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ABSTRACT

Purpose: In this paper, we will discuss 1) prioritizing databases to be integrated; 2) which data elements should
be emphasized in federated database integration; and 3) the degree of efficiency in the integration. This paper
aims to lay the groundwork for building data governance by presenting guidelines for database integration using
metrics to identify and evaluate the capabilities of the UK's air quality databases.

Methods: This paper intends to perform relative efficiency analysis using Data Envelope Analysis among the
multi—criteria decision—making methods. In federated database integration, it is important to identify databases
with high integration efficiency when prioritizing databases to be integrated.

Results: The outcome of this paper aims not to present performance indicators for the implementation and evalua—
tion of data governance, but rather to discuss what criteria should be used when performing 'federated integration'.
Using Data Envelope Analysis in the process of implementing intelligent data governance, authors will establish
and present practical strategies to discover databases with high integration efficiency.

Conclusion: Through this study, it was possible to establish internal guidelines from an integrated point of
view of data governance. The flexiblity of the federated database integration under the practice of the data
governance, makes it possible to integrate databases quickly, easily, and effectively. By utilizing the guidelines
presented in this study, authors anticipate that the process of integrating multiple databases, including the

air quality databases, will evolve into the intelligent data governance based on the federated database integration
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when establishing the data governance practice in the railway industry.

Key Words: intelligent data governance, Data Envelopment Analysis, railway industry, air quality database,

federated database integration

sarczyk, 2018).
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4 o 37] A doleulolxe] TEel tld wele wujsit),
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i, W7HE A E ol gete] @] w71 A 54 9 v ok BEd FQ vloEHo]~E A A o w Hrts)
st A 3 (Scoring matrix) = A|AIBFATE o] F7b= o] vlolEHo] e F4E At Y AR
AAE Aol 7] wjoll, 37 A7t vtk AL dlolgu|o] 27 BAo] A etatA] ¢hAl ARl E ks ofn 7t ofy
ek HlolHE Edah] S8l ¥ w2 Wite] Aasiths s v thMonteith et al,, 2010).

o] Aol g7 A 9 Aver] SHo] Bk diolH = SAHAIN, =3t 22 59 dEfaola F A
Q1 dlolgule] 2~ ¥ F3& 9% 7R AAE St A ¥tk = Ay H H= )
A 9 A zge digk A 3 F7]1E vlal S gk A ] 18 wof ghtk(Lee, 2005; Soh and Yoo,
2008a; 2008b; Ryu, 2018; Lee, 2019; Jin et al., 2022). L8l &3} =] AEE ¥ 33 gz
AU 71 Sl 715 AR = ZVARAPM-2.5)9F oJAkstet ARt AAska S shal glon F3H4 o
AL A aEo 3] A dolEHo] 2] 5o tigh =¥ H|H|sitt

<Tablel>2 9=9] §7] 4 54 ¥ 8 dlo|gulo] 2o} A& Qo3| 2 Zlo|th oAl 7k#] F2 dlolH
Ho]2~2 = NAEI(The National Atmospheric Emissions Inventory(NAEID); PCM(Pollution Climate Mapping);
AURN(The Automatic Urban and Rural Network); LAQN(The London Air Quality Network); NPL: Non-auto—
matic networks(managed by NPL); CEH(CEH Deposition monitoring and modeling data)”} %)

Table 1. Major Air Quality Databases of England

Database Description
- Provides comprehensive estimates of annual air emissions of pollutants and
NAEI(The National hazardous air pollutants in the UK
Atmospheric Emissions - The purpose of the data is to comply with EU and internal reporting requirements
Inventory (NAEID) (Greenhouse Gases(GHSGs) Monitoring Mechanism, NEC Directive and LRTAP
Convention)

- Provides a collection of models to report on he concentrations of particular
pollutants in the atmosphere.

- Models per pollutant (NOx, NO2, PM10, PM2.5, SO2, CO, benzene, ozone, As,

PCM(Pollution Climate Cd, Ni, Pb and Blalp)

Mapping) - Provides outputs on a 1x1 km grid of background conditions and around 9,000
representative road side values.

