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Abstract

Elasticity is a statistical technique that interprets the changing pattern of another variable according to a change in one
variable as a quantitative numerical value and provides more information than correlation analysis and is widely used in
climate change research. In this study the elasticity was calculated and sensitivity analysis was performed using air temperature
and water quality data of the major tributaries of the Nakdong River. In addition the confidence interval for the elasticity
was calculated using the T-Test and the validity of the elasticity was examined. The strength of elasticity shows high strength
in the order of summer)fallyspring>winter and the direction shows regional characteristics with both negative and positive
elasticity. After performing hierarchical cluster analysis on monthly observation data they were classified into 5 clusters
and the characteristics of each cluster were visually analyzed using a parallel coordinate graph. The direction and intensity
of the air temperature elasticity show regional characteristics due to the relatively high population density and complex
influencing factors such as sewage treatment plants, small-scale livestock houses and agricultural activities. In the case of
TP it shows great regional variability according to the circulation of nutrients in the ecosystem caused by algae growth
and death according to temperature changes. Since the air temperature elasticity of the major tributaries of the Nakdong
River is over weak and is valid at the significance level of 5%, it was analyzed that there is a change in water quality
according to the air temperature change.
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Fig. 1. The study area and location of monitoring sites
in Nakdong river
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Fig. 2. 95% confidence interval analysis of monthly air temperature elasticity
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Fig. 3. Spatial pattern of air temperature elasticity for three main water quality parameters
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Fig. 4. Distribution of air temperature elasticity according to site
Table 1. Results of monthly air temperature elasticity analysis in each station
(1, BOD) er (T IN) ep (L 1P)
SITE value grade value grade value grade
elast pval elast” | pval” elast pval elast” | pval” elast pval elast” | pval”
Bonri -0.16 0.524 3 4 -0.17 0.085 3 3 -0.56 0.001 2 1
Bukan -0.31 0.095 3 3 -0.28 0.011 3 2 0.49 0.000 3 1
Changyeongl | -0.69 0.000 2 1 -0.36 0.000 3 1 0.45 0.000 3 1
Chennae -0.36 0.001 3 1 -0.13 0.088 3 3 -0.14 0.070 3 3
Chilwon 0.02 0.358 4 4 -0.51 0.000 3 1 0.08 0.229 4 4
Chodong 0.37 0.044 3 2 -0.06 0.024 4 2 0.19 0.806 3 4
Daesa -0.34 0.003 3 1 -0.28 0.000 3 1 0.46 0.000 3 1
Daesan? -0.47 0.001 3 1 -0.63 0.000 3 1 0.37 0.000 3 1
Dalseo -0.17 0.726 3 4 -0.16 0.000 3 1 -0.13 0.875 3 4
Dongjung -0.26 0.024 3 2 -0.60 0.000 3 1 -0.36 0.000 3 1
