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Summary

I. Title

Support to use of meteorological information and value creation (VI)

II. Background

- To minimize the impact of extreme weather events affecting human and
infrastructures which happens more frequently and stronger caused by
climate change, it is necessary to investigate and analyze advanced case
and trends in prediction and detection of climate change, weather
phenomena, and meteorological services

- To develop the systematic policy strategy of the KMA, it is necessary to
study the technology development based on interdisciplinary convergence
such as examination of the effects of cold spells on cause-related daily
excess mortality in 6 Korean metropolitan cities during 1991-2015, analysis
of heat stress and rest time of outdoor workers in summer, estimation of
the economic value of heat wave warning information, and measuring the
economic value of improving observation systems use and prediction model

accuracy.

IM. Objectives

- To analyze and develop a meteorological technology and policy
- To develop an interdisciplinary convergence technology
To examine the effects of cold spells on cause-related daily excess
mortality
- To analyze rest time of outdoor workers in summer
- To develop and plan a policy strategy
- Estimating the economic value of heat wave warning information

- Measuring the economic value of R&D program of NIMS

_Xi_



IV. Research contents and results

1. Trends analysis and development of meteorological technology and policy

From January to December of 2019, meteorological technology and policy
information corresponding to 206 articles and papers. 17 articles were collected and
analyzed monthly average. 67 articles of policy part (33%) and 137 articles of
technology part (67%) were collected, totally. The information were gathered from
the various web sites such as foreign meteorological agencies, research institutes,
international journals, internet news, international organizations, and foreign
government agencies. Every information was classified into seven fields
(‘meteorological  technology-policy —strategy’, ‘climate’, ‘ocean’, ‘environmental
meteorology’, ‘observation/equipment’, ‘high impact weather events/disasters’, and
‘applied meteorology’) depending on the content. As a result, 69 (34%) articles of
‘meteorological technology-policy strategy’ part and 44 articles of 44 (21%) articles
of ‘climate’ parts took more than a half portion of the total information. Also 29
(14%) articles of ‘high impact weather events/disaster and 28 (14%) articles of
‘applied meteorology’ were collected. Additionally, 10(5%) articles of ‘ocean’ part and

7 (3%) articles of ‘environmental meteorology’ part were analyzed.

2. Research on technology development based on interdisciplinary convergence

a. Cold spell effects on cause - related daily mortality

To utilize the weather type classification scheme, Dry Polar (DP) weather type
effectively represented the typical winter climate of Korean peninsula, showing the
highest frequency which influenced by Siberian continental high expansion.
Estimated standardized excess mortality was varied by each location, and showed
the highest during colder DP subset days (DP+ and DP++), characterized by lower
temperatures and strong north-western winds. In Seoul, the daily minimum
temperature on DP++ days was -11.9C. For 6 cities, estimated excess mortality
on DP++ days showed larger spikes indicating a partial contribution of temperature

extremes Intensity, lag time, age, and chronic causes. Especially, six day after
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DP++, the peak of all-disease mortality (13.8%, 95%CI: 7.0) was observed, and
cardiovascular elderly mortality peak (10.0%6, 95%CI: 6.7) was observed on the 6th
day with a linear increase, and the highest respiratory elderly mortality peak
(11.8%, 95%CI: 7.3) was observed on the 6th day. These results reveal the severity
of extreme cold spells, especially for individuals with chronic circulatory disease.
These results demonstrate that SSC 1s a suitable methodology for quantifying the

effects of cold stresses on daily mortality in Korean metropolitan cities.

b. Analysis of rest time of outdoor worker in summer

We figured out the minimum rest time for the safety of South Korean outdoor
workers in summer. To quantitatively calculate the minimum rest time, the WBGT
index estimated by 27 weather stations and the work-rest schedule of KOSHA
were used. The average of hourly WBGT from 2009 to 2018 showed that outdoor
workers with heavy workload are exposed to heat stress, ie., exceeded the WBGT
of 25°C, of their daytime working hours in summer months from June to August.
The minimum rest time required for each hour was 5 minutes for moderate work.
But in the mid-summer period from late July to early August, the daily minimum
rest time for moderate workload noticeably increases to 12 minutes of mid-day
(11:00-15:00). To prevent the heat-related illnesses of outdoor workers caused by
heat stress in hot environments, it is necessary to prepare quantitative work-rest

regimens and to actively follow them.

