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® Global Precipitation Measurement (GPM; AR 7] 1] %])

GPM-2> TRMME] #SHE 192 SAstHA 5
715 ©E57] f13k o), ol& s FAIAE "ARE 9
el ]) T5% HRAAE FA SIEd 87)s= ¢4
TS FEst] A A0 HFAR] S BAIRE 1H4)
< o|F7] fIgk nldelty, A4 2= Dual-frequency
Precipitation Radar (DPR)®} 2184 thaAd nho| 220}t
Al A el GPM Microwave Imager (GMI)7} <9th,
(http://gpm.gsfc.nasa.gov/index. html)

Meteorological
Technology & Policy




o
1%
res
o
-~
[~
-

NPOESS Z=239| EM7IX]|

2 o7 uje} Zho] m|=te] oAl T2 J;e WHALS O A] 2] AR S 7HA|E] $gt
G 3

HRA] AL H oA TAZ AFoTA AR ofdl ZHelA 1A A ERE £ 7]
AR ABolek Zunrks O] BES 4ot SIdt ABOE AFH UL B Ao] B
3 Aolth, ol 229] 7149149 TIROS 15.2] 7 Tol A= & e, Aol Az 80
A HEHOE TG I3 et LR Ao BE FRIIEE FRAH ALHES

:_]_-T_'_*l‘

O|2% Janus II 0|92 Ak 9] A& E4) TIROSE HHLI 1959 o2o] A AL WAKE A Fo)

84 19584 sHE7|o] NASAZF RHEo] XA TIROS Z2AEE NASAZ o]t I3 7|
29178 A=l gt Y] T2 AGESIAL, o] NASAA 7iEskd TIROS Alg|271 A &
TARR S TEAI71A] Z61917] whizoll 2L A =7E At AsfiFl, &, ASAFREE G &S AH¥sh|
e 58X G 5= ATl AstA g stofof sh= AR 8FAREE TIROS 9143
o] YA 471 I AL, o]E Al Wofl o]& WHA]7 = YA Holx] ¢hol7] wiiEel, 3+t =4t
Ao UAAQl AN 714918 ZETHE AlAsHA| Hrt, Z12{u NASAS -8 71417 o] A
AEHA T2 PAAOZ A|A%E 7|49 T2 TS A FA o gt AR E AAkslr| Stk
Hrog m7ka Be|% Defense Meteorological Satellite Program (DMSP) Z2 13- 7lds}7] A
Zkskgict,

g, NASACA] 7idste] 293Hd TIROS 91482 7| d+obe] &8 7Fsdo] ZHIE SHEHA 4

c

42l TIROS ZRAES HAYTFALH 02 AHeksieh= ogo] st o] & s dsl] $is NASA
2} Weather Bureau(3A]1&] NWS)2ke] & olE 53] Weather Bureau”} =7} @471 A H 9] 3
5 T3 NASAZ} AL D 23R A28 e 9 91489 7} SLuf & Eel==s 5k3ich NASAE
YA LH9] FF 2= Nimbus 1482 7HdskaL sl ohshal M2& o= 2k AR
AR} F7kete B8 A7) LA G w20 Weather Bureau®] $-A<=¢iet Ax; oz A =}

o}, 196340l o228 A= Weather Bureau”} 7|&9] 9t9E 7]1L TIROS 7]|&& HIE 22 AYYAS =
2O 2521 31} NASAE EFESEO R Weather Bureauold Al33l= o4k 2 TIROS
Operational System= T2 7HeFs}H Nimbus 2132 473t 71802 Al sl =2 A5}
Al "t 0]F Weather Bureau®] 327|221 National Oceanic and Atmospheric Administration
(NOAA)OIA B RIZHEAE 71349149 7idha) &9e AR 1L Sl

o]% Wit F T2 IS AXHe Alee T NOAAS 8RR} o] #1335 thathe & o2

L
2008 . 3.

37



38

)

ox
il
Pt
o

ool Az Byt o Sof, SN Hek U ALARE U] Slof ol ool 75
S B2 SHe N, NOAAE X9 YRR g3 913 0|2 259 thr|AEE J2
S WA si9iet 19739 BIATT SR U FFOR o] BAS FET A3 FHALY
o] 7144

7Vs/d %t Hlﬂ SHol|A felohA] Yot TS WRATHES] ZAIAE ARE AR5 F
ok Al tiafiAl =FaolA] w wid), TAl *JLOM 7fgk Zo]" DMSP Block 5D 9AAE
NOAAY] A S 91499 7| 2FZ 02 Agotes AA3IGict, ool whet, Hiito] Z2 WL o}
2A GSFAAT A A HL FUAARS EH85l= 7543 3L, ol AAH o R = 22 =49
Aol ME BM A7 |= ATHE 7HA LA E Tt
909l 4| SoAHAIE Aolate] S4 W AR 584 AL =P o8 T ALY Fatof tigt
=97} thA] dojuA] =itk 3 NASAl|A F=418kaL 9Id EOS-PM 91482 NOAAS] PM9EE &
3t 4= Aol tigt HERE o]Rofth 19934 3H H Aol NOAASE Aol 3] 7Hs4
Q78T Ao S PARME Edlo] 2oz Exsl0] 1994 “u]=to] 2w &3
A~ B olgke o]89 HEH ZHEHNSTC22: &E)oz & T2 IR At
NPOESS Z&1510] BhIsHA| E|Gitt, o]of uta} IPOE #A5HA| E=t], NOAAZ} <] & A7t
1, SR A A BES FE5la, NASAE A28 /it 28 71&9] J58 FEsM =it
NPOESS+: 7|28 082 o] E4EAS fhEA|7]7] 93] o2 oY) #FEARE 47] A3t of
A9t NOAA-J %&% gAet7] §ist AR YRR AT fg oo
gog YA == METOP 942 =2 o5 A=g Fasto
EUMETSAT—J 9 AHAREO| B3] BlS 7 ARE a3stA "t o] IgellA] Aot 3
o $Q93t ol 3hU7} METOPe| tigt Atz 3o lME} 1 2 oW ARAARI AFEL AREHE
3]

135193, EUMETSATS o] 54 g9 QBatolof sirp QRS 12519

oﬁ tlo ofn ok

F

o 2% s BE

Bulshe 7)5-S $40] ZFHAIA Metop 155 ARSI
B2 of5t £417]0] o opE ET7} 1 YHES AL ATE W Hor,

Meteorological
Technology & Policy




1. 71l el

7VAPIRlolet BHe 7)ol Ak ZlR
27k e YAAR e BT Bt )%
i, 714 e B ] 71719 A, 7)
AR AR S 71 ofeIES A9A
she AA9Y, 220 3
sjof 714 9 A BHg)
1 v

=4

HAYsS detth, o5 4
= S

e

e

[ e
o

b do op

(e
%
S~
>,
e
s
=
[
il
ol
ot

i
N

=

~
2 fir

=2

O)

dza
A= st ma
junmokim@konkuk.ac.kr

ox
b
N
N

glofet ghe 7)4f
of 2] ARIA| 9 5e3go] AN L ek 4
of PAE Au|AE ;

7P akeloleh g 714 13 W el g

2

=l
g2
o2
2
e
)
rif,

O
o
O
P
<|
2
o
>
T
s
=
o
my
o
N
~
0%
e
e

KX
HEA AR B2, £LEo] Aol &

L
2008 . 3.

