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EXECUTIVE SUMMARY

1. Purpose

= The purpose of this study is to establish a logical,
evidence-based evaluation model for national policies

related to ocean science and technology.

- The model suggested by this study not only defines and estimates
goals, inputs, activities, outputs and outcomes of policy but also
is able to identify causes of the outcomes by utilizing practical
evaluation methodologies and then propose countermeasures.

- The validity of the model was tested with a pilot evaluation,
which demonstrated superiority over existing evaluation

methodologies.

= Through policy suggestions, this study contributes to the
establishment of evidence and scientific analysis-based
policy systems in the realm of ocean science and technology

and building databases for utilization.

Xi



2. Methodology and Features

1) Methodology

Xii

This study looked into definitions and the importance of
evaluating policies of ocean science and technology, while
analyzing the domestic and foreign status of major policy
evaluations and a variety of methodologies. Through these
efforts, direction for policy evaluation in the oceans and

fisheries sector was suggested.

Following the review of general evaluation methodologies, this
study delved into evaluation frameworks that can be utilized in
evaluating multi-layered, complex science and technology

policies.

For this purpose, domestic and foreign literature studies as well
as interviews with Korean policy evaluation experts were carried

out.

Major policies in the science and technology sector were

analyzed primarily based on input-output analysis.

Recently, major countries utilize a variety of methodologies to
employ logical models, which refer to evaluation frameworks
and models capable of visualizing complex science and
technology policies as well as clarifying the causal relationship

between input-activity-output-outcome.

Based on a variety of methodologies under the review, this

study proposed a model that can examine the whole process



EXECUTIVE SUMMARY

from input to activity, output and outcome of ocean science
and technology policies.

- Domestic and foreign literature studies and interviews with
Korean policy evaluation experts were carried out.

- Major policy evaluations in science and technology were
analyzed centering on input-output.

- Utilizing logical models, this study was able to infer the process

linking input to output, ultimately leading to an outcome.

{Summary picture 1) Example of logical models - EERE R&D Logical Model
of the US Department of Energy

Inputs Federal, state & local government funding
Private funding, Personnel, Faciliies, Past R&D resuits
—|
Program Develop & Developing
i {»| mantain [ Conduct [ Develop || Demonstrate [ govemment& |  Deploy Poltical
Activities pleanna 8, program research technology technology market technology o
infrastructure infrastructure
«— — Feedback Loops. = S aKVORED)
<—  Pproposals
Public & Technology Test, improve,
cstmates, P e protypes ERREE S ey Sl
, , ; . \ , nature of
Priorities “ndiestbers proof of sl O oSt Trained Information
Outputs identified, it concepts as emedae e personnel, disseminated, Costand
Budget 2385, represented by -commercial technology, Audits tools, Early seeding =
Trained S&T Give industry ] performance
requests, data, State of of competing
Program plans personnel, publications Rerfomance hand=on programs technologies
Partnerships analysis experience technologies
Programs, Industry
CFO, OMB, Programs, R&D R&D Communtty, Relevant Relevant Potential willingness to
For otpes e community Industry industries markets purchasers
Energy prices.
oot Relevant S&T Concepts & Roten ity Investment by Favomblc Widespread
funding in commercializ- policies,
el expertise, designs with vt industry in S adoption of State of the
Outcomes e capabilties possible b innovative or ey aconomy)
Effidensy, and facilies to applications, i advanced sl products; More
i deliver Knowledge S ala commercial = productive use Government
responaiblity programs spill-over bl products nee of energy policies and
regulations
|
Spin-off products and their associated TarinE
National R&D capabiles, including benefits vy o)
options if circumstances change environmental
New products & businesses e
Technology
leadership

Source: Jordan(2005) p. 13, re-referenced by Lee Myung-Hwa (2017), p. 46

- CMO model, a realistic evaluation model, was applied to verify
the practical effectiveness of activities deduced through logical

models.
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- CMO model is a methodology that draws a mechanism as well
as reaches inference based on given contexts in order to identify
how input can lead to certain outcome or failure.

- This study proposes processes and methodologies for applying

CMO models in order to evaluate policies in the ocean sector.

= A pilot evaluation was carried out to find out whether the
suggested logic-CMO evaluation model was valid in

evaluating actual policies in ocean science and technology.