3. Research on policy strategy development and planning
a. Economic value of heat wave warning information
This study was conducted for the purpose of evaluating the economic value of
heat wave advisory and warning (HWAW) in summer. A cost-loss decision model
was established to assess the economic value of HWAW. The total heat wave
related budget used in 2016 by the Seoul Metropolitan Government and autonomous

regions was collected separately from fixed and variable costs. To estimate the
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loss caused by the heat wave, the health insurance claim data provided by the
Health Insurance Review & Assessment Service were collected to derive the
monthly health insurance claim amount for heat-related diseases. The results
presented that the KMA’'s HWAW provided the city with an economic value of
4133,225,870 KRW during the summer of 2016, or 47.73% of the city’'s heat wave
budget. And if the accuracy of HWAW is improved by 1%, the city can expect an
additional value of 832,880 KRW per day. The perfectly accurate forecast was
valued at 5,210,040 KRW. This study is meaningful in quantitatively showing that
weather services have sufficient value as the main input information in the
decision—making process of heat-prevention measures that are expected to be more

damaging in the future.

b. Measuring the economic value of R&D program of NIMS

Extreme weather events which have been changed scale, period, and frequency
due to climate change is causing unexpected damage globally. Prompt and accurate
forecasting is required to mitigate damage, and so many foreign countries are
researching improve observation systems development & uses, and prediction model
development. National Institute of Meteorological Sciences (NIMS) part of Korea
Meteorological Administration (KMA) is progressing research of improving several
forecasting services which KMA is providing. This study tried to estimate
non-market benefits of main studies of NIMS which is making uses of observation
systems and accuracy of prediction model better.

A survey of 1,000 randomly selected households was undertaken in Korea to
investigate benefit of 5 attributes such as NIMS Atmospheric Research Aircraft
(NARA), Mobile Observation VEhicle (MOVE), Asian Dust Aerosol Model version
3 (ADAM3), Regional ocean wave prediction system, Global Seasonal Forecasting
Model (GloSeab). The study employs a nested logit model and the results reveal
that the marginal willingness to pay (MWTP) for each attributes are significant at
the 5% level. Estimated MWTP results of 1 hour extention of NARA uses, 1%p
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increasing of MOVE uses, 1%p improvement of three different prediction model
which are ADAMS3, Regional ocean wave prediction model, and GIoSEA5 are KRW
34, 31, 48, 18, 17 per household pre year, respectively. Information from this study

will be useful in planning and policy making.

V. Conclusion remarks

By conducting A study on support to use of meteorological information and value
creation , it is possible to increase the meteorological market size and to provide
fundamental data on establishing the appropriate strategy. Furthermore,

multidisciplinary studies could improve the value of meteorological and climate data.
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Fig. 2.1.4. The portion of international field.
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Fig. 2.1.5. The portion of the source of information.
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E Abgstel 8% ghs AMEstth 1 & WBGTA o whE ofe] #4874 ¢
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Table 3.2.1. Geographical information of Automated Synoptic Observing System
used in calculation WBGT

Station ID Name Latitude (°) | Longitude (°) | Height (m)
101 Chuncheon 37.9026 127.7357 76.47
104 Bukgangneung 37.8046 128.8554 789
105 (Gangneung 37.7515 128.891 26.04
108 Seoul 375714 126.9658 85.67
112 Incheon 37.4777 126.6249 68.99
114 Wonju 37.3376 127.9466 148.6
119 Suwon 37.2723 126.9853 34.84
129 Seosan 36.7766 126.4939 2891
131 Cheongju 36.6392 127.4407 58.7
133 Daejeon 36.372 127.3721 68.94
135 Chupungnyeong 36.2202 127.9946 243.7
136 Andong 36.5729 128.7073 140.1
138 Pohang 36.032 129.38 3.94
143 Daegu 35.878 128.653 535
146 Jeonju 35.8408 127.119 61.4
156 Gwangju 35.1729 126.8916 72.38
159 Busan 35.1047 129.032 69.56
165 Mokpo 34.8169 126.3812 38
184 Jeju 33.5141 126.5297 20.45
185 Gosan 33.2938 126.1628 71.47
192 Jinju 35.1638 128.04 30.21
251 Gochanggun 35.4266 126.697 54
252 Yeonggwanggun 35.2837 126.4778 37.2
253 Gimhaesi 35.2267 128.893 53.34
254 Sunchanggun 35.3714 127.1286 127
255 Bukchangwon 35.2264 128.6725 48.8
257 Yangsansi 35.3072 129.02 14.85
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(2) WBGTA + 4=

t}H(Yaglou and Minard, 1956). (Eq. 3.2.1)

Eq. 3.2.1

Outdoor WBGT = 0.7T,,+0.27,+0.17,

:rL

A71A, Twe AAFT2=(HY: C), Tg

Liljegren et al. (2008)2] =2

A~ = =
TE FA4o=

FH WBGTA

7192

Ao (Alfano et al., 2014), W] =F4FoFd ¥ A = (Occupational

o] o] 70l 44|

=
=

WBGT#

o
T

Safety and Health Administration)

3l WBGTH]

E

[e]
2

(2008) €]

Liljegren et al.

91 - 100%°ll A 1T

-
.

o A9

(OSHA, 2017).

o]} o]t}(Liljegren et al., 2008).
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(4) WBGTA o] & Sddsa dA 0]
et B AT A AAEE WBGTAS AAA7L ofe] w=sAte] dXEfd
25 Hrtstrld AFeAE AES ] $s] WBGTA 9 22432t LA Al 2o
AAE EA A ol & ﬁ%ﬂ 7H TN BAFZA 2" A g WBGTA <] 3
dof] W A Fo AAE AFEEE el &9 AR AL

=
A9 WA HIEE =3 4= 9= FTold 3] 7 (Poisson regression)? S A A 8FS] T},

.