Euiryngl -0.17 0.630 3 4 -0.35 0.000 3 1 0.40 0.004 3 1
Gajoa -0.33 0.001 3 1 -0.18 0.002 3 1 0.02 0.323 4 4
Gumi -0.30 0.001 3 1 -0.69 0.000 3 1 0.08 0.383 4 4
Gwangok -0.44 0.010 3 1 -0.32 0.017 3 2 0.46 0.001 3 1
Gyesung 0.07 0.712 4 4 -0.85 0.000 3 1 0.85 0.000 2 1
Hogye -0.18 0.210 3 4 -0.61 0.042 3 2 -0.20 0.895 3 4
Hwapo 0.00 0.045 4 2 -0.32 0.000 3 1 0.10 0.717 4 4
Hyunji -0.28 0.001 3 1 -1.05 0.000 1 1 -0.08 0.358 4 4
Kisegok -0.84 0.001 2 1 -0.40 0.006 3 1 -0.59 0.089 2 3
Kyungho -0.03 0.699 4 4 -0.51 0.000 3 1 0.47 0.049 3 2
Migeon?2 -0.08 0.961 4 4 -0.39 0.091 3 3 0.37 0.087 3 3
Nam -0.41 0.002 3 1 -0.16 0.000 3 1 0.15 0.049 3 2
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Table 1. Results of monthly air temperature elasticity analysis in each station (continue)
(1, BOD) e (T IN) e (1, 1P)
SITE value grade value grade value grade
elast pval elast” | pval” elast pval elast” | pval” elast pval elast” | pval”

Oho -0.03 0.961 4 4 -0.76 0.000 3 1 0.68 0.000 2 1
Omok -0.47 0.041 3 2 -0.16 0.035 3 2 0.19 0.043 3 2
Palgeo -0.43 0.003 3 1 -0.18 0.000 3 1 0.37 0.440 3 4
Sangnam 0.44 0.000 3 1 0.01 0.249 4 4 0.06 0.315 4 4
Seokyol 0.27 0.231 3 4 -0.32 0.000 3 1 0.52 0.002 2 1
Seokyo?2 0.17 0.706 3 4 -0.22 0.003 3 1 0.30 0.022 3 2
Toirae -0.23 0.111 3 4 -0.54 0.000 3 1 0.12 0.156 3 4
Topyeong -0.26 0.062 3 3 -0.32 0.000 3 1 0.63 0.000 2 1
Yongdeok -0.24 0.785 3 4 -0.50 0.000 3 1 -0.10 0.882 4 4
Yongha -0.48 0.000 3 1 -0.11 0.001 3 1 -0.29 0.028 3 2
Yongho -0.60 0.000 2 1 -0.40 0.003 3 1 0.37 0.000 3 1
Youngsan 0.12 0.820 3 4 -0.35 0.000 3 1 0.11 0.316 3 4

* Elasticity : 4(e>1), 3(0.5<e<1), 3(0.1<e<0.5), 1(e<0.1), ** Significance :
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Table 2. Results of seasonal air temperature elasticity analysis in each station

Site Spring Summer Fall Winter
BOD TN TP BOD TN TP BOD TN TP BOD TN TP
Bonri -0.13 -0.32 -0.69 -1.73 -0.79 -1.66 -0.06 -0.20 -0.80 -0.05 0.00 0.13
Bukan 0.00 -0.12 -0.34 -0.15 -0.64 1.04 -0.42 0.72 1.13 0.16 0.09 0.00
Changyeongl -0.34 0.08 0.25 -2.89 -0.50 0.66 0.26 -0.43 0.61 -0.18 -0.29 0.26
Chennae 0.00 -0.48 0.31 -0.07 -0.91 -0.32 -0.57 0.03 -0.39 0.00 0.00 0.02
Chilwon 0.25 -0.11 0.64 -0.28 -1.11 1.23 0.47 -0.69 0.14 0.13 -0.14 0.23
Chodong 0.09 -0.67 0.18 -1.99 -4.44 -0.86 0.83 0.06 0.11 -0.39 0.38 0.69
Daesa 0.09 -0.43 0.20 -1.89 -1.61 -0.23 -0.82 0.00 0.42 -0.10 -0.13 -0.03
Daesan? -0.09 -0.78 0.20 -2.05 -1.18 -0.98 -1.15 0.03 0.72 -0.09 -0.07 0.12
Dalseo 0.01 -0.10 0.00 0.04 0.43 -3.61 -0.14 -0.21 -0.01 -0.12 0.00 -0.14
Dongjung -0.24 -0.48 -0.42 -1.87 0.47 -0.53 0.35 -0.63 -0.30 -0.33 -0.13 -0.14
Euiryngl 0.31 -0.11 -0.03 -1.16 -0.90 -1.35 -0.60 -0.24 0.41 0.14 -0.01 0.12
Gajoa -0.14 0.02 0.51 -0.61 -1.99 0.13 -1.27 0.14 -1.16 0.03 0.07 0.13
Gumi -0.28 -0.67 0.02 -1.26 -1.00 0.47 0.23 -0.58 2.45 0.02 -0.09 -0.23
Gwangok -0.19 0.26 0.57 -0.25 -2.27 -0.38 -1.01 -0.52 -0.46 -0.19 -0.30 -0.28
Gyesung -0.09 -0.71 -0.05 0.67 -2.35 -1.69 -0.74 -0.46 0.20 0.52 0.37 0.67
Hogye -0.62 -1.25 0.40 -0.30 -1.62 -1.47 -0.81 0.02 -0.66 0.21 0.05 0.17