- A pilot evaluation was conducted by applying the logic-CMO
model to science and technology policies to which evaluation
and review have been conducted in the past in ocean science
and technology.

- Evaluation methodologies were compared and verified by
focusing on a policy’s input, activity, output, outcome, analysis
of factors for success/failure and drawing of improvement

measures.

2) Features

= Instead of generally utilized existing methodologies, this
study presents a new policy evaluation model for ocean
science and technology based on realistic evaluation

methodologies.

- General evaluations for science and technology have

concentrated on assessing the achievement of R&D research or
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EXECUTIVE SUMMARY

the efficiency of an individual project, in other words, estimating
the output compared to input. DEA analysis is utilized for these

purposes.

- Existing methodologies may provide the efficiency of policy
activities. Without the definition and analysis of policy activities
that connect input to outcome, however, there will be
difficulties in identifying the process and efforts leading to the
efficiency.

- In combination with CMO model, which is a logical model as
well as a realistic evaluation model, this study proposes an
evaluation model capable of offering direction for future

policies based on the evaluation of existing policies.

3. Results

1) Summary

= Chapter 4 proposes a policy evaluation model for ocean
science and technology to make up for problems posed by

a variety of existing evaluation methodologies.

- This model develops a logical model that defines the whole

process from input to corresponding outcome.

- The science and technology policy evaluation model this study
suggested is a combination form of CMO model, a realistic
evaluation approach, which intends to analyze working

mechanisms of ‘policy activities' actually carried out to identify
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whether an ‘input’ defined in the logic model can or cannot lead

to an ‘outcome’.

{Summary picture 2) Logic model for evaluating 10-year oceans and
fisheries R&Ds

Activity

Outcome

External
conditions

- Organization: Establish a

dedicated institute for

planning and management

(2006~2015)

- Budget: Invest 1 trillion 800
billion KRW over 10 years

- Manpower: Mobilize 52,045
people (more than 49% of
them with PhD) over 7 years

of oceans and fisheries R&D (2009~2015)
. i Research Diffusion of Commercialization
HELD) GIEREIR Rg;)%gsi?:gn/ implementation || research results of research

- R&D demand - Implementation - Organization of - Publication of - Technology
survey of planned researchers/ research papers demonstration

- Research plan research (trend, institutions - Presentation at - Technology
and proposal patent, possibility) || - Research goal/ academic advancement/

- Self-discovery - Verification of outcome set-up conference commercialization
of projects per research feasibility || - Research - Application for - Commercialization
sector - Budget implementation/ domestic and activities

- Formulation of securement and results extraction foreign patent - Activities to
an experts adjustment - Annual = Nurturing support
commission, - Public recruitment || examination/ researchers with commercialization
review and subject and evaluation by evaluation of final master’s and (budget, business
confirmation experts results doctorate degrees || etc.)

- Research paper: - Presentation: - Patent: In 15 sectors, | | =~ Commercialization:

Posting 3,725 SCI/ Present 4033 pieces| | 2,045 cases of patent 104 cases of

non-SCl papers in
15 sectors
(2009~2015)

in domestic and
foreign academic
conferences in 15
sectors (2009~2015)

application and
registration in Korea
and overseas
(2009~2015)

technology transfer
in 15 sectors, 30.9
billion KRW of royalty
(2009~2015)

- Contribution to the
diffusion and
invigoration of
research subjects

- Contribution to
technological
development of
relevant fields
including increase in
domestic patents

- A lack of impact on
business foundation
and vitalization of
relevant products

- Low number of
commercialization
cases as well as
royalty compared to
other departments

Increasing the importance of marine environments such as the government’s Green Policy,
Accelerating climate change, Reform and reestablishment of the Ministry of Oceans and Fisheries,
Increasing interest to ocean science and technology, Change from MDGs to SDGs, Higher
significance of polar regions, Expansion of IT technology, Declining competitiveness of the shipping

and shipbuilding sectors

Source: Prepared by the author
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{Summary picture 3) Example of CMO mechanism Mechanism

Mechanism

Lack of data Insufficient
relevant to startup education
potential startups and nurturing
for growth systems