39



€0,

ox
il
Pt
o

GE 1D 714844 of e A 7HY] S5 -3 &ol A,
T= +53 2o A
AHEF FRTF B2 GAANGAR 271 | - S/WARYG L Sy - gjFor
S/W Ablmp | B AR FEE2 4%
74k « A& QRS el AT - AL 8 | sk Q= v e 74k
H Ao = ujekg)
cAFHOR A|xYge A o 53
7y &
< 712 A 714 AR 71 wjE | 71 AE Az
A=A 2T} Hal AAE 4= ek ¢l4o] ghaky | H] sﬂ_i'—‘:r'—ﬂﬂ']’&?jgi
7)AFAF] S 2H e Abimte] AA sheATt 1| HAT A0l Ao
o Fa4do] g2 AY 28S
< IT71&S o83 7] Atgol 7+
< 91 IS 7Y A IT71&S
42 ok 7)& 4 9.
I = o = o s B =) g
. 7|AFOIA o] AL o=
< 7|3} AujAzre] AHAel S 2 71734 A1 9 8T T 2+l
e e o] ofA7HA] & = o] §lX]
Satol Akl T} ol A 1E((B2C F8) Ba}
. -3 0 5 o .
(;\(AX}}B}}]EH) "\1]—3 r:lZ"ZJ'E]g] %‘t"} U]—?ﬂ%]]q— O%U]' . 7]%%4%1]9] 7(:)]_?_ fe=1 iﬂZ"
gy | ASETE | aeEa e
. [e) 03 [ RSN {e] %) *
:1—’—7_l‘j] —Q—%LQIEHO?_E‘I‘M\_ E"o?’\} .7]%}@51_94 75‘1115‘1] 7]_;2]0"
ZEl= 7 2Q _ o
gt ql4jo] W

w B UER, o714 AR

A (A8d Al1E) 2004.5.

Jel, WAL A Asle] dn] B4 AF A4S AU, TR ZVAEIA e Srfolc), Rl
Av|OE 5 B4 uhgo] gRSl] dii A ABRE0l Pl et Ay 2 pre BE 2
o] ofele] AHEL o= o] AMele B 4 WES JRARo} kAT Qo S
ik, oleje Bl F14F Aol A B 4 @ B BAE She AR St ANE B
Q= 0 Hob 4w Wil thazt Pt ) 7)Ao et Q14j} gHale] olAiths Aol

0 714 A, 7Vne) Aelahin 2 ol A4

40

Meteorological
Technology & Policy



ox
il
Pt
o

4 7V$7E AIAZ1871HWMO)E 4L

AL TAEY spol| 7ssile S48k, A=
T50l%e S 71ARIAE AlEse @
H 7Htgx4o]y_ E 23] Exq_,} 7]/\}%5 /\1]:]]_/_\_.‘::'_

=

AYSSPAL, T VRIS Bato] Alake

AwE AFsto] £ ANE AT 9, ol
T B3 7R Ae A4 e
2 Q3 5 Y= T 2 Aol

a7 HA U] 7] A A AlEshA 2a
Aol it of o] H|S8lal, AT HAS H ek
23]0] thARAS} BEE FH3] 5o &
Eo AAEA 7VARIA =0l ARt = 1A 34

d7F @A = k= Aol

ARZA B

[o R |

A, HEAPE Al diule =l 71 EA
o S/dolth. WTO9| SHl& A= A, A4
&, AHAREE Sl o]2717k] FH Ik okl
A=A Aoz AASA 7} 22 ofs)
= Bt oheh, 71 EAS] Aol tiv]
U 71 EANY e SAdsoF & AR ol

e

N M
2 AU gl Folet & 4 ok BUFEY
F0| $5E A Al

Contingency®.&

0 ZEZEHY
o CATBOND(HA 3 A1)
0 IR IRIANE Eo| 117

A e theT 2,

AQlE), ol Vg2

AR, AR, g G EH == A
Heduss PAFeRe, S4E ve, e
FHYo] Qlth, A R =A oA A &4 B
2 A7k 64 1‘1“04%_~ 12249 =g =4
=, Contingency ¥ AFHAEFH-2 2000¢
25919, 20014 1009 % = FAE GNEE

ol o

¢

89 Sk~ 9% Aol 3k

= o1

PIAPIES LY
2008 . 3.

41



)

ox
il
Pt

Il

Fi ool ofat E4sl(avka), oS ol vl sheln o) ok et sleAele Rel 1
Al e Qolutis WelyE, A5l S £ 9o el A AaHE ol Ao
o SEFZOE WASHE BN(RE), HBol & AUS) BHS Y AT 4HFS HolaS ol
oAl A7 TjslEA] B3] ARHASle] B3k Al ok AR Qlst Tlsls uick AY e vt
S BN 5 DA A3 SHB 3L ek ohc, elueke] 45 A 19999 &
ohd el ik BAo) R 19804~1998 oY AlAfel <18 e 12 9xlolelo] Wi 1
WA o] AR st waRe ssole 9o Ao WA, 1 N2 Aple
3,564219), 574 T3 891l o] 23 ¢l 24T HokAlk T4l AOR Q18| AR
o web SR BYE oleftt AR o oplsi sl 445 37 Solua ek
YN WIS S Aol & BN Hold

o Zoolo] A2 BARE Y1 AR I Cat-Bond®] AAFRE & of 19994 A7
A= Qlek AAA S 7E BT Aol HABIAZE  ARRPEE 119 Fefeli, 2004del= 1509 &
1 ol HAsF= Bt 2 1 gt A AR A =l A

A, CAT-BOND(HA A ERA 5 A 9o Z9= 6310 Y~12273 o] o]2+= A
2 o= Qlgh wsiEFoelct o714 Cat oA o A AFAA S Alds AkshH ARt
& oJu|sl= Catastrophed] £¢ Wolch AA|  m7} of Ao o] Zoz A=
o= QIgk Ayt A4k} wjsf  Cat-Bond?| 7]2R -2 ofefjel gt
TEE S 298 ddd Ad 199849 9¥

E@%l T 23z
EXp4 £xj4)

ey || BE || J1# &
£ ERRe

(MEBIAL 22N EAL2S 0| M)

[2" 1] Cat-Bond¥ 7|22

42 Meteorological
Technology & Policy



BO -

BO == == mm e

A0

20 b e

ol—— -9
1996 1997 1998 1999 2000

[ 28 2 ] AAGA S8 A AF 5 (29 1 19 29)

AFZTHOCHAL A7 7|7he SMet oiEol [,/ HDD,CDD |, AZ7f Ci
En 12t & , =
u3 o enliy 7 o tiz 24 [M Bewies [ xaEs [ zH zm 7 o =
- BN
( no risk,moderate )
SH| A B
Z%F_H;ﬁ EZHE Ao
Market Maker
(moderate rist, high retur
[ 19 3] GAIBLE Z2A A
IrIE% A 43

2008 . 3.



44

)

ox
il
Pt
o

N
oot
o
1o
&

T

]

[ N
N
of
=
ox,
o
ST
2
T
N
o
ol
~N
2a
1A
ol n_]lo
e
o>

~ e
fo X

ot
o

obfe} HotAl}, 7191e) HlzU A
| W Ae) A2 PeE ojgol
wolch, Ayl JH7} AR &
AP O WIS mste] B 4 olrk

rir

(4> o
%0

i)
2
ofr

o
-
oft
=
N
£

o

tr

A, AR W A B steh 74
Akgle] §Aolet,

AR e ulase] Sk
AR A AR wAslelA 1 Fa4o]
% AR Aolul, 2 71w Ay e A
o] £a3 aso0la} 714AA) A=e et
Qo] B3 ik, IEO] AARAE Ol 7]t
ofoltjol uhz AlEolm, Zul Aju]so 28
gomn A B E 3257 "l ol
nealo] ool ARIZPIRE AAje] BA
ol & Aulae) Aglo] a7EH, 7]
AR oliet wslo] Almel oahe g
3 Ulof & Aes mek,

S, 714714 BRES Sk AR
welo] masfoltt,

P17} SR, ARA A1 o]So] 3
gElcks 143 257} WPFJEE 4214 ﬂﬂ%
#o] glolof sjui, olajat AL Fi
bR e TaskE axE B 4
Sofl 4 pEHow Pelsha