A tHTable 3.22). ol Al&5= WBGTAS9 A= d2Ed A o] &8
Z9lEx9 gRE Hriets 27 238Y EFR(ACGIH, 2015), 242l Al st
2 A olyARt =t 12 A solA A ES HHEA T
A= A 71EES YEPAT(Dunne et al, 2013). Al7]o wE A F2AAIHS A A S
71 98] KMA (2011)¢} Seo and Byen (2002)0] z+z; A A8k of E4nte}l 718 w}7)
e VFoR AqdFHE 29E(61.-621), Oi—ELXPU}(G.er?.ZO.) od5d A
(7.21.-8.12.), 7F&74vH813.-8.31.) % ?-To} Ak Eg, AwrAQl ofe2hg] Tbede] 7
0% AT 5mE AHEEe RS 1E sk %17&?% S5mn IREQL ALEel] gk
wAS s HAFHoR AVJ% WBGTA 9 =573z wet AEd 24
/51

AZEE oFd Al7Iek AT R g atste] e

=
39
o
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Table 3.2.2. Permissible heat exposure threshold limit value (WBGT, T)
(KOSHA, 2017)

Work/rest regimen o Lo
(Each hour) Moderate Heavy
(200-350 kal h™) (350-500 kel h™")
Continuous work 26.7 25
75% Work, 25% rest 28 259
509 Work, 50% rest 29.4 279
25% Work, 75% rest 31.1 30
2. 243 2 24
(1) 8vet = WBGTA S+ 54
Fig. 32.1% #< 109 o457 v WBGTAF9 Al7Hd Wsks ety F2 of
9] o] o]FAAE F Hit WBGTAFE 247C9 #e Heolw, A 9 FHu

WBGTA = 242F 2147TC, 262C= 48T9 #HAE HolY 53], 4331 WBGT2
12:00-13:000 YEpLH, o= A FH17]2(28.0C)e] HeEbrb= A7H(14:00-15:00)] H] =l
Aok 2A1ZF O wEn dH 3 WBGTAFE 9 A 7120l Hlgte] of 1.5T7}
o oo 7)ol Hla w2 WBGTAo 542 2859 =sAs0] ok 94845
ettt do] ZAxE S opr1d 5 Slrlel Felaord et ltk(Alfano et
al., 2014).

7HE A& Azt

=

2l 11:00-15:009] WBGTA & kg o=z FAQE A&A 2
Aol 7hsd £ F5AY(200-350kal h'7bA o] Aol 285 E AYS ol &
AL EAY dWA 4o gys d 5% 53 dARA 267Cel
(350-500 kel h17F#] 2] & wko]
5ol AAAQ 25CE

71l i A= kTS FHEs kel Al ExEHXAVE Vhd Ao
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Fig. 3.2.1. Boxplot of daytime (06:00-18:00) WBGT in summer.

Fig 322% #A 108 o832 "+ WBGTAS 2 WBGTAIF 267C 23Y 9
W3lE Jepd 53 FH WBGTASFE 20189 7MY =2 #e 7|58 o, o
o= 20134, 20104, 20169 <ok EAE#H A EAl AR U|Fo] HE
WBGTA S 267C %23 A Hyt 2339 ojder 53], 201832 399 (o] &2 9

5

1
H oH(Kjellstrom et al., 2014).
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Fig. 3.2.2. Trend of average WBGT and number of days with
WBGT above 26.7C (Jun.-Aug.).

(2) WBGTA =9} 248kt wyate] v

o 7TAZH2012-2018'9) Aol =/ AR =ddda Aux g
490998 0.2 Aol AAolA TG 2dde AuAp $(8790%)e] Ank oS A8t

At WBGTA=9F A9l =//2d 3ol 24 2ddgxete] addes B4
Ay 2ddgAe s F3F WBGTA47F of 26CTE |le W S7hshs nlAdd 4
HEe BAT(Fig. 3.23). 53], A =/ = Hg Hud £ ANAES
Q78 YA weAE AdHem e WBGTA oA 24923 2A
of #ASHA S7Hete] UEy nd S4o] By FHdE Bt ndA SEAH
o AAE T, TAPY d=2EH2TE EAD el = dAATE A4
267C, 250CQ Ae AT W, WBGTA 52 dAA7}F ofe] w=sxte] dad A%
of B F7HE oplste @2EYRY] wE: ARE G HRET F US Ho=

sherey,
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Table 3.2.3. Average rest time for outdoor worker according to the work load

and summer sub-period (Jun.-Aug.)