— |

Select ocean : o
accelerators and Y lna?;q; ealgig;lgerla
entrfufst tge ?Fer(ajnon ' accelerators Select Unsatisfactory ;
of fundof funds | inappropriate  —» discovery level of |
accelerators highly potential | :
o dorfor || | Insufficient design Startups :
T | for postreguation I PG
of ocean startups : of g?ggrranr:wns nt
: ‘Quality’ over * | | Low 5-year survival
] Quantity” in startup |-»|  rate of startups
: discovery : (indicator)
- Lack of growth for
e "1 | innovative oceans
" Highi Characteristics | and fisheries
: ':Agh mteref_t to Creationof || Presentstatus ||~ of ocean | ! companies
: e promotion of small-sized | | technology | :
Context ' | of oceans and || Ocean Fund of h
' fishori Funds ocean development | :
: Isheries businesses (high failure |
startups rate, cost etc.) |

Source: Prepared by the author

- By summarizing mechanisms, logic — CMO evaluation process

was constructed.

xvii



{Summary picture 4) Oceans and Fisheries policy evaluation model

Logic — CMO Evaluation Process

Review the data such as R&D budget, research manpower and
organization structure etc.

Step 1 Interview with experts and persons in charge (FGI)

Evaluation of
policy outcome Review of R&D outcomes, statistics and literature

DEA, Surge Analysis, statistical analysis, interview with experts

Outcome (FG!. Delph)

Review of i Discussion with those in charge
policy outcome activity theory of policy and researchers

Step 2

Cause analysis of Verification on the
policy outcome External cause and effect Group discussion with stakeholders
(CMO) conditions between policy (multiple times)
(context) activity - outcome

Policy assessment

Step 3

Propose improvement

direction for Suggestion of policy Extraction of mechanism improvement
policy evaluation improvement direction [T

Source: Prepared by the author

= Chapter 5 contains a pilot evaluation to verify the
effectiveness of science and technology policy evaluations
suggested by this study. The results of the pilot evaluation
demonstrated superior efficiency compared to existing

methodologies.

- Pilot testing targets oceans and fisheries R&Ds conducted from
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2006 to 2015.

The R&Ds carried out during that specific period were evaluated
through a project study conducted by KIMST in 2016 entitled
"10-year Analyses of Oceans and Fisheries R&Ds'. The contents
relevant to ‘inputs’ and ‘outputs’ were utilized from the previous

analyses.

‘Activities were summarized through studying existing literature
and interviews with experts and those in charge of relevant

work.

Confirmed by DEA models, text mining and literature reviews
earlier, ‘outcomes were defined in accordance with the results
of a 10-year analysis R&Ds as ‘efficiency of research’,
‘commercialization’, ‘business startups’, ‘research diffusion’ and

‘technology diffusion’.

Based on the aforementioned information, a logical model for
10-year analysis of oceans and fisheries R&Ds was constructed

on the basis of ‘inputs’, ‘activities’, ‘outputs and ‘outcomes .

Pertaining to inputs, activities and outcomes suggested by this
study, this study performed a CMO evaluation that analyzes how

policy-wise inputs can result in outcomes through activities.

This study considers target outcomes as research vitalization’,
‘technology development (diffusion)’, and ‘commercialization
and invigoration of business foundation” which can be clearly
evaluated given conditions of the pilot evaluation, followed by
defining ‘policy activity theory’.

After defining ‘policy activity theory for the three outcomes,
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this study confirmed whether the model functioned accurately
and whether it followed the theory through ‘mechanism

exploration’.

For the purpose of ‘mechanism exploration’, this study
investigated mechanisms by repetitively reviewing ‘policy activity
theory’ extracted from ‘policy makers’, ‘policy executors’, policy
consumers and ‘policy evaluation researchers relevant to

10-year policies of oceans and fisheries R&Ds.

- Whereas ‘policy makers’ and ‘policy executors stated their

opinions on difficulties surrounding policy establishment and
implementation, ‘policy executors and ‘policy evaluation
researchers’ put forth challenges surrounding implementation
structures and systems of policies. After going through repeated

reviews, 2 mechanism’ was established.

