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ABSTRACT

A Study on the Analysis of Water Management Issues using Text Mining

based on Government Press Release and Online News Data

By

YOO, Seungyeol

This research paper aims to check whether there are differences in government
attention and social attention on major water management issues and to explore how to derive
the differences, using text mining techniques based on government press release and online
news data.

For this research, keywords on water management issues were derived from press
release of the Ministry of Environment (MOE) and online news articles from 2016 to 2020,
and the frequency and content of the keywords were compared in terms of governmental and
social side. In this process, the Bigram and Word2Vec methods were used to derive keywords
that could be sufficiently expressed information of issues on water management. As a result
of this research, it was confirmed that the extent of the governments attention and social
attention may depending on the water management issues during same period, and that what
issues differed by year.

Finally, I think this research result is meaningful in laying the foundation for more
research and development in a more advanced direction, not a methodology that dramatically

improves the analysis of policy issues.
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1.Introduction

For Korean domestic public enterprises, identifying government policy trends and
social requirements periodically is one of the significant tasks. Domestic public institutions
shall establish and submit mid- to long-term management goals for five fiscal years including
the following year, to the government in accordance with Article 46 (1) of the Act on the
Management of Public Institutions every year. Accordingly, domestic public enterprises
submit management goals every year, and most of them establish additional management
strategies to achieve management goals. One of the most important procedures in establishing
management goals and management strategies every year is to identify government policy
trends and social requirements. Since government policies and social requirements are
external factors that have the greatest influence on the management of public enterprises.
According to Kim (2014), in the case of public interest-oriented public enterprises, the
government's policy decisions and policy projects are direct and practical explanatory factors
for expanding the business area of the public enterprise. And, looking at the individual laws
that are the basis for the establishment of domestic public enterprises, it is revealed that the
purpose of enacting the law and establishing the public enterprises is to contribute to the

promotion of public welfare such as people's life and the national economy.

In the domestic water management field, for the following two reasons, the difficulty
of identifying government policy trends and social requirements is aggravated. First, the
business scope of public enterprises related to water management is quite wide. According to
Article 9 of the Korea Water Resources Corporation Act, K-water's business scope includes
traditional water management business such as water resource construction and operation,

waterworks construction and management, water environment management, in addition,



water reuse, developing industrial complexes, new and renewable energy establishment, basic
investigations, diagnosis, technology development and education related to water
management. Second, related research cases are insufficient. Various studies have been
conducted on the fields of analyzing laws and institutional problems and suggesting
improvement measures for water management, but it is difficult to find research cases in
areas that derive major issues so that policy or social issues can be overview on water

management.

Despite the above difficulties, government press releases and online news data can be
useful to identify policy and social issues on water management. Since government press
releases are produced to promote and guide government policies, the press releases of
government ministries in charge of water management will reflect the government's policy
attention in water management issues. And, since domestic online news media are updating
press releases in real time on issues that are attracting social attention, it is believed that
online news articles will reflect social attention in water management issues. In addition, it
will be very useful to use text mining to understand the contents of water management issues
from these government press releases and online news articles data. This is because text
mining has been widely used in the work of extracting keywords representing the content of

the text from text data sets, through recent technical advances.

The purpose of this study is to explore how to derive differences in major water
management issues in policy and social aspects using text mining techniques based on
government press releases and online news articles. The result of this study is expected to
help public enterprises in charge of water management establish management goals and
management strategies by allowing them to identify policy and social issues on water

management to be actively responded to.



2. Literature Review

Big data analysis of complaints using text mining techniques: Gangnam-gu (Park, 2020)

Park (2020) attempted to derive keywords for civil complaints by analyzing civil
complaints received in Gangnam-gu, Seoul from 2014 to 2019 using text mining techniques,
and to analyze the types and causes of civil complaints through the derived keywords. Park
reveals that the following two data pre-processing processes are important in analyzing text
data.

First, a separate user dictionary consisting of compound nouns should be constructed.
As a pre-processing of Korean text data, the python package is used to extract nouns based on
Korean part of speech, and the basic python package has the disadvantage of not being able
to properly distinguish new words or compound nouns. Therefore, in order not to exclude
meaningful words from the pre-processing process, a separate user dictionary must be

configured and reflected in the python package.

Second, after extracting Korean nouns, words that do not fit the purpose of analysis
should be designated as stopword. For example, general words such as 'this', 'that', and 'the
head of the district' are not directly related to the purpose of the study, but are feared to select
as major keywords due to their high frequency of appearance in text data. These words

should be excluded from the text data set in pre-processing step.

However, in this study, despite analyzing the network relationship between keywords
after deriving major keywords from civil complaints data, it is confirmed that it may be
difficult to accurately grasp what the original text data means if keywords are extracted in one
word unit. For example, as a result of network analysis of the keyword "hospital", "care",

"happiness", and "patient" were presented as highly relevant keywords, but it was difficult to
3



intuitively grasp which contents of complaint derive such keywords.

Natural Language Processing and Computational Linguistics (Srinivasa-Deskian, 2018)

Srinivasa-Desikan (2018) introduced the contents and trends of data analysis and
processing technologies, from the most basic data pre-processing to the latest technologies,
deep learning and chatbot. According to Srinivasa-Desikan (2018), the following two
techniques suggest that keywords extracted from text data will help convey information about

the meaning of the context.

First, the keyword should be extracted by Bigram method. Bigram means not
extracting keywords in units of one word, but extracting keywords in the form of a phase
consisting of two words. Srinivasa-Desikan (2018) argued that Bigram is the most commonly

used language model in recent years and helps prevent context loss problems.

Second, it is to find a pair of words related to keywords by Word2Vec method.
Word2Vec converts the word into a vector form, and it is possible to find words with similar
meanings in consideration of the meaning of the word. Srinivasa-Desikan (2018) introduces
the gensim library that can be used in python programs to utilize Word2Vec, and introduces

the Similarity function of the library as a way to find meaningful word pairs.