)= 3137
T S

Meteorological
Technology & Policy

i

so] 7)AR =] AAZ) Bt

2% 71%&% FY BT 4 UES Y
=

A, 7174735 AB| A A chstol gt of-3-
ot}

FME7P DMB, PDA 5 M2 njtjol&
283 71 AE AAA 5, AA T ALY

A WEA HEY 4 G 20 A TE

A, Y ST ko] ol nhaigojof g,

At 1997920 =915 7AARIAIES Al
27] IMF ZAISVIZ ARl 1224 5 A
8] - A wapt A1l Estel RAE o
2 ), e 1999901 % B e 9
) ele] PASo] AEstel 28 B @ 1
Fstol) st olck gk Al 1A
A el ool elRel i T o1y
Ao g Bolrh
chUA, Tz 71AMRIe] £4E 4 Gl Bl
AAAA ] H)7 L3,

T A o]ake] THAZER| ] AR wieRdS



)

ox
il
Pt
o

Xﬂ/\lﬁﬂ H3peH, 7V 2ore] B4t A
Hhe] atkslof ZpAAelie ST Q= 7]
7

2 32 2 718l 2 ol
[%]
DRl A AL AR ARl 29
o] AulA|2e] Fo Hope] ol Aelst
1 =02 AN AS

j]l})]*l’l*ﬂ 45
2008 . 3.



46

1. M2

gof BAks QTS SAol 14 9
o142 Wyt ohje A T4 WE AE o
ViAo Hju] ehef HALS] F7F BT AR B}
sopmyk ol et 7|30} 914 Hok W Al AT

=Dy

712 ARE AGHT, EF ofE Al 483
ool A] S|} Hleke] Fuek W 4wk FHL
Sfsfe] ALgRT B4, AR, oJst AR, st
o, oA, A% 5O o W A BEF Bl
whe- Zashl FeHh %61 WA= 5 A
oflA] k0] A 77k 9 o} pesto] uhs-
Z8% adol7] uhiol] 59 Foklt ik
Aszol] SA% Q77 Sl oz gol Ay
of A g, ol AFe ABomA

WCRP(World Climate Research Programme)

Meteorological
Technology & Policy

O

Of + Ef
ZStietn iy |2t utetat s
kilee@kangnung.ac.kr

+ A AFHoz oF 40709 #Z4(BSRN,
Baseline Surface Radiation Network)E -4
sto] 5 S AFE skl QU of3toflA]
Al RS 715 2 94 2w BA 28
1 glom E3F BAF B 97t 27] Ak 9
UAA A Foll o]-8=aL AtHOhmura A. et
al, 1998)

2|9 7|53t I =S oY VA E
stol AP glem I FoA IPCC
(Intergovernmental Panel on Climate
Change) 2007 BT1A]e] SA 8 241z Qo
o] 012 W/m? ¢ B¢ EAKS HSHEAPIAIE;
Radiative Forcing)& 7FA 2= A1} vlalsto] ¢l
YARIQL 8212 Bof BAMGS 1.6 W/m27HA] ¥
A 4 9SS S 127 Fae] 19l

0]6 ©o
N SE=]




ox
il
Pt
o

57 et
mZof] AEHI 7] Skl e AR A2
AR A AS2 AR G S YA O]
oA 71A EAet oflol2E B 5 59 W]

Y5 wamoh spgo] et E5 L A st 2
A The) W] Ame] =
BAR: w9 8RS FeE ek ueb efef
AR AT PHUA BHE Fo1e] 47 29

W AR BA7R e Feleh AR 2)4lo] £

TE 2 Ak B2 AR E AYakste] BA T 5
of AlFsh= A& 714389 $23% UF 5 sho]
t}, o]2fek A5 flste] 7142 19699 =t

ntof wheh 24 Wsksr] ol quq o=
74%@ B} J2)3 A9E 2| Qe 1T xR
o QAPE st el i) o) gt o

2

Aoz 2| FHo| EEsl= gl EAl Hs}
Al AR Q72 949} 7] o ok B
3] AJE waol whet wshEch HE A ARl
8472 Aol whE g} Aol ] Az, Al
¥} 9] - Ao w2 "] WAz, S A4
e 9 ARH G Folu 7] Fo 74 4
e T VIARHRE, 371, oklEtea)zt
T& 9 ofoj2F Folct

7}, XEHOIA mHEE
st

TE ofol=Eo] gl o t719] A Al
Aol edsl= sl B FAR oS 17 19
YERHSICE o] Z1goll el o] sl o &
ZEo] Qs 022 0.4 o]3he] 249l 3Py 9
I} A o] QHE Fagly 22y
Abeletae 075 o] A9 FAF o g o
i =8 S 7140l
T5 flol ¥ g AEa Al 9 A YA
Az o] Az #SE o= 17 20 el %

WA= Sgvo] mesh A2 ik

l‘

o

o

N _llNI

_]

c

PIAPIES LY
2008 . 3.

47



1000

800

600

400

200

Irradiance [Watts / sq meter]

0

48 Meteorological

2250 — : : ; ; ; :
2000
1750
1500
1250
1000
750
500
250

Extraterrestrial ==

Rayleigh attenuation

Spectral Irradiance (W/m?2/um)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Wavelength (um)

[221] 2he o 2| 3Eulo] Zoahe sbahs ejof BAb

Solar Irradiance Measurements
Golden, Colorado 9 April 2003

Globa
/ (Tota))\
/ Diffuse \

(Sky)

5:00 6:00 7:00 8:00 9:00 10:00 11:0012:00 13:0014:00 15:0016:00 17:00 18:00 19:00
Mountain Standard Time

(29 2] Be ol A Mo ARt 3 AR At A7 Hs

r

Technology & Policy



o
1%
res
o

Solar Irradiance Measurements
3 July 2004

Golden, Colorado

1200
— Direct
51000 (Beam) g
1)
£ /
8'800
~
2 Global
T 600 Total
g / (Total) I
©
© 400 |
@
3 Diffuse
£ 200 Lf’(blzy --

0
500 6:00 7:00 8:00 9:00 10:00 11:0012:00 13:0014:00 15:0016:00 17:00 18:00 19:00
Mountain Standard Time

Wit S Aste] BSE oK Aew B
ol upe} B2 ghe T Ajol7h it
7% 3 9.3 A 59 80 7 A¢RA B

g
U] % £ oo
o

KX

2ol 9 AFh

A QA A AR AL W A
A Z7H51 ol AAkerel ATHAQl F71 7

ot
oY
g
n
=
=2
i)
K
(E
folt
r

o

3. TS| At = oI

7t =2

=2l At g FolA 718 B 715 Eof
8= Fle A GAARANE P Kipp &
ZonenAte] CM21, 11(F2o] CMP 21, 11 52
B4 W7%)SH EppleyAre] PSP7F 71 @ol A

Al QLo 2ol AX|H= Aol Kipp
& ZonenAte] CM HIE%E Wol AA|&aL gl
TF 7R AR A A BE5S st
Kipp & ZonenAke] CM 110] Wo] ARS-E|a1 QLo
1 22 EKO A7t F=2 A2 Eo] Qle}, dAt
5 = AR AR AARETE of e} ] 3
&3 ol Sash thad 71 AX=EY @

D A A EARAL = ATE (World Radiation
Data Center)

AIAEARRLZANE = AA] oF 1,2007 T4

o] A g 423 9 FeEfsk=d] @A 2jAlotol

YAk Qlet, AR S| FHREA A AR 2

MR ES L
2008 . 3.

