for further processing. We then
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saved the reports of the respective companies as a PDF file
in English language. To the best of our knowledge, there is
no uniform database available at the current time through
which sustainability reports are made available. Therefore,
the reports were downloaded from the respective homepage.
To be able to perform subsequent processing steps with the
Python programming language, the PDF files were converted
into txt-files. For this the Python package ‘“PyMuPDF” was
used, which filtered the PDF files according to their text
passages. To be able to analyze the content and the topics
included in the reports we conducted textual feature reduction
based on multiple raw pre-processing steps. These steps are
performed to detect, identify, and remove unwanted elements
in the data set [41].

Thus, the text contents of the reports were further filtered
by regular expressions in a second step. We removed
non-language elements, non-alphanumeric symbols, num-
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TABLE 18. Internet source of the sustainability report [Daimler Truck-HeidelbergCement].

DAX company/group

year

Internet source of the sustainability report

Daimler Truck

2017 not found

2018 https
2019 https:

www.daimlertruck.com/en/sustainability reportings
(fwww.daimlertruck.com/en/sustainabilitv/reportings

2020 https:/'www.daimlertruck com/en/sustainability/reportings

2021 https

www.daimlertruck.com/en/sustainability reportings

Deutsche Bank

2017 https:

www.db.com/what-we-do/responsibility/reports/reports ?language id=1

2018 https:

www.db com/what-we-do/responsibility reports/reports ?langnage id=2

2019 https
2020 https:

{www.db.comwhat-we-do/resp onsibility reports/reports Planguage id=3
www.db.com/what-we-do/responsibility/reports/reporis 2language id=4

2021 https:

www.db com/what-we-do/responsibilityreports/reports ?langnage id=5

Deutsche Borse

2017 https:/fwww.deutsche-boerse.com/dbg-en/investor-relations/financial-reports/annual-reports/archive
www.deutsche-boerse.com/dbg-en/investor-relati ons/financial reports/annual-reports/archive

2018 https:

2019 https

wwrw deutsche-hoerse com/dbg-en‘investor-relati ons/financial reports/annual-reports/archive

2020 https

2021 https:

{www.deutsche-boerse.com/dbg-eninvestor-relati ons/financial reports/annual-reports/archive
www.deutsche-boerse.com/dbg-definvestor-relations/finanzberichte/seschaeftsberichte/geschaeftsbericht-2021

Deutsche Post

2017 https

{www.dpdhl com/de/nachhaltigkeit/unser-ansatz/nachhal tigk eitsberichte html

2018 https
2019 https.

{www.dpdhl.com/de/nachhaltigkeitunser-ansatz/nachhal tigk eitsberichte html
www.dpdhl.com/de/nachhaltigkeit'unser-ansatz/nachhal tigk eitsb erichte.html

2020 https

{www.dpdhl com/de/nachhaltigkeit/unser-ansatz/nachhal tigk eitsberichte html

2021 hitps

www.dpdhl.com/de/nachhaltigkeitunser-ansatz/nachhal tigk eitsb erichte.html

Deutsche Telekom

2017 https:

‘www.cr-bericht. telekom.com/2021/download-center

2018 https:
2019 hitps

{www.cr-bericht telekom com/2021/dovwnload-center
‘www.cr-bericht. telekom.com/2021/download-center

2020 https:

‘www.cr-bericht. telekom.com/2021/download-center

2021 https:

{www.cr-bericht telekom com/2021/dovwnload-center

EON 2017 hitps:

‘www.eon.com/de/ueber-uns/nachhaltigkeit/nachhaltigkeitsb ericht. html

2018 https.

www.eon.com/de/ueber-uns/nachhaltigkeit/nachhaltigkertsb ericht. html

2019 https:/www_eon com/de/ueber-uns/nachhaltigk eit'nachhaltigk eitsbericht html
2020 https://www.eon com/de/ueber-uns/nachhaltigkeit/nachhaltigkeitsbericht . html

2021 hitps:
2017 not found
2018 not found
2019 https:
2020 https://annualreport.fresenius.com/2020/downloads/
2021 https://annualreport.fresenius.com/2021/downloads

Fresenius

www.eon.com/de/ueber-uns/nachhaltigkeit/nachhaltigkettsbericht. html

annualreport.fresenius.com/2019/downloads/

Fresinus Medical Care 2017 https:

www.freseniusmedicalcare.com/en/agm/archive

2018 hitps://www.freseniusmedicalcare.com/en/agm/archive
www.freseniusmedicalcare.com/en/agm/archive

2019 https:

2020 not found
2021 https:/www._freseniusmedicalcare. com/ en/sustai nability

Hamnover Riick 2017 not found
2018 not found
2019 not found

2020 https:

www.hannover-rueck.def/1766617/nachhaltigkeitsbericht-2020.pdf

2021 https:

wiww.hannover-re.com/171507/ csr-publications

HeidelbergCement 2017 https:

/www.heidelbergmaterials. com/en/sustainability-reports

2018 https:

\fwww.hei del bergmaterials. com/en/sustainability-reports

2019 https
2020 https:

www heidelbergmaterials. com/en/sustainability-reports
‘Iwww.heidelbergmaterials. com/en/sustainability-reports

2021 https:

\www.heidel bergmaterials. com/en/sustainability-reports

bers, dots, repeat space character, one letter words, letters
attached with special characters and converted the letters
into lower case. Because text cannot be processed by
computer programs in its raw form, text indexing is
carried out to convert the texts into a list of words.
This step is called Tokenization because it segments texts
into tokens by punctuation or white space marks [42].
Important was to keep words such as 02 and co2 included
in the text, for them being expected to have explanatory
content. For Tokenization the package ‘“‘tokenize” from
nltk was used. To obtain meaningful results, the text
was divided into bigrams. Thereby a list is generated
from the combinations of the predecessor and descendant
word.

The subsequent step of Stemming/Lemmatization is the
process of mapping each token to its root form, which is
usually applicable to nouns, verbs, and adjectives [42]. The
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implementation requires stemming rules, which are rules
for associating tokens with their own root form. Nouns for
example, are converted into their singular form or verbs given
in their third-person singular form need to have the postfix
“s” or “es” removed. For Stemming we used the Python
package “Snowballer” from nltk.

Also, we have conducted stopword removal as recom-
mended for long data sets [43]. Stopwords are words that are
unrelated to the content of the text and should be eliminated
to improve efficiency. Any words that are already on the
pre-defined list are eliminated. Words without relevance for
the content of the Text are for example prepositions, such
as “in,” “on,” and ‘““to”, conjunctions such as ‘“‘and,” ‘“‘or,”
“but,” and “however” or definite article ‘“‘the,” and the
indefinite articles, “a” and “an”. Apart from the list for
of stopwords for the English language we included months,
company names, various country names etc. To increase the
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TABLE 19. Internet source of the sustainability report [Henkel vz.-QIAGEN].

DAX company/group year Internet source of the sustainability report

Henkel vz.