Hwapo -0.13 -0.41 0.31 -0.89 1.00 -2.58 -0.06 -0.29 -0.09 0.26 -0.07 0.43
Hyunji -0.21 -0.76 -0.32 -1.06 1.88 0.82 -0.26 -1.99 0.22 -0.08 -0.06 0.01
Kisegok -0.68 -0.38 -0.24 2.63 2.46 2.91 -0.77 -0.94 -1.11 0.03 -0.13 -0.17
Kyungho -0.36 -0.29 0.45 -1.16 0.38 0.59 0.35 -0.96 1.86 -0.11 -0.05 -0.16
Migeon?2 -0.04 -1.07 -0.45 0.10 -1.42 -1.62 -0.65 1.35 0.06 -0.19 0.20 -0.62
Nam -0.24 0.03 0.31 -0.78 1.11 -1.90 -0.99 -0.22 0.65 0.04 -0.02 0.10
Oho -0.36 0.64 -0.12 0.34 -0.14 0.50 -0.08 -1.05 0.06 -0.16 0.42 0.17
Omok -0.10 -0.90 0.06 -0.60 -2.00 -0.02 0.03 0.15 0.15 0.27 0.00 0.01
Palgeo -0.46 0.18 0.25 -1.56 -1.07 -0.76 1.01 -0.04 0.89 -0.71 -0.30 -0.58
Sangnam 0.29 -0.44 -0.70 -1.62 -0.99 0.31 -0.21 0.09 0.56 0.37 -0.06 0.10
Seokyol 0.46 -0.12 0.29 -1.61 -0.88 0.31 -0.16 0.10 0.81 0.18 -0.11 -0.30
Seokyo?2 0.06 -0.35 0.32 -1.62 -1.80 -0.32 -0.28 0.51 0.45 0.30 -0.42 0.06
Toirae -0.05 -0.32 -0.07 -2.94 -0.78 -3.19 0.03 -0.28 0.05 0.10 -0.14 0.30
Topyeong 0.00 -0.68 0.40 -1.34 -0.54 1.19 -1.34 -1.06 0.56 0.10 -0.07 0.13
Yongdeok 0.31 -0.34 -0.17 -1.41 0.43 -0.16 0.09 -0.46 -0.11 0.49 -0.08 -0.08
Yongha -0.51 -0.06 -0.47 -0.15 -0.79 -1.85 -0.47 -0.09 -1.13 -0.06 -0.05 -0.16
Yongho -0.45 0.12 -0.16 0.01 -1.60 0.36 -0.48 -1.16 -0.42 -0.25 0.06 -0.06
Youngsan -0.07 -0.52 -0.32 0.33 -0.73 -0.19 1.06 -0.29 0.27 -0.39 0.38 0.82
Table 3. Results of seasonal elasticity confidence level analysis in each station
Site Spring Summer Fall Winter
BOD TN TP BOD TN TP BOD TN TP BOD TN TP
Bonri 4 2 2 2 4 4 4 4 2 4 4 4
Bukan 4 4 4 4 4 4 4 4 2 4 4 3
Changyeongl 3 2 3 4 4 4 4 3 3 4 3 4
Chennae 4 4 4 4 4 4 4 4 4 4 4 4
Chilwon 4 3 4 4 4 3 3 3 4 4 4 4
Chodong 4 4 4 2 1 2 4 4 4 4 4 4
Daesa 4 4 4 1 4 4 3 4 4 4 3 4
Daesan? 4 2 4 1 4 4 2 4 4 4 4 1
Dalseo 4 2 4 4 4 4 4 1 4 4 4 4
Dongjung 4 1 3 3 4 4 4 2 4 4 3 3
Euiryngl 4 1 4 4 4 4 3 4 4 4 4 4
Gajoa 4 4 4 4 2 4 4 4 3 4 4 4
Gumi 4 2 4 4 4 4 4 3 4 4 4 4
Gwangok 4 4 4 4 2 4 1 3 4 4 4 4
Gyesung 4 3 4 4 4 3 4 2 3 4 4 4
Hogye 4 4 4 4 4 4 4 4 4 4 4 3
Hwapo 4 1 4 4 4 3 4 2 4 4 4 4
Hyunji 4 4 4 2 4 4 4 1 4 4 4 4
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Table 3. Results of seasonal elasticity confidence level analysis in each station (continue)
Sit Spring Summer Fall Winter
1
¢ BOD TN TP BOD N TP BOD TN TP BOD TN TP
Kisegok 2 2 2 4 4 4 4 3 4 4 4 4
Kyungho 4 4 4 4 4 4 4 2 4 4 3 4
Migeon2 4 1 4 4 4 4 4 4 4 4 4 4
Nam 2 4 4 4 4 4 2 2 4 4 4 4
Oho 4 4 4 4 4 4 4 1 4 4 4 4
Omok 4 2 4 4 4 4 4 4 3 4 4 4
Palgeo 3 3 4 4 3 3 4 4 4 3 1 3
Sangnam 2 1 2 4 4 4 4 3 3 2 4 4
Seokyol 4 2 4 1 1 4 4 4 4 4 4 4
Seokyo?2 4 2 4 3 1 3 4 4 4 4 4 4
Toirae 4 2 4 4 4 4 4 4 4 3 2 4
Topyeong 4 2 2 4 4 3 3 1 4 4 4 4
Yongdeok 4 1 4 4 4 4 4 3 4 4 4 4
Yongha 4 4 2 4 4 4 4 4 2 4 3 4
Yongho 2 4 4 4 1 4 4 1 4 2 4 4
Youngsan 4 3 4 4 4 4 4 4 4 4 3 3
BOD N T BOD N T
Youngsan [] [ ] [ ] ‘Youngsan ] [ ] 1
Yongho - ] ] Yongho - ]
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Fig. 5. Seasonal distribution of air temperature elasticity according to site and water quality
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