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Abstract

Statistical analysis was accomplished based on theoretical background of seasonal Mann-Kendall
tests about the targeted spot which is Jangseong lake and it was possible to decide the tendency in
this paper.

As a result, we could know the fact trough results of trend analysis about hydrological variables
and water quality item and the fact was that Jangseong Dam 1 and 2 station have not significant
trend commonly according to time from 1996 to 2010. Likewise, we could check that both section
showed acidic pH in common, and DO is decreasing and BOD, COD, TN and TP are also getting lower
in water quality item. With this trend, it showed that water quality improvement countermeasure of
Jangseong lake has positive effects on there and the water quality is gradually upgrading. In addition,
it is considered that there is no need to prepare particular water quality betterment step about these
two places from now on.

Therefore, quantitative water quality data could be analyzed by conducting statistical trend analysis
about observed water quality while accumulating these data over the long-term period until present.
It is judged that analysis of water quality change using non-parametric statistical technique on the
basis of above would be helpful to scientific and systematic research which is preparing more
effective management of water quality and concern of water quality change for the future. It is
considered that the prediction of water quality change would be conducted easier based on these
research results.
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Fig. 1. Water quality monitering location of
Jangseong lake.

Table 1. Data acquisition and data term

Item No. of data Period
Rainfall (mm) 180
Storage (m®) 180
oH 180 1996/1
BOD(mg/L) 180 2010/12
COD(mg/L) 180
DO(mg/L) 180 : Nggny
TN(mg/L) 180
TP(mg/L) 180
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Table 2. Table of Month average data

Month
1 2 3 4 6 7 8 9 10 11 12
1 X1 Xo; X1 Xiar
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Table 3. Kendall Statistic estimates data of Rainfall and Storage estimates
Item Rainfall Storage
Month Statistic S var(S] Statistic S varlS]
Jan. S1 -8 404.67 S1 -7 408.33
Feb. S2 18 364.00 S2 -5 408.33
Mar. S3 -10 407.33 S3 -3 408.33
Apr. 4 9 408.33 4 -9 408.33
May. S5 21 408.33 S5 -17 408.33
Jun. S6 =37 408.33 S6 -8 407.33
Jul. S7 16 407.33 S7 -33 408.33
Aug. S8 5 408.33 S8 11 408.33
Sep. S9 -7 408.33 S9 9 408.33
Oct. S10 -23 408.33 S10 -11 408.33
Nov. S11 -33 408.33 S11 -23 408.33
Dec. S12 -23 408.33 S12 =27 408.33
Sum =72 4850.00 -123 4899.00
Table 4. Kendall Statistic estimates data of pH
Site Jangseong Lake 1 Jangseong Lake 2
Month Statistic S varlS] Statistic S var(S]
Jan. S1 28 283.33 S1 19 316.33
Feb. S2 7 343.00 S2 -8 195.67
Mar. S3 28 364.00 S3 22 343.00
Apr. 4 21 283.33 4 27 316.33
May. S5 10 243.33 S5 9 283.33
Jun. S6 31 399.67 S6 42 364.00
Jul. S7 10 380.00 Y 17 399.67
Aug. S8 -11 343.00 S8 -1 399.67
Sep. S9 4 380.00 S9 24 364.00
Oct. S10 13 283.33 S10 37 316.33
Nov. S11 -8 343.00 S11 -6 364.00
Dec. S12 31 343.00 S12 40 243.33
Sum 164 3,989.00 222 3,905.67
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Table 5. Kendall Statistic estimates data of DO

Site Jangseong Lake 1 Jangseong Lake 2
Month Statistic S var{S] Statistic S varlS]
Jan. S1 -3 408.33 S1 -8 407.33
Feb. S2 4 380.00 S2 10 407.33
Mar. S3 -14 407.33 S3 13 408.33
Apr. 4 -29 343.00 S4 -18 364.00
May. S5 -10 407.33 S5 =37 343.00
Jun. S6 -39 408.33 S6 -32 407.33
Jul. S7 -44 407.33 Y -32 380.00
Aug. S8 -66 380.00 S8 -51 343.00
Sep. S9 -38 380.00 S9 -35 399.67
Oct. S10 -60 407.33 S10 -68 407.33
Nov. S11 -39 399.67 S11 =27 408.33
Dec. S12 =37 399.67 S12 3 399.67
Sum =375 4,728.33 -282 4,675.33

