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ABSTRACT

The occurrence mechanisms of heatwave have been conventionally studied at a synoptic scale. However, the implications of precedent
droughts on the following up heatwave occurrences have not been elucidated and are important to address the complex causal
mechanisms of heatwaves. Therefore, this study evaluated the causality and implication of the seasonally antecedent droughts to
summer heatwaves that occurred for 46 years since 1974 using partial least squares-structural equation modeling (PLS-SEM). The
resulting contribution of winter (spring and summer) droughts to summer heatwaves for Seoul-Gyeonggi, Gangwon, and Chungcheong
provinces were 37 % (29 % and 22 %), 21 % (18 % and 29 %), and 17 % (8 % and 38 %), respectively. This is due to the regional variability
of seasonal drought impacts. Furthermore, Gangwon and Chungcheong provinces, which have a higher level of impacts of summer
droughts to summer heatwaves, are more likely to be exposed to the compound drought-heatwave damages compared to
Seoul-Gyeonggi province, which has relatively a low-level impact of summer drought.
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Fig. 1. Data Construction-Related Seasonal Drought and Heatwave
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Seoul Dec_SPI3 | Jan SPI3 | Feb SPI3 |Mar_SPI3 | Apr_SPI3 | May SPI3 | Jun_SPI3 | Jul SPI3 |Aug_SPI3| Heatwave | Max T |Max D
X] 1 XI 2 X13 le XZZ X23 X3| X32 X33 YI Y2 Y3
Mean -0.022 -0.003 0.004 0.001 0.000 -0.003 -0.013 0.020 0.022 5.7 34.4 6.9
Median -0.350 0.009 0.146 0.073 0.121 0.185 -0.057 -0.096 0.056 3.9 34.6 5.0
Std. 1.010 1.010 1.010 1.020 1.020 1.020 1.020 1.010 1.010 5.7 1.4 6.4
Minimum -2.040 -1.710 -2.610 -1.780 -2.880 -3.050 -1.830 -1.980 -2.150 0.0 31.5 0.0
Maximum 2.660 2.690 1.780 2.710 1.650 2.080 2.530 3.090 2.670 27.8 38.8 33.0

Dec_SPI3 | Jan SPI3 | Feb SPI3 |[Mar_SPI3 | Apr_SPI3 | May SPI3 | Jun_SPI3 | Jul SPI3 |Aug_SPI3| Heatwave | Max T |Max D
Gamgwor T xe | Xe | Xe | Xe Xas Xn | Xe | X Yo | v | v
Mean -0.029 -0.002 -0.003 0.002 0.027 0.001 -0.011 0.017 0.039 94 333 5.8
Median 0.068 -0.005 -0.203 -0.096 0.211 0.093 -0.270 0.115 0.015 8.4 334 5.0
Std. 0.990 1.010 1.000 1.020 1.000 1.020 1.010 1.010 0.978 6.7 1.4 4.5
Minimum -2.460 -1.850 -2.510 -1.990 -2.560 -2.780 -2.230 -2.120 -2.000 0.0 29.4 0.0
Maximum 2.190 2.670 2.220 2.810 1.940 2.090 2.610 2.700 2.470 34.7 37.2 29.0

Dec_SPI3 | Jan_SPI3 | Feb SPI3 |[Mar_SPI3 | Apr_SPI3 | May SPI3 | Jun_SPI3 | Jul SPI3 |Aug SPI3| Heatwave | Max T |Max D

Chungcheong

X] 1 XIZ X|3 XZI XZZ X23 X3| X32 X33 Y] YZ Y3
Mean -0.031 -0.002 0.002 0.000 0.011 0.000 -0.010 0.021 0.033 8.9 344 8.0
Median -0.121 -0.065 -0.001 -0.189 -0.065 0.128 -0.019 -0.005 -0.038 8.2 34.4 6.0
Std. 0.995 1.010 1.010 1.020 1.010 1.020 1.010 1.010 0.989 7.1 1.3 6.9
Minimum -2.150 -1.860 -2.520 -2.040 -2.310 -3.280 -2.180 -2.170 -2.330 0.0 31.0 0.0
Maximum 2.600 2.810 1.930 2.480 2.000 2.070 2.390 2.800 2.420 35.5 38.5 37.0

*Heatwave : Number of days of heatwave (days), Max_T : Daily Maximum temperature (°C), Max_D : Maximum duration of heatwave (days)

Table 2. Reliability Analysis for Measured Variables for 3 Regions Using Cronbach'’s Alpha

Variable Region Seoul Gangwon Chungcheong
DJF Drought 0.723 0.678 0.707
MAM _Drought 0.719 0.720 0.738
JJA_ Drought 0.782 0.788 0.802
Heatwave 0.836 0.763 0.814
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Table 3. Cross Loadings of Manifest Variables for 3 Regions

o183 Hgat 7Hel FFBL

Measured variables DJF D MAM D JJA D Heatwave
X 0.821 -0.122 -0.090 -0.362
DIJF_Drought Xi2 0.899 0.065 0.021 -0.324
Xi3 0.683 0.263 0.242 -0.291
Xai 0.299 0.639 0.294 -0.274
MAM _ Drought X2 0.008 0.905 0.356 -0.360
Seoul Xa3 -0.087 0.850 0.331 -0.350
X1 0.011 0.647 0.785 -0.309
JJA_Drought X352 0.052 0.240 0.911 -0.329
X33 0.084 0.106 0.806 -0.263
Y, -0.091 -0.141 -0.203 0.369
Heatwave Y, -0.184 -0.209 -0.238 0.535
Y3 0.045 0.000 -0.080 0.029
X 0.393 -0.015 -0.022 -0.056
DJF_Drought X2 0.825 0.233 0.036 -0.192
Xi3 0.931 0.544 0.213 -0.374
X 0.692 0.761 0.161 -0.320
MAM _Drought X 0.324 0.897 0.255 -0.297
Gangwon Xo3 0.029 0.741 0.350 -0.248
X3 0.170 0.523 0.733 -0.254
JJA Drought X3 0.084 0.186 0.915 -0.325
X33 0.160 0.143 0.859 -0.361
Y -0.250 -0.284 -0.219 0.696
Heatwave Y, -0.341 -0.328 -0.333 0.926
Y; -0.196 -0.166 -0.100 0.427
X 0.509 -0.134 -0.149 -0.073
DIJF_Drought Xi2 0.827 0.129 0.073 -0.133
Xi3 0.912 0.264 0.254 -0.277
Xai 0.524 0.567 0.218 -0.129
MAM _ Drought X2 0.231 0.932 0.283 -0.190
Chungcheong Xa3 -0.054 0.897 0.371 -0.261
X1 0.100 0.589 0.824 -0.387
JJA_Drought X352 0.158 0.263 0.919 -0.369
X33 0.185 0.061 0.796 -0.353
Y, -0.121 -0.079 -0.182 0.407
Heatwave Y, -0.222 -0.181 -0.336 0.790
Y3 -0.086 -0.022 -0.071 0.191
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Fig. 4. The PLS-SEM for Impact Between Heatwave and Drought in Seoul Region
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Fig. 5. The PLS-SEM for Impact Between Heatwave and Drought in Gangwon Region
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