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Abstract : The Bio-Climatic impact Assessment System, BioCAS was utilized to produce analysis

maps of daily maximum perceived temperature (PTmax) and excess mortality (rem) over the entire

Seoul area on a heat wave event. The spatial resolution was 25 m and the Aug. 5, 2012 was the

selected heat event date. The analyzed results were evaluated by comparing with observed health

impact data - mortality and morbidity - during heat waves in 2004-2013 and 2006-2011, respectively.

They were aggregated for 25 districts in Seoul. Spatial resolution of the comparison was equalized

to district to match the lower data resolution of mortality and morbidity. Spatial maximum,

minimum, average, and total of PTmax and rev were generated and correlated to the health impact

data of mortality and morbidity. Correlation results show that the spatial averages of PTmax and rem

were not able to explain the observed health impact. Instead, spatial minimum and maximum of

PTmax were correlated with mortality (r=0.53) and morbidity (r=0.42), respectively. Spatial maximum

of PTmax, determined by building density, affected increasing morbidity at daytime by heat-related

diseases such as sunstroke, whereas spatial minimum, determined by vegetation, affected decreasing

mortality at nighttime by reducing heat stress. On the other hand, spatial maximum of rgzv was
correlated with morbidity (r=0.52) but not with mortality. It may have been affected by the limit of
district-level irregularity such as difference in base-line heat vulnerability due to the age structure

of the population. Areal distribution of the heat impact by local building and vegetation, such as

spatial maximum and minimum, was more important than spatial mean. Such high resolution

analyses are able to produce quantitative results in health impact and can also be used for economic

analyses of localized urban development.

Keywords : mortality, morbidity, spatial analysis, perceived temperature, health impact
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1. BioCAS
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(Figure 1).

BioCAS9] A A ¢l CAS(Climate Analysis
Seoul, Yi et al, 2016)= 1 2 A2 & A4 AW
A% 5 A0 o] A9} BT ARE A
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AchFigure 2).
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High-resolution
CAS input data
(LiDAR--)
SOLWEIG
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Mean radiant Air temperature
temperature distribution
(hourly) (hourly)

Relative humidity
KMM and wind
at SWS

Perceived
temperature
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Daily maximum -
L%rceived Daily death
temperature counts in Seoul
! |
i
EMR |

Heat risk map

Figure 1. Component models of BioCAS and its flowchart
(Kim et al. 2014)
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Figure 2. Input data of BioCAS at 25 m resolution over Seoul: Digital (a) building on top of elevation (DEM+DBM),
(b) vegetation (DVM), and (c) land cover (LC) models.

500 m =9 S vkt 9 7| 22RS Akl Irradiance Geometry model, Lindberg®} Grimmond
A8 Al WA 1, 28 ol LAY ) 0ol 259, 29 A A K e
ofaf et X BTS2 AR jibwel B3 oloh ARuA % ANBEI} ALHT HLVEL
of FATFE 7|2 G ALttt A=) Al 7 oA HSH 72, AisE, Yakgel BE Fue

SHE(TD)E A& T4 A=A 2571 AW

w2
N

Slat 714 Qe Az AT,

e a7 i} (dTmar) & 7430, 4 E Ch S 2 CASO A H’HEJ A 71 22(TD)
dTners A& B52 7] (Towg) ol IFOZH YUY U P EARRE (Tmrt) & A BS54 B5E &
pAR=ES) EH};}E?_ 25m A0 2 AN 7)1 & B (TD) T Y FEHEARE 0|85t JZI—%E(Staiger et al,
£ AARITH(Table 1), dTma AlAtel AHSH 4= 2012)5 AR, AP QA& REREE Y
F5+E 7148 2l MetPhoModol| 9]8] HAE 7].& F3L AL (Pnay) FEE S5
WMD), A& (fes) B A (fm) HlE, AE%0] opA ko 2 AU ZIALE (1) LE-S F
(hp), AFIE(z)oltt, A4 co, emp, cas, crv, crwl, c AA o] U APy A7 S ARRSho] AE] Qi) HA
= 7247+ 0,28, 1.18, 0.5, —0.8, —0.05, —0.002 ©] ALA19] 1991-20119 7]7F = W 4dE AFES
o} A B34 ¥ HI|2(Towg)oll AAPERE AR 34510, o] & 23ele U £ AFFE(EIANY
E dTwas B A9 Al U Ha7]| 252 B)Z AL & Pl o]85to] 3|74 02 7f
(TD))7} Axkeict, 45t ch(Table 1, Kim et al, 2014), 29 7)o
7124 ok QA & AEH A0 F JIFE FE= AHEEE H A Y E 1983-2012'A 717F 5 Plina