49



50

)

ox
il
Pt
o

R

i)

c offfe] 4R ARES) Wk S 12
194 2, $ESIE MG, P4 3R, 23

N 5471 EoE o] 9)

o] o,

2) vl

EEB NS

& A7t e

ot L YL

v A A 7

IS Al T8]3 R HE RS A RS
Qlof| 2|7t W tfj7]of oJ3t ATt E/\}g} SES

}9} /\jl E 34 i/\}

Aol =2 =
U =7h Aol A] A+t
A(National Renewable Energy Laboratory, ©]
3 NREL)9] e EA} 54 (Solar Radiation
Research Laboratory, ©]3} SRRL)= 1978H5
E] Aol #] W2t 75} 715
2|a19) 2= A4k ‘3—l A A+ /\]H A= =4

I 0|2 65, 35 75, 7
W@6L£%QBL%%4Z%%32254&F

Higk A2 Sl

FZrefeo] ik B ofu Al Hlojeo] X
M

AR v A Lo BE5E AR M2 7171E

= v S H 1%
AR (707 #5717
Ad) 35 SAH wiid v A 3
ore] TR ZAM A 3

Meteorological
Technology & Policy

] A A AR A P



ox
il
Pt
o

ul=ro] 1995 e] W3t NSRDB(National
Solar Radiation Database)+= 239714 =4 &}
B A A5 2 #5 el Wt primary
Z2:(5671)¢}F secondary T=4(18370)2 -5}
e}, 12]ar 20079 oll= 1991~20054 2] 7] 7k
el 1,45478 A4 9] #5 AaE Class [ #5540
22171)¢} Class T #=4(63771) 18]3 Class
I I=40696702 EZt) Class [ #E24A=
E% 717t et A5A 0 R UAF WSS sIel
AL YA S AR AFeMdo] =2 Wk ofy}
BloF BAF 2Eo) o AaE AREE ARES
W&k A¥Eolth Class I W54 Class 1
o Hlasto] 2AtRE0] HeHdo] thar HE BEA
ol Class I = A& A&/o] FAHA] ¢b=
a0l

a3 SfeloA HF BE T2 RS &9
staL glow T tE AR A=A oy z|ie]

3= ARM(Atmospheric Radiation Measurement)
23 NOAAY] ISIS(Integrated Surface
Irradiance Study)et SURFRAD (Surface
Radiation Budget Network) 5| St}

3) F=
=L 1908W 0] Kew HET oA 229
= 0]% 1946 of AAI} A

(R SN}
E Y

Wit 22 ARG B 407) A el A
WS AA3te] LGS Gtk o] BELE F
oA ) AL B W AT A B Sl

Z2 0] A7y} AAbELH 283 2070 AL 7%
AL A= R PR AR]AL o]F TSHA AR
L AAEAE o] SRECH E3F o]5 BEAE

F A BEYoR Loulo] X7] uhe] tof
3} /\]7]-1:ﬂ 7| X]—E—E— ) T e £~ Q1
3l o] AEE 4% dE A|AHS 27| zER
g Slt,

H:i

4) 3F
2 714 2004 @A 227] HEA
QAA} =S Syl Qlek 11 2 167)
FA BEskAL 67 ¥

B3 AEE

1

i N
_Il)l' _ll)ll

B B é

¥ oreorr @

O_L,

}‘f o} :LFJ_TL ASRDB(Austrahan
Solar Radiation Data Handbook)S £3dlo] o
5 #E54 ARE Algskal Qi

o7l W&t 9l WEaR &9 Folth o5
T BER F 6671 Aol A GAE w5

6 dd FAAE olgsto] 3ol o A= A
Al 29k AEhoA A ST LA
=9 A4S AAld

Lt =L

PIAPIES LY
2008 . 3.

51



52

CRUESS

IR WA ket

AR 7ol 17 59} 2ol HFe] 22
o) Bl AW A Axsle] Ak B 2 BEY] DAV
& Seia glon A dAL BEe sela of A 7Y A ﬂ?—@’ﬂ AAE A A
T 9iek 1 AR AATLL o5 /) B 5L E 13 2o 167 BEole WERE Kipp
24 ZoA 152 9FoA M @ g A & ZonenAHe] CM 21 AF Ol 4250} 9131 57)9]
B2 WA Aok, 1T FEUFAT @ BIERF, AR, 4F, U, AP TR
SAQUEAL 9 SR Eof o3t A AAF B= E Kipp & ZonenAt CM 6b7F A2 24w g
AME mF TP AR A 02 ok 2007 el A o SAE $EAE S 29 YANKEE
A TZo| —’F—}‘Jﬂi 314. ENVIRONMENTAL SYSTEMAF] TSP-700 A

9] 227} WA} Bk

Meteorological

39N T ~
- af B _i___/?\\
BN| 7 TPl e
n c.‘;e'w Dnlg'ul\y-\&‘?g a
f.:i.:m Wahju ‘\
37N I Lo
%’%“ . Youngju )
[ ¢ Chnongju An;mg )
é\ Duej&nr\ [ ] |
36N ' Chupungnyeong Furﬁ?“
/ deoniu vadu f
{ Jioju J
35N 75 Guanaly y\mf;«[ﬂ?;.
éﬁ f’;'&'""":l 7
Hnuhlﬂnﬂd (/ W ES f/
7 [
34N v i
o
) i
33N Gosdn J J,\‘J‘-‘v\ P
124E 125E 126E 127E 128E 129E 130E 131E
[ 2™ 5] 71339 dA 53, o= 714 dsiE4o]
m = 7T ol U A7 e ATt FERSA, 183 As YA Ata

Technology & Policy

S| 217 o] W9lS

ONH—J°V+J4Z“P%kr2
%ﬁaﬁﬁﬁﬁ%ﬂt”MEAQé%%EwT
£ 100 km oJH 2 wljz|=o]qle

o] A= o] ek, o] vl 7132 Y &oF

=4, =

fLN

A¥E st Kipp & ZonenAke] CM 3(HH &
AHANQF CGR 3R EAMADE

9 A= okE AHFE AF

= 874,
=)ol A

Felel 1 o € S s Ak

o]

az|a

714 A o= &

Solar Radiation Network




o
1%

Pt

o
-~
(]
-

(#ED N1 A5 o

o T =X
WEEE | wd | 9EAd | oNEEs | wd | 949
M CM 21 | 2003, 10. 01 = | oM 21 | 2002, 11, 01
=aF | M 21 | 2003. 03, 15 A= | TSP-700 | 1999, 10, 01
o+ | cM6b | 1998.12,10 | ¥ | A3 | cM6b | 1998, 12, 01
2k [ ok® | oM6b | 1998.12. 01 =3 | OM21 |2007. 02. 01
A% | cM6b | 1998, 12. 10 A | oM 21 | 2006, 01, 01
=3 | OM 21 | 2007, 01, 22 H= | CcM6b | 1999. 09. 13
gz | A | CM21 | 200408 01 | ym [$8%| CM21 [2000.01 0L
TA | CM 21 | 2007.03. 01 9" | CM 21 | 2005, 10. 20
Z= | CM 21 | 2005.01 01 9 | CM 21 | 2007, 0L, 17
oj#E | CM 21 | 2006, 11, 07 AAF | CM 21 | 2005, 10. 20
Y Taa oM | 2007, 01 17
A= | CM 21 | 2004. 08, 24
E 2 7A4H e AA A S L B2 Y g
=4 CM22 CM21 CM6b | MS-802 | TSP-700
ISO 9060 5& 7% 271% A5 F7)% K71&
2HEd H9(nm) | 200-3600 | 305-2800 | 305-2800 | 305-2800 | 300-3000

AZA CM 212 BGaka glom A 7143
L % 7gTle] A QA A Sla )

H88131 Qe 11 AH|EA] FAF 2| 7] A o

=

o rlr u

ALo) MS-8028 7k} wg-aha ek,

T 9 97} A BEAoN 29 Fo AA
AAAEE]) 5L ek Holek, o] Hollx] F7]
=2 WRCHIASARIE)7F 2R3kl Q= oF 15
o] A GAF FHlES Sfulstal R71E2 F7]
Z 717153} v|wsle] W= Ao ATA o] &M
gl= 717180 dew 2 olew 7I7ES F 7

=
& 7171 Hoh e Sol v EolRle 7)VlE

ojty, WMO 714sHs EZ o0& Ul ASL-S
TR AL 57189 71718
[e]

w3t 5o BAL SfaliE

3
$ 7RSS ANBIAT Seltet WAk BEY

=
A
=)
Mo
of

Ay
)
N
N
o)
o M
B~
fr
ox
(i,
N
o
o
ne
~
D)
r =
A
o2

o
e
e
AC
u

x2

1o
T @
o
el
foh
lo ¢

o AV A 027 A% 7V BELS YR

L
2008 . 3.