2017 https://www henkel de/nachhaltigkeit/nachhaltigkeitsbericht
2018 https://www.henkel.de/nachhaltigkeit/nachhaltigkeitsbericht
2019 https:/www.henkel. de/nachhaltigk eit/nachhaltigkeitsbericht
2020 https://www henkel de/nachhaltigkeit/nachhaltigkeitsbericht
2021 https://www.henkel.de/nachhaltigk eit/nachhaltigkeitsbericht

Infineon

2017 hitps./www.infineon. com/cms/en/about-infineon/sustainabilitv/csr-reporting

2018 https:/www infineon com/cms/en/about-infineon/sustainability/csr-reporting/

2019 https://www.infineon com/cms/en/about-infineon/sustainabil ity/csr-reporting/
2020 hitps./www.infineon com/cms/en/about-infineon/sustainability/csr-reporting

2021 https:/www infineon com/cms/en/about-infineon/sustainability/csr-reporting/

Linde 2017 https://www.linde.com/sustainable-development/reporting-center
2018 https:/fwww.linde.com/sustainable-development/reporting-center

2019 hitps://www.linde.com/sustainable-development/reporting-center

2020 https://www.linde.com/sustainable-development/reporting-center

2021 https./www.linde.com/sustainable-development

Mercedes-Benz Gruppe

2017 https://group mercedes-benz com/sustainability/archive-sustainability-reports html

(Daimler) 2018 https://group mercedes-benz com/sustainability/archive-sustainability-reports. html
2019 https://sustainabilitvreport.daimler.com/2019/servicepages/downloads .html
2020 https://sustainabilityreport daimler com/2020/servicepages/downloads html
2021 hitps://sustainabilityreport. mercedes-benz_com/2021/servicepages/downlo ads .html
Merck 2017 https://merck. online-report.ew2017/ cr-report/servicepages/downloads html

2018 https://www.merckgroup.com/en/cr-report/2018/servicepages/downloads html
2019 hitps://www.merckgroup.com/en/cr-report/2019/servicepages/downloads.html

2020 hitps./www.merckeroup. com/en/sustainabilitv-report/2020/servicepages/downl oads. html

2021 https:/www.merckgroup com/en/sustainability-report/202 1 /services/downloads html

MTU Aero Engines 2017 hitps://sustainability. mtu.de/en/downl oads.
2018 https://sustainability.mtu.de/en/downl oads,
2019 https://sustainability mtu de/en/downl oads/
2020 https://sustainabilitv.mtu.de/en/downl oads/

2021 https://sustainability.mtu.de/en/downl oads,

Mincher
Riickversicherungs-
G esellschaft

2017 https:/www.munichre com/en/company/sustainabilitv/download-center html

2018 https:/www.munichre.com/en/company/sustainabilitv/downlo ad-center.html
2019 https./www.mumichre.com/en/companv/sustainabilitv/download-center html

2020 https:/www.munichre com/en/company/sustainability/download-center html

2021 https://www.muni chre_com/de/unternehmen/sustainability. html

Porsche AG

2017 hitps://newsroom.porsche.com/de/unternehmen/porsche-ges chaefis-und-nachhaltigkertsberi chi-202 1 /download -cent er.html

2018 https:/newsroom.porsche com/de/unternehmen/porsche-geschaefis-und-nachhaltigkeitsbericht-202 1 /download center html
2019 https:/newsroom.porsche com/deunternehmen/porsche-geschaefis-und-nachhaltigkeitsbericht-202 1 /download -center. html
2020 hitps://newsroom.porsche.com/de/unternehmen/porsche-geschaefis-und-nachhaltigkertsberi chi-202 1 /download -cent er-html

2021 https://newsroom.porsche com/de/unternehmen/porsche-geschaefis-und-nachhaltigkeitsbericht-202 1 /download center html

Porsche SE 2017 not found

2018 not found

2019 https://www_porsche-se.com/en‘company/ corporate-governance
2020 https://www.porsche-se.com/en/company/corporate-governance
2021 https./www.porsche-se.com/en/company/corporate-governance

QIAGEN 2017 not found
2018 not found
2019 not found
2020 not found

2021 not found

result, the stemming step was also applied to the stopword list.
Countries with precarious labor conditions or environmental
issues are not removed because they could be essential
for understanding some topics. In an iterative process
common but non-recognizable letters and words are also
removed.

In a final step, to align the topics with the GRI standards,
the existing text corpus was filtered on the basis of the
existing GRI subtopics and divided into three parts. For each
of the GRI Topics 200, 300 and 400, a separate text corpus
was created to which the LDA model was applied. Therefore,
the sustainability reports were filtered based on the GRI
Topics. Thus, only those text passages were included in the
corpus that could be related to the respective GRI standard.
This procedure served as a basis for comparing the identified
topics with the standard. In a further step, this procedure
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was additionally applied on an annual basis to enable the
development over time.

C. LATENT DIRICHLET ALLOCATION

In this section, we provide a brief introduction to LDA
and describe our Topic Modeling approach, with which
we want to gain insights on main keywords and clusters
within the analyzed CSR reports. Generally, text represents
unstructured data which consists of strings that are called
words. Text mining can be defined as the process of distilling
actionable insights from text [44]. Topic Modeling is ideal
for organizing, summarizing, and understanding vast amount
of textual data by providing a probabilistic framework.
Topic Modeling captures the latent semantic structure of a
document collection. This is accomplished by expressing
documents as distributions over a topic and topic rankings
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TABLE 20. Internet source of the sustainability report [RWE-Zalando].

DAX company/group year

Internet source of the sustainability report

RWE

2017 https:

Y www rwe com/en/responsibility-and -sustainability/cr-report-archive/

2018 https
2019 https:

{www.rwe.com/en/responsi bility-and-sustainabil ity /cr-report-archive/
Jwww.rwe.com/en/responsibilitv-and-sustainabilitv/cr-report-archive/

2020 https:

Y www rwe com/en/responsibility-and -sustainability/cr-report-archive/

2021 https

{www.rwe.com/en/responsi bility-and-sustainabil ity /cr-report-archive/

SAP

2017 https:

‘www.sap. com/investors/en/reports hitml?s ort=latest desc&tab=reports&tag=investor-rel ations:financial-reports/integrated-report

2018 https:

2019 https
2020 https:

‘www.sap. com/integrated-rep orts/2020/en html

2021 https:

{/www sap com/integrated-reports/2021/en html

{www.sap. com/investors/en/reports html?sort=latest desc&tab=reports&tag=investor-rel ations-financial-reports/integrated-report
{www.sap. com/integrated-rep orts/2019/en/environmental-performance. html

Sartorius vz.