Rest time per hour (minutes/hour(%))
Work )
load Time Early summer |Changma period] Mid-summer | Late-summer All
(6.1.-6.20.) (6.21.-7.20.) (7.21.-812.) (8.13.-8.30.)
Day
Moderate | > " 101 (017%) | 33 (55%) | 121 (201%) | 6 (101%) | 53 (88%)
200350 | 06001800
Hottest ti
) (1(;03:5%15(1)6) 03 (04%) | 62 (103%) | 196 (32.7%) | 106 (17.7%) | 9 (15.0%)
Day ti
Heavy (06,?)2_;?50) 10 (17%) | 87 (14.4%) | 207 (345%) | 12.7 (21.1%) | 10.6 (17.7%)
(350-500 keal| ‘
Hottest ti
P | oo toon | 23 B9%) | 188 (23%) | 286 (76%) | 191 (319%) | 158 (263%)
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d ddo] "k agla 1ye Mee] Ane] me} v 5 &4 WA THGray,

2015).
Fig. 4112 A&A7F 9 Fs& Aztstr] g divlallso] 243 AA 7]13d8%
of WA of §of w}ﬂ} et e vE-EdY 24 A4S Hoer 3 HE e 4
T oSl ZEi7F 29 o) AEdE Aow oid o 744
e FoRe} ‘EY ARE IR LAY dHdlE 28 713 A st
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yes =3 warning/ ™

action
* L]
¥ heat action plan heat action plan
s {fixed €, +variable ) {fixed &)
Heat yes no yes Y e
wave
- - - 2 £
I mitigated loss 1l / loss from heat normal loss
oss (L") normal loss (L) wave (L) (L)
sobability Hit . False Alarm Miss Cormrect
P (h) () (m Rejection (1

Fig. 4.1.1. Decision paths implemented in the model.

(2) dB AR AAA 71x H7}

Qs guel 444 ANE B Ge e ATASe els) Aol B
of & Mg-£4 mYe A Mg 4 mae AW et A%
AA 87 A o5 Alo]o] WAl W& F Zhzbe] Ao by = W g B &
AE F3l VIR AAA 7S H7EetH(Lee and Lee, 2007).

Table 4.1.1. 2x2 contingency table for valuation of weather forecast

Forecast adverse weather / Protective action
Yes No
Hit (h) Miss (m)
Observed Yes Mitigated Loss (Z,,) Loss (1)
adverse False Alarm (f) Correct Rejection (7)
alse Alarm orrect Rejection
weather No Cost (O) None (V)
L,=(C+C)+ L, Xz, L=C+L, C=(C+C)+L, N=C+I,
S G A7t A EQEFUACl FA e ngvlsh W, L,9)

27t SgAg A AgA NFA ABuY FTRAolh s AEA

LTL
ZAgA oz FAd= £4 HEo|t}. Benmarhnia et al. (2016)2 o] F AW
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(Difference-in-Differences Approach)o. 2 A2 2 H] 35 (Heat Action Plans,
HAPs)9] Azl 7ha @35 St 2 23 HAPs: d%3t 38799 HALLL /‘}
WA FEONA sHF 252 e AMRAE AAaAE F e doR HUMEHAY B
T deoR e Wy wWie 24ES 94 Benmarhnia et al. (2016)¢] At
A zpol7b EAEARE, BaA HEs Fal dE AR VX9 AR rE BAF
24 Ao ok F8HS Folaa AEAe ELgAOoE 651%(252+38.7)e &4
S #aATE Ao etk webs A e 0.93490]

717470l AFste FASE AREA AeA7E 7IE e T H82 Table

A
4119 RE vE&-£43 BAGEDe] F& RE 0@ gholtBq. 41D,

HEr

o

B, =L, Xh+LXm+ CXf+nxr Eq. 4.1.1

E =L X(h+m)+Cx(f+r) Eq. 4.1.2
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Eq. 413

ox L, +(1—0)xN

EP

55 9]

E o
=

VS E =
71t B8 o) Apgof u}

A% duol 0§ @A o wo
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AA 7HA]

o

27l

=
R

ol & wARG-l uf

1%

*

Eq. 414

7=

E

I

} 93 tHGruenigen et al., 2014).

Aol 2 7 4ks
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Eq. 414

EV=E,,—E,
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19] Zlo] WAFT Table 4.1.2

o
=

24
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=
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o}
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e
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2016

t}. Table 4.1.2
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Table 4.1.2. 2x2 contingency table for heat wave warning during summer in
2016

Forecast adverse weather / Protective action
Yes No
Hit: 23 Miss: 1
Observed Yes (h=0.25) (m=0.01)
adverse .
weather No False Alarm: 15 Correct Rejection: 53
(r=0.16) (r=0.58)

. . h h precision X recall
accuracy=h+r, precision=-——, recall=———, Fy—score=(1+2?)x — (llremtsz'on re ) |
h"rf h+m (22 X precision) + precision

AeAE 20169 59 120169 E FFA 32 AH(olF EQ A, & uwx
Ak Zd oA Jadr 64 1

] !
P A9 we AT} ANFY FL BFORE QAR A

m2
o
e
w
S
o
offl
2
>
o
>
fo
i
)
N

(Seoul, 2016).