The mechanism extracted through these processes was able to
deduce a variety of problems unidentified from the evaluations
centering on existing input-output analysis in evaluating
10-year oceans and fisheries R&Ds, confirming efficiency and

differentiation of the model.
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{Summary table 1) Comparison of evaluation methods of ocean science
and technology

Classification
Input

Activity

Output

Outcome

Analysis of
factors for
success/failure

Drawing
improvements

10-Year Analysis of Oceans and
Fisheries R&D

Financial resource, manpower
Research implementation

Research paper, presentation,
patent, technology transfer

Production inducement effect
Value—-added inducement effect
Employment inducement effect

(Inter-industry analysis based on
investment costs)

R&D type, period, principal agent
of implementation, size, area and
target for commercialization
(ANOVA-Sheffe analysis and
survey)

Draw improvements through the
analysis of foreign trends and a
separate survey targeting experts

This study (Logic ~ CMO Model)

Financial resource, manpower, institution

Research discovery, planning, implementation,
diffusion of research results, and commercialization

Research paper, presentation, patent, technology
transfer

Efficiency of research, No. of commercialization cases,
collection of royalty and collected amount, diffusion of
business foundation, research diffusion, technology
diffusion

Research invigoration: Participation rate of private
companies, multi-dimensional features of research ,
possibility of research failure, indicator evaluation
methods, research planning methods, outcome
measurement methods

Technology development: Research driven by private
companies, participation rate of private companies,
patentability and evaluation standards, direction of
government policies, multi-dimensional features of
support programs, possibility of research failure,
indicator evaluation methods, research planning
methods, outcome measurement methods etc.

Commercialization and invigoration of business
foundation: Organization of planning leader, research
discovery system, private vs. public participation,
construction of expert pool, support system for
multi-dimensional commercialization, securing person
in charge of planned research, private sector-driven
programs, failure acceptance, securing reference

Extract improvements from the results of cause—effect
analysis for success/failure (mechanism)
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OFX{ K| ;I_‘Oojxxﬁ - 7FM& 7} H| 1 H 2Z0IM ot
SIZSPNEES - Iﬁ_é N Erst i H;LL :-u .. - A|AE RISI0H M2 A
-JZ T RNEFE - HEEIE BEY e
-REHEE
- R&D K= ZHX™ F |~ SAXN=S 7t - R&D XIE0| A0l
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Kt=: 0|H3}- 0| - ZRIX|(2017), p. 18 M2IE: Piric and Reeve(1997), p. 60

Piric and Reeve(1997)= T3t 35 R&D H7HIHo 2 AR 9 ARS3g7}
81 A griel A& Hrlg FES Y, 22 R&D 419 Qlo] A=A vt
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1) DEA

DEA(Data Envelopment Analysis)= 3387} | #9] 715X A0
o= o] AREHrh DEA= 7t oAHE7 ©91Ql DMU(Decision Making
Unit)9] 43 8842 A4S Hwgth o714 8842 FY84a 73t
Al tiH] A= 8219 7HEAIS] v, AZA ¥ o856t ZF DMUS
BES IS 7HSAIE AFESHY] HASH(Optimal Value)gs E&%F
TF. DEAS] A3l 2 t0] =Y 40 t0] A= 8 45 R3lsto] o /Tt
JolAdS HE 4 9o, ZF /i DMUS] H| &8 A5 ST 4 k=
oltt. o] HIF L & H|g&/do] Yehd DMUO thgt 7|4t AA7F 7hs
SiZIT. Eot 8] 4 RS ARGTOEN AT S AR RAD 5
Uom, o] A4 APHo] et A H 7SR 7F obd XA Q] ARl 7
SA7H A= o] tk= ot

ok

DEA o= CCR 293} BCC Zdo] Qlt}. CCR 2E2 =0 tigh
EHRS HAZ oto], T A8 4 Bd A2 Hglsto] AoiE
BEAS S7%) FE 7|0l 9 oA PAkt of o] BHEE A-g
StH, DEA HE= Hx & AA1E 71221 B3|t BCC X9 CCR ¥
o] gHAof| gt 7hA WREC R, CCRY HA| RS Astoto] wFiof| gt 4=
olHEZ 7HgRIth. Malmquist A4Hd A4= DEAE ©]&3F Ak