2017 not found
2018 not found
2019 not found
2020 https:/fwww.sartorius.com/download/722398/sag-gri-bericht-2020-data.pdf

2021 https:

www.sartorius.com/download/1273406/sag-gri-bericht-de-2021-pdf-data.pdf

Siemens

2017 https:/
2018 https:/

‘new siemens.com/global/en/company/sustainability/sustainability-figures. html
/new.siemens. com/global/en/company/sustainability/sustainability-figures html

2019 https://new.siemens. com/global/en/company/sustainability/sustainability-figures. html

2020 https:/

/new siemens. com/global/en/company/sustainability/sustainability-figures html

2021 not found

Siemens Energy

2017 not found
2018 not found
2019 not found
2020 https.//www.siemens-energy.com/global/en/company/ sustainabili tv.html ?gclid=F ATalQob ChMIxZuj-Pj - ATVxeN3Ch0 veJTEAAYAIAAFeIw3fD BwE

2021 https:/www_siemens-energy com/'global/en/company/ sustainability html ?gclid=EATalQobChMIxZuj-Fj- ATVxeN3ICh0 vgJTEAAYAIAAFeIw3fD BwE

Siemens Heathineers

2017 not found
2018 not found
2019 not found
2020 not found

2021 https.

www.siemens-heal thineers. com/dew/investorrel ations/presentations-financial -publicati ons

Symrise

2017 https:
2018 https:

{www symrise com/sustainabilitv/reports-polici es-stand ards-audits‘#our-corporate-reports
{www_svmrise.com/sustainability/reports-polici es-stand ards-audits‘#our-corporate-reports

2019 https.

www.symrise.com/sustainabilitv/reports-polici es-stand ards-audits ‘#our-corpomate-reporis

2020 https:
2021 https:

{www symrise com/sustainability reports-polici es-stand ards-audits/Zour-corporate-reports
{www_svmrise.com/sustainability/reports-polici es-stand ards-audits‘#our-corporate-reports

Volkswagen

2017 https:

www.volkswagenag.com/en/sustainability/reporting-and-esg-performance/sustainability-rep ort. html

2018 https:
2019 https
2020 https.

(fwww.velkswagenag. com/en/sustainability/reporting-and-esg-performance/sustainability-r

Jwww.volkswagenag com/en/sustainability/reporting-and-esg-performance/sustainability-report. html

ort. html
www.volkswagenag.com/en/sustainability/reporting-and-esg-performance/sustainability-rep ort. html

2021 https:

Jwww.volkswagenag com/en/sustainability/reporting-and-esg-performance/sustainability-report. html

Vonovia

2017 https:

{/investoren.vonovia.de/en‘news-and-publications/reports-publi cations

2018 https.

reports.vonovia.de/201 8/sustainability-rep ort/ servicepages/downloads html?lp campaign=downloads

2019 https:/reports. vonovia.de/2019/sustainability-report/ services/downl oads. html
2020 https:/reports. vonovia.de/2020/sust ainability-rep ort/services/downl oads. html
2021 https:/report.vonovia.de/202 1/nachhaltigkeitsbericht/en/downl oads

Zalando 2017 not found
2018 not found
2019 not found
2020 not found
2021 not found

of words based on their relevance to themes. Hereby variable
relations between words and their occurrence in the data set
are extracted as topics [45]. LDA is a three-stage Bayesian
model first described by Blei et al. [46]. It is used to
differentiate groups of words as topics within textual data.
Each topic is thus modeled as an infinite mixture over a
collection of topic probabilities. The topic probabilities give
an explicit representation of a document in the context of text
modeling [40].

To gain a better understanding of LDA, it is important to
clarify the terms word, document, and corpus. According to
Blei et al. [46], a word is the fundamental unit of discrete
data and an element of a vocabulary indexed by {1, ..., V}.
A sequence of N words is adding up to a document W and is
definedas W = (wy, wa, ..., wy), with wy, as the nth word of
the sequence [46]. Multiple documents form a corpus D and
are defined by D = {Wy, W, ..., Wy} [46]. The variable
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o represents a Dirichlet prior weight of topic by document
and Z the assignment of a word to a given topic. According
to the structure as depicted in Figure 3, documents contain a
random mixture of topics characterized by the distribution of
words [40], [46].

The variable 6 describes the extent to which a topic is
represented in a document. Therefore, each document has a
probability of belonging to each topic [40]. The variable
represents Dirichlet distribution. A high value for 7 indicates
that the topics are likely to cover most of the words, lower
value implies that the topics contain a fewer number of
words. The parameters o and g are corpus level parameters,
assumed to be sampled once in the process of generating
the corpus [46]. The Python package ‘“models.lJdamodel”
from gensim was selected for the application of the LDA
model to the sustainability reports. The number of topics to
be modelled was selected based on the topics prescribed in
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TABLE 21. Keywords derived from each topic.

surface water
water discharge

biodiversity
habitat areas
species
emissions ghg
co2

energy indirect
ghg emissions
ozone

nitrogen oxides
oxides

recycling waste
reuse waste
landfilling
incineration
suppliers
environment
supply chain
suppliers impac

200 300 400
economic value materials employee hires
operating costs non-renewable materials employee full-time
employee wage renewable materials employee part-time
employee benefits recycled materials employee benefits
payments government materials inputs parental leave
community investments reclaimed products health
climate change materials packaging hazard
plan obligations energy worker training
pension liabilities energy consumption work-related hazards
financial assistance fuel work-related injuries
tax relief fuel consumption ill health
tax credits electricity education
investment grants heating career development
royalty holidays cooling diversity
wage energy intensity gender diversity
senior management reduction energy salary woman
infrastructure investments energy requirements salary men
economic impacts water discrimination
local suppliers water withdrawn child labor
corruption water consumed labor forced
anti-corruption water discharged security training
anti-competitive behavior effluent discharge indigenous people
monopoly water withdrawal communities
groundwater labeling
seawater

water consumption

waste generation

t

the respective GRI standards. For example, the GRI Topic
standard 200 contains a total of 7 subtopics.

V. ANALYSIS AND RESULTS
In the following section, we present our results from the Topic
Modeling approach applied on the entirety of text belonging
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to the GRI Topics 200, 300 and 400, as well as individually
for every year from 2017 to 2021.

A. MODEL APPLIED ON ENTIRETY OF TEXT
The model parameters were adapted for each of the three
corpora including all reports 2017-2021 belonging to GRI
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Word Count and Importance of Topic 200 over all years
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FIGURE 10. GRI 200 - Weight and Word count of topic 0-5 (all reports).

200, GRI 300 and GRI 400. For GRI 200, the model
was configured to build 7 topics consisting of 17 words
in accordance with GRI 200 topic structure (7 topics and
17 subtopics). For GRI 300, the model was configured to
build 8 topics consisting of 36 words in accordance with
GRI 300 topic structure (8 topics and 36 subtopics). For GRI
400, the model was configured to build 16 topics consisting
of 35 words in accordance with GRI 400 topic structure
(16 topics and 35 subtopics). The Number of Bigrams
extracted from the input data was for the GRI 200: 14940,
GRI 300: 9587, GRI 400: 9858.
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Figure 4 displays the 25 most represented bigrams in all
topics founded by the model. Those are ‘“‘supply chain’,
“board management”, ‘““financial statement”, ‘‘corporate
governance”, ‘“‘consolidated financial”, ‘“human right”,
“climate change”, ‘“‘combined management”, ‘health
safety”’, ‘‘management system’, ‘‘climate protection”,
“environmental social”’, ‘“‘per cent”, ‘“‘raw material”,
“additional information”, “due diligence”, ‘“‘environmental
protection”, ““ifrs information”, ‘‘management consoli-
dated”, ‘‘value chain’, ‘“co2 emission”’, “code conduct”,
“executive board”, “key figure”, and “‘risk management”.
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GRI 300 - Weight and word count of topic 0-5 (all reports).