20161 M eAle] 4 A ik oF 8669 Holtt Hite FAE
Aol #rEAde] wel uAnel MEvE FE 20169 9 WA 717 59 1
A= oF 689 9, MEHl= oF 189 o] FJaAHATh dAAEE WAHMAY AR
N AFE Ba AEeAdA Agwsith A9 nguel HEue 2474 9 o
+9 712k A DAL S v gl wEk Abekd

TUNAZREE A AUE g eR A BE By dr Had e 23
HAE AFHSE F A T A RAGAEeITh 1963 AAE )RR, oA A
Ztate] 197611 ZAA S AAR g FArtYge]l MAEE T 7kgAe 57 W9l
b &Aooz giso] skt 2000 A EFo] wwiAdRFel EWstdla, $-g
vete] S RAZEY A e A 9 98%el EetH(Kim, 2010). 17 AIAL
HrEdol A AF T ANAZRY @A g/ ) AFRY HFAE(o] 8}
AAR)E ExAQ] Bs AR Frhea ok B Aol AbgE 20161 65

Al ol kY] A AR B R H o H/MA AR S FE Al

v

a
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QuAN A 4B AYmEs AYRFALAE'S FFEFAYAALR TR )
Here Fmsteth TOTS ‘G % Wel G oF ABORA AAY R DAY, &
A, A9, 493 55 E3ekal X30 % E86(o]d ICD-10 =) 3 FHo =

o3t A7 g3k dslo g REFHvHZhang et al. 2012). 201611 T67 Aske] 4 A3}

Bar Apr Pay Jan Jul A Sap = Moy
madicsl skpahiss| 284,370 488,000 253380 S85,180 731,230 2,173,080 S04, 300 | SOS.730 | 314,120

Fig. 4.1.3. Monthly medical expenses from T67 disease in 2016 (unit: KRW).

SA A T67 Aol diEA S Sarofim et al. (2016)o14 AAIE 9 #A
NHHLE A8S ddoes AAgan. e 282 Add/HE /s E571/08 A

3 dgo]l 2. @EANM g 5= nRF ¢ FLA
de] myd F4 sbeAolal, @EAY 92U o F(Jun-Aug)el F Aol

s
TOTA R} I EY A AR AR el A Ak TS ASlE %
%o A%o] EEHATHTable 413). EZH ¥~712e A4ud A7z 747

1,190,525,730€, 1,278,389,870¢, 1,191,188 500¢ ]t}

Table 4.1.3. Medical expenses of heat related diseases (unit: 10,000 KRW)

. Spring Summer Fall
diseases no, code
Mar Apr May Jun Jul Aug Sep Oct Nov
Hyperkalaemia| 1 ER75 30,022.59 27,415.47 26,801.07 27,826.12 27,942.06 30,971.40 28,019.22) 28,176.97 27,973.22
Mental and 2 F103 28.09 27.64 27.36 27.86) 15.14 76.72, 85.71 23.73 14.33
behavioural _ - - .
disorders 3 F232 82.30 67.834 54.38 134.59 192.64 216.29 104.12 209.54 96.36
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4 | 239 6603 5801 6197 36700 4876 10463 4821 3139 7564
5 | F318 | 141557 1,10260 123745 120674 136666 183199 1042770 118464 135863

6 | F330 77496 75907 69050 67113 70327 84643 68536 66694 69737

7 | Fa2 45735 47754 36333 72988 79081 77694 67739 66249 61174

8 | Faa8 5835 84.20 6343 10093 9419 12441 10514 6827 5830

9 | P01 9904 91.30 55.26 6700 637 13539 706 7445 7262

10 | F410 | 532139 514628 582164 532626 502425 638294 552583 540188 527767

1| P42 62023 50807 577571 49081 57850 68945 56509 55244 49468

12 | Fe03 g6d 2071 370 1974 1613 3185 8.96 863 892

Ischaemic | 13 | 1212 5116 5803 10.19 6599 3594 7457 4690 1957 1393
heart diseases| 14 | 1249 26025 17476 19994 30267 3662 43584 43739 36663 26992
15 | 1601 14537 15361 17717 18325 23953 24087 22858 17416  149.36

16 | 1604 18.18 6.9 2.18 62.90 3.99 575 10.96 1.49 193
Cerebrovascular] 17 | 16349 74.03 7141 62.56 64.17 86.42 96.81 56.04 7575 5964
18 | 1661 28308 30296 17129 12719 21199 4633 69.14 6176 2526

19 | 1688 | 190670 117581 154609 178722 172075 206137 160763 155666 152003

20 | J31 1259 10361 3422 6105 4394 12600 5134 2031 2286

, 21 | 351 16.11 1355 17.89 1725 1141 9545 8652 4800 2475

Other f;;e‘; ST | 32 41566 33685 31637 38002 43353 64140 37576 22447 20596
respiratory | 53 | 3840 7209 75.09 82.45 9760 42763 38099 15821 7908 5865
21 | 4511 a9d 2342 3653 1908 4637 6357 4299 3265 3760

%5 | J950 778 954 13.96 5211 6854 7957 3.46 194 1210

Eifects l?éhft‘e‘"‘t % | Te7 26.44 4661 2536 5852 7312 21731 5843 50.57 3141
sum 4208784 3331087 3845380 3995578 4065536 4722785 4017160 3977432 39,172.93