53



54

HO oVt B gz BAEG T4 BEL 2
Wl R QIsto] o] ABET} AR Bk
o AY BHG £B 5L e B} B0 ol
Bo] 31 9lek. olefat ke wAsh] $isto]
U224 DB S AAY UAASE Ful
ASOS T B3 914 541 0] So| eof Hale]

2 u] S 40 AHIE o] o

o oy
)
L

WA AHE A% 5% Hapt 47 BEAe)
o] gol 4;‘1 9ol 44| lofof e, 12}

131 J&?XP—J @@01 %OISW %5& o]k,
:LE]IL 715 7|(recorder)E TFHE ASOS |2} &
07 ANgShE 97F B o] Ae oE 71
84 TS o] o3 R Tzl YA B
Ag2] Asto| Aojd 4= Qi
« QAH HA 9 BA  dAHlE 4 7
of leEEo] Qlar 7] 7ol wet 717] AlA =
AL 5ol 247%}7\] U AH=E Fo] e
7] wjZof Bligh X474°] ﬁ:rLQﬂr 1311% A=
O 2274 71/ WSAo A
ek A 9 e At %kiﬁ}z] %fﬁ ?a‘xéo]

0, 1o o\
]o

&

T3 A 7V el 71 DA =T
71&7) gHe® At &
A HgES 2l Hol glidlont o 34
o] AAsHA A&l Zlo| Wasict = 7+ x4k
714 F1e7)eh B Al St 7
P 2ol ws AP s oF Al otk

Meteorological
Technology & Policy

o UAF F= 22 AJAF A T AAA BA
4 HEalA SastolE A

7] Zol A B o] Qi 7]7] Vg Mahs
N 7] wjio) oju] ABALE AR AUX]

gk, w}aw QAR ARE
WA ﬂraa} EE:

pales|

EAGA Zastch, 1 gHoRA
& Qi ol gy W EAL By o
Slek. olefat wuEol Z14k AglEel
g GOtk SR E o] HFHos
B8R 2ol Yasi,

,__o]

4. 714 = LAb &
Sl

BEg 752 Y

N
ne
=
e
Jh

=!

r I
ol
=L
(R
e
=
N
o2
o
lo
me
>~
>
rJ
M
ol
rlo
N

oZ.

N
B
)
~
=)
(o]
)
Ao
B
~
o
)
)
O =
=
El
gﬂ

a2t
Nl

A

™ S

~

i

flo

OO

for

o

i

Ho

)

i

l

RS
i)
o -
—
2
k1
~
ox

J

)
i
I
P!
il
=
N
wa gt orm
=4y
H1
30,
e
u
i)
s
1o
>
o
-3

e rir
ez
o
qo
S 82
—T‘~r_\3
51 L2
D)
°

e
ol

ro o

oo
N
£
o ox
o
= %

in)
>~ 4
) EL] l“>‘ 2

et ok
Wy, ol

[y
lo filo
o
f‘ _>Z4
=

i .
£ o2 4

X

1o

e

N\

;Y

uor

oZ

2

o,

AN
c
=2
ne
>
b
1T
i1
N
rol :
r.l
N\
B>
il
rlo
)
T
g
HT



Ae] FARE FA Holux) Tt Fol $1X/51]
dhiol 8l AE Sol ofsto] Hlak BApt Ajut
w ubateo] ASRE AL BEAE Ak ofelg
A3 it olefat 87 FEE $jste] YA

LI, QAP AP 2 AR
C A B YT AN
N ECERBE
A ARRE AR Sl

4
r
il

o N N
iV} o
<4 )
> ox Uil
- O_|_,
oo B

O

<t
o A

o
2

Lo
el
2
N

°
e
O

R )

¢

>~

-
r o)
|\
rlo
)
R
me,
>~
>
)
ur
H
o
o,
N
o

b
pacs
=1
©

(¢}
)
)
o3
o
12
1o

o e 2 owE
~

ol
~

wo wft
ne

~
Y
Moo
ifi<}

vl

=2

r
d
i
4

H 3o g Ho
o M N
Sv

O
L 8 o
41 & A
o

=2

N
L
lo
U
=2
o
ofy
fo
o
o
jus)
o
ui

o2

ne
~
Pl
Mg &
=
o
°
=
ACh
0y
fll
i
2
e
ne
~
Rl
e
)11

>
N
rlr
pay
o

jus)
)
o
N
9‘14‘
T
i~
gt
we
>
(O

14

>~
>
2

bl

Ho

%

ol

rlr

=

jukad
o S

=)

)

N

N

e

fo

ol

ol

N

=

M

=2

Ho

r
O I ofr mot

(W
AL
=
ne

B o
o
o
i
=
_)i
i
ol
_O|L
sy
o
Hm
Q‘L
£
o
i
PO

°

AF 2

L

I

A

Aol HloF A} o] 2]
1= 2 9] 2} oY 2|(700nm
| diizoll o] 2] FAL o]

AR o] 2] 2

>N o g
o
& Soox
] ﬁ?l’, ﬂ](l)i:l
o W =
2 9 (ﬂ}}{m
wozo T
< o
o

1o

S~
>
o,

[rt
m>~
1ok
e
fo
L
s
iu)

- Wl FUS: A 227) QA B4

© AR R AP AN AR A
0 @7 AolgR FHEL, 1 oAl A
9e] FZoRNE HEET B8] 3t o)

R ) ol 4] 59l 714 BAelA = 4

o7

A7} HEE A RS S35 AL
o
s

do ot rIr
ot
=

=

M

- o
~

ol

olof se] rejole] o] 47
jo] Ax|stolof Gk, T} W7
2} o] 4] spo]z ol Mo}
o] atEth 1|1 Abw A
A elolof sHe ol ThE 7148

o GFS We 4 GoBE KYHOT HXHo]

o
20
= e oo

lo T
al
fr
>
ox,

30 :F
=
i

i
.
s
m
f

BT
Y
o
o
U

WA B PR AA 4R YL 150l
7V F23 ol o] JAHL WEA] HE}] o
Sl SaEloi Aok & Floluk, ] UA B
AREE AA sk F230) ] B
o) A B Rt 71271 RE At AL
o A YA AAZOZ Sagelofof B,
ueb o] YA BA YRS Ut I A9 A
AP A2 FA At o] U] AAHA

L
2008 . 3.