FIGURE 11.

the discovered topics (Topic 0, 1 and 2) for each of the 3 text

corpora.

Table 3 breaks down this list into their occurrence in the

individual GRI Topics 200-400 (all years accumulated).

Table 4 contains the LDA results for Topic 0, 1 and 2

Figure 5 visualizes the distribution of the top 10 bigrams

individually for GRI 200 to GRI 400.

The most important

words for Topic 0 are “financial statement”, “consolidated

included in the GRI 200 corpus.

The results of every topic found by the LDA model were

combined in a table so that the words or word combinations

financial”, “fair value”, ‘“‘cash flow”, and ‘‘management
consolidated”. The most important words for Topic 1 are

of a topic are arranged in descending order of importance
(weight) and evaluated graphically. The 5 words with the

“supervisory board”, “executive board”, ‘““board member”

The

“financial statement”, and ‘‘corporate governance’.
most important words for Topic 2 are ‘“management
approach”, ‘‘assurance engagement”, ‘“‘material topic”,

highest weight for the topic are high-lighted in bold letters
and the column Word Count is color-coded. High values are

shaded with darker blue, lower values with lighter shading.

The

“financial statement’, and ‘‘consolidated financial’.

The following Tables and Figures contain the results for 3 of

VOLUME 12, 2024
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FIGURE 12. GRI 400 - Weight and word count of topic 0-5 (all reports).

words for Topic 0 are ‘“‘real estate”, “‘customer satisfac-

charts of the Topics 0-5 found by the model are included in

the appendix (Figure 10).

tion”, ‘“‘society customer”, ‘“development project”, and
“capital market””. The most important words for Topic 1
are “health safety’’, “occupational safety”, ‘‘occupational

health”, “health management”, and ‘‘management sys-

Table 5 contains the LDA results for Topic 0, 1 and
2 included in the GRI 300 corpus. The most important

words for Topic 0 are “risk management”’, “‘data protection”,

The most important words for Topic 2 are ‘“co2
emission”’, “‘raw material”’, ‘““cop emission’’, ‘“‘commercial
vehicle”, and “passenger car”. The charts of the Topics
0-5 found by the model are included in the appendix

tem”.
(Figure 12).

“management system’’, “human right”, and “‘health safety”’.

The most important words for Topic 1 are “real estate”,

“raw material”’, ‘“‘environmental protection”, *“customer
satisfaction”, and ‘‘business model”’. The most important

words for Topic 2 are ““supply chain”, “human right”, “code

conduct™, “work council”’, and “‘parental leave”’. The charts
of the Topics 0-5 found by the model are included in the

appendix (Figure 11).

B. MODEL APPLIED INDIVIDUALLY FOR EVERY YEAR

After evaluating the report sections divided according to

Table 6 contains the LDA results for Topic 0, 1 and
2 included in the GRI 400 corpus. The most important

their GRI Topic affiliation, the model was adapted to

77317
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FIGURE 13. GRI 200 - Weight and word count of topic 0-5 2017.

build 7 topics consisting of 17 words for every year. For GRI
300, the model was configured to build 8 topics consisting

evaluate the data additionally according to individual years.

Consequently, the respective input data consists of text

of 36 words for every year. For GRI 400, the model was
configured to build 16 topics consisting of 35 words for every

year.

belonging to GRI 200, GRI 300, and GRI 400 as well as

a specific year between 2017 and 2021. The Number of
bigrams extracted by the input data grows year by year
for all three GRI Topics. GRI 200 grew by 14.35 per cent

The results were combined in tables so that the words or
word combinations of a topic are arranged in descending
order of importance (weight) and evaluated graphically. The
5 words with the highest weight for the topic are high-lighted
in bold letters and the column Word Count is color-coded.
High values are shaded with darker blue, lower values with
lighter shading. The following Tables and Figures contain the

10.94 per cent. The absolute and relative development of the
number of bigrams per GRI Topic and year is visualized in

on average, GRI 300 by 12.31 per cent and GRI 400 by
Figure 6.

The model parameters were adapted for each of the corpora
belonging to GRI 200, GRI 300 and GRI 400 and a specific

results of one exemplary topic discovered by the model for

year (2017-2021). For GRI 200, the model was configured to
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FIGURE 14. GRI 200 - Weight and word count of topic 0-5 2018.

statement”’, “‘consolidated financial’’, and ‘“‘board member™.

each of the 3 GRI Topics (200, 300 and 400) and year of the

respective time span.

The most important words for Topic 0 in 2021 are ‘“human

right”, “board management”, “per cent”, “supply chain”,

Table 7 contains the LDA results for Topic 0 included in the
GRI 200 corpus for every year in the period 2017 to 2021. The

and “‘supervisory board”. The charts of the Topics 0-5 found
by the model in 2017 are included in the appendix (Figures 13

to 17).

most important words for Topic 0in 2017 are ““human right”,

“code conduct”, “risk management”, “work council”, and

Table 8 contains the 20 bigrams occurring most frequently
over the years in the Topics belonging to GRI 200 formed by

the LDA model. Furthermore, it breaks down their occurrence

“commercial vehicle”. The most important words for Topic 0
in 2018 are ‘“raw material”, “human right”, “financial
statement”’, “interest rate”, and “‘executive board”. The most

important words for Topic 0 in 2019 are ““per cent”, “‘supply

individually for every year between 2017 and 2021. Figure 7

visualizes the information contained in Table 8 for the

chain”, “climate protection”, “environmental portfolio”,
and ““human right”. The most important words for Topic 0 in
2020 are “‘executive board”, “supervisory board”, “financial

10 most frequent bigrams of the topics found in GRI 200 for

every year.
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FIGURE 15. GRI 200 - Weight and word count of topic 0-5 2019.

words for Topic 0 in 2021 are ‘“human right”, “supply

Table 9 contains the LDA results for Topic O included in
the GRI 300 corpus for every year in the period 2017 to

chain”, “financial statement”, “consolidated financial’’, and
“code conduct”. The charts of the Topics 0-5 found by the

model in 2017 are included in the appendix (Figures 18 to 22).

2021. The most important words for Topic 0 in 2017 are

‘“‘assurance engagement’’, ‘“‘raw material”’, *“‘co2 emission”,

Table 10 contains the 20 bigrams occurring most frequently
over the years in the Topics belonging to GRI 300 formed by

the LDA model. Furthermore, it breaks down their occurrence

“supply chain”, and “per cent”. The most important words
for Topic 0 in 2018 are “management approach’, “material
topic”, ‘“evaluation management”’, ‘“‘explanation material”’,

individually for every year between 2017 and 2021. Figure 8

and “supply chain”. The most important words for Topic 0
in 2019 are ‘“cash flow”, ‘““consolidated financial”, “‘fair
value”, “raw material”’, and ‘‘financial statement”. The most

important words for Topic 0 in 2020 are ‘“‘human right”,

visualizes the information contained in Table 10 for the

10 most frequent bigrams of the Topics found in GRI 300 for

every year.

