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Analyzing the Relationships between Land Cover Type and Sensible
Temperature in Urban Heat Wave*
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Abstract

The purpose of this study is to identify a relationship between sensible temperature in
summer and land cover type. Through this, it is possible to form strategies for land use and
urban planning which can reduce sensible temperature in summer. To achieve this, multiple
regression analyses were conducted based on 80 of the automatic weather station (AWS)
point of atmospheric temperature, sensible temperature, and land cover at a radius of 500 m
around the AWS point. The heat index was used for measuring sensible temperature.
Moreover, considering that abnormally high summer temperature phenomena such as tropical
nights have different characteristics depending on the time of the day, air temperature and
sensible temperature in daytime and night time were studied separately. The results of the
analysis showed that an increase in green area was effective in lowering both atmospheric
and sensible temperature. Unlike atmospheric temperature, for lowering sensible temperature
in summer nights, a decrease in transportation area was more efficient than an increase in
green area. On the other hand, for atmospheric and sensible temperatures during summer
days, it is efficient to not just keep expanding green areas, but to also have large and
hearby patches of non-urban area.
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Likelihood of Heat Disorders with Prolonged Exposure or Strenuous Activity
B Danger
& 1. NOAAQ| Heat Index AtE
Figure 1. Heat index chart of NOAA

Sources National Weather Service Weather
Office(http://www.srh.noaa.gov/ama/?n=heatindex)
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&l 2. AWS XA
Figure 2. Observing point of AWS

Sources: AWS point data
Administration

from Korea Meteorological

SEEE

&l 3. AWS ZEEX|H 500m HhA Of|A|
Figure 3. Example for 500m radius in observing
point of AWS

Sources: Land cover map of Ministry of Environment and
AWS point dat from Korea Meteorological Administration
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Figure 4. Observation’s frequency of daily

maximum temperature(Aug 2009)
Sources: Korea Meteorological Administration (2009)
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Table 1. Type of land cover

Sources: Environmental Geographical Information Services

Level 1 Level 2

Residential zone

Industrial zone

Urbanization Commercial zone

area

Culture, sports, recreation

Transportation
Public facilities

Rice paddy

Field

Cultivation under structure
Orchard

Other

Agricultural
area

Broad-leaved forest

Forest .
Coniferous forest

Mixed forest
Natural grassland
Artificial grassland

area

Grassland

Inland wetland

Wetland
Coastal wetland

Natural bare ground
Other
Inland water

Bare ground

Water area
Ocean
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Table 2. Definitions of variables

Variable Definition
§ o g TA Air temperature of AWSs
i kS observing point(°F)
& 3 |H Heat Index from TA variable(°F)
Urbanization  area(except  for
Urban transportation) in 500m radius of
< g AWS(km)
s 3 Transport- | Trasnportation area in 500m
o> % ation radius of AWS(km)
® :3'1 Green area(agriculture,  forest,
Green grassland, wetland, bare ground)
in 500m radius of AWS(km)
; Wind speed of AWS's observing
Wind point(ryh)
Height Alt!tude of AWS's obsenving
point(m)
Rain Precipitation of AWS's observing
point(mnyh)
oea Coastal city=1, otherwise =0
Proximity '
< Above 3,000/m of population
% % Pop_den density=1, otherwise=0
g0 Nurmber of total patches in 500m
o2 patches in
Fatehial radius of AWS
Number of  non-urbanization
Patch_non | area’s patches in 500m radius of
AWS
Area’s average of variable
Paichiavea of Patch_non(km)
. Average distance between
Pateh gt varables of Patch_non(km)
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Table 3. Basic statistics of variables
Variable Min Max Mean S.D.
1 H=po| 7| SAHZ A 7196 | 8474 | 80089 | 21811
HIA 70848 | 95219 | 84.836 | 43749
. . Tam 5679 | 8132 | 71978 | 33461
B&of ARESH 20719] Hasof thet 7% &4 Hlam 61274 | 89422 | 69368 | 53806
Zo (g I 20 19 selo] m o 3 Tom 7754 | 9878 | 87564 | 3.7811
GE 33k 4tk 20094 840 Bt 7122 Hipm 79479 | 10807 | 91.215 | 43081
A T196°F(22.200), a1l 84.74F(29.307), Bt Urban 0 06729 | 02450 | 0.1908
80.09°F(26.72°0)0IH  HIC] e A 7085°F T{?”Sport' 0 01852 | 00499 | 0.0390
ation
(21.580), F31 95.22°F(35.127C), T 84.84°F Green 0 07851 | 0.1312 | 0.1404
(20367C)0ILE 200991 8° 169 @7 2A]0) vl WindA 109 |51 | 1925 |O8475
3 . o ) . Windam | 0 4 08125 | 0.8943
£ ZR B979F(1544°C), Al 81.32°F(27.40°0), Windpm | 09 63 23013 | 1.0340
B T198T(2210)010 HI gk FA 6127F  _Heloht 135 0151 |.157.20: | 21142
) . . . Rain 747 7265 | 362.95 | 15051
(16.26C), F31 8942°F(31.90T), B 69.39°F Patch
T . . 3 220 413 279
(2077M0ILE O] = Wb A= i -207TF ;” -
atch_
-LIEO@ER -686F(-384C)0I4 &1 810F  op 1 27 7525 | 5246
(454°C))§ 9-75_‘19] 7C:])—C|l iﬂ%ﬁ%ﬂ]:]— 7]%01 %1% PatCh— 0002 02617 00383 00507
Ty Tk 5 area
0] Ho] LJERATH Patch
_ _ o 00022 | 00073 | 0.0045 | 0.0010
20006 88 1599 @F 2419 7|22 Z[A] dist