From these results, if keywords for water management issues are derived from text
data such as government press releases, it is judged that Bigram and Word2Vec will be

helpful to minimize the loss of context meaning.

3. Problem Statement

This study attempted to explores how to derive differences in major water

management issues in policy and social aspects using text mining techniques based on
4



government press releases and online news articles, and selected the following research

problem.

[Research Problem] Can be confirmed the difference between government attention
and social attention on water management issues using text mining analysis based on the

Ministry of Environment(hereafter, MOE) press release and online news articles?

If there is a water management issue that differs in the government's attention and
social attention, the direction of establishing management goals or management strategies of
public enterprise in charge of water management may vary depending on the difference. For
example, if the government's attention in any negative water management issue is higher than
social attention, it will be necessary to prepare a new policy proposal to address the social
needs of the issue. Conversely, if the social attention in a positive water management issue is
lower than the government's attention, a plan should be prepared so that the public and
society can feel the purpose or achievement of the government's policy on the issue more.
This is because public enterprises are organizations that realize government policies and at
the same time are organizations established to pursue the public attention of society.
Therefore, grasping the difference between government-side attention and social-side
attention in water management issues was judged to be a meaningful topic that can contribute
to the process of establishing management goals and management strategies of public

corporations in charge of water management.

In order to solve the research problem, the MOE press release is analyzed as text
mining using Bigram and Word2Vec to derive keywords representing water management
issues, and check the frequency of appearance from press release and online news articles for

those keywords. It is intended to that the frequency in the press release of the MOE is



regarded as government attention, and the frequency from online news articles is regarded as

social attention rest.

Government press releases are usually produced to promote government policies and
guide government policies on policy issues. And according to Han (2019), the MOE, which is
in charge of preservation of the water environment and conservation and use and
development of water resources under the current government organization law, is a key
ministry in charge of water management in Korea. Therefore, the MOE press release is
suitable for grasping domestic water management issues, and it can be seen that the
frequency of water management issue keywords in the MOE press release reflects the

government attention in the issue.

Park (2014) claimed that media reporting plays a decisive role in growing an issue
into a social issue by attracting the general public's attention. Therefore, it can be seen that
the frequency of water management issue keywords appearing in online news articles reflects

the social attention in the issue.

Taken together, it is decided that the government attention and social attention in the issue
can be confirmed respectively through the analysis of the frequency of keywords on water

management issues appearing in the MOE press release and online news articles.
4. Methodology of study

4.1 Procedure

The procedure for this study is shown in Figure 1. First, press releases from the MOE
were collected, and pre-processing of the press release text data was performed. Next, the
Bigram keyword was extracted from the press release text data, and the main keyword
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representing the water management issue was selected among the extracted keywords. In
addition, the frequency from press releases and online news articles on the main keyword was
confirmed. Next, the related word for the main keyword was selected using Word2Vec. After
that, a chi-square test was conducted to check whether there was a significant difference in
the frequency distribution of the main keyword according to the difference between the MOE
press release and the online news articles, and finally, the contents of the frequent Main

keyword were compared.

Basically, the python program was used to collect and analyze data to derive results,

and the SPSS program was used for the chi-square test.

Figure 1. Procedure of this study
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4.2 Data collection

As the first step in this study, press releases from the MOE were collected using the
web scraping method. First, information on the title, department in charge, and registration
date of the MOE press release from 2016 to 2020 was collected from the MOE website. Next,
only press release information registered by the department in charge of water management-
related affairs was selected. A total of 47 departments were designated as departments of the
MOE in charge of water management-related tasks (see Appendix 1, Table Al-1). Finally,
additional the body data of the press release was collected from the MOE website for the

selected press releases related to water management.

As a result of collecting press release data from the MOE, the number of press
releases is shown in Table 1. From 2016 to 2020, there were a total of 5,051 press releases by
the MOE, of which 757 press releases related to water management. In this study, the work of
extracting and analyzing keywords related to water management was performed based on 757

text body data of the press release related to water management.

Table 1. Numbers of the MOE press release related to water management

Category 2016 2017 2018 2019 2020 Total
Numbers of 833 893 890 1,235 1200 | 5,051
the MOE press release ’ ’ ’
Numbers of
the MOE press release
114 153 134 164 192 757
related to

water management




4.3 Data pre-processing

Data pre-processing was performed as a preparation process for the analysis of text
data. Text data pre-processing is a step in which original text data, which is a mixture of
sentences, words, and special characters, is converted into a form suitable for data analysis.
Data pre-processing was carried out in the order of POS (part of speech) tagging,
tokenization, and stopword processing.

POS tagging and tokenization refer to changing original text data in sentences or
phrases into a set of words necessary for analysis. In this study, Konlpy, a Korean only
tagging and tokenization library of the Python program, was used. Konlpy's open Korean text
module provides the function of separately classifying only nouns from text data. Using the
Okt module in Konlpy library, a text dataset consisting only of nouns and numbers was
generated from the original text data of the press release related to the MOE. However, the
Okt module automatically recognized and processed common nouns stored in advance in its
dictionary, but did not properly recognize complex nouns in which two or more common

nouns were combined in single word unit. For example, for compound nouns recently used as

one Korean word in the domestic water management field, such as "<~/ E§ 4| (means Aquatic

n A

Ecosystem)”, the Okt module recognized them in two words: "s~(means Aqua)" and "

HE A(means Ecosystem)". As another example, the Okt module recognized

n 3

"=t (means Water Industry)" in two words: "=(means Water)" and "2 (means

Industry)". Therefore, in order for the Okt module to properly recognize the compound nouns
mainly used in single word unit, a user dictionary consisting of 212 compound nouns (see
Appendix 1, Table A1-2) was configured and added to the Okt module's own list of nouns.
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Stopword processing is an operation of removing meaningless characters in advance,
including special characters (e.g., parentheses, #, :, etc.). In this study, all other special
characters except Korean, alphabet, and number were removed as basic stop word processing.
In addition, 294 nouns that are not directly related to water management were selected among
the words included in the press release to form a separate list of stopwords (see Appendix 1,

Table A1-3), and the stopwords were excluded from the text dataset.