Table 11 contains the LDA results for Topic 0 included
in the GRI 400 corpus for every year in the period 2017 to

“financial statement”, “‘consolidated financial”, ‘“manage-
ment approach”, and ““supply chain”. The most important
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FIGURE 16. GRI 200 - Weight and word count of topic 0-5 2020.

found by the model in 2017 are included in the appendix

(Figures 23 to 27).

2021. The most important words for Topic 0 in 2017 are

“executive board”, ““supervisory board”, ‘““climate change”,

Table 12 contains the 20 bigrams occurring most frequently
over the years in the Topics belonging to GRI 400 formed by

the LDA model. Furthermore, it breaks down their occurrence

“corporate governance”, and ‘‘board member”’. The most

important words for Topic 0 in 2018 are ‘“‘human right”,

“supply chain”, ““united state”, “fair value™, and “financial

individually for every year between 2017 and 2021. Figure 9

statement’’. The most important words for Topic 0in 2019 are

visualizes the information contained in Table 12 for the

“supervisory board”, “human right”, “supply chain”, ““cor-

10 most frequent bigrams of the Topics found in GRI 400 for

every year.

porate governance’’, and ‘““member supervisory”’. The most
important words for Topic 0 in 2020 are “combined non-

financial”, ‘“‘assurance engagement’, ‘“limited assurance”,

VI. DISCUSSION AND CONTRIBUTIONS

“quality control”, and “assurance procedure”. The most
important words for Topic 0 in 2021 are “‘supervisory board™,

The first part of this study deals with the possibility
of identifying topics in sustainability reports using an

LDA model. To identify topics in sustainability reports,

“executive board”, ““board member’’, ““financial statement”’,

and “‘consolidated financial”. The charts of the Topics 0-5

77321

VOLUME 12, 2024



IEEE Access

T. Contala et al.: Topic Trends in Sustainability Disclosure of German DAX 40 Companies

Word Count and Importance of Topic 200 in year 2021

Topic: 0
e Word Count . Weights
-
o
© 2000
]
B
2
R S e
P P — PR
EEESBEEELL B 2AYGEE LG E
o ¢ o C 0 008 cYP@® T cc O30
CEVS59%EEBWURBBYST @B S 02 E
ca % 2 g g >0 cEYLvwwocc@>8g
csol>>02 "= HFgcmEOC 08 o
E C Q‘sgﬁg‘ﬁa—'>gg‘£mw.2“mg
= £E 22
2 %»2ml’wg§gm$3%m‘sggm
£ hzE®EZ o E < 2EQ =
- v L9 = C S S X -
<4 2w 59 © o SvCuo S
3 o T c c o 3 £ c
RS E @ == @ 3]
€ o o £
Iv) c
o
=
>
c
9}
Topic: 2
€ Word Count E Weights
=
[S)
© 2000
°
14
2
0 AN e AR YN EE T
—
PTEE2ERYgeESEEEYEETD2C 5
© © O O VO 0 0 U5 00 O s g5 3B O
o o = 25 ] s < £ Qe 5 Y0
88 ETE c EZ2ELVCEGE=ZCc 0202
g co®c g0l o0 0EOTIGE 2
22rfREsTEQRORARETECTD G
gﬁ‘ﬁgc-cé-cjmacgcom(—awwj
L5 2 5 6 0 S 5 C c 5o Y 30T 23
2 g EfERS L IRBEREREERE S
‘O © el =
qciﬁ?:’ s 8288 8co ¥ 5 © @ ]
> © G o 5 € C o 9 © o X O
0 c o wn 8 © = = U Qo
& 2 5 o O
Qa 2 g5 a8
S o ] £
v O 0 ]
© o
Topic: 4
€ Word Count mm Weights
=
o
© 2000
kel
2
2
0 L L B B e e e e . m 1
oo a4 — FURTE
sccc’é_@“ﬂE-%E%.Ebjﬁgccmg
DU U U ©®E C ® 020 Q<8 g0 T Q-3
T g E E 9 c © £ (= B2 gV v
23 8GC awm c 5 0
c 0 4 O £ @ >c 0 un g Sao 5009
8 >o0%28 0ceup>200c S PEZolcB
£E2 88 >005aoax2gEsmo e =
e B ac g e T T O >C T o
25 8 _-308250®g@pgTtSEGc S 0
':mE_ngea"’EEE_cd) 5 E Saa
o525 3 53T T © © <
0 P c g T o o = e 5 £
O g © ‘£t 35 © ] £ = 2 =
s 9 £ v 0 c a = © v}
o QW Q © c 5] k]
1S e ]
w

FIGURE 17. GRI 200 - Weight and word count of topic 0-5 2021.

keywords from the GRI framework were searched for in the
sustainability reports of the DAX40 companies. Table 13
shows the keywords found for GRI Topics by means of the
model used.

Only the keyword ‘““climate change” was found for the
GRI 200. For GRI 300, the keywords ‘“fuel consumption”,
“water consumption”, “ghg emissions” and “‘supply chain”
were identified. In the GRI 400 Topic area, only the keyword
“parental leave” was identified. This means that the highest
hit rate was found for the keywords of the GRI 300 Topics.
However, it can be noted that only very few keywords could
be identified using LDA.

If partial matches for individual keywords are also
considered, no matches were visible for the GRI 200.

77322

0.015
r0.010
- 0.005
0.000

0.015
- 0.010
- 0.005
0.000

0.015
r0.010
- 0.005

0.000

0.015
Word Count Weights
r0.010
F 0.005
Tt 0.000
- = o PR U = o
E®m PP R EZLEEEETYTEYLYS S YD
s = o S © 6 O <4
U 88003 8B8BDLILoHIEFFcCE L
EC Q38 o EBGTCTEES 9E BTN O S E
g © 2L 59 c ¥ 02 LS ag< = € 9 g
c T > = = S EEE O
B E V>3 20C 206 T O = o > E
fE>50082a0acg@8086aagqy®8 0l 93T
h o E L€ S Ea cC oc 3 S E'E ndOcTDT
— 932 cwc8552®@8co268 085 g oz &
SRBE Qg IETPCTEGOSEEZOD, 2B G
o g Lo o O 20 = 2 2 € 8
cC =0 2073 c O£ 0P v © =
© 5 = v o € Y X g =l =
Ea n £ e S ETo E 3
= C Qa tuSm Q o =
S £ o oa o ° o
o Emm © ()
o mm%
€
Topic: 3
0.015
€ Word Count EE Weights
= §
2 r0.010
Q
°
<) L
§ 0.005
Ly 5 s Wy iy e b b e d DA HH ek =2 o000
— — — .
EERERSEEERSEEESL LY
0O ®© © 5 U 00 o= 0OE 0 0 =29 3 &
E:gﬁgmugcm=E'EBngE.‘:u
ge89>5E8g8 22288 eERa2%
g 52508368 EESgFEQE
W oS ad«e cC < c = C 2 s EL T SO
0 53 52 ¢ © S 6= @ 2 o9 = X &
=R R E“’Uﬂgsﬁgua“"vﬁ
o859 o © £ o S28®w® W
cC =3 o S T 0 C T n < =
S 5 5 8 v o0 < =] S
< 2 B £ 8 E o ® ]
& C k] a o Ee] ©
o ° c C o €
v © s E ®© =
S c st
g £
Topic: 5
0.015
€ Word Count N Weights
p
o F0.010
Q
el
<) L
§ 0.005
Ly vy vy y 5y h b Wby B e= loooo
o - = — o - —
§E55ocsgEcestifnsEde
g © = > 5
S8CCESESGESSCEERE ST
o O © O g >E < S g v o w5 O =
E‘w"’>‘°’E“ n - 0 o c o5 9 o £
23 REBRL Y3 ESR3 2y
aE 5 2€c€c 2w, 5oL ©TDTw® S < < o
232585 -2%95%>058G86T¢ g 2
c 8 hEg - ®gE g E T o< EY 2 &
9 x O g QL5 T Q = 2 5
[<3F] T c g owm Y = S o S
> © © ® 5 > 5] 9
) o COCQ a
o = 2o 2 c
s €8 S
g ° ©