(distance function)E ARg-slo] ALY HoEE EAG1HT
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B 547 DEA, 55
7 AE
(2003) Malmaquist =7t REDAS =
InlJPS1=E Exj £5|
(2003) PEA hd ol =2
JISHAAK
Lee and DEA 2} X 'EOZT |
ol24 ==
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St ojoto 2 R&D H7leE AT} FGI 27HE 7|80 & sl= AT &
S7I9re] H7HAIAl A kS AASHTE oFA] HEAo|x]= AR,
R&D B7}ol| FGIE &-8&5h="%to] A=l glo, o]xd AHE &
A G 7RIS B0 R ARG | ks BEARl o & Hagsto] &
&k A7 o g ARRIRE

2) Delphi

duto](Delphi)= thget TH #opollA] 712 A5 75 94 Q2L 71e9]
g 508 A sidolu v afl&o] o2 ¢, o]l tiek sfauek
HASH= 47Ot B4 A7ed s A HHEto A

AE7F AE9] Ol(consensus)® 2732 Fegit). dajo] 7S th=9]
oA} who] o Alge] o)A wet kv Sttt AlFE] 2] dE 9}
oA Aol =24 ZAE Tl k12 duto] 7[H-2 Rl SR
(Feedback)E &3] ofo]t]o]9] @ 75 X AS}sict TS Qg Ao] HAE] o]
—424_% AFEA RS = Qlom £5429] oS mofgt 4= QUrh= 50l A
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T8 @S uReR 374 A dig de 55 =207/, 177, 167] 89D

N

ag7l 9ol 2 AE % Wl FAF 29 44
shirel ARrkgel 44 29 B3] £91 442 9 2%

o

L

Afﬁ] o | - A g Sss A9 B ANGH, A as)
o .« 7t AEeit AR o] ZasT AT €9 A2
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A aa | - A9 QA% AGE Aled 97 4% W}
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H2E HaWot oY - =22y

1. 2 71Q

=R 2O A @42 AT A4S0 AL U
O 2§83 B7ME EEshe BV EPolt =R ¥ £ (Input), 5
(Activities), AF&(Outputs), 4¥HOutcomes), Y Impact)d] 342 74
ot =2 Ut 37 ES o]85to] 4484 71O TAIE Hof
= xdolth 7]"—-4 2 AP Aol A= =22 (logic model) X2
TIO] YA DE E Ao WA o] et AlZ Al #A O & KT 13)

#HZ X 12
olstar, & (Actwmes) AEES Al Aol AdAos 423 %H
£ &5 vttt *PE(OutputS)L 59 ARHAR AAEo|, g7t
(Outcomes)= &5t A2 EZHE Fojakso] A= HY, F3KImpact)
2 T2 3 A2 7|14 02 WAk S ofH|gict.

(13 3-2) =22 7|2 Ak
Rﬂls““p"“'f:s’ . Activities . Outputs . Outcomes . Impact
O ©® ® O O

Your Planned Work Your Intended Resulls

Kt=E: W. K. Kellogg Foundation(2004), p.3

13) Chen(2015), p. 58 M2IL: Julian, Jones and Deyo(1995); Kaplan and Garrett(2005);
McLaughlin and Jordan(1999); Wyatt Knowlton and Phillips(2013)

46



AF2(Output) J¥HOutcome) 2] Aol & BE5] IX|5h= 2ol =11
=

=28 &8t bl S 851 AEE2 =, 59 59 et 2ol %
A

o7 Z4o] 7k et A AR s Wold, Jike =87, ES2RE U
g 7]&old, AIS}H 5 ARE RS E WA 535 Eilkth (°]%:3, 2010)

=g APskE Fe= glon, AR FRet o] ot ohefdt 3
&2 doke Zlo] 7hsolth. AR Q] 718 0A 9 AbA g7}, 313 9 A
Tt 5 gelstazt sk Hatol| whet Fe|7t ohaFstAl L2zl oA A1zt
ZQ1 Folgtal AFT upet Zo] SHkHE, # 52 o]-8oto] TR IO Q1
o BAE TAEE ol-8ste] &I 14

(18 3-3) =228 TAT

Strategies (;\ Assumptions ‘/é
Influential Problem or Issue KI\ Desired Resulls
Factors 1 (outpuis, ouicomes,
&) and impacl) 5
™ 5

- Community Needs/Assels (’k.