4.4 Bigram keyword extraction

Keywords in the form of Bigram were extracted from the text data set of the press
release of the MOE that was pre-processed. Bigram means a method of processing two sets of
words into one keyword. In most existing research cases, in the case of extracting keywords
through text mining, a Unigram method was used to process one word into one keyword.
However, it was difficult to infer what purpose and meaning the keyword was used in the
original document because the unigram method has limitations in information that the
keyword can express. Therefore, in this study, the Bigram method was applied so that
keywords for water management policy issues can express more specific information. Table 2
shows the number of Bigram keywords extracted from the text data of the MOE press release

by year in this study

Table 2. Numbers of Bigram keyword extracted from the MOE press release

Catego 2016 2017 2018 2019 2020 Total
gory

Numbers of
Bigram keyword
16,341 21,859 25,342 27,404 31,066 122,012
extracted from

the MOE press release
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4.5 ldentification of main keyword

The main keywords representing the water management issues was classified from
the Bigram keyword set, and the frequency of appearance in the MOE press release and

online news articles of the main keyword was calculated.

To classify the main keyword representing the water management issue, first,
keywords with high frequency of appearance but not directly related to water management
were selected in advance so that the keyword was not selected as the main keyword. For
example, Bigram keywords such as 'Plan Establishment' and 'Promotion Plan' have a high
frequency of appearance, but the keywords cannot identify the association with water
management intuitively. In this way, 192 Bigram keywords that cannot directly represent the
water management issue were selected (see Appendix 1, Table Al-4), and these keywords
were first excluded from the main keyword identifying, and only were selected as related
words that serve as supplementary explanations for the main keyword. In addition, Bigram
keywords with too little frequency of appearance in press releases of the MOE and online
news articles were excluded from the main keyword identifying and processed and only were
selected as related words. In this study, the lower limit of the frequency of appearance was
designated as 1% of the maximum frequency of appearance in press releases of the MOE and
online news articles. Among the Bigram keywords from 2016 to 2020, the maximum
frequency of press release was 110, and the maximum frequency of online news articles was
4,000. Therefore, Bigram keywords less than one frequency of appearance in the press
release of the MOE or less than 40 frequency of appearance in online news articles were

excluded from selecting as main keyword.

The search target of online news articles was limited to articles searched through the

11



Naver portal website. Naver and Daum are the representative portal sites in Korea where can
search for online news articles, and Naver provides up to 4,000 news articles for news search
keywords and Daum up to 800 news articles. Therefore, it was decided to use the Naver
Portal, where can check more news articles. And, using the Naver news search option
function, only articles containing a phrase that exactly matches the main keyword of Bigram

form were counted as frequency of main keyword in online news articles.

4.6 Identification of related word using Word2Vec

For each main keyword, Word2Vec method was used to select three related words

that were highly related to the main keyword.

Word2Vec is an algorithm that enables to find keywords that are highly related to a
specific keyword in a text dataset. Mikolov et al. (2013) revealed that Word2Vec is
implemented in two models, CBOW and Skip-gram, respectively, as shown in Figure 2, and
among them, Skip-gram was more accurate in finding semantic relationships between words.
Therefore, Skip-gram was applied in this study. Skip-gram proceeds with learning by

predicting which words can be located around the target word for a text dataset.

In this study, Gensim, a python library, was used to utilize Word2Vec. After
converting the Bigram keyword set into a word vector using the Gensim library, words with
high cosine similarity to the Main keyword were extracted as related words through the
Gensim's Similarity function. The cosine similarity has a value between 0 and 1, and as the
association with the main keyword increases, a value close to 1 is calculated. Here, a high
correlation with the main keyword means that the word vector and cosine distance of the
main keyword are close, which means that there is a high probability of being placed close to

the main keyword within the original text data. In this study, to prevent keywords that are not

12



related to the main keyword from being selected as related words, keywords that did not
appear in the same document with the main keyword or keywords with a cosine similarity

calculation value of less than 0.90 were excluded from selecting as related word.

Figure 2. CBOW and Skip-gram architecture of Word2Vec

INPUT PROJECTION QUTPUT INPUT PROJECTION  OUTPUT
w(t-2) wit-2)
wit-1) wit-1)

\SUM /
R — wit) w(t) R
wit+1) 7' \ wit+1)
wit+2) wit+2)
cBOw Skip-gram

[Source : Mikolov et al. (2013)]

4.7 Chi-Square test

A chi-square test was performed using the SPSS program to check whether there was
a statistically significant difference in the frequency distribution of the main keywords on
water management issue according to the difference between media such as the MOE press
release and the online news articles. For each year from 2016 to 2020, it was created a cross
tabulation for chi-square test for the top 30 main keywords based on the frequency in the

MOE press release as shown in Table 3, and the significance level was determined to 0.05.

13



Table 3.Form of cross tabulation for Chi-Square test

Main Keyword

Catego
gory Keyword | Keyword Keyword | Keyword

#1 #2 #29 #30

Keyword frequency
from ~

the MOE press release
Meida

Keyword frequency
from -
online news articles

4.8 Frequent keywords comparison of press release and online news articles

Finally, for the main keyword representing water management issues, the frequency
of press releases by the MOE and online news articles was compared in the form of table and
graph. In particular, it is shown as a comparative graph as shown in Figure 3 so that the
difference of frequency of keyword appearance in the two media can be visually confirmed.
The X-axis is the frequency in the MOE press release for the Main keyword, and the Y-axis
is the frequency of online news articles for the Main keyword. In the upper left area of the
comparison graph, main keywords with a relatively higher frequency of online news articles
than the frequency of press releases from the MOE are located. The water management issue
of Main Keyword, located in this area, can be estimated that social attention is higher than
that of the government. Conversely, in the lower right area of the comparison graph, main
keywords with a relatively higher frequency of press releases from the MOE than the
frequency of online news articles are located. The water management issue represented by the
main keyword located in this area can be estimated that the government attention is higher

than social attention.