- Data compiled for reporting under EU ambient air quality directives and air quality
policy developments

- Recordes NOx, SO2, CO, 03, PM2.5 and PM10 concentrations at around 130 air
quality monitoring stations across the UK

- Data is updated hourly and can be accessed at www.airquality.co.uk

- A group of quality air quality monitoring stations in London, Essex, Kent and
Surrey.

- The monitoring is owned and funded by local authorities

- Provides an average of he Hydrocarbon, UK Heavy Metals, and UK Black Carbon
and Black Smoke networks

- Contains data on atmospheric NOx, SO2, CO, 03, PM2.5 and PM10 concentrations
measured at automated monitoring sites in Scotland, Wales and Northern Ireland.

- Measures data using non-automated methods at daily, weekly, biweekly, etc.
intervals across the UK

- Data measured through Rural Heavy Metals Monitoring

- Provides 26 individual atmospheric heavy metals (PM10)concentrations in
suburban areas and time information of rainwater concentrations collected from
15 sites.

AURN(The Automatic
Urban and Rural Network)

LAQN(The London Air
Quality Network)

NPL(Non-automatic
networks (managed by
NPL)

CEH(CEH Deposition
monitoring and modeling
data)
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<Table2>¢} <Table 3> 9= &7] & ¥4 dojgfwo]~ B3-S 8 Hrix g} Hrpdngolry, J=r2

INSPIRE 4| Z2]o] #|AJgk 3184 (Top-down approach) W21 AEste] ok A5d 7IeS AAlSta

ct T8 dlo|guo] ~5 Hrtsigitt. 3
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Table 2. Scoring Matrix for Integrating Air Quality Databases of the UK

Criteria Description

How easily searchable and understandable the dataset is to the user
Data Searchability | O: Data cannot be found, i.e.
5: The dataset can be found after typing in key words related to that dataset

The dataset contains up-to date data.

0: Data are rarely updated if at all after it has original been published

5: Data are frequently updated, and there is an indication of when the last update took
place/when future updates will take place.

Data Timeline

How easy the data are to download and the usability of the data for analysis
Data Downloadability | O: The data cannot be downloaded
5: The entire dataset can be downloaded and used for other applications for analysis

Does the dataset contain record from past years?

Data Historical . .
ata Historica 0: Contains no previous data

Trendi ) .
rendings 5: Contains over 20 years worth of available data
The detail and the area that the data are collected over.
Data . .
. 0: Data are collected disparately.
Comprehensiveness

5: Data are collected at regular intervals, and with in—depth detail.

The correctness of the data and the methods that are in—process to ensure as little data
Inaccuracy occurs as possible.

Data Accuracy 0: Data are inaccurate, out of date and are presented in variety of different forms.

5! The data are kept regularly updated, and there are automated checks to ensure that
the data recorded are reasonable and acceptable.

Are the data kept in the same format, and the same methodology used to capture the data.
0: Data are kept in a variety of formats, and different methods have been used to record
the data.

5: The data are recorded through a defined standard, designed to reduce erroneous data,
the same approach has been used to collect the data and if it has altered, then previous
data have been modified accordingly.

Data Consistency

The amount of details that are given regarding the dataset; data about the data.

0: No information about the data is given

5: There is detailed structured list regarding the details of the dataset, which is stored
in a human readable format such as XML which is complaint with INSPIRE regulation.

Meta Data

Doe the data comply with INSPIRE standards?

Data Format and 0: The data are not in any shape or form compliant with INSPIRE standards, or other EU
Standards standards.

5: The data are fully compliant with INSPIRE regulations.