Xt W. K. Kellogg Foundation(2004), p.28 212

elRRe nlF, URE, Y 5 Tkt b4 mg A
7ol 48HHAT, Sofutet oA 2 T B ALY Y W 7o) 2

et oft

14) =31(2006), p. 82



|5t Qltt. =E| g2 o[ XY L2 9 Hrlo] 2 AHgr|o], LW
=R golgt: B}, vl=o A= oUAE W v A &8 2 Ay

AJ=2] R&D ArAT =9 F G A ATA] R&D AHY 71 Alof 28
3l9lon JEHE odR|7]|TLe] R&D B0 ARR5H%ch

(H 3-4) YHEIt =] 2 o2 At

2l o7 oz
Office of Energy Efficiency and Renewable energy(EERE) 2005
R&D At =212
0= i _ )
National Institute for Occupational Safety and Health 2012
(NIOSH)S| R&D H7t2 &
FEHE 1R, SS EH D20 =22y 2006
U= MR M7 |28 T |7(NEDO)Q) RRDEZME =2|2H 2016
At=: 0|HS}- 037l - Z2IX|(2017), p. 6, p 462 =510 XAt M2
2. =2|2% A
eluge YA Qubye HolE 4 gl PYOR Q15 s U rio

1) 02 428 =210y

Te}7)& Holof| Qlo] tHEZQ] =] Y &-& AR = eV ]|ems
TI3H(Advanced Technology Program)= & <= It} ATP+= v|= A4
Afst %%31571*%01 A A3t AL JH15)0 7 Z7lo]] F A 7|
S 9t R WIS AR BEES S ZRIgelt ATPE 49

15) &8= 21(2011), p. 45
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B7HE A8l =222 Attt ATPY| =2l R gs dujid =9
9] AS)A BA 3} ko] o] £ g Jo| 9wl AIE Hol5h,
£, 4H2, A3, 9T 24 2 WokeP] st oA At AAR A

3J3}, 45}, BAS 50 iRt WP ES AgSHGh & kelnge o
oA QIFBIRol chafet AP EES BEIE B/ B ANT S Ur.

(O 3-4) ATP Z203 It =2|2H

/! }\l’: E %H o \\
S DEESEH A D END NZREE
" zzmupz .y
S~ FRopigedaTe
-
o Zoim o= o 2 Holg DA 9T
ATPY 2018 212 29 HUZH HOE 28 =
ozJa 20

SH=HHT2BY FY: AHE M3, 23 EHEO Tool A2
0 UK H9 5Y
0 = jE EH
o =00 i, X SEA 0 OHE 0l A2
0 Y 2A
0EY NE T Y
¢ 95 1310z o
N EEN
0 I2 ) NS Y BINZD B2

v } v Y

9
A7)
=1

=
=l
=

]

=
=0
= 212

5
tA

m e

Tl 21 bl

S8 (Input): ME(Outputs): 2 IH{Outcomes): % & (Impacts):

(i JHE IZHE MEZHEE NS, SE, MEIA GDP 01, 1& 0t
ol B EHE pl AR B D1 AR e B

A 56,28, 2028 P EEEES SO H B

JIE ANHE ANMZH JIA 2 Spillover effects JIE ZEE EY

AtaE: &4 2/(2011), p.49 M2 Ruegg, Rosalie and Irwin Feller(2003) p. 65
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2) 0= HUXY =22

u]= o X H(DOE)2 Office of Energy Efficiency and Renewable
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(B 5-9) 2Xd 7|a= s 2 YA $4812013~2017)
E19l: 21, 2 2, %
20134 20144 20154 20164 20174
o = - o R T e - T
7+ HE 3% HE 7+ HE 3Y HE A4 HE 2% HE A+ HE 3% B 72 HE 39 HE
71
;EELEH 1,179] 223, 500 20.6/ 1,376/ 20.00 518/ 224 1,723 234 1,075/ 33.9| 2,163| 24.4| 775 29.1 2,230 249/ 760 31.7
oLT
usH 46 09 3 01 774 1120 179 7.7, 993 135 254 80 822 93 2320 87 899 10.00 224 94
TENES 60 1.1 69 28 143 2.1 81 35 126 1.7 34 1.1 140 1.6 58 22/ 150 1.7 49 2.1
7188 0.0 0.0 200 0 00 9 01 1 0.0 9 01 1 0.0 6/ 0.1 1 0.0
SUSMMEE | 109 21 25 1.0, 147 21 12/ 05 9 13 9 03 134 15 17 06 146 1.6 16, 0.7
SENEH 691 131 26 1.1 327 4.8 27 1.2 332 4.5 21 0.7 904 102 43 16/ 782 8.7 32 1.3
CHEXALY 1 0.0 5 02 7. 0.1 21 0.9 31 0.4 10, 03 77 0.9 74, 2.8 61 0.7 50| 2.1

