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Abstract

This study aims to examine the impacts of built environmental features on the nocturnal and
diurnal temperatures during the heat wave season in Gwangju, Korea. Built environmental measures
are summarized at micro-scale level, such as 50 meters and 100 meters from temperature
monitoring spots. Regressing the built environment on nocturnal and diurnal temperatures, we
estimate how the artificial constructs contribute to temperature either day and night times. We
found that impervious surface ratio is positively and negatively associated with nocturnal and
diurnal temperatures, respectively. Buildings and structures tend to construct high thermal mass
and absorb heat during day time and emit it for the night time. This property contributes to the
nocturnal temperature model. On the other hand, urban areas with more vertical structure tend to
block sun radiation more than rural, and it is more likely to find the negative relationship
between impervious surface ratio and the diurnal temperatures.
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Table 1 Characteristics of urban heat island and extreme heat phenomenon

Category Urban heat island(Urban climate phenomenon) Extreme heat[Climate change]

* Urbanization : Increase in built-up areas, air
pollution, Deterioration of thermal environment
* Increased use of energy : Increase in greenhouse
Direct cause gas emissions — global warming

* Global warming acceleration by increased
greenhouse gas emissions
* Abnormal climate phenomenon by global

. . . warming
* Decrease in vegetation : Lack of ability to regulate . . .
% Heat wave, cold wave, intense heat, strong wind,
extreme temperature and to absorb greenhouse drought

gases, etc.
Global warming, urban temperature rise, tropical nights, air pollution, heat mortality and morbidity, livestock

Effect mortality and morbidity, agricultural productivity loss, ecological disturbance Etc.

Scale of city or local level
occurrence — micro-climate phenomena

Similarities  This is the cause of various phenomena caused by the deterioration of the thermal environment in the urban space.

Meso-scale, macro-scale, or global-scale
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Fig. 1 Temperature monitoring campaign spots

Table 2 Measurement Condition

Content Condition
Measurement place Residential, commercial, industrial, road, park, waterside in Gwangju area
Measurement point 102 in Residential, 26 in Commercial, 16 in Industrial Park, 50 in Parks, 23 in Waterfront, 79 in
(269 points) Roads
Date Clean days in August in years of 2014, 2015, and 2017
Time Daytime (14:00~15:00), Nighttime (20:00 ~ 21:00)
Measuring interval 10th, 20th, 30th, 40th, 50th, and 60th minutes of each hour for the periods of measurement
Data utilization Summarized in average
Measuring equipment Temperature and humidity data loggers and Assmann psychrometer for calibration
Measuring height G.L. + 1.5 m (pedestrian level)
Solar radiation Unmeasured
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Fig. 2 Data manipulation procedure to obtain the built environmental features using GIS
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Table 3 Multiple regression models of average nocturnal temperature for the heat wave season

Var. Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Intercept 27.925 *¥* 27.179 *** 27097 *** 27212 *** 27253 *** 28,008 *** 27.192 *¥** 27116 ***
isr 0.989 *** 1,075 *** 1.056 *** 1.072 ***  1.069 *** 1.000 *** 1,062 *** 1058 ***
height2  0.031 0.444 0.021 0.038
Within - pagspd  -0.563 * 0.013 -0.558 * 0.003
f’r?)i farp2 0.568 * 0.019 0.571 * 0.013
a spot yrl4 -1.040 ***  _1.021 **¥* -1,023 *** -1.025 *** -1.028 #k* -1.041 **¥* -1.027 ¥k 1,024 F**
yrl5 0.565 ** 0.611 *** (0,594 ** 0.603 ***  (.598 ** 0.572 ** 0.593 ** 0.594 **
Adj. R 0.486 0.474 0.473 0.472 0.473 0.488 0.470 0.470
AIC 426.0 2474 428.8 429.1 428.7 4242 430.6 430.8
Intercept 27.894 *** 27214 *** 27080 *** 27245 *** 27350 *** 27.982 *** 27353 ¥*¥* 27168 *¥**
isr 0.238 ** 0.280 *** (0,279 *** (0247 **¥* (228 *** (239 *¥*¥* (228 Fk* (254 ***
height2  -0.001 0.056 * -0.001 0.029
within massp2  -0.498 * 0.041 * -0.498 * 0.032
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yrl5 0.681 ** 0.683 ***  0.672 *** 0.677 *** 0.674 ***  (.681 ** 0.675 ** 0.673 ***
Adj. R 0.506 0.496 0.495 0.496 0.498 0.508 0.496 0.494
AIC 512.5 513.7 515.2 515.0 513.8 510.5 515.8 516.9

"1 isr; impervious surface ratio; height: avg. building height; height2

: log(height); massp: avg. building mass; massp2: log

(massp); farp: floor area ratio; farp2: log(farp); y14: year of 2014 (1:yes, 0: no); y15: year of 2015 (1:yes, 0:no)
2 #¥% 1 <0.001, ** p<0.01, * p<0.05
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Table 4 Multiple regression models of average diurnal temperature for the heat wave season

Var. Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Intercept 33.816 *** 33771 *¥% 33,837 *** 33795 *¥* 33794 *¥* 33 7R7 #kk 33 QDS kk 33 Q35 Hkk

st 0.841 0.748 0.813 0.791 0.814 0.834 0.834 0.825
height ~ -0.004 -0.008 20.005  -0.006
within - passp 0,039 -0.048 0.071 -0.034
50 m
- - * - -
o TP 0.364 0.246 0.559 0.183

a spot yrl4 -2.806 FE D QT4 HkE D RET FEE 2900 FEE 2905 FEE D905 #kE D QY3 kD RY HAE
yrl5 -0.920 **  -0.946 **  -0.886 **  -0.966 **  -0.958 ** -0943 **  -092] ** -0917 **

Adi R 0.527 0.526 0.529 0.529 0.531 0.529 0.530 0.529
AIC 6296 6273 626.9 626.9 6262 627.9 627.7 627.9
Intercept 34.848 ¥ 34702 *¥F 34752 #¥k 34,803 **E 34763 *E 34,842 FHE 34770 FHE 34,806
st -0.643%  -0.602 0521 % 0575 0531 % -0.657 0515 % 0.565 *
height ~ -0.002 -0.006 20.002  -0.001
within - passp 20,092 -0.039 -0.092 -0.037
lf(r)g;ln fap  0.192 -0.110 0.183 -0.097

a spot yrl4 -2.893 % 28O0 *HkE D BO6 FHRE D QYD KRk D QYD KRk D QY] Hkk D Y3 Hkk DY kAk
yrl5 -0.877 **#*  -0.864 *** -0.852 **  -0.873 *** -0.867 *** -0.881 *** -0.863 **F* -0.87] FH*

Adi. R® 0.530 0.533 0.532 0.534 0.533 0.532 0.531 0.532

AIC 7423 738.1 739.5 738.5 738.9 740.3 740.9 740.5
*1 isr; impervious surface ratio; height: avg. building height; height2 : log(height); massp: avg. building mass; massp2: log

(massp); farp: floor area ratio; farp2: log(farp); y14: year of 2014 (1:yes, 0: no); y15: year of 2015 (1:yes, 0:no)
2 *#% 1 p<0.001, ** p<0.01, * p<0.05
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Reduction in heat accumulation in the built environment
Heat transmission prevention between artificial construct in

Table 5 Applicable Institutional Actions Responding to Urban Heat Island
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