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Abstract

The purpose of this study is to evaluate the relationship between heat wave and river water quality. The daily maximum air temperature
(Tmax) of 91 meteorological stations of the Korea Meteorological Administration and 13 river water quality factors (DO, BOD, COD,
TOC, TN, DTN, NH4-N, NO2-N, NO3-N, TP, DTP, PO4-P, Chl-a) of Ministry of Environment were analyzed. The correlation analysis
was performed on Tmax and water quality factors, and the determination coefficients (R of DO, Chl-a, and TN with Tmax showed high
values of 0.782, 0.609, and 0.691 respectively. To analyze the spatial impact between heat waves and water quality factors, the heat wave
intensity (HWI) and heat wave duration (HWD) were calculated using the Tmax. The hotspot and spatial statistical analyses were applied
for spatial impact evaluation. As a result of hotspot analysis, the heat wave index (HWD, HWI) showed high spatial pattern in the
downstream of Nakdong River basin, and Chl-a and TN showed the same pattern. In case of spatial statistical analysis for water quality
due to heat wave, the most obvious spatial variability was DO.

Keywords: Heat wave, Water quality, Correlation analysis, Hotspot analysis, Spatial statistical analysis
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Fig. 1. (a) ASOS weather station, (b) water quality monitoring station
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Table 1. The maximum temperature and heat wave day of each watershed
2013 2014 2015 2016 2017 2018 2019 Avg.
Watershed
T H T H T H T H T H T H T H T H
Han 1673 | 2.0 |17.76 | 2.2 |18.08 | 2.7 |18.05| 6.8 |1734| 28 |1731| 9.8 |18.00| 43 |17.61| 44
Nakdong | 19.11 | 7.2 [19.07 | 29 |[1938| 42 [1949| 84 |19.64| 6.7 |1932| 108 | 19.81 | 49 | 1941 | 6.5
Geum 1804 | 55 | 1849 | 1.9 |18.75| 3.5 | 1888 | 94 | 1847 | 4.0 |18.54 | 12.6 [ 19.01 | 52 |18.60| 6.0
Seomjin | 18.72| 6.1 |18.83 | 1.4 |19.11| 3.7 1922 | 82 | 1897 | 4.7 |19.03| 11.5 | 1938 | 3.7 |19.04 | 5.6
Yeongsan | 18.87 | 5.1 |[1891| 1.2 |19.21| 24 |1936| 6.8 |1925| 49 |1921 | 10.1 | 19.21| 2.8 |19.14| 4.8
Avg. 1829 | 52 |1861| 19 |1891 | 33 |19.00| 79 |18.73| 4.6 |18.68| 109 |19.08| 42 |18.76 | 5.5
T: Max. temperature (‘C), H: heat wave day
Table 2. The water quality monitoring results of 5 river basin
WO Han Nakdong Geum Seomjin Yeongsan
Max. | Mean | Min | Max. | Mean | Min | Max. | Mean | Min | Max. | Mean | Min | Max. | Mean | Min
SS (mg/L) 38.6 | 63 02 | 526 | 8.0 0.1 332 | 54 0.1 20.6 | 7.0 0.1 68.0 | 7.1 0.0
DO (mg/L) 16.3 9.7 0.7 14.7 9.6 0.7 15.7 9.3 0.6 14.3 10.0 1.6 24.8 10.8 0.0
Chl-a (mg/L) 40.9 10.3 0.1 80.6 | 11.9 0.1 28.7 10.6 0.1 41.3 7.7 0.1 132.6 | 8.5 0.0
DTP (mg/L) | 0.297 | 0.046 | 0.008 | 0.535 | 0.054 | 0.008 | 0.219 | 0.037 | 0.013 | 0.376 | 0.060 | 0.026 | 0.214 | 0.030 | 0.000
PO4-P (mg/L) | 0.372 | 0.100 | 0.006 | 0.568 | 0.119 | 0.003 | 0.455 | 0.107 | 0.004 | 0.462 | 0.077 | 0.018 | 1.000 | 0.026 | 0.000
TP (mg/L) 0.368 | 0.074 | 0.015 | 0.578 | 0.084 | 0.013 | 0.232 | 0.060 | 0.022 | 0.197 | 0.070 | 0.038 | 0.194 | 0.050 | 0.000
NH3-N (mg/L) | 1.8 0.2 0.0 4.2 0.4 0.0 3.8 0.3 0.0 1.8 0.2 0.0 7.3 0.2 0.0
NO3-N (mg/L) | 3.3 1.9 0.6 7.1 2.2 0.8 3.5 1.9 1.0 4.2 2.7 1.1 5.7 23 0.0
TN (mg/L) 5.0 2.8 1.0 9.7 3.2 1.2 5.7 2.9 1.9 4.7 3.0 1.7 12.1 3.2 0.0
DTN (mg/L) 5.2 2.4 0.9 |576.6| 3.1 1.1 5.0 2.6 1.6 6.2 3.4 1.7 1.7 | 3.6 0.0
COD (mg/L) 8.5 4.8 2.8 12.0 5.2 2.5 7.1 4.2 2.5 8.7 4.8 33 17.7 5.0 0.0
TOC (mg/L) | 12.0 | 3.1 1.7 7.5 3.4 1.3 4.8 2.7 1.6 8.8 3.2 1.8 104 | 5.0 0.0
BOD (mg/L) 4.0 1.9 0.7 8.5 2.0 0.7 33 1.7 0.7 5.2 1.7 0.8 7.6 1.8 0.0
WT (C) 302 | 17.0 | 0.1 29.8 | 16.6 | 0.1 284 | 149 | 0.1 288 | 172 | 03 | 33.1 | 17.7 | 0.0