ZeS s 31 06 4 02 27, 04 9 04 32, 04 10/ 03 48/ 05 22/ 08| 104/ 1.2 2109
LA 5 0.1 345 142 17/ 02 93| 4.0 74/ 1.0, 169 53 61 0.7 41 1.5 78 09 17| 49
BH=XE 114 22 61 25 68 1.0 42/ 18 86 1.2 61 19 103 12| 124 47 82 09 60| 25

Y 22, 04 0/ 00 21 03 1 00 5 0.1 100 9 0.1 2,01 5 01 2/ 01

AASHAEE | 9931 18.8] 1,037 427/ 1,625 23.6) 1,008 436 1,718 23.3| 1,154 36.4 2,251 254 891 335 1845 206 670 27.9
AUETHY 100 - 00 0.0 0.0 0.0 0.0 0.0 0.0 3 00 201
A9 | 1,974) 374 346 142 2,224 323 287 124 1,938 263 252| 79 1982 224 309 116/ 2,309 258 283 11.8
ClR e 43 08 4 02 81 1.2 8 04 100 14 9 03 ZA N 21 08 125 14 22, 09

HER 15 03 5 02 45/ 0.7 250 1.1 1020 1.4) 110 35 63 0.7 51 1.9 121 1.4 87/ 3.6
7B - 00 - 00 1 00 - 00 401 0 00 5 0.1 4 0.1 8 0.1 8/ 03
A 5,284| 100.0| 2,431/ 100.0| 6,884 100.0/ 2,311| 100.0| 7,368 100.0 3,169  100.0| 8,860 100.0 2,660 100.0 8,946 100.0/ 2,396 100.0

Atz st=apst7 &7 |2E7124(2017), p. 200; SH20at7 |47 |27 1(2019), p 204 7|8t KXt &2



H 5-10) X4 Alist 219+(2013~2017)
£9l: 24, %

20134 2014 2015 2016 2017

e A+ HE | 2+ HE | =  HES dx | HS 24+ | HS
gsglir 512 33 416 20 525 26/ 7M1 26/ 1,150 35
ugs 11 0.1 110 05 83 0.4 78 03 o] 0.3
ZENEY 103 0.7 97 05 83 04 236 08 245 0.7
7143 " 0.1 2 0.1 22 0.1 32 0.1 29 0.1
SEURAMMER 178 12 232 1.1 234 12/ 276 10 426 13
SENEY 2382 156 1,832 86 2300 114 1,838 6.6/ 2,151 6.5
CHERARY 14 0.1 23 0.1 74 04 181 06 469 142
SsHsHEs 246 16/ 161 08 197 10 226 08 241 0.7
B 1 0.0 2 0.0 28 0.1 68 0.2 59 0.2
P 1 0.0 - 0.0 - 0.0 - 0.0 - 0.0
HH=X|L 109 07 125 06 80 0.4 Y] 03 61 0.2
Ay - 0.0 2 0.0 1 0.0 - 0.0 3 0.0
MUEMAtRIE | 1626 1060 3387 160/ 4803 239 13106 468 4,882 148
AR 1 0.0 - 0.0 - 0.0 - 0.0 2 0.0
B47|9 9656 630 14,134 667 10633 529 9907 354/ 17,100/ 518
SfALE 36 0.2 29 0.1 29 0.1 20 0.1 65 0.2
Bz 428 28 633 30 9% 50 1,223 44/ 1,79% 5.4
7|EHRH - 0.0 - 0.0 - 0.0 1 0.0 1 0.0
A 15315/ 100.0/ 21,205/ 100.0/ 20,088 100.0| 28,024 100.0, 32,993/ 100.0

X2 2151 |47 |E157H(2017) p. 229, =15t |47|21-7HI(2019), p. 233 718t XA M2
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