55



56

)

ox
il
Pt
o

AL 5% FA1Y] Aol ofsf f=3i=]ojA{of
ot 11 AuE 7|55l AAsljof 3 Aol
o HAH YAA S ] AEE w7 E8ks A
| vFAlsit,

« F7F71E7] B L GA HE2 7171 B
of we} TEgko] ohE = Al BEUEY
Hlavt Fashy] wite] A= o2 7)71E

#Z sto] BAsk= IS YA

ot gty & A AAY YAHAIES Al
| #7191 WRC(World Radiation Center, 2~
9122 ghol| whet W Agstofof shar L-2jutet 57}
71&7)= v syntch X9 7]27]9] Ui 7)E7|<}
H] 3 ‘3—4 X*UPE} a8a B upxl Seuvket
AF= 59 B FHe e Al

2 EXédL Aol o] 7|17k Eot 71%7] AlA Q]

(]

T
i3

}

e

T2

2

flo o 1o

ju g

|

thl-Fl
fr
HIFJ

H-S= #sh dojub] gk s Hefsfjof sict,
o 5dutch A 2] Ve ES AR E B
A3l7] 95 WRC Z2a#os nE 27} 7127)
o]

o] o] ZEIYe| Folq 4 gtk YRE
28] Fojsle] 259 712718 BAshe
o] A3 S-efufeks WRC Zeade] 21 &
ofstol 57} 712718 HAsh: 2ol 718719 A4
ot BAmyt ope A7 B 7)1 H5ef f2
A0 graEr,
© BEY DA B
RS 9Istol QA B4
- S8t A 71
Rl %7} 7N

>}L

ek

oZi‘
flo o

i
_Cl
_0|L
2
>
ol
N
o

Meteorological
Technology & Policy

e BAolA WRC 74 2 dSEEEsY A
QWi 14 (0030l 2A5te] Salstelop
o,

2t A X2 2
« A TR 1% AR B
B gl et 2 Hﬁz}sm o

el
- ~|
N\
)
rlo
u

=2
—
>
N
I
i)
e

~

jﬂ
o
o
2%
o
o,
Ho
il

P
fu
e
1

A =7

&0l

_,d
o

oM. EQEL' !
N
-
i)
v
—
>
)

e 2
JZi
=
=2
>
44

pocs

« A= B 1} AAE A7 Al ke

BREsL skt QAb B At s
FS A AHS 23 ARE PAT 5 9]
w2l B2 A2 23 W wye] st F Y
o] Zastet. uebd AT DAt B4 A2
L AR A O Bl BES AL B
G 52 olgsto] 242 Ad L BAstoloRd 2

olch o]2 $lste] 2% B 44 s A



o
1%
res
o
-~
[~
-

Aol glont Aol ulste] AA AR B

Of AR H27 22 3 AR FR[REM 7)o fojAA] = Aol o]et o] thefdt
M8 7oA SR dAF TS| AlYEIL Jl=

¢ WA RS B QA Aok WA T8 ol 7V UAF AHRS) Aol Wil A2 A
T AR AR B S BE AR oal  gol ATekA Bk wrgsk Aolch ufed )
ajlojolat Aol A AL B2 AR A APl A BETL Fulska A ARE 4
e Sl o] AP AP WA Aktel B Jla ol AlRsior & Aoln 1w
AT R Aol B9 e Ak AR A =
7 97 91 2A0RA AR o] F}

o

F

gAY s B o5 BAMOE A% 7k B EX| AR
25 gk web QA BRI AR O B - RAEE QA B34 ) L BS B
shol TALA] A7) WASHE ko] ATH]  « BEA50| A T3}
oFzt Aol + QA Mok B 2 el A
C A BHRA AP QAR QA T - B3 AR 2 W A% A
Fo AT U0 BT 4 gl o] S
AsbHo|nz el Bl Aol AR el L BEIM x| AR
7hEasich meby ) AATeIAE QA B« QA A7) Sk U o
U BS Sl A FAS egeka gl o« WA B AR Te) meaY A
; b o ue AR 4 gl 4

= bl =
O} T WE QRE o] oA PIE Aol
sleteic, of 7 Aael ol @ A Eoj B - BuE

o}
2w AU 2A7F WA Ao HehE, 747, 2007 HA AABET T - 2 Fe]
3t 7714 2007 AF-§ G R IA, pp.110.

A S WAL B2 IR HE ]
FAUA7 e AT, ALBER, $ENTH,

’

of

B, A=A LTAL, gttt FEARR

S, et soll 9fsto] oF 2007 =40 A

Do

j]l}‘)]*l’ltﬂ 57
2008 . 3.



)

O

P IEREY S| W oo

1. HiE

2 7|ZHER ols)e] 71 ool HIHsl]
Hgstar QL 7 A s & QI wal] et FAt
Estel= A0l Atk Mes-of e ol et
o5 AwEd 2 109 7H1997~20061)2]
T30 Y =7 A 1977~19861)0l ]3]
158 71k A, 20029 e “FAKRusa)” 9
7o, AAru|e)] FR 27 GDPYH] 0,9%0] &
slalct Asi7|ArEARe] B EAT TR E 7|5
st EAlE = 7F 4R 9 A bl wx]= Tt
TA0] mfe- 27 whRol| =71 2ke] tiutA
o] AQsirt, 53], 8 71 Aol A= e
TS| Ag T} XWAI&HEHWHH* 7|55} ol =
| FFE7}, A7V 571, 71z E

W

58 Meteorological
Technology & Policy

A x 48 Y

if

SR |NGITA BT

[

bikim@kma.go.kr

el it ATAY FA4Z obIX g sy
o} olefat eldelAl 1A TS e
W3t 7)) 5 S o)l T o] afet 2
oke] ofg Bt Slate] J1AIe HAS 9B

Z . A7) Memrsko] AAo] 1 Qa}c)

A

-

200649 9¥of| 7|4 o] AT 7)o 54
Holl weh vl 7]4gedre] dsee] 2 = Qe
7147149 o] E7} Basith= ¢l4jo] Z4H
s A A= 2] Bk 71V d71ed &
Lo} ]z 5““%%71301] gt A Aeks ¢

)
™
A
=
i3
o
e
o
ofi
b

ato] 7|4} R&D % - A7) 3
E}. ETA] 9] 37
- ZAE B3jo] MEREol dA|&ES

1, 0|5 ARpH o R 27151 $J5t Aol &
of dgol =

FECh o] Slsto] AR AL

tlo
-
1Y
S

=
i

ol
-



ox
il
res
o
-~
[~
-

2 A2k R&D §AF $4149] A4 27 R&D 7153} oS dy) Ao H n ke sjdksle] §t
Total Roadmap #33} dA5te] 4] LA7]& Hie 7SI Ayele 9 93 F71 & 11817
g ek Fo) RidE o] AdE ¢ e w71 AR A A 715057 TS ERE AlE
7|2 =W (Meteorological Technology Road & & Q&= AV|o|EARE ARSI o]e} 7o

e
Map, ol3F MTRM) 4:¢0] Algat Algolgleh,  Ameh A=t 37 49le] 7150t 4 - 9%
o FHopy Hofe] thg A uieie] BgAT Ack

2 ¥, 28 J2|7 3 7t 7AgRe] SIS S TR A
7% - 1T B ARE K sl

MTRM Heiob AQAsiAZ, 7158et 3 A8t Ba) 1 38714 3 42 2 548

S A5/, 71 aEa AR 717kl Tk SHE R Aotk
ot 7VEA - 85, ArEs ARY HEYR ole} -2 A VjeroRte] AANS gEst
woFe] 77155 Adxlskste] AFAIARRE A of MTRM H[HQ RoPdshal Fa2s 4k A=
A AR eE AR HE)S F308 ke 71d7s g 2] lste] 7R
of 2e7] 9 F7195 2SR olg & 7ls g4, AT UEYA A3 & BRle
3 2d7] 9 F7] EASE e R el N s 2Eal ddeddvle gEE A
o Festo] M= #9] 717leS 28t o' Akl olHgl MR 2R FA) 714
of AR Azt off olupxgtt, E3F ARlste  Axl= ] 20~60%2] 71sTwe A4 R&D
| RFIRHBHA 247 [ & 7Het
] E3S] é @ -
Al 71
= AtoiEte
5 EEETE I 2
7| E At
g x=ss S AL Y I 714 el
Al 2o M HE|IEY 2E7H asrest || 2
i i
7
gf *ESM : Earth System ‘ gf
z#Ee Model |
L‘”E-?:Iﬂ Hlm?:‘!%
é x+7|o1|ﬂt+'
T | T
7|05/ RS 7|2l

1321&%Y | 59
2008. 3.