14



Figure 3. Concept of comparison graph

Keyword frequency
from Online News Articles

Attention
(Social > Government)

e e e =

Attention
(Social < Government)

Keyword frequency
from Press Release

v
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5. Result and discussion

5.1 Result !

5.1.1 Keywords on water management issue

Tables 4~8 show the results of analyzing the main keyword on water management
based on the MOE press release and online news articles from 2016 to 2020. The tables are
presented the top 30 main keywords on the basis of frequency of press release (see also

Appendix 2).

5.1.2 Chi-Square test

Table 9 shows the result of the chi-square test to determine whether the frequency
distribution of the main keyword on the water management issue is different due to the
difference between medias such as the MOE press release and online news article. From 2016
to 2020, the p-value of the chi-square test for each case was all less than 0.001. Therefore, it
was confirmed that there was a statistically significant difference in the frequency distribution
of the main keyword on the water management issue between the press release of the MOE

and the online news articles.

' In this study, all processes of extracting the Bigram keyword from text data were performed based on Korean

characters. The extracted Bigram keywords consist of two Korean words, but in the process of translating
Korean into English to display the analysis results in this report, the number of words translated into English

and the number of words translated into English sometimes changed. For example, if the Bigram keyword "==Z

7i44" consisting of two Korean words was translated into English, the keyword was written to "Water quality

improvement" and required three English words. As in this example, even if the keyword extraction results in
this report were expressed in three or more English words, it was not a bad performance of Bigram keyword
extraction, but just an inevitable result of the translation process because the language systems of Korean and
English are different.
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Table 4. Main keywords on water management issue in 2016

Frequency

Frequency

No. Main Keyword from .from (Mair? Ie(r:;\rzi(ord in
the MOE online news
press release articles Korean)

1 Water industry Promotion 35 500 =i |4

2 | Strategic Environmental impact assessment 33 1010 Mk Aot
3 International Water week 32 80 =M =37t

4 Water industry Cluster 28 450 =4 28 2aH
5 Water circulation Leading 24 320 =T ME

6 Ecology Restoration project 22 820 MEfl SAAYE

7 Green algae Occurrence 22 1250 ==z 4

8 Boryeong-dam Intake pipeline 20 430 Bl 2

9 Pollution Load management 18 320 Y a2 A
10 Algae occurrence 18 510 S =

11 World Water day 17 1490 MA Zeld

12 Smart Water grid 16 250 A0LE 95 O2(=
13 Soil Groundwater 13 220 EQF X5t

14 4 Major rive Project 13 3830 4T At

15 Tap water Production 12 940 =2 Yt

16 Non point Pollution 12 1500 HE 29

17 Nakdonggang river Catchment area 12 900 Hsd A

18 Draught Occurrence 12 320 7tE g

19 Water source Conservation area 11 2180 Aol Ho 59
20 Water Meter 11 2120 =T AT

21 Seawater desalination Plant 11 580 sl r-Erst EHE
22 Mini Environmental impact assessment 10 210 AR EAAEEE T
23 Gunnam Flood control reservoir 10 350 =g STEEX|
24 Aquatic ecosystem Preservation 10 100 TMEfA EH
25 Domestic Water industry 10 250 U =S4

26 Water industry Technology 10 90 =M T

27 Water source quality 9 700 @ =3

28 Water circulation Improvement 9 110 ERi2 gl

29 Drought Warning level 9 70 7t T etA|
30 Water supply Adjustment 8 80 T3 =¥
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Table 5. Main keywords on water management issue in 2017

No. Main Keyword the MOE press online news (Main Keyword in
release articles Korean)

1 Drought Prevention 46 1960 72 oid|

2 Drought Measures 43 4000 7t= CHH

3 Water Supply 38 4000 BT 35

4 Alternative Supply 35 420 M 3=

5 Drought Warning 33 70 7t2 4=

6 Boryeong-dam Intake pipeline 31 530 EHH =2
7 LID Method 30 100 LID 7|¥

8 National Multi-purpose dam 28 390 M= =&
9 International Water week 27 140 =M =37t
10 Micro Plastics 27 520 ojMl Z2tAE
11 Aguatic ecosystem Preservation 26 160 THER A B2
12 Well Development 23 2890 Y i

13 Non point Pollution 23 1550 HE 29

14 Local waterworks Modernization 23 1320 XM sHist
15 Drought Area 23 1780 7tg XA

16 Water Reserve 22 160 g H|F

17 Water Supply 21 510 AT HE
18 Agriculture Reservoir 20 1610 S X=X
19 Small Waterworks facility 19 650 SR FEAM
20 Water Shortage 18 2630 B2 85

21 Aquatic ecosystem Health 18 200 THEH AL
22 Common Drought 18 550 AE TS

23 Opening Water level 17 380 W =2

24 Soil Groundwater 17 230 EQF X|5te
25 District Drought 17 1140 XA Itg

26 Green algae Status 17 1190 == &4t

27 Agricultural water Supply 16 3280 SUET =3
28 National Drought 16 140 = Jt=

29 Wide waterworks Business 16 470 HAaTT ALY
30 Multi-purpose dam Capacity 15 60 CtEMH XM
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Table 6. Main keywords on water management issue in 2018

No. Main Keyword the MOE press online news (Main Keyword in
release articles Korean)

1 Harmful Blue-green Algae 54 780 7ol =&/
2 Water management Unification 53 1430 =z d@=t
3 Algae Warning 52 1490 =5F 8=

4 PFAS 37 1570 =3t stet=E
5 Green algae Occurrence 36 1400 =7z 2t

6 Naturalness Restoration 30 690 A 5=
7 Nakdonggang river Catchment area 29 1400 ==z A
8 Opening Monitoring 27 170 e 2 E
9 Groundwater Pollution 25 1080 Xt 29Y
10 Green algae Response 21 270 =z e