Source: Montieth et al.(2010)
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Table 3. Scoring Metrics and Their Values for Integrating Air Quality Databases of the UK

Dataset

Scoring Metrics NAEI PCM AURN LAQN NPL CEH
Data Searchability 2 1 1 1 1 2
Data timeline 2 2 3 5 2 1

Data Donwloadability 1 3 2 2 2 2
Data Historical Trending 5 3 5 2 1 1
Data Comprehensiveness 4 4 3 3 2 2
Data Accuracy 3 3 3 3 2 3
Data Process 2 2 1 4 2 2
Metadata 3 1 2 3 3 2

Data Format and Standards 3 1 2 3 3 2
INSPIRE 1 1 1 1 1 1

Total 28 26 27 28 23 22

<Table 4>+ # A 23 do]HE Yepdch dlojg] Z2A2E 9et A A o= 7P RuAoz ALE
5= A= o A(reverse scoring)e AHEHTE 05 Tl 9 W, AA oy, B, HeRE
gold, Hlolg F4 WS A Agsigith. & 5o ehdeiele] 3¢ dAg Hol= NAEL: 29] 3 7R
o TGS Fall 49 w2 7HAAl HATk o] = WolA SA(defensive measure) ©.& Fho] 255 T & Zlo] ohy

ek, gko] S5 Wol Aol o W AS ulshs ¢ FU(reverse input)o]tt.

Table 4. Preprocessing Results Data

Data Data Data Data Data Data Data Data Metad Fgfr?at
Searcha | Timeli | Downloada | ... .. Comprehensi | Accur | Consiste | Proces
. . Timeline . ata and
bility ne bility veness acy ncy sing
Standards
NAEI 4 4 5 1 4 3 3 2 3 2
PCM 5 4 3 3 4 3 4 2 1 2
AURN 5 3 4 1 3 3 4 1 2 2
LAQN 5 1 4 4 3 3 2 4 3 2
NPL 5 4 4 5 2 2 5 2 3 2
CEH 4 5 4 5 2 3 5 2 2 1

$2e s dlelHE 7kl 73k, PRISMA W& 53 dloje A A #4& AA v de s
Staal 3t B Ao ARR3E A ¥ A (Data Envelope Analysis,©]dt DEA) HMHL o AbAA ¢
(Decision-making units, ©]3F DMU) 7F¢e] AZQl 84S AAstE Whio]7] o), AFRst= B¢ 2
847} S7F S5 284 DMUS 57t S7hshs 3ol 7] wiitell 7hssthd #Hagke] £ 3
AHg-ste] Awsls Ao wlgha st Nyhan & Martin, 1999). whe}a] &£ =0 $-2]i= PRISMA 4



820 J Korean Soc Qual Manag Vol. 50, No. 4: 811-830, December 2022

o] Hagke] Bl @ A& 9 A2 HAEEITH <Figure 1> PRISMA WS E3) dlojg] A Az 8 348 tho)
oo 243} gk Ao}, M4 INSPIRE & 4 tiifo] ohdoz A€l g, B =FdAE= DEA £4& 9%
J 7]-

3]
2 2 akE: o402 AAEY] e T3 A4 75 (eligibility criteria) .2 DMUZH| &% H& W5A
% il

%7k DMU Abolell %7k gk Abolsl o]} 24 ere A A9k, dlg &

1
7} 1, 3, 4, 5 ohFd ghs 71RILh o] €A DMURE =2 BisAdS 71 Aos £ 84 My2E dolE elEe],
)‘\_]_.

& 84 WMFEE Yoy ¥4, dHolH da, HolE AE AAsiH.

Figure 1. Data Screening Through the PRISMA Method

=
1S
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Q .
& database searching
= (n=11) .| Records marked as
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(0=1)
Records removed for
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oh scoring among DMU
£
g
(]
5
@

Reports assessed for

eligibility

v

Variables included in
B review
ks
el | @)
k= Reports of included

variables

3.2.1. DEA 2%

H =Ro| A ARgslal Qe As XA (Data Envelope Analysis,©] 8t DEA) M -& of 2] Ake] Hopo] Uy

AbgE A 9= Hrb W o)l (Jomthanachai et al., 2021; Misiunas et al., 2016). DEAYE Z} oAE A G
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(Decision-making units, ©]3} DMU)9| &84S H7lsl=d] ojd t49] £ 1 v A&S /pEs el 284
AFZ Wgste Bo57] wid 4y 288 Hristedl folshtk(Charnes et al., 1997; Bryce et al., 2000).
o] 7'M Farrell(1967)el ol A& A5=HR o, o] F43 v AES SAl g + i, 24
] S1a1 ST EA7 el At
AFH oz 2437 o]g e ASoE A4S 1]
o] E895 Hrkshe=tl AR o] $ith

ot o

3.2.1.1 7 DEA 23

)
N
-
3

O
and
ot
oH

7] A dlo]edo]2~ DMUZF n 707F 122, 2 HlolHHo]~E m/le £ 84 & o831 s79]
tobal 7hg stk 7B DMUTE bt o] 3] 79 845 AREste] sk o] o] 4% e 48 ALkeit