=
0 32+ WHEALLE(Tmr) 2 24517 93] 9] 30d Hat + 2 x BFHAQI 51,27 oAkl 7|3t
SOLWEIG = 2(SOlar and Long Wave Environmental S AElsto] ARt d =, £ 219 A=7 AR-E S

Table 1. Key equations of the component models implemented in BioCAS for the estimation of detailed excess mortality
(rem) in Seoul

Model (Variable) Equation (references are listed in the text)
CAS (TD’) Tows + (Tonax — Tonaxy sws) + € = Tsws + AT + &€
CAS (dTmar) cot+ cup X MD + cps X fas + crv X frv+ ¢! X hp X fas + c: X z X &
CAS (MD) MetPhoMod model’s Mesoscale temperature Deviation (500 m grid)
SOLWEIG (Timrt) SOLWEIG model = f(T, RH, Rad, DEM, DBM, DVM)
KMM (PT) Klima-Michel model = f{7D’, RH, WS, Tmrt)
EMR (rzu) Excess mortality model = coo + cor X PTouax + &
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Table 2. Heat-related mortality from 2004 to 2013 and morbidity from 2006 to 2011 for 25 districts in Seoul

Total heat- related

District P — Mean population Mortality per 10,000 | Morbidity (# of patients)
Jongno 1186 166,974 71.0 63
Jung 934 130,003 71.8 43
Yongsan 1540 234,431 65.7 62
Seongdong 1803 317,757 56.7 74
Gwangjin 1758 373,361 47.1 183
Dongdaemoon 2424 369,331 65.6 81
Joongrang 2608 424,174 61.5 104
Seongbook 2820 469,982 60.0 95
Gangbook 2358 345,383 68.3 67
Dobong 2192 370,891 59.1 68
Nowon 3776 611,401 61.8 121
Eunpyeong 3050 474,093 64.3 153
Seodaemoon 2099 332,502 63.1 230
Mapo 2220 384,801 57.7 93
Yangcheon 2429 497,127 489 170
Gangseo 3316 559,993 59.2 193
Guro 2103 419,775 50.1 148
Geumcheon 1502 247,891 60.6 61
Yeongdeungpo 2289 401,055 57.1 168
Dongjak 2188 403,534 54.2 80
Gwanak 2736 526,959 519 172
Seocho 1851 414,630 44.6 146
Gangnam 2435 552,090 44.1 216
Songpa 2928 644,548 454 155
Gangdong 2409 474,677 50.8 127

Data source: Statistics Korea (mortality) and National Health Insurance Service (morbidity)
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Figure 3. (a) Temperature distribution (TD), (b) mean radiant temperature (Tmr), and (c) perceived temperature (PT) over

the Seoul city area on 12:00 LST 5 Aug. 2012.
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Figure 4. (a) Maximum perceived temperature (PTmax) and (b) excess mortality rate (7ev) over the Seoul city area for the

heat wave event date of 5 Aug. 2012.

M High : 56.75

Low : 28.01

(a)

Figure 5. (a) Maximum perceived temperature (PTmax) and (b) excess mortality rate (/zm) over the residential areas of Seoul
with district boundaries for the heat wave event date of 5 Aug. 2012. Residential areas are determined by the
land cover classes of built-up surface (BS) and unvegetated surface (US).
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Figure 6. (a) Daily heat-specific mortality per 1,000 residents by district during 2004-2013 and (b) total number of hospital
visits by heat-induced symptoms by district during 2006-2011.

Table 3. Correlation coefficients between analyzed P T from BioCAS and observed human impacts by district. PTimax was
spatially analyzed to yield minimum, maximum, and mean values by district. Mortality and hospital visit were the
same data as in Figure 6
. Spatially analyzed P
Observation — -
Minimum Maximum Mean
Mortality 0.53%* -0.584* 0.234NS
) (0.007) (0.002) (0.26)
Hospital Visit -0.340NS 0.422* -0.017NS
@) (0.10) (0.036) (0.93)
Table 4. Correlation coefficients between analyzed rem from BioCAS and observed human impacts by district. rev was
spatially analyzed to yield maximum, mean, and total values by district. Mortality and hospital visit were the same
data as in Figure 6
. Spatially analyzed 7z:
Observation — -
Minimum Maximum Mean
Mortality -0.105NS -0.243NS 0.1INS
) (0.62) (0.24) (0.60)
Hospital Visit 0.515%* 0.072NS 0.387*
@ (0.009) (0.73) (0.06)
75 250
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Figure 7. Scatter diagram between (a) spatial minimum of maximum PT (PTmax) and mortality and (b) spatial total of excess

mortality ("ev) and morbidity.
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