For the GRI 300, the combinations ‘“co2 emissions’’ and
“co2 consumption” were evident for the keyword “co2”,
the combinations “material raw” and ‘“‘material topic”
for the keyword “material”’, and the combination “‘green
electricity” for the keyword “‘electricity’’. For the GRI 400,
the combinations “‘health safety”” and ‘“‘health occupational”
were identified for the keyword ‘“‘health”, and the com-
binations ‘“‘diversity equity” and ‘‘diversity inclusion™ for
“diversity”’. These partial matches are listed in Table 14
and only word combinations that were recognized at least
twice are shown. In addition, a number of synonyms or
word combinations were identified for keywords of the
GRI 300, which are listed in Table 15. The synonyms
“co2 emission”, ‘“‘cop emission’, ‘“‘carbon emission” and
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FIGURE 18. GRI 300 - Weight and word count of topic 0-5 2017.

not fall within the topic area of the GRI 200. It can therefore
be concluded that the GRI 200 could not be retrieved using the

“carbon dioxide” were identified for ““‘co2”. For the keyword
“ghg gas™, “greenhouse gas” was extracted, and for “envi-

LDA model. Table 10 shows the top 20 bigrams for the GRI
300 in the period from 2017 to 2021. The keywords ‘‘supply

ronment’”, ‘“environmental impact” and ‘‘environmental

protection”.

chain”, “raw material”’, “environmental protection”, *“co2
emission” and ‘““greenhouse gas™ listed for the GRI 300 can
be identified. This suggests that the structure of the GRI 300 is
partially visible. Looking at the keyword hits for the GRI
300, where a total of four full hits were detected and two
of these were reflected in the top 20 bigrams for this GRI,
it could be said that it was recovered. In addition, many of
the partial hits or synonyms for the GRI 300 were also visible,
which consolidates this result. For the GRI 400, the keyword
“health safety”” was found in the top 20 bigrams of the GRI

Despite adding the partial hits and synonyms to the fully
identified keyword hits, only very few keywords could

still be identified using LDA. This suggests that the LDA

model is only sparsely suitable for identifying GRI Topics
in sustainability reports. Moreover, this study investigates

whether the LDA model can be used to reflect the structure

of the GRI Sustainability Reporting Framework.

Table 8 shows the top 20 bigrams for the GRI 200 over the
period under review. Keywords such as “supply chain”, “raw

material” or “health safety” can be identified, but these do
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FIGURE 19. GRI 300 - Weight and word count of topic 0-5 2018.

Although the model could not replicate the Topic structure
of the GRI, the results of the model reveal insightful
information in the input data. Analyzing the frequency of

bigrams included in the Topics built by the model for every

400 (Table 12). It can therefore be assumed that the structure

of the GRI 400 is not reflected by means of LDA.

It can thus be stated that the structure of the GRI cannot be
found using LDA. Although the GRI 300 could be partially
reflected, the GRI 200 and GRI 400 could not. One reason

year, it turns out that there are some content trends that
appear consistently over the years and some that change in

for the retrieval of the GRI 300 could be that most of the

their occurrence. Figure 6 shows that the number of bigrams
extracted from the LDA model is growing over the years. This

keywords for the GRI 300 were recognized. However, when

comparing the top 20 bigrams of GRI 200-400, it becomes
visible that the hits “‘supply chain”, “health safety”, “raw

growth is distributed approximately equally among all GRI
Topics, although GRI 200 has the highest average in growth.

2

and “human rights” appear in all three of the top

20 bigrams, whereby ‘““‘supply chain”, ‘“‘health safety”” and

tH

materials

Figure 5 shows that overall frequent bigrams are included
in all 3 GRI Topics and indicates that GRI 200, 300 and

400 interfere in terms of content.

“raw materials” can clearly be assigned as keywords to GRI

Topics.
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FIGURE 20. GRI 300 - Weight and word count of topic 0-5 2019.

tH)
bl

impact”, “environmental protection”, ‘“human resource

For the top 20 bigrams included in GRI 200 (2017-2021) as

shown in Table 8 and partially in Figure 7 it appears, that with

“key figure™, “parental leave”, and ‘““passenger car’ are not

included in the 20 most frequent bigrams of the other years.

the exception of 2017 bigrams like ‘“‘consolidated financial’,

Compared with maximum 3 unique bigrams in the other

“financial statement”, and ‘“‘human right” appear regularly
and in high numbers in the topics found by the LDA model.

Bigrams like ‘“‘executive board”, “supply chain, “board

years, these 11 unique bigrams in the top 20 of 2017 indicate
a thematic shift in CSR reporting in GRI 200 after 2017.

For the top 20 bigrams included in GRI 300 (2017-
2021) as shown in Table 10 and partially in Figure 8
it appears, that with the exception of 2020 bigrams like
“supply chain”, “raw material”, “‘consolidated financial”,
and “‘financial statement” appear regularly and in high
numbers in the topics found by the LDA model. Increasing
or decreasing trends of certain bigrams are not evident.

management”, ‘“‘board member”’, and ‘‘health safety” seem
to be more frequent keywords for topics in recent years.

Decreasing trends of certain bigrams are not evident,

although the remarkably many bigrams of the top 20 bigrams

included in topics modeled for 2017 are solely represented

this frequently in this specific year. “co, emission”, “com-

mercial vehicle”, “occupational safety’”, ‘‘sustainability
strategy”’, ‘“‘action area”, ‘“‘co2 emission”, ‘‘environmental

Noticeable is that many bigrams of the top 20 bigrams
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FIGURE 21. GRI 300 - Weight and word count of topic 0-5 2020.

that with some exceptions in 2020, were the frequency tends
to be lower, bigrams like ‘“management system”, “supply
chain”, *“‘consolidated financial”’, “human right”, financial

included in topics modeled for 2020 are solely represented

this frequently in this specific year. Bigrams like for example
“car light”, “light commercial”, ‘“commercial vehicle”,

statement’, and ‘‘board management” appear regularly and
in high numbers in the topics found by the LDA model.
Bigrams like “‘supervisory board” and ‘“‘executive board”

“passenger car”, “workforce transformation”, ‘‘assurance

engagement’’, “‘chain business”, ‘“‘combined non-financial”’,

““disposal production-specific”’, “due diligence”, and “‘envi-

seem to be more frequent keywords for topics in recent
years. Increasing trends of certain bigrams are not evident,
although many bigrams of the top 20 bigrams included in

ronmental social” are not included in the 20 most frequent

bigrams of the other years.