. DMUZF n 7 dekar 7h4 3 of, jiAl DMUE F9 84 me o] &3t 4t & ekt

Z A8 CCR(Charnes, Cooper and Rhodes: CCR) DEA Edl9o] A8 t}&3} 7t} o} 218 23

FAEY 7he s 12 aAste] Az wys J8 Aot Cooper et al., 2007).

p

oo R e
) (N
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oy Mo

ooz

oX,

Off

4 2
o

(max)h Z Uy,

r=1

Zuryu ZUZIU <0, 7=1,...,m

r=1 i=1
u, =20, r=1,2..., s,

v; = 050 =1,2,..., m,

e 9 DMUS Al 84S Uerdth o] 2202 DEA RS A AEE Hlulshs W
& Fe] DMU7} AF% tin] 49 $90] AFeH= &84 e o(efficiency frontier)$} Drbi} "oz
AE=7He S46H7] WiZolth(Ko et al., 2011). oW DMUZF 7HE = Q= 7H¢ 2 &84 #@2 10|t vheF DMUS
Zrol 1o] ¥k diY DMUE &84 e o(efficiency frontien)Z sttt A 715 &8 H4(Maximum
possible efficiency score)E A7) HI8IA A& Q4 FY 840 742 71
AE 8 =1.2,...5)% A FH 2260 =1,2,... m)°ll 7FAE F AL UENIG 2 9ty = 44 £Y
Q4 42 QA4S ot a84 4 thE DMUS HlaL S o AR IS 5 e AFE Kt o]
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Figure 2. The Summary of the Research Methodology
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(==

[ Overall assessment evaluation ]
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Analysis of

3.2.1.2 a5 A

g=ro] Ak 7] A 43 BEw doJguo]ADMUS &84S Hrlshs d glojd £ S 479 Ak
W4 6705 agdskioh I DMUS &84S 100%2 7H S w, Y] 57 DMU2] a&4do] 100%l & WA
= Ao, m&Aol X vX = DMUC gk ofefol e ANFHES Vs WA o R AFElh

7Vd 1. NEIHUolE o] 2= 7S] W gk thy] 4k W gk vlgo] a&#olrh

7Hd 2. PCM dlo]guo]2= Y W gk ojv] A= W gk vl&o] agAolrt

7Fd 3. AURN dloJgjslo] 2~ 9] W= gb tiv] AF& Wi 3t vlgo] a&2 ot}

7Hd 4. LAQNHlo|E o] ~= T W= gk o] 2k W gk v]Eo] agHo|r].
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7Hd 5. NPLHJoJEH|o] = 7o) W= gk din] 2k W= gk vl&o] agsoltt

7Hd 6. CEHHlolE Ml o] = F9f wis= gf thv] Ak W4 gt wlgo] agsolrh.

3.2.2. W0 2ZE A9

dlol8] Aupdzet gt a84& 4shs Ul 9ol 7Y % ks e ofWl A AAshrpel] mebd &

4 A7k 2ebd 4 olnh Uk o2 DEACIA sk 9] W A 0] g Ak W 240 Aols
olulgiet. dloly AMAE 919k S5 dlofe] el glofA F9 M 470 HlolE 214 g0, HlolE ERelet
Ql, dlolH] th=E golA, HlolE FAlolt). A& W 67 vlolE ¥24d, dlole] 424, dlolH g, wetd)
ole], tlolE o] 23} HFEstolth. o] F APAA TS (DMU) 7+e] & WEAS 1efskiL, PRISMA 71HS €3
Mo 4] 9 Ak WS AU Table 5> F7e) A4 529 7] A vlole] ot AXE 5
HolgjWlo]~ 75& 98] F9 W % Ake W 24 SR Aol

Table 5. Adjusted Input and Output Variables and Their Meanings for the Integrated Database

Variables

Descriptions

Data Timeline

Input Variables

- The data contains up-to—date data and there is an indication
of when the last update took place/when future updates will take
place.