Table 4.1.4. Economic value of heat wave warning in 2016 (unit: KRW)

value
B, 148,157,205
E,, 193,083,573
(daily) BV 44,926,368
(summer) EV 4,133,225,870

ZAER o] AAH A 4926368902 HoAH A 929 (6-8%) B FAHE
ZoEnel A4 AL 41332580902 48 & ATk ol AEATL 2aw
L)) o4t 8669 Aol 47.73%0) AP, Aol AW F am FEE o
ANZY A FOAAE B F 2QU'E §@ Aun 2 Foln. 1w

2016 S| AAE FA] 7147 A=Ak 396,151,955,5409 o] ¢F 1.04%¢9] 3823t} Ebi
et al. (2004)2 Smith et al. (2001)3} Krupnick et al. (2002)e] Z3= 3] 1995-1998
W FoF depddolo] A= 664 o] E ALY il VSL (Value of a Statistical

_38_



= (Willingness To Pay; WTP)

s

49 6,800

=

a2, 313 &<t PWWS (Philadelphia Hot Weather-Health

S

SHE 7EA 9] o 44ujel] ZEit)

2]

O
=t

3z
=

}

<)
e

17}

)
'lO

4009 42 714

Watch/Warning System)?] 7}%]
19 5600 2e&fe] 7FA =

o

=

Life)
& ol A

o o W oW S S o o T Ar
TR LN F RS T o X8 o M- &
e g5 8 weNgT 7z ¥
X . £ = o of m T &5 m %%mc
O R S SO N
w e ow e - ol
o) ey ™ Ho o I~ o Hr o T el ﬂo ’ S ™
ni ll a‘._ S Mﬂ ™ J i_l 10 —
g BT e m_% R o u@ N~ oA K
BR ) b ®o i ol E'e o Ea o — = o
I HJ1eram NS & 5 i
1r1_, —_ ] N X H o O il N X ﬂo
,mﬂ ‘ul X HL QK — — \M w ol ~
— X o ujr %y Mo o 1 = % o M T ,._MIL ] ‘\Alo
X e wir — N X X
= W To Jn M X < )0 ~ —; O = N
X —_— 0 T —_—
ST o o Mn W © ORI X ~E o
s q ME H™ Y . o - 0 0
W@r%i T . erw%%o% [\ M@H
et T S A I TN - A Ay T F 0
T KT o T o o K o= = oy of
N T E g o XX Gl A
= N W s o= T ST o o) NE
R X = NI S ~ o =
i M ,.M_l N+ N ‘oM % B e M o A _IT Mo ™ )
— . f— = = —
T = oy o W T 5 ®m .o X0 m ) A
X Kl ol . 1;‘_ oy X = o}
= ) M- o © Culs s o oo - o o X T a e
of R CE AT R oy = U
o - ‘51,._ . T O«. = 0
= B X o T B T oy IS ur o % B =
IS} Hl E %o ! MM 5 MM nH - < © ) ol o o W.._
— — 15}V < ol o — O ¢
oy TR oo B WO oy W N o
o 2 of —_ © N T = ~ X
ey of & N o = 70 <0 5
.o o o) N N = o o ) =
T ™ T g m = PP NS T — = .2
o5 do 7 o m ~ X & o T L = =~
ot WE el o= N | = oy 5% ol o ,A]o e M.o Mﬁ oF MM
; ~ O )] — S— —_—
BTy T e e T ks W oF g D
TR T L oo o o O
W m - = —~ X < B o X = ﬂmE N Hro = N
T gt T ERSEILIRTE gy o B
™ T Om % 2 " = oo B N LN do T
it o B =S =~ X oy X o W= e -
Moo T % oo D oE R = o 53 M )
Yo oW =W o oF 5 of Ne B o o o KT

_39_



A

)A

‘_ﬂo
K
A

)A

djo
o

o

S

7]

Ho

}a}

xAO

(1) 71

2570 717

=4
[}

=
Ho
.Zrl
)

Nr
=

il

o1 7]

¥ ok NOAAE 20199 @A &

&8

T
oF
el
Hlo

Nr
w
3
o

_z_o
<0

=K
3

]

=N
¢}

dr 2d QA

N
Cin

Aoz 7l =

9o o =
= '

ol
Ly

3.

of &8 75

=N
o

YA}

8

< = 7H4

(2) wobeds) g nzahy

= Al

Apgo] o2

ol

B

—_
fite)

—IA
-

e

frul

Do
Nr

el e FAG Tj7le

=13
=

&l

X
1=

k

X
A Aol A

A, 2A4, A5

T
a

Ll

o AFS Fi,

=4
€]

[¢)

3=
=

W ohe ei7kgE, ok

ol At Fhel dAss oFr

Az

& 5

&

i

M
ﬂ.ﬂ

o

il

o

|

3L =
[} [¢}

_40_



HE

Nr

ol
1o
nH
B

0

el
Hlo

A ga5A R

7194 2,

=0
1 -

of

Aoz JEr

.
=g

Fd B 7L 7}

O

3

A

K

o

g o]