60

)

CEES:
H M
OIFfstn EQRS A2 MEsHs J|AI S
= H
T1A MR 80% Tla4E oA
|
[ [ [ I
71027 = S AL HEXZ 23t | 8- E7IE L3t AMEMI|IE B
I A7 |EZEY HIM 28 2 Mt

B2 Ealo] 104 Tofli= 80% 457 THs

_TLX]— 3t}

o
R

o,
N
it
Lo

71%4(2008~2o11b=1)2
71% tﬂﬁ} rﬂ—oﬂ 8%1,

Meteorological
Technology & Policy

MTRM= 5ot AAAAsl~4, 7|51} 3t
s B Lo A P % e e =1 B 7|1A7HEe.

AR =]}
Z 470

HegkEofel 53719] SA)7]ES Wbl
ot 53] MTRMO| =71ats}7|4&$193] 44 - 2
ZA(12.20)=]0 71Ho| L AA A 7144714 7N
Hero] =0} $47] 714 R&D A3 7
gt WA G| Holrkal & 4= Qlrt

MTRM +H& S3to] WA, o - 57| o HA4gt
T Ubnkog ;q.oqu °H 7\171—01] _ﬂg_a]— 7] 6:]/\] o
2 %7} 73‘1 HE AR, R, =7 A
4 7| $H3t ol Vs FRE fJe A
XJ% w&ﬂ AFA w9 - SAAE
Zolct, A, YA S5

et
&

%

N
o L

ftlo

_|l~>'

AL
2
Ti=1 £_9_7]APZ4E 7)< 7H
/\}c])_ij AAY 7}

LS



o
1%
res
o
-~
[~
-

QFOR T AP | SZEHMIRM) A% A3
A% 53 W AAH 32 %% bol @A 0 7]
HRAD 1% 45 S 1R A ol
Ao A7V RO MTRME 7]4-2ok
222 495 714 ReD Hofe] Ea e %71
Aolekan g 4 Glow], FF /U theH
W S7h FEUS AA 5 wuslsha 2l

8ol AAA ez Ael=of glo] =rlef 4ol A

& & W dadel= A £ Ge T8 AV
7t 2 Aoz HrhEe B3 MTRMS Xt
2147] di7|akete] fee BRed A&t 7|14k
7]4 R&D A7) Ak 598 95t Y2 0]
7k Ao 7)diEr,

o2

Hel

PIRASIES <L
2008 . 3.

61



A NEW GENERATION OF HEAT HEALTH WARNING SYSTEMS FOR SEOUL
AND OTHER MAJOR KOREAN CITIES

Laurence S. Kalkstein
University of Miami Coral Gables, Florida USA
larryk@udel.edu

Scott C. Sheridan
Kent State University Kent, Ohio USA

Yang Ching Au (Nicole)
Housing and Development Board Singapore

Heat is considered the deadliest of weather-
related phenomena over much of the developed
world. It has its most severe impact in mid-
latitudes, where intense heat waves have killed
thousands of people, such as the 2003
European heat event, which alone was
responsible for over 35,000 deaths. The most
vulnerable areas for heat-related problems are
found in locales where heat waves occur at
irregular intervals, and where summer climates
are highly variable. Thus, cities like New York,
Philadelphia, Paris, Rome, Shanghai, and Seoul
have been impacted by large numbers of deaths
during excessive heat events. These deaths are

LS
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often difficult to identify, unlike deaths from other
natural disasters such as hurricanes and
tornadoes, but during excessively hot weather,
deaths from most causes rise dramatically,
sometimes doubling on the worst days (Figure
1). As most deaths from heat are never reported
as such, heat is the “silent killer", since most of
these deaths are associated with little or no
physical damage.

It has only become recently recognized that
heat has such a devastating impact on human
health.
proliferation of techniques has been devised in

Thus, over the last 15 years, a

an attempt to mitigate the impact of extreme heat
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[ Figure 1] Total daily deaths during summer vs. daily maximum temperature: New York City.

on the population. We have been working with a
variety of countries and agencies to develop the
most sophisticated means possible to issue heat-
related warnings, to assist in the development of
urban plans to lessen the impact of heat, and to
check the effectiveness of heat systems in major
cities around the world. We are honored to have
recently entered into a contract with the Korean
National Institute of Meteorological
Research(METRI) to develop a heat/health
watch warning system (HHWS) for Seoul, and
possibly for other major cities in the country,
based upon our successes in other parts of the
world. In this article, we will describe how the
new HHWS works, its many advantages, and
how we integrate with stakeholders (interested
agencies) to make certain that proper plans are

implemented whenever the HHWS indicates

health-debilitating conditions.

The premise behind these heat/health
systems is solid knowledge of the actual heat-
health relationship at each locale that a system is
implemented. Thus, the threshold conditions
that induce an adverse health response need to
be identified. Of great importance is the fact that
these thresholds vary across space, which
strongly suggests that the systems must be
location specific. For example, people in New
York react very differently to heat than citizens of
Seoul, not only because the climate is different
but also because of the different urban structure
and demographics of each city. In the past,
similar thresholds have been used across large
areas with disregard to this concept. The system
for Seoul is specific to that city only, and different
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thresholds for issuing heat warnings will be
necessary in other cities, even in Korea. Another
interesting finding in our research is that
thresholds which induce a negative health impact
on people actually vary during a season in the
same city. Thus, thresholds in our HHWS are
often different for June and August in the same
city. We have found that it takes less heat to
increase mortality early in the summer season
than later, partially because we acclimatize to
heat as the season progresses. In addition,
many susceptible people die early in the summer
from heat, leaving less to die later in the season.
Since the HHWS is based on determining
thresholds of human health tolerance to heat,
rather than being simply a comfort index, these
thresholds must vary as the season progresses,
even in a single city.

Another unique aspect of our system is the
use of air masses, rather than simple weather
variables like temperature and humidity, to
evaluate heat health relationships. Air masses
are large homogeneous bodies of air, which
when present, exhibit distinctive meteorological
characteristics. For example, a moist tropical
(MT) air mass is always associated with hot,
humid conditions, little nighttime temperature
relief, partly cloudy skies, and sometimes an
afternoon thunderstorm. A dry tropical (DT) air
mass is even hotter during the day, but less
humid, with clear skies and usually no
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precipitation. Both of these air masses are
associated with elevated mortality in most mid-
latitude cities, but their impacts vary spatially. In
some cases, DT air may cause little harm and
MT air masses can be worse; in other cities, the
opposite could be true.

The use of an air mass based approach is key
to identify the impact of heat on human health.
We don’ t respond independently to the
meteorological elements of temperature,
humidity, and wind. Instead, we respond to the
combination of these weather elements as they
represent themselves within an air mass. We
are thus sensitive to the simultaneous impact of
all weather elements within a mass of air, and
this is the reason why we first develop a daily “air
mass calendar” for each day during the summer
season using various statistical techniques to
determine the differential impacts of weather on
human health. To read more on how we
develop this calendar, go to http://www.as.miami.

edu/geography/research/climatology/IJOC_Sheri

dan_2002.pdf which describe the techniques in

detail

Daily mortality data for Seoul was provided by
the METRI so we could develop relationships
between daily weather and variations in deaths.
During a heat wave, deaths in mid-latitude cities
can increase markedly, as illustrated in Figure 1.
This is particularly true when looking at daily air
mass type and increases in mortality (Table 1). It
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is clear that, during certain air mass intrusions,
mortality can increase significantly; for example,
in Seoul, an average DT air mass day leads to
an increase of almost 7 deaths, which represents
a 7 percent increase in mortality. It is impressive
to think that a certain set of meteorological
conditions can induce such a negative response
in human health. The increase varies across
months; in July during DT air mass intrusions,
average daily mortality in Seoul can increase by
over 30 individuals. When compared to other
cities, residents of Seoul are rather sensitive to
heat. Some other cities are even worse; for
example, in Rome, an average DT air mass day
yields a 14 percent increase in mortality, and in
Shanghai, a typical MT+ day is associated with a
16 percent rise. Obviously, in many cities there
are significant daily mortality increases during
particularly oppressive air mass days, and DT

and MT+ air masses must therefore be isolated
when they are forecast, since they obviously can
contribute to important negative health issues
when they occur.