WT: water temperature (‘C), Max.: maximum, Min.: minimum
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Step 1. Monitoring data gathering and preprocessing

Water quality monitoring data

Temperature and Humidi

@ Daily and monthly (2013-2019)
Water Temperature

@ Daily and monthly (2013-2019)

River water quality data
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construction

5

1

1

1

1

1

1

@ 8 day (2013-2019) H
i

1

1

1

1

@ WAQ spatial data :
1

1

monthly Heatwave Index

monthly Water quality

i
i

I| @HwWD @ Analysis of Water quality in

H @ HWI heatwave period

i

1 | |

: ¥

! Indicator derivation of news articles

1 @ Histogram analysis
Y ']
Step 3. Spatial statistics I
e e e L L Lt -
1 Getis-Ord-Gi* Spatial cluster distribution of

H @ Hot spot analysis —  heatwave

! @ Normal model

Assessment of Heat Wave Impact on Stream Water Quality
using Motoring data

Fig. 2. Flowchart of this study
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Fig. 3. The results of heat wave index (a) HWD, and (b) HWI

Table 3. The results of average heat wave index for 5 river basin

Component 2013 2014 2015 2016 2017 2018 2019 Avg.
H HWD 0.080 0.052 0.062 0.182 0.069 0.214 0.078 0.105
an
HWI 0.088 0.053 0.072 0.355 0.079 0.633 0.119 0.200
HWD 0.180 0.076 0.101 0.207 0.153 0.228 0.088 0.147
Nakdong
HWI 0.377 0.087 0.209 0.367 0.254 0.688 0.123 0.301
G HWD 0.112 0.046 0.060 0.352 0.079 0.349 0.098 0.157
eum
HWI 0.139 0.049 0.059 0.421 0.096 0.789 0.111 0.238
HWD 0.113 0.034 0.065 0.241 0.110 0.316 0.074 0.136
Seomjin
HWI 0.196 0.025 0.060 0.521 0.133 0.605 0.149 0.241
HWD 0.209 0.046 0.060 0.248 0.117 0.341 0.146 0.167
Yeongsan
HWI 0.481 0.039 0.060 0.550 0.140 0.627 0.124 0.288
A HWD 0.115 0.044 0.070 0.135 0.106 0.240 0.073 0.112
ve.
£ HWI 0.182 0.045 0.092 0.320 0.136 0.668 0.090 0.219

AT ZH 0 Rl ef = v T71she FA4192H, o
T4 ol9lo= & % ATl = FY Yol TSN,
et Ak F7F6ke 5412 24 5l

327|230 A= HEEN

A= 5617040 ERES Y] AS YR F 5 1370
9] £4EHSS, DO, Chl-a, DTP, PO4-P, TP, NH3-N, NO3-N,
TN, DTN, COD, TOC, BOD) 7} 4=2-¢] tha}o] 7]--ako] At