11 Opening Period 21 610 Zhek 7|2t
12 Soil Groundwater 19 140 EQF X5t
13 Algae Toxin 19 180 zEF =2
14 Water management Technology 19 780 =22 7=
15 Alternative Supply 18 330 M 3=
16 Water Shortage 17 1530 T 8BS
17 Hangang river Nakdoggang river 16 50 stz Yz
18 Geumgang river Catchment area 16 910 =24 TA
19 Groundwater Use 16 490 x| st o|&
20 Products for Waterworks 16 50 T8 ME
21 Non point Pollution 14 1520 HE 29
22 World Water day 14 1610 MA =eld
23 Water velocity Increasement 13 60 75 37t
24 Governance 13 920 HA| AHHA
25 Drought Measures 13 2180 72 CHA
26 Pusan Eco-delta city 13 1210 B AL of 2 EFAE]
27 Rainfall Radar 12 60 Z< 8ol
28 Local waterworks Modernization 12 1330 XM= i st
29 Aguatic ecosystem Health 12 210 THEH AL
30 Ecological Space 12 1050 ey Z7t
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Table 7. Main keywords on water management issue in 2019

Frequency Frequency Remark
No. Main Keyword from .from (Main Keyword in
the MOE press 0n11n§ news Korean)
release articles
1 Geungang river Yongsangang river 79 50 =24 oz
2 Water industry Cluster 70 400 =4 28 aH
3 Green algae Occurrence 65 1190 = 2
4 Water management Committee 56 1530 =7t &2l 3
5 | Basin Water management Committee 40 620 7 =23
6 Naturalness Restoration 39 1260 A 5=
7 National Water management 39 340 =7} =22|
8 Water quality Ecology 37 60 T2 Mef
9 Incheon Tap water 33 1110 oI %=
10 Water management Basics 33 280 a2 7|2
11 Agquatic ecosystem Health 31 270 THE A AL
12 Water gate Opening 30 1280 Tz N
13 4 Major river Project 29 3780 4T At
14 Water quality Improvement 28 4000 T2 M
15 Non point Pollution 27 2300 HE 29
16 Water environment Preservation 26 90 =24 2
17 Opening Period 26 1300 W 7|zt
18 Water Supply 23 4000 TIX= 385
19 Nakdonggang river Upstream 22 870 Hsd o7
20 Well Development 21 1220 Y i
21 Green algae Response 21 340 =z 08
22 Tab water Quality 21 1920 =X 7%
23 Rainfall Radar 21 170 Z< #lolH
24 Groundwater Level 21 550 x|t =2
25 Hangang river Nakdoggang river 20 90 2 S R A
26 Water industry Promotion 20 310 =M s
27 Micro Plastics 19 4000 oM E2tAE
28 Water management Unification 18 730 =2 LAzt
29 Andong-dam Upstream 18 170 ot MR
30 Bottling Tap water 18 510 He %=
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Table 8. Main keywords on water management issue in 2020

No. Main Keyword the MOE press online news (Main Keyword in
release articles Korean)

1 Naturalness Restoration 81 1100 A 5=

2 Water industry Cluster 72 80 =4 28 aH
3 Hydrothermal Energy 65 1790 =& o[ X

4 Water resource Satellite 51 120 TALY #1M

5 Green algae Occurrence 40 930 =7z 2t

6 Rainfall Radar 38 250 Z< 8ol

7 Floating Debris 37 1210 He My 7]

8 Flood Damage 36 4000 =3 s

9 Algae Warning 35 740 =7 45

10 Green New deal 34 4000 = w4

11 Tap water Larvae 33 4000 TE=E 75
12 Tap water Supply 32 4000 TX= 33
13 Water management Committee 32 780 7t S| A3
14 Flood Response 29 920 =2 U3

15 City Water circulation 28 220 EA Exet
16 Waterworks Pipe network 27 740 A zhal
17 National Water management 25 170 =7+ a2
18 Water management Unification 25 710 =z d@ =t
19 Basin Water assistance center 24 390 7Y X AME
20 Decrepitude Waterworks 24 1940 L M
21 Water environment Preservation 23 80 =4 2
22 Seomjingang river Basin 23 1470 My 7Y
23 Spill Groundwater 22 210 7E& X5t
24 Non point Pollution 22 2170 HE 29

25 Nakdonggang river Basin 21 3780 s 74
26 Flood Control 21 4000 =5 SH
27 Hangang river Catchment area 21 1990 s A
28 Smart Waterworks 20 960 ADIE &k
29 Artificial intelligence Al 20 880 IS Xs Al
30 River Use 19 50 St ALE

21




Table 9. Result of Chi-square test

Category 2016 2017 2018 2019 2020
Pearson Chi-Square 852.7 1659.4 819.3 3438.4 3375.4
value
df 29 29 29 29 29
p-value <0.001 0.000 <0.001 0.000 0.000

Ratio of cells which
have expected count 13.3 13.3 10.0 6.7 8.3
less than 5 (%)

Minimum expected

1.68 1.61 1.74 2.58 1.51
count

5.1.3 Frequent keywords comparison

Keywords with high frequency based on press releases of the MOE and online news
articles were compared with each other. Table 10 shows the results of comparing the top 10
keywords by sorting the data on the basis of frequency of each main keyword for the MOE
press release and online news articles in 2020. And the comparison graph of the main
keyword with the frequency in the press release of the MOE as the X-axis and the frequency

of online news articles as the Y-axis are shown in Figure 4.