T754°F(25.30°C), 1l 98.78°F(37.10°C), Bl87.5

6°F(B087C)I0IRCH  HIS L2 EA] T948°F 2. 7|2 U HZ2Eel EX|OE oY
(26.38°C), T2l 10807°F(42.26C), |yt 91.22°F 7ko| BHA|
(3290C)= UERITE O] M4=0] A= Bt 3656F

20402 FA -155F(-0870)0lA &l 100 & He WRE 2 AEeEed EXHE i
SFEE3O)E UEKITL @20 A%, 839 Byt o MAE BMS UEIARE BAZio
2 QFO| Fhof Hlel AAeErt E== ¥ ot th WA 20099 8¥€e] Wyt t7|REo} iﬂ 42r
712t AR Alole] AR AA UERITE & of tiet Z2ike AEEE SAHE0] 01kt 5716
ARG IEAY, SAKNY] WA 212 By W OREE 074F0410) d4shl Aders
0.25ki, 0.08ki, 0.13kiCE Z|Aw= 25 OkiolH & 091°FO510) L4ish= ZO= LIEKITE 8¢ H
o= 22 067k, 0.19%ki, 0.79kie] WA T Ves 2 AeEo] st BAEie] A<,
Wt QTR siehe] OIEMe A, BATt  =xXXY9 WES AMQSH THE QA 2%
7t ASAEA wet HRESE ARSSIQTE Sl tigt Soldo) LIERIK] ERrct
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Table 4. Results of Analysis

Variabl Atmosphere Temperature Sensible Temperature(Heat Index)
ariaples
Average AM 2:00 PM 2:00 Average AM 2:00 PM 2:00
Ganciant 72.324™ 70.3142" 843144™ | 7339767 | 69.9926" | 869790
(2.7484) (3.4279) (3.1161) (3.2675) (5.5584) {4.3457)
ioan 1.8132 3.3885 1.4002 2.2582 47085 1.1464
(1.7615) (2.2390) (2.0632) (2.0942) (3.6306) (2.8774)
Explanatory Transportati | -5.5273 94777 -12.2167 0.2536 32.60071° -8.5222
Variables on (9.5654) (11.8146) (11.0535) (11.3720) (19.1577) (15.4153)
Ereer -74291"" | -7.1948" -3.1533 -9.1651" | -8.6672" -2.19009
(2.3364) (2.9353) (2.7383) (2.7778) (4.7597) (3.8188)
T 0.0007 -0.0004 0.0004 0.0009 -0.0007 -0.0007
9 (0.0013) (0.0016) (0.0014) (2.7777) (0.0025) (0.0020)
Wind 0.26428 0.9309" -0.9359™ 0.1155 14758 -0.9221
(0.5110) (0.4212) (0.3367) (0.6075) (0.6829) (0.4695)
Rain -0.0003 0.0001
{0.0030) (0.0036)
Sea 0.7027 1.3089° -34764" 0.6472 1.3700 -1.9040"
proximity (0.6510) (0.7359) (0.6446) (0.7740) (1.1933) (0.8990)
Controlled Poo density | 13431 243427 -1.0608 1.4936 4.0661" -0.72952
Variables P- Y1 09226) (1.1459) (1.0612) (1.0968) (1.8581) (1.4799)
Biiel 0.0095 -0.0098 0.00959 0.0050 -0.0244 0.0126
- (0.0132) (0.0157) (0.0147) (0.0157) (0.0255) (0.0204)
Patch_non- | 0.0175 0.0962 -0.0680 0.0047 0.0968 -0.1962"
urban (0.0630) (0.0793) 0.0731) (0.0749) (0.1285) {0.1019)
— -0.1542 3.0277 -19.2757" | 0.8479 4.5543 -27.2182"
- (8.4649) (9.1030) (8.4844) (10.0637) (14.7608) (11.8325)
Patch_dista | 2.8348 -0.5882 84442 3.4704 -3.7137 9.8327"
nce (2.3879) (3.0307) (2.7662) (2.8389) (4.9143) (3.8578)
N 80 80 80 80 80 80
Model R? 0.3151 0.4017 0.6025 0.3339 0.3916 04045
statistics i
QfJ“Sted 01924 0.3049 05382 02146 02931 03082
Log
b -169.335 -189.091 -182.509 -183.176 -227.761 -209.119
Fitness of likelihood
model AIC 364.671 402182 389.018 392.352 479522 442 237
sC 395.637 430.767 417.603 423318 508.106 470.822

Note: p<0.01*** p<0.05** p<0.1* , figures of parenthesis means standard error.
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