Compared with maximum

3 unique bigrams in the other years, 14 unique bigrams in

topics modeled for 2020 are solely represented this frequently
in this specific year. Bigrams like for example ‘key

the top 20 of 2020 indicates, that the model found a thematic
focus in GRI 300 in 2020, apparently with a focus on reports

from the automotive industry.

figure”, “around world”, “business human”, “compliance
management”’, “first time”, ‘““sustainability strategy’’, “‘co2

emission”’, “commercial vehicle”, “‘coronavirus pandemic”’,

For the top 20 bigrams included in GRI 400 (2017-2021)

as shown in Table 12 and partially in Figure 9 it appears,
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FIGURE 22. GRI 300 - Weight and word count of topic 0-5 2021.

hidden characteristics, intention, action, and information can

and ““corporate culture” are not included in the 20 most fre-
quent bigrams of the other years. Compared with maximum

thus be addressed, and self-selection and sincerity can be

promoted.

4 unique bigrams in the other years, 11 unique bigrams in

the top 20 of 2020 indicates, that the model found a thematic
focus in CSR reporting in GRI 400 in 2020, apparently related

to the appearance of the coronavirus pandemic.

A. SUMMARY

To do justice to the emerging signal effect of CSR reports and
the problem of inconsistent sustainability reports, the interest
of this work was to give an overview of currently reported

sustainability topics. This paper examined the contents of

VII. CONCLUSION

CSR reports of German DAX companies over a period of five

From the perspective of signaling theory, the work demon-

years using LDA Topic Modeling. We examined the current

strates valuable insights by using text-mining (here: LDA)
on CSR reports. While CSR-relevant information is asym-

reporting practice among the corporations included in the

DAX 40.

metrically distributed between companies, customers and

The first objective of this work was to classify the main
topics of the individual CSR reports based on predefined GRI

the public [47], [48], text mining helps to make this

asymmetry visible. The phenomena typical of CSR such as
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Topic Modeling is a promising technique for the analysis
of CSR reports and able to identify deviation between
obligatory information and actual information included in the

Our second objective was to gain a general understanding
of the development of issues in time and in context of
external effects. LDA proved to be insightful comparing the
occurrence of specific bigrams in the topics configured by
the model. We were able to identify bigrams that appear
regularly and in high numbers, and therefor are consistent
over time. Noteworthy is that some of the detected bigrams
appear in all 3 GRI Topics (200-400). This shows that the GRI
Topics are not free of crossover in terms of content. Here,
bigrams occurring in high quantities in the input data are to

reports.

and number of words per topic according the overall GRI
reporting standards for the respective topic (GRI 200, GRI
300, GRI 400) we tried to replicate the formal structure of the
matches comparing the manually extracted meaningful Key-
words for each GRI Topic with the weighty bigrams included
in the topics by the model indicates that this undertaking was
not entirely successful. The best result was achieved for the

GRI 300 with 4 full matches, 5 partial matches and numerous
synonymous word combinations. Although our approach did

not succeed in extracting the GRI reporting structure from

the input data we are convinced, that if you can successfully
tackle the issues as mentioned in section B. LIMITATIONS,

Topic standards. By setting the parameters number of topics
GRI with the Topic Modeling results. The absence of precise

FIGURE 23. GRI 400 - Weight and word count of topic 0-5 2017.
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FIGURE 24. GRI 400 - Weight and word count of topic 0-5 2018.

sustainability reports. One of the primary limitations of

be critically questioned and might be due to “noise” in the

LDA for sustainability reporting is the pre-processing of

data. Furthermore, we compared the occurrence of important
bigrams over time and identified bigrams with increasing and
decreasing occurrence tendencies. Especially, the comparison

year by year for frequent bigrams that are unique to one

the texts. Sustainability reports often contain complex and

technical language, making it challenging to pre-process

them accurately. For example, stop words removal or

stemming may remove important information from the
texts, and tokenization may split some important words

into meaningless parts. Therefore, researchers should care-

year allowed to extract shifts in the reporting practices due
to external effects like for example the coronavirus pandemic

in 2020.

fully choose the pre-processing steps to avoid misleading

results.

B. LIMITATIONS

Furthermore, LDA is based on the bag-of-words approach,
where word order and context are ignored. This can lead

The LDA approach has been widely used for topic modeling

in various research fields, including sustainability reporting.
However, like any other method, it has some limitations

to a loss of semantic meaning, especially in languages with

complex syntax and semantics.

that should be taken into account when applying it to
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FIGURE 25. GRI 400 - Weight and word count of topic 0-5 2019.

of the model. Furthermore, company reports may con-

In addition, the number of selected topics and parameter
settings of the LDA model are critical factors that can affect

tain biased data (more favorable representations of the

company).

the results of the analysis. If the number of topics is too

In addition to the above limitations, LDA also has some
general limitations that should be considered when using it
for sustainability reporting. For example, it assumes that the

high, the model may overfit the data, and if it is too low,

the model may not capture all the important information
in the data. Similarly, the choice of the hyperparameters
of the model can also affect the results significantly. The

use of bigrams is another factor that can affect the results

topics are generated from a Dirichlet distribution, which may
not be the best choice for all data sets. Finally, LDA is an

unsupervised method, which means that it may not capture

of the LDA model. Bigrams can provide more contextual

all the important information in the data, especially if the data
set is complex or noisy. Given the above limitations of LDA

for sustainability reporting, researchers may consider using

other machine learning approaches.

information, but they can also increase the sparsity of the

data, which can affect the quality of the results. Therefore,
it is important to experiment with different n-gram sizes

and choose the optimal setting based on the performance
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used in this paper. In terms of meeting the GRI’s content
requirements, a possible solution might be the usage of text
classification techniques. For example, a machine learning
sustainability report based on the requirements of the GRI

standard which later provide the input data for a Topic
content of sustainability reports. In contrast to previous work,
NLP could be used in sustainability reports, for example,
to identify cases where sustainability reports do not provide
enough detail on certain topics or to identify deviations
from a specific reporting standard or legal requirements for
sustainability reports.

model could be trained to classify each section of a
Model. Furthermore, NLP can be used to analyze the

will continue to grow in the upcoming years. Especially in
the context of analyzing and comparing sustainability reports
machine learning approaches provide promising tools to gain
beneficial for the recipients of CSR Disclosure but also helps

For the analysis of topics in sustainability reports,
a masked-language model like BERT might be an interesting
alternative for further research than the basic LDA model

large quantities of unstructured textual data. This isn’t only
companies to improve their reporting practices.

The importance of sustainability reporting and the need for
quick and automated information retrieval from the reports
a quick understanding of reporting trends and insights into

FIGURE 26. GRI 400 - Weight and word count of topic 0-5 2020.