According to Table 10, in 2020, the MOE press release showed the highest frequency
of the keyword "Naturalness Restoration”, and from the related words, it was confirmed that
this keyword was related to the 4 major rivers. Next of "Naturalness Restoration", the
frequency of keywords for each issue was high in the order of Water industry cluster,
Hydrothermal energy, Water resource satellites, Green algae occurrence, Rainfall radar,

Floating debris, Flood damage, Algae warning, and Green new deal. On the other hand,
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online news articles showed the highest frequency of the keyword "Flood Damage", and
related words confirmed that the keyword was related to the Damage area, Damage recovery,
and prevention measures. Next of "flood damage", the frequency of keywords was high in the
order of Green new deal, Tap water larvae, Tap water supply, Flood control, Nakdonggang
river basin, Non point pollution, Hangang river catchment area, Decrepitude waterworks, and

Hydrothermal energy.

Among the top 10 keywords sorted by the frequency of press releases of the MOE,
seven keywords, such as Naturalness restoration, Water industry cluster, Water resource
satellites, Green algae occurrence, Rainfall radar, Floating debris, and Algae warning, were
not included in the top 10 keywords by online news articles. In addition, among the top 10
keywords sorted by the frequency of online news articles, 7 keywords such as Tap water
larvae, Tap water supply, Flood control, Nakdonggang river basin, Non point pollution,
Hangang river catchment area, Decrepitude waterworks were not included in the top 10
keywords in the MOE press release. The difference in these keywords can also be confirmed
through the comparison graph of Figure 4. At the bottom right of the comparison graph,
keywords with a relatively more dominant frequency of the MOE press release criteria are
displayed. It includes Naturalness restoration, Water industry cluster, Hydrothermal energy,
and Water resource satellites. In the upper left corner of the comparison graph, keywords
with a relatively more dominant frequency of online news articles criteria are displayed.
Flood damage, Green new deal, Tap water larvae, Tap water supply, Flood control, and
Nakdonggang river basin. In the lower left corner of the comparison graph, keywords that
were not frequently displayed on both the MOE press release and the online news articles

were displayed.
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Table 10. Comparison table of frequent keywords on press release and online news articles in

2020
Sorted by frequency of MOE press release Sorted by frequency of online news articles
No Main Keyword Main Keyword
Y Related words Y Related words
(frequency) (frequency)
Naturalness ior ri
. 4 Me?Jor rlver Natur'alne:ss Flood Damage Damage Area
1 Restoration 4 Major river Investigation Damage Recovery
@1 Restoration Plan (4,000) Prevention Measure
Water industry Nation Water industry Green New deal Development Business
2 Cluster Cluster Company Activation Plan
(72) Cluster Business (4,000) Plan Water resource
Hydrothermal Energy Eco-friendly Water heat Tap water Larvae Larvae Occurrence
3 Complex Cluster :
65 4000 Larvae Detection
(65) Energy Complex (4,000) Hygienic Management
) Hygienic Management,
Water resource Satellite Development Tap water Supply Management
4 Satellite Satellite Utilization Comprehensive
Flood Draught (4,000) countermeasure,
(51
People Reassurance
Green algae - .
9 Harmful Blue_green algae Flood Control Flood Information
5 Occurrence Algae Warning system Damage Prevention
(40) Mulgeum Maeri (4,000) Management Measure
Nakdoggang river
. Flood Special report Nakdonggang river integrated water
Rainfall Radar . . management
6 River Water level Basin >
(38) Sudden Flood Upstream Area,
(3,780) Integrated water
management Plan
7 Floating Debris Galilt;?igoenzca:loFlelf\g:'on Non point Pollution In;talication Ope;atiton
criormance 1es
(37) Cleaning Activity (2,170) Pollution Facility
Flood Damage Damage Area Hangang river Flolgld cgn;rol Capacity
8 Damage Recovery Catchment area ood Prevention
(36) p tion M Multi-purpose dam
revention ivieasure (1,990) Operation
D itud Waterworks Facility
Algae Warning Harmful Blue-green algae écrepituae Waterworks Management
9 Analysis Result Waterworks system,
(35) Algae Warning system Waterworks Maintenance
(1,940) busi
usiness
Green New deal Development Project Hydrothermal Energy | Eco-friendly Water heat
10 Activation Plan Complex Cluster
(34) Plan Water resource (1,790) Energy Complex
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Figure 4. Comparison graph of frequent keywords on press release and online news articles
in 2020
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5.2 Discussion
In this study, it was attempted to confirm the difference between the government's
attention in water management issues and social attention through text mining analysis of

press releases from the MOE and online news articles.
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First, it was intended to confirm whether there is a difference between the
government's attention and social attention in water management issues. In this regard,
through the chi-square test, it was confirmed that there is a statistically significant difference
of frequency distribution of main keyword on water management issues between press
releases from the MOE and online news articles (see Table 9). As mentioned in the definition
of problem statement, it can be said that the government's attention in the issue was reflected
in the frequency of policy issue keywords shown in the press release of the MOE, a
government agency in charge of water management in Korea. In addition, it can be said that
the frequency of water management issue keywords appearing in online media reports
reflected the social attention in the issue. Therefore, through the results of the chi-square test
conducted in this study, it was confirmed that the size of the government's attention and
social attention in the same water management issue may differ within a unit period of one

year.

Next, as a text analysis method to understand the contents of water management
issues with differences in government attention and social attention, this study used Bigram,
Word2Vec, comparison tables and comparison graphs. From the press release of the MOE,
all keywords for water management issues were derived in the form of Bigram, and the top
30 main keywords were selected on basis of frequency. In addition, using the Word2Vec
method, up to three related words with high cosine similarity among keywords appearing in
the same document as the main keyword were presented. In addition, a comparison table (see
Table 10) and a comparison graph (see Figure 4) for the top 10 keywords were presented
based on the frequency of the main keywords of each of the MOE press releases and online
news articles. First, it is determined that the use of the Bigram method and Word2Vec has the
effect of increasing the information transfer power of the keyword. For example, in Table 10,
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the keyword with the highest frequency based on the MOE press release was "Naturalness
Restoration”, and if keywords were extracted in the Unigram method without using Bigram
and Word2Vec as in previous studies, these keywords would have been divided into two
words, "Naturalness” and "Restoration", and no related keywords would have been presented.
In such Unigram case, it is difficult to grasp which object is natural with only the word
"Naturalness.” This is because not only rivers but also mountains, seas, and soils can be the
subject of the word natural. And similarly, it is difficult to understand what kind of object the
word "Restoration” means. This is because the object of recovery may not be natural objects,
but old facilities or laws. However, in this study, the keyword was expressed as "Naturalness
Restoration” by utilizing Bigram and Word2Vec, and information from related words
allowed us to infer that this keyword is related to natural recovery for the four major rivers.
According to Srinivasa-Desikan (2018), Bigram helps to prevent the loss of contextual
information, and Word2Vec helps to express the meaning of keywords. As Srinivasa-Desikan
said, the results of this study confirmed that Bigram and Word2Vec can improve information
amount of keyword compared to previous studies using only Unigram. Next, the results of
expressing the top 10 keywords in comparison graphs with comparison tables based on the
frequency of each of the MOE press releases and online news articles made it possible to