Although most days within the “oppressive”
DT and MT+ air masses lead to increased
mortality, these impacts also vary from day to
day, depending upon meteorological and other
variations within the day. For example, an MT+
air mass with a particularly high minimum
temperature may cause more deaths than a
similar air mass day with a lower minimum
temperature. Often even more important, it may
be necessary to have three or more days in a
row of an oppressive air mass before any
negative health outcome can occur. In Seoul, for
example, on the first day of a DT air mass, there
are only 2 or 3 excess deaths, on average.

{Table 1) The impact of heat on human mortality in various cities around the world, including Seoul.
“Deaths” represent the daily average increase in mortality during the air mass intrusion, and “percentage’ is
the percent increase in daily average mortality that this increase represents.

City Mean increase in mortality, Mean increase in mortality,
DT days MT+ days
Deaths Percentage Deaths Percentage
Seoul 6.9 7 6.7 7
Chicago 5.2 5 7.4 7
Washington 0.9 4 1.7 7
NewOrleans None None 3.7 9
Rome 6.2 14 5.0 12
Shanghai None None 42.4 16
Toronto 4.2 11 4.0 10
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However, after 5 or more consecutive days of the
air mass, the average daily increase in deaths
approaches 40. Thus, the first day of an
offensive air mass may not trigger a “warning”
from the system, but the fifth consecutive day
most certainly would. Thus, it is necessary to
develop full relationships between daily mortality
and a number of variables, both meteorological
and non-meteorological, within the oppressive air
masses to establish estimates of the number of
people expected to die that day from the stressful
conditions.

Using forecast data from METRI, we can
actually estimate heat-related mortality for
several days before the excessive heat event
actually occurs. This is where the HHWS
becomes an important piece of information for
weather forecasters, so they can have the most
reliable information available to call heat/health
related warnings. We have devised password-
protected websites, such as the one for Chicago,
USA illustrated in Figure 2, to provide guidance
to forecasters when they should call excessive
heat warnings. The colored bars on the left side
of the system page are related to the increasing
negative impact of the heat, and with increasing
numbers of estimated heat-related deaths, the
level of warning is heightened accordingly.

Although it is most important to devise an
accurate warning system that informs the public
and decision-makers about the times when the

Meteorological
Technology & Policy

=

negative health impact will be most severe, it is
equally important to have in place a set of
intervention measures to lessen the potential
catastrophic impacts. The development of
intervention measures requires two steps: first, to
identify those “stakeholders”, both private and
public, that must reach out to vulnerable
populations and attend to them during the most
severe times of an excessive heat event, and
second, to coordinate activities that these
The

stakeholders and their concomitant activities vary

stakeholders pursue to try to save lives.

from city to city; often the stakeholders form a
“heat task force” in a city, which permits proper
coordination among the local weather service,
health department, emergency managers, utility
companies, and other similar stakeholder
agencies. Although this varies dramatically from
city to city, the opening of air conditioned
shelters, attending to the elderly and homeless,
and setting up call centers to advise people what
to do during a heat emergency are some of the
necessary steps that cities take when an
excessive heat warning is called.

The level of technology in the call centers can
have a significant impact on the effectiveness of
the heat alert system and corresponding
intervention measures. Call centers are strategic
points of contact where heat information and
related health advice are disseminated to the
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Synoptic Health Watch-Warning Net: Chicago (LOT)
System levels: ORD forecast issued 01/10/2008 04:20:05
Time 09z 152 2z 03z
January 10 Moist Moderate.
NO ADVISORY
i el Temperature / Dew Point 31731 37729 41431 38732
Heat stress conditions, which might be associated
with excess mortality, are forecast to occur
within the next 24 hours. s 1 Mortoks
ERE TSR NO ADVISORY
Potentially lfe-threatening heat stress conditions et Deve fopn o Hee L M
are forecast to occur in the next 24 to 48 hours.
T ST e January 12 Moist Polar
y i e NO ADVISORY
are forecast to occur in the next 48 to 120 hours. Temperature / Dew Point 28125 30724 35/25 28724
NO ADVISORY
Weather conditions are not forecast to be January 13 Moist Polar
oppressive. NO ADVISORY
Temperature / Dew Point 26124 30/24 29/23 26121
The synoptic-based heat-health watch warning network
is based on evaluating the negative health impact of January 14 Moist Polar
oppressive air masses, as expressed by excess mortality, NO ADVISORY
in each locality. Forecast data, as defined by PFMs, are o S50 55750 57150 Ui
compared to historical meteorological conditions that
have led to such mortalty increases, and advisories, -

watches, and warnings are called accordingly.

These systems utilize the Spatial Synoptic Classification,
about which more can be learned here. Where

oppressive conditions are forecast to occur, the

consecutive day run of such conditions will appear in |

[ Figure 2] An example of the HHWS page (this one for Chicago, USA), that is password protected. The
information provided on the page includes warning level, forecast weather conditions, air mass
type, and an estimate of heat—related deaths on severe days.

public who do not have ready access to the
internet who need an interactive form of contact.
When a caller chooses not to wait for his/her call
to be answered, an automated voice message
system can be activated, prompting this person
to leave a name and contact number so that
someone can get in touch as soon as the
information line is available.

An automated dial-up service that provides
information to particular groups of people, such
as seniors alone at home, may be useful. These
vulnerable groups need specific types of

information conveyed and worded in certain
ways that less vulnerable groups do not. For
instance, an elderly may not be educated and
may not understand what a heat wave is or what
it can do to his health. He may not know why it
can kill him or understand why he needs to take
certain measures like going to an air conditioned
shelter, or not switching on a fan in an
unventilated room. This service does not require
the person to call in, and can be used without
increasing resource requirements. Nurses may

be stationed at each call-center to provide expert
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support in complex situations

The final important issue in the development
of a new HHWS is effectiveness checking. We
have already done much of this for a number of
cities in the United States and Canada, and plan
to follow up after the new system in Seoul is
implemented during the summer of 2008.
Effectiveness is evaluated in many ways. For
example, are the citizens aware of whether a
heat warning has been called? Do they
understand what to do if such a warning is in
place? Do they perceive that they are
vulnerable to the negative impacts of heat (much
of our work shows that people lack
understanding of the dangers of heat, and
consider themselves generally not vulnerable)?

We have devised questionnaires that have been

How dangerous is the heat to
00T "mom~ mom W

90% 1 ~ e -
80% 1 ~ - - - -
70% T e R
60% 1 — -
50% 1 ~ -
40% 1 ~ e
30% |
20% T T
10% T

administered to individuals in various cities to see
how they perceive the dangers of heat; an
example question is shown in Figure 3. Such an
activity is desirable for Seoul as well after the
HHWS has been operating there this summer, to
see if the message is getting across.

We look forward to working closely with the
METRI and other government agencies in the
country to develop our state-of-the art HHWS.
As this essay has hopefully demonstrated, the
development of such a system is complex, with
aspects relating to estimating negative health
impacts on a day-to-day basis, disseminating
information in a proper manner, organizing
stakeholders who deal with intervention
measures, and evaluating the quality of the
system and the population response.

you personally?

o)
0% Peel

Not at all
u Dangerous

Dayton

A Little
u Dangerous

" Philadelphia
Qutie Ver

Phoenix Toronto

M
Dangerous Dangerous

Good News! Peel residents more aware thet heat is dangerous!

[ Figure 3] One of the questions on our questionnaire evaluation for various communities in North America.
Over 50 percent of residents in these urban areas underestimate the impact of heat upon their
health, even in an exceedingly hot desert city like Phoenix, USA.
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