- Data and relevant data are frequently updated with regular
interval.

Data Historical

- The database contains records past years which thus well

Trending reflect the trends
Data . o .
. - Data are collected at regular intervals, and with in—depth detail.
Comprehensiveness

. D i
Output Variables ata Consistency

- The data are recorded through a defined standard, designed to
reduce erroneous data

- The same approach has been used to collect the data and if
it has altered, then previous data have been modified
accordingly

Data Processing

- The data is uploaded and processed in a way that can well be
linked to meaningful information (i.e. there is representative
data linked to a specific process)

T Wt Ak W Afo] o] AHRIAIE A AHTE <Table 6> Yot St} 9] BAXE THORE A
A AG7)F =& A BRdEl g A o) A 0.8070.2 wl$- 43 ()9 AuRdAE 2ta s Blow
UEhdth 2243 FAE 073108 tha ek GF(+)9] AHAAE 7HAAL Ak o= o A VES F B
St = HlolE AE, & FAE 2wkt = dHolH v« 22AR W8S Fal s F dvka 53 B 5
At FAHo R Z AAEo] glE vlolE UFE thdet oA 73 715 Arkal B 5= ol7] wiite] dHleo]El g
APAFLE Fold F= AeS ddsl] & 5 rh agele e, FHos 2 Addo] o= dioj 4% o
B g B v = AR A4 2 F Qs 1S /5T 4 ok
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Table 6. The Corelation Coefficients Between Input and Output Variables

Variables Data Comprehensiveness Data Consistency Data Processing
Data Timeline 0.162 -0.807 0.664
Data Trending 0.731 -0.388 -0.425
4. AT 27
4.1 3714 dlojgro]A9] a&A4 £4
Aol Ay F71d dlolEHlo]l~e] &84 A4S st 9 FY (reverse-scoring) 4 W 2719} 4t&

H 3705 o] &3ke] DEARA S & A7} <Table7> o A|AE o] it} DEA A& A3 19 &84S 2= DMU
(JAHAA G+ 370o]th. NAEL, ARUN, LAQNo|t},
oo Wb 74 2,56S 7)7F gk

7Hd 2. PCMEloJeHlo] 2~ ) Wt thiv] Ak 8 g HlEo] afHolth
7Fd 5. NPLH]o|HH|o] 5= 79 W=gh th] A W= gk vl&o] a&4oluk;
7Hd 6. CEHHlo]EHo] = 7 Wrgh the] Ak W gt nl&o] a&4olth

Table 7. The Results of DEA Application

Master Data Efficiency

NAEI 1

AURN 1

PCM 0.8060

LAQN 1

NPL 0.8333

CEH 0.6875

g&o] 7M F2 3714 vlolEHlo]2 DMU= & Al7F4] NAEL AURN, LAQNo|th. &&°] 7 $2 ZdE o

o 9= Al 7H4 5714 HlolE o]~ DMU= " 545 7HAaL 9l Al 83 DMU9| #9] 84, k& 848
A ete] oW g WP Bolal Jl=A Ayl B ¢ Slth ol F3 Al 7HA] DMUZE ZiEjojo] AAE olfE

42 38O 7T F

St Ete 1 ot mEAS 2 |
714 dlo]EH|o] 2 DMUE NAEI, AURN,

DEA 24 23 19] &4 2 DMUE
olfre] ztol7} A 4= vk DEA £4 A}
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4.3. &27do] ZHEofo] X vl ¥7] A HolgHo]lA DMU &4

DEA 4 A3 UmA A 7 7] & do]gd|o]~DMUS], PCM, NPL, CEH & E5F Fg&Ac] Z#Eolq &
nxE Ao Yy, AlFANRS FEs te-3 2l DEA #4] 23S =28 uj %4 dloF et A2 7t |
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