A% 53

]
=

frsta /1y

il

&AM

U]
HoF A

9]

=)

=y

KX
N

ohiet ofdl, B,

HH

- ]
R

7 ol A

717

]
H

0

A7 288417k, 8TAIZY, T2A17ko] T}, B

=
=

55 kn, 8 km, 1 kn¢} o

7_|]—

7}

o] 7hssttt A

=
=

F744) e

atH, 5

5}
=

kYA
O

B FunidstA

j=ie)
= =

kil

N

o]

=K

=

H}

1

of

AskE Aw A

=13
=

1] 2ol A

S

’

B

A7 AR, oGl A

5

il vl 7F 7k

9|

5

flofl chulskaz, o

2] &

o
Nr

—_

il ohe]el

9|

ohvier 7144

E‘!_]_—

HH
R

- 41 -



A2JE 24l v 53] S SA4& 7 WAGA s e F94 Frted= A
ZUE FAHe] @aAol7] o] @e okA & 9tk Kim and Lee
(2015)= AN AE Y AertAE AXRJERZAY S ol&ato] 48T A
NM= AREAE 2w HAREA IFoE v S aw e, w4l A, e
T REus 40w dto A& A¥slen, 474 S48 AHgA a5 3

flo
o
o))
&)1
—
(o,
©
S
e}
(o
ol
S
o
Do
i
o
jm
=

A E- A (MWTP, Marginal Willingness to Pay

AREAE T1E ] SHAIA E A 20299, 1,394%, 687092 FAHE AT Shin et al.

(2016)> &3} AejAAR| 29 7 E HAXRJE FAHES ol &sto] FASAT Aln

A MH ) FEMH ) ESARA R 2, QAT AR SR AE S0 R G

Fom, AFAALE TheditsE AR

At 2 5709, el 2 AR A7AY Wl Fud HEAS R ATE

&gt A AAFRE A n| A A H] 2~ ol

=, HAZSES Hol A9 A A AL o] & Hol

59 <A77t &S FgAdtl Park and Song (2018)& Ao FQe] #33ad 7HA F
=z =

s}
—

e A AXUE RS FEAY FARY £F, DFF FF AT, A 3
al

s TEx
g £402 sto] 4% FAAEAAS Zh7F 182614, 13964%, 1268302 &
4= Aot

712 BAAR 2 B VAR AAA THAE AXRRJE ZAY e 2URAS
BAUE olgate] F43 A5 oldee FaH vt Arh NOAAE ZAF7HASAY
S 3 M= VHHES dAoRE VddR ALY AAA HAE F4% 8k At

(Lazo and Chestnut, 2002). 723 "= AZF 7h43 A 7] B Fofst
= 7HAE 109982 FAFAG, T AFodA = 7] VR S HuAZ )
Aet=d ek SEAe] AEortdls FASA=, 2 A3 7HE A A= ALY
2 1698 =2 FGEALE Lee et al. (2014)2 ARAAFE, o HF7] HEEFY, o1
] Adu] A, dEASES 407 EIFE o= A 2Eo AAH 7S Aga

= =
&)

N

b

s
A2 ol g3t FAstdrh AWuAY BF FHAE BANCE G5 ge A
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om YEon, 1% fol5EdA EAACL feld Aow et Yuix 77
Ao digk AZF 7t A &2 USD 1.60, 0.20, 1.18, 0.71, 0.1391 Aoz 4

Atk Park and Yoo (2017)& AEHATIHES o] &35to] 7]dBA LR A 7HA
AFRLE 71 2] A4S FT| K AT

i AAA dels EAg vk ol
7], 7B ABAFT], G E FEE %7]04111 Aez FRIYon &AW o
o9 fAel g AAA ke 2z 93 b 499.39, 108.39, 3465¢, 80.9¢ o
FAE AT Yoo et al. (2011)2 717%4A 8= Hde] AAH 7HAE 2057 5A
olgato] FASGP O, 1 A U JF A EJALAL 530.7H 0 E FALE
o, FHH o b JdAN s AlES flE e AEsa e =9 1,171
A ATAHRE dojxl 530.79E dd AN =S AAA THAE 43 bR
1,701,792 A% v} 9t}

32 o K
o o

-

KDI (2012)= #1259 AAA el F4 deds gy 485 Agdsta
VS

At E7k KISTEP (2016)% wIAIGA ste] 45 deda 8 A8< Atsta 3
o, HAIEA o AAA A FAHS 2l LQFJ AREE DL Qe WeAds WS

=€
A ZAF 7FAZ=HWH(CVM, Contingent Valuation Method)¥ HAZE EAHo=w

e 4 Atk CVME ZAAZA 274 odel ad S0 thak AR FAu
= B

of SHAY HEE ZAFe7] wiol oy HA g AEJALY FAo] 7
(Kwak et al., 2006; Jin et al, 2014). Cho et al. (2011)2 =A17] A B u] 28] ZA)
A A\oE CVME ol &3t FA Mo, A i AFortd 4 A¥ F5