C. FUTURE WORK
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TABLE 22. Structure and title of the GRI standards.

GRI Standard |GRI Topic (year of last modification) GRI Subtopic
GRI200s GRI 201_ Economic Performance (2016) Disclosure 201-1 Direct ic value g d and distributed
Disclosure 201-2 Financial implications and other risks and opportunities due to climate change

Disclosure 201-3 Defined benefit plan obligations and other retirement plans
Disclosure 201-4 Financial assistance received from government

GRI 202_ Market Presence (2016) Disclosure 202-1 Ratios of standard entry level wage by gender compared to local minimum wage
Disclosure 202-2 Proportion of senior hired from the local community

GRI 203_ Indirect Economic Impacts (2016) Disclosure 203-1 Infrastructure investments and services supported
Disclosure 203-2 Significant indirect economic impacts

GRI 204_Prc ent Practices (2016) Disclosure 204-1 Proportion of spending on local suppli

GRI 205_ Anti-corruption (2016) Disclosure 205-1 Operations assessed for risks related to corruption

Disclosure 205-2 Communication and training about anti-corruption policies and procedures

Disclosure 205-3 Confirmed incidents of corruption and actions taken

GRI 206_ Anti-competitive Behavior (2016) Disclosure 206-1 Legal actions for anti-competitive behavior, anti-trust, and monopoly practices

GRI 207_ Tax (2019) Disclosure 207-1 Approach to tax

Disclosure 207-2 Tax governance, control. and risk 2

Disclosure 207-3 Stakeholder engagement and management of concerns related to tax 11 2. Topic disclosures
Disclosure 207-4 Country-by-country reportin;

GRI 300s (GRI 301_ Materials (2016) Disclosure 301-1 Materials used by weight or volume Disclosure

Disclosure 301-2 Recycled input materials used

Disclosure 301-3 Reclaimed products and their packaging materials

\GRI 302_ Energy (2016) Disclosure 302-1 Energy nption within the i

Disclosure 302-2 Energy consumption outside of the organization

Disclosure 302-3 Energy intensity

Disclosure 302-4 Reduction of energy consumption

Disclosure 302-5 Reductions in energy requirements of products and services

(GRI 303_ Water and Effluents (2018) Disclosure 303-1 Interactions with water as a shared resource

Disclosure 303-2 N of water discl -related impacts

Disclosure 303-3 Water withdrawal

Disclosure 303-4 Water discharge

Disclosure 303-5 Water consumption

Disclosure 304-1 Operational sites owned, leased, managed in, or adjacent to, protected areas and areas of high biodiversity
\GRI 304_ Biodiversity (2016) value outside protected areas

Disclosure 304-2 Significant impacts of activities. products and services on biodiversity
Disclosure 304-3 Habitats protected or restored operations

Disclosure 304-4 I[UCN Red List species and national conservation list species with habitats in areas affected by
(GRI 305_ Emissions (2016) Disclosure 305-1 Direct (Scope 1) GHG emissions

Disclosure 305-2 Energy indirect (Scope 2) GHG emissions

Disclosure 305-3 Other indirect (Scope 3) GHG emissions

Disclosure 305-4 GHG emissions intensity

Disclosure 305-5 Reduction of GHG

Discl 305-6 Emissions of ozone-depleting sut (ODS)

Disclosure 305-7 Nitrogen oxides (NOx), sulfur oxides (SOx). and other significant air
GRI306_ Effluents and Waste (2016) Disclosure 306-1 Water discharge by quality and destinati

Disclosure 306-2 Waste by type and disposal method
Disclosure 306-3 Significant spills
Disclosure 306-4 Transport of hazardous waste
Disclosure 306-5 Water bodies affected by water discharges and/or runoff
'GRI306_ Waste (2020) Disclosure 306-1 Waste generation and significant waste-related impacts
Discl 306-2 D g of significant waste-related impacts 10 2. Topic disclosures
Disclosure 306-3 Waste generated
Disclosure 306-4 Waste diverted from disposal
Disclosure 306-5 Waste directed to disposal
\GRI 308_ Supplier Environmental Assessment (2016) Disclosure 308-1 New suppliers that were screened using environmental criteria
Disclosure 308-2 Negative environmental impacts in the supply chain and actions taken

GRI 400s GRI 401_ Employment (2016) Disclosure 401-1 New empl hires and empl turnover

Disclosure 401-2 Benefits provided to full-time employees that are not provided to temporary or part-time employees
Disclosure 401-3 Parental leave

GRI 403_ Occupational Health and Safety (2018) Disclosure 403-1 Occupational health and safety system

Disclosure 403-2 Hazard identification, risk and incident investigation

Disclosure 403-3 Occupational health services

Disclosure 403-4 Worker participation, consultation, and communication on occupational health and safety
Disclosure 403-5 Worker training on occupational health and safety

Disclosure 403-6 Promotion of worker health

Disclosure 403-7 Prevention and mitigation of occupational health and safety impacts directly linked by business relationships
18 2. Topic disclosures

Disclosure 403-8 Workers covered by an occupational health and safety management s

Disclosure 403-9 Work-related injuries

Disclosure 403-10 Work-related il health

GRI 404_ Training and Education (2016) Disclosure 404-1 Average hours of training per year per employee

Disclosure 404-2 Programs for upgrading employee skills and transition assistance programs

Disclosure 404-3 Percentage of employees receiving regular performance and career development reviews

GRI 405_ Diversity and Equal Opportunity (2016) Disclosure 405-1 Diversity of governance bodies and employees
Disclosure 405-2 Ratio of basic salary and remuneration of women to men
GRI 406 _Non-discrimination (2016) Disclosure 406-1 Incidents of discrimination and corrective actions taken
GRI 407_ Freedom of Association and Collective Bargaining (2016) |Disclosure 407-1 Operations and suppliers in which the right to freedom of association and collective t i may be at risk
GRI 408_ Child Labor (2016) Disclosure 408-1 Operations and suppliers at significant risk for incidents of child labor
GRI 409_ Forced or Compulsory Labor (2016) Disclosure 409-1 Operations and suppliers at significant risk for incidents of forced or compulsory labor
GRI 410_ Security Practices (2016) Disclosure 410-1 Security personnel trained in human rights policies or procedures
GRI411_Rights of Indigenous Peoples (2016) Disclosure 411-1 Incidents of violations involving rights of indigenous peoples
GRI 413_ Local Communities (2016) Disclosure 413-1 Operations with local i impact and develop P
Disclosure 413-2 Operations with significant actual and potential negative impacts on local ¢ iti
GRI 414_ Supplier Social Assessment (2016) Disclosure 414-1 New suppliers that were screened using social criteria
Disclosure 414-2 Negative social impacts in the supply chain and actions taken
GRI 415_ Public Policy (2016) Disclosure 415-1 Political contributions
GRI 416_ Customer Health and Safety (2016) Disclosure 416-1 of the health and safety impacts of product and service categories
Disclosure 416-2 Incidents of non-compliance concerning the health and safety impacts of products and services
GRI 417_ Marketing and Labeling (2016) Disclosure 417-1 Requirements for product and service information and labelin
Disclosure 417-2 Incidents of non-compliance concerning product and service information and labeling
Disclosure 417-3 Incidents of non-compliance ing marketing icati
GRI 418 _ Customer Privacy (2016) Disclosure 418-1 Sut iated complaints concerning breaches of customer privacy and losses of customer data
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