A& A5ttt sth7d -5-9 ol tiste] Pearson’s Correlation
analysis2} Kendall analysis & Spearman analysisE ©]-&5}
o] BA6F 0™ QIAFZFO] f-21/4d-2 P-value #1-2 0.055 7|
0 2 o} AR T2 95% 2 2] Joto] FAEAS A
s,

st Aele] o 2771 23t 20 R e At
= Table 42} 7 0™ Pearson 24 A3b= 2117|230t 4=
A1z} 2= DO} A AAG(NH3-N, NO3-N, TN, DTN)-Z &
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Table 4. Correlation analysis result between maximum temperature and water quality
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Water quality | Pearson Kendall Tau-b | Spearman R Select

Han Nakdong | Geum | Seomjin | Yeongsan | Avg.
SS 0.476** 0.364** 0.521%* 0.612 0.565 0.498 0.299 0.297 0.454

DO -0.839%** -0.670** -0.861** 0.733 0.730 0.742 0.754 0.952 0.782 O

Chl-a 0.373** 0.266** 0.392%* 0.668 0.609 0.688 0.477 0.605 0.609 O
DTP 0.168** 0.177** 0.263** 0.186 0.209 0.182 0.331 0.233 0.228
POs-P 0.003** 0.019** 0.027** 0.001 0.023 0.000 0.053 0.002 0.016
TP 0.234%* 0.224%* 0.331%* 0.201 0.257 0.125 0.546 0.107 0.247
NH;-N -0.154%** -0.098** -0.152%* 0.437 0.229 0.041 0.003 0.268 0.196
NOs-N -0.383** -0.314%** -0.471%* 0.750 0.729 0.705 0.677 0.683 0.709

N -0.325%* -0.318** -0.467** 0.731 0.743 0.676 0.620 0.686 0.691 O
DTN -0.304** -0.269** -0.406** 0.744 0.747 0.667 0.612 0.695 0.693
COD 0.432%* 0.322%* 0.471** 0.543 0.400 0.606 0.538 0.475 0.512
TOC 0.390** 0.303** 0.451** 0.541 0.463 0.505 0.523 0.410 0.488
BOD 0.173** 0.113** 0.175%* 0.129 0.042 0.103 0.170 0.002 0.089
WT 0.929** 0.760** 0.916** 0.893 0.892 0.899 0.940 0.922 0.909

** P <0.01, Avg.: verage
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Table 5. The results of hotspot and coldspot average value and z score
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ZAZS(HWI, HWD)2} 371 9] =212 2t 5 5 FE Y
= gl Zo] A Uehtes A= 7,84 A= S A
-g5l0] BA-8 535}k Fig. 42} Table 5= H7 1= 3t
ot 24 Aot zghe UEhd 210 2 HWD O] gtAashe
AT, A A AR SRR e R B
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Chl-a

Fig. 4. Spatial distribution of hotspot and coldspot

HWD HWI DO Chl-a TN
Classification
Avg. | Zscore | Avg. | Zscore | Avg. (mg/L) | Z score | Avg. (mg/L) | Z score | Avg. (mg/L) | Z score

Cold spot (99% confidence) | 0.06 -3.02 | 0.06 -2.93 0.00 -3.83 - - 0.00 -2.67
Cold spot (95% confidence) | 0.07 -2.20 | 0.09 -2.29 0.00 -2.49 - - 0.00 -2.18
Cold spot (90% confidence) | 0.07 -1.87 0.11 -1.77 - - 1.81 -1.76 - -

Not Significant 0.13 0.11 0.20 -0.11 7.75 0.28 10.18 -0.06 2.21 -0.21
Hot spot (90% confidence) 0.16 1.79 | 0.24 1.74 - - 15.80 1.71 235 1.83
Hot spot (95% confidence) 0.16 227 | 0.26 2.17 - - 14.37 2.28 3.66 237
Hot spot (99% confidence) 0.20 3.77 | 0.42 4.26 - - 43.62 2.87 4.89 2.82
Avg. Cold spot 0.07 -2.36 | 0.09 -2.33 0.00 -3.16 1.81 -1.76 0.00 -2.43
Avg. Hot spot 0.17 2.61 0.31 2.72 - - 23.2 2.28 3.59 2.34
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ol gtagto 2 R ey TN Ya7dolq fr9o] gt Fig. 5= 208 A BYHE EAIR 222 Chl-a, TN, TP
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Fig. 5. Locations of detected clusters
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