intuitively recognize keywords with high government attention and high social attention.

It is determined that the comparison table and comparison graph of water
management keywords as above may provide appropriate insights to public enterprises such
as K-water in charge of water management to establish management goals and management

strategies.

For instance, through the information on keywords that showed relatively much

higher government attention in 2020, it can be used to review the background and direction of
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the establishment of management strategies as follows.

2 "Naturalness Restoration” : It can be seen that the main keyword "Naturalness

Restoration” means the issue of naturalness restoration for the 4 major rivers through the
information of related words. The "Naturalness Restoration™ keyword had been appearing as
the main keyword since 2018 (see Table 6-7), but social attention was still relatively low in
2020. Therefore, policy efforts and promotional measures are needed to enable the people
and society to sympathize with the need for the naturalness restoration of 4 major rivers and

to experience the results.

-2: "Water industry Cluster” : It can be seen that the main keyword "Water industry Cluster"

means an issue for the National Water Industry Cluster through the information of related
words. The National Water Industry Cluster is a facility operated at the national level to
foster the domestic water industry. Nevertheless, as social attention in water industry clusters
was relatively low, it is necessary to check the current status of water industry clusters
contributing to fostering the domestic water industry and to allow the public and society to

feel the achievement.

x "Water resource Satellite” : It can be seen that the main keyword "Water resource

Satellite” means an issue of utilizing satellite in relation to flood and drought. Since it
appeared as the main keyword for the first time in 2020 and showed low social attention,
policy efforts are needed to present specific measures to utilize water resource satellite and to

enable the people and society to sympathize with such measures.

As another example, through the information on keywords that showed relatively
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higher social attention in 2020, it can be used to review the background and direction of the

establishment of management strategies as follows.

: "Tap water Larvae™ : It can be seen that the main keyword "Tap water Larvae" means an

issue of larvae occurring in tap water through the information of related words. Since this is a
negative issue, it is necessary to come up with measures to prevent recurrence of tap water

larvae in order to resolve society's negative perception of this issue.

2: "Flood Control" : It can be seen that the main keyword "Flood Control" means an issue of

damage prevention and management measures against floods through the information of
related words. In 2020, both the government's attention in flood damage and social attention
were high. Therefore, measures are needed to prevent such flood damage and strengthen

management against flood.

-2: "Nakdonggang river Basin™ : It can be seen that the main keyword "Nakdonggang river

Basin™ means an issue of the Nakdonggang River Integrated Water Management Plan
through the information of related words. The Nakdonggang River Integrated Water
Management Plan refers to a plan under consideration to resolve water disputes between a
number of local governments in the Nakdonggang River basin that have continued for
decades. As social attention in this issue was very high, policy solutions to persuade a
number of local governments involved to resolve water disputes in the Nakdonggang River

basin should be included in the Nakdonggang River Integrated Water Management Plan.

Taken together, the results of text analysis on the MOE press release and Internet

news articles conducted in this study confirmed the difference between the government's
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attention in water management issues by year and social attention. The results of this study
are expected to contribute to public enterprise establishing management strategies and
management goals by reflecting both major water management issues on the governmental

and social aspects.

However, as a limitation of this study, it was confirmed that an additional clustering
step was necessary. Looking at the keywords sorted based on the MOE press release in Table
10, No. 5 "Green algae occurrence™ and No. 9 "Algae warning" are keywords that are very
related to each other. "Green algae™ is a type of "algae™, and the fact that most of the related
words of "Harmful blue-green algae" and "Algae warning system™ coincide also supports this.
In addition, looking at the keywords sorted based on online news articles in Table 10, No. 1
"Flood damage™ and No. 5 "Flood control" are keywords that are very related to each other. If
these highly related main keywords are grouped together and multiple keywords are
integrated into any one keyword, more diverse issues will appear at the analysis result list,

which will eventually provide analysts with information on more water management issues.

6. Conclusion

6.1 Main Conclusion of Study

The purpose of this study was to use text mining techniques based on government
press releases and online news releases to check whether there is a difference in government
attention and social attention in major water management issues, and to explore how to derive
the difference. In this study, the frequency of keyword appearance of the issue in the MOE
press release was regarded as the government's attention, and the frequency of keyword

appearance of the issue in the online news press release was regarded as social attention.
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The conclusions obtained through the study are as follows. First, as a result of
analyzing the MOE press releases and online news articles from 2016 to 2020, it was
confirmed that the size of the government's attention and social attention may differ
depending on water management issues within a year. Second, the method of presenting the
main keyword for the water management issue and related words using Bigram and
Word2Vec was more helpful in grasping the meaning of the issue than the method of
deriving the keyword using the existing Unigram method. Third, the MOE press release on
major water management issue keywords and comparison tables and comparison graphs
according to frequency in online news articles were effective in intuitively grasping the

contents of water management issues with different government attention and social attention.