AZF 7HE 596299 A EAE AES FA AT Cho et al. (2011)2 A%
Al AFEE FU7IEEEA "I A EAVEAS G BA ~E e Aol - S

g A, 4G AANAL FHER G, CVME o 8F 7
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=
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ks
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Table 4.2.1. Attributes and levels of improvement of observation systems use

and prediction model accuracy

Attributes Descriptions Level
NIMS
Atmospheric Observation time per year levell: Not perfgrm(%Zh yr)

level2: 370 h yr

Research Aircraft | using NARA level3: 400h yr'!
(NARA)
Z/Il;):eliation Utilizati'on rate of MOVE i::; 517(2;0 perform(72%)
VEhicle (MOVE) when disaster happened level3: 929
Asian Dust Aerosol | Improvement rate of asian levell: Not perform
Model Version 3 dust aerosol forecast level2: 10%
(ADAM3) accuracy level3: 30%
Regional ocean levell: Not perform

Improvement rate of wave

wave prediction dict level2: 10%
system predict accuracy level3: 30%
Global Seasonal Improvement rate of levell: Not perform
Forecasting Model | seasonal climate forecast level2: 10%
(GloSeab) accuracy level3: 30%
levell: 0
Willingness to pay for level2: 500
Price improving attributes (KRW, | level3: 1,500
per year) level4: 3,000
leveld: 5,000
(2) Adeidierxlstel AA
ARSI ol T A4R £ L FEL Aduae Adss P9y
MEEAFe a3E FEste Ao 234 Fad JuAdAE T3 drHs dE5EE
frgol dyS JHHAIG(KIim et al, 2016). AFXJE A4S 93 HEx 2 HAE
$HAT ANLE AZIE AL AF FUE erhE det @ A B ¢
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Alternative A Alternative B Do nothing

@ Utilization of NARA" 370 h yr'! 370 h yr! 352h yr!
@ Utilization rate of MOVE? 77% 92% 72%
® Accuracy of ADAM3? X X X
@ Accuracy of regional ocean

racy o reg X 10% X

prediction model
@® Accuracy of Glosea5? 10% 10% X
@® WTP (KRW, per year) 500 5,000 0
] ]

1) NIMS (National Institute of Meteorological Sciences) Atmospheric Research Aircraft
2) Mobile Observation VEhicle

3) Asian Dust Aerosol Model Version 3

4) Global Seasonal Forecasting Model 5

Fig. 4.2.1. An example of a set of alternatives.

(3) F24A 2 A&

20199 1149 & 97 AR2A/IBS Fo ARELE Fdstgr 4R AFES
AL ATAA BAAR FEE 100077 W 204 o] 654 olakel AT EE
AYFe] WA dgoR ARG on, AR WES GFFE £4 % FF 5

SeAENA GF3 olaA17] s AuY ARy P A
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o FAAFE R0 HEE 2E o uyon ob 2t &3¢ o] 37}
@5 g9 B8 FAATRL AN & Atk ww, A 24N ()9
T35 Zte A2 714 s S92 285 At es As 9vgig. 44
AS5e) B4R felds $5E B ARzA AEHon FYHASL FAT
S QT & SwAEe] ARzAel ANH A 4% 44e F8d oldsn
$we Aoz mewyg
Table 4.2.2. Estimation results of the nested logit model
Variables Estimates t-value
ASC -2.2352 -8.82"
NARAVY utilization 0.7953 6.94"
MOVE? utilization 0.7146 1.93°
ADAM? accuracy 1.1182 5.80"
Regional ocean wave prediction "
0.4168 2.48
system accuracy
GloSea5” accuracy 0.4006 3.25™
Price -0.2326 -8.49™
Number of bservation 4,000
log-likelihood -3,652.35
Wald statistic(p-value) -0.6440(0.000)""
1) NIMS (National Institute of Meteorological Sciences) Atmospheric Research Aircraft
2) Mobile Observation VEhicle
3) Asian Dust Aerosol Model Version 3
4) Global Seasonal Forecasting Model 5
*, ™ indicate statistical significance at 5%, 1% level
d BAA FORE AWRY) A8 BE FAAFE olvHe ARANE 44
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Table 4.2.3. Estimation results of MWTP

MWTP(KRW, per household, per year)

Variables ) 95% confidence
Estimates(#-value) .
interval
NARAV utilization 34(6.42)" 24.4746.2
MOVE? utilization 31(1.86)" 0.4765.9
ADAM? accuracy 48(4.51)* 290.8772.5
Regional ocean wave prediction " _

18(2.35) 3.4733.9

system accuracy
GloSea5” accuracy 17(3.87)" 7.7726.0

1) NIMS (National Institute of Meteorological Sciences) Atmospheric Research Aircraft
2) Mobile Observation VEhicle
3) Asian Dust Aerosol Model Version 3

4) Global Seasonal Forecasting Model 5

™ indicate statistical significance at 5%, 1% level
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