This study can be said to be meaningful in notifying public companies in charge of
water management that there is a need to grasp the difference between the government's
attention and social attention in water management issues, as well as suggesting ways to
confirm such differences. Through this, it is expected that public enterprises in charge of
water management will contribute to establishing management goals and management

strategies by reflecting both government, social, and water management issues.

6.2 Suggestions for Follow-up Research

In order to obtain better analysis results in the future, it is necessary to add a keyword
clustering step before finally selecting the main keyword. When keywords with high
relevance are grouped together and multiple keywords are integrated into any one keyword,
keyword information on more diverse issues may appear in the list as a result of sorting the

main keywords based on frequency.
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Appendix 1. Configuration information for data collection and analysis

Table Al1-1. Department related to water management works of the MOE
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Table A1-2.User dictionary list
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Table A1-3.Stopwords list
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Table A1-3.Stopwords list (Continued)
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Table A1-4. A List of keywords that cannot be selected as main keyword (Continued)
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Appendix 2. Detailed analysis result of keywords on water management

Figure A2- 1.Analysis result of keywords on water management issues in 2016

2016 Main Word Related Words Frequency from Press Releasev[vlk:l)arg; Frequency from Online news articles‘ls‘rhgar:ﬂ

1 33 500
2 33 1010
3 32 80
4 25 450
5 24 320
6 22 820
T 22 1250
L3 20 430
9 15 320
10 TR 13 510
1 A 2oz B2, 71 s, 71 27 17 1480
12 AOIE EIEE 16 250
13 EgTEr 13 220
14 ATHZ A [EALETL 2B g, A2 13 3830
15 12 940
16 12 1500
17 12 s00
18 12 320
19 i 2180
20 1 2120
2 " 580
22 10 210
23 10 350
24 10 100
25 10 250
26 10 S0
27 a 700
28 9 10
29 a 7o
30 3 80
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Figure A2-2. Comparison graph of frequent keywords on press release and online news
articles in 2016
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Figure A2-3. Analysis result of keywords on water management issues in 2017

2017 Main Word Related Words  Freguency from Press Release (Main Word) Frequency from Online news articles (Main Word)

1 7HE ChE| (252 2E, =7, 52 AFH] 48 1360

2 TrE o o THE [hE 43 4000

3 g4+ 32 #E Y 3T 3 4000

4 L E= =THA T S XS EEE H=E] 35 420

5 e A TS, T2 B 33 70
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7 LD 7| 2], HE LID. =A| ST 30 100

] TILEHY 25 F2NH 28 390

9 = S5t Yo, HWE W] 7 140

10 O/ Skl B 2 7|F 27 520
1M S R Y, 24 23 26 160
12 oHE g JHE, MR EE] 23 2890
13 HEZE [E3 EE A E£E 28 ME] 23 1550
14 RgH4E A (5555 U= AL SEEHY 23 1320
15 THE R [7t2 T3l M=X| E€, HE Y 23 1780
16 E=H= [T =5, o2 B, B e 22 160
17 e =g [S5E52 s9= XS 52T 21 510
18 Y MEE PrE T =% EE, 7t T3] 20 1810
19 2pESZAE [Flot= T, gAbE 25, AHE gAE] 19 650
e g4 52 [I% 2% 8433 £ ¥ 2433 13 2830
21 FAEH Ay [ET3 e, obH == THE HE 18 200
22 e S XS, 2E XY, Lk XY 18 550
23 e 43 7 52 3T 272 2B 59 17 380
24 EY g [EE &2 F7t 7R EF ZHEET) 17 230
= e 7k FHE Ty 37 28 25 2E) 17 1140
26 SEEY [SE4 =3 ST 2L 23 2ZUHT) 17 1190
7 SUEF 3= [E= &5, A ZUHE, i U] 16 3280
el B2 72 PHE 22, B3 242, +F B3] 16 140
20 FEMs=R MY [CH BHA, Chir e, 2 3S ek 18 470
30 LIEXE Mg [=A LEEY 2 TUY =4, 23E =E] 15 &0
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Figure A2-4. Comparison graph of frequent keywords on press release and online news
articles in 2017
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Figure A2-5. Analysis result of keywords on water management issues in 2018
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Figure A2-6. Comparison graph of frequent keywords on press release and online news
articles in 2018
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Figure A2-7. Analysis result of keywords on water management issues in 2019
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Figure A2-8. Comparison graph of frequent keywords on press
articles in 2019

release and online news
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Figure A2-9. Analysis result of keywords on water management issues in 2020

2020 Main Word Related Words Frequency from Press Release (Main Word) Frequency from Online news articles (Main Word)
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7 T 227 [282]7] =2, T= o}, F=t BE] 37 1210

8 Z4= Iz [TI5H %S, Dz =7 27| 0f=] 36 4000

9 B [Fol EE£5, 24 20 =8 F25H] 35 740
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1 FEERE [fE 28 75 24, 248 229 33 4000
12 TEESE [ 23], 22 EghE =2 2y 32 4000
13 37 S8 [FE S22 FIEE M2 22 2T 7] 32 750
14 02 [E= 0% = 02 T4 EE] 29 920
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16 ek Y [Z2 U= A2 28 2T 23] 27 T40
17 7t EE [E&E 7I2AE, 28 7L =L HE 25 170
18 S0 2EE [EEE 7I2AE ST HT ST =5 25 710
19 FF ==X FUH [A OE S =, =5 T 24 390
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21 SHIEH [27] EAH DEE 22 AR 73] 23 80
22 =TT RS [T 2T M2 2T 2lE HH) 23 1470
23 REXBIE [Kish: 22, 28 ALY, 3E FH] 22 210
24 HE2F [£7 22 45 EM 2B AIE] 22 2170
25 SEZRY [HEY SEHETY 4F NG SHEZTEYY | 3750
26 =+ EF [F=+ B2, Dof oY, 22 o= 21 4000
27 g 54 [F+ZE 23 5 U, CIEEE 29) 21 1990
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Figure A2-10. Comparison graph of frequent keywords on press release and online news
articles in 2020
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