Table 6. Kendall Statistic estimates data of BOD

Site Jangseong Lake 1 Jangseong Lake 2
Month Statistic S varlS] Statistic S var(S]
Jan. S1 -41 343.00 S1 -59 316.33
Feb. S2 -36 380.00 S2 -42 283.33
Mar. S3 -30 364.00 S3 -32 343.00
Apr. 54 -41 391.67 4 -45 343.00
May. S5 -48 364.00 S5 -46 364.00
Jun. S6 -49 399.67 S6 -29 316.33
Jul. S7 -51 391.67 S7 -43 343.00
Aug. S8 -53 343.00 S8 -61 399.67
Sep. S9 -32 380.00 S9 -41 391.67
Oct. S10 -23 316.33 S10 -30 364.00
Nov. S11 -39 343.00 S11 -43 399.67
Dec. S12 -15 283.33 S12 -23 380.00
Sum -458 4,299.67 -494 4,244.00
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Table 7. Kendall Statistic estimates data of COD

Site Jangseong Lake 1 Jangseong Lake 2
Month Statistic S var{S] Statistic S varlS]
Jan. S1 -7 399.67 S1 11 399.67
Feb. S2 16 364.00 S2 4 343.00
Mar. S3 -1 343.00 S3 -11 343.00
Apr. 4 18 380.00 4 14 404.67
May. S5 -17 399.67 S5 -35 391.67
Jun. S6 -4 407.33 S6 -1 408.33
Jul. S7 -17 399.67 S7 -5 408.33
Aug. S8 -34 380.00 S8 -28 364.00
Sep. S9 -15 408.33 S9 -7 343.00
Oct. S10 -35 399.67 S10 =37 399.67
Nov. S11 -31 343.00 S11 -36 407.33
Dec. S12 -20 404.67 S12 -16 407.33
Sum -147 4,629.00 -147 4,620.00

Table 8. Kendall Statistic estimates data of TN

Site Jangseong Lake 1 Jangseong Lake 2
Month Statistic S varlS] Statistic S var(S]
Jan. S1 -51 408.33 S1 -53 408.33
Feb. S2 -35 408.33 S2 -35 408.33
Mar. S3 -33 408.33 S3 -41 408.33
Apr. 54 -33 408.33 4 -25 408.33
May. S5 -49 408.33 S5 -55 408.33
Jun. S6 -43 408.33 S6 =31 408.33
Jul. S7 -39 408.33 S7 -15 408.33
Aug. S8 -11 408.33 S8 7 408.33
Sep. S9 -31 408.33 S9 -15 408.33
Oct. S10 =57 408.33 S10 -43 408.33
Nov. S11 -55 408.33 S11 -51 408.33
Dec. S12 =47 408.33 S12 -53 408.33
Sum -484 4,900.00 -410 4,900.00
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Table 9. Kendall Statistic estimates data of TP
Site Jangseong Lake 1 Jangseong Lake 2
Month Statistic S var(S] Statistic S var(S]
Jan. s1 -28 407.33 s1 -39 399.67
Feb. s2 14 407.33 S2 23 399.67
Mar. S3 -26 380.00 s3 -16 407.33
Apr. sS4 4 404.67 sS4 9 399.67
May. S5 -56 407.33 S5 -75 408.33
Jun. S6 -35 408.33 6 -31 399.67
Jul. s7 -12 407.33 s7 -18 407.33
Aug. S8 -37 399.67 S8 -31 399.67
Sep. S9 -4 343.00 9 -21 399.67
Oct. 510 -10 407.33 S10 -14 407.33
Nov. S11 -16 407.33 s11 -1 408.33
Dec. S12 -30 404.67 S12 -41 408.33
Sum -236 4,784.33 -255 4,845.00
Table 10. Z-value Kendall Statistic of Jangseong lake 1 station
Rainfall | -72 + 1/4850.0° = -1.02
S—1 ) Storage | -123 + 1/4899.0%° = -1.74
Varg) 2 o0 pH 164 - 1/3989.07 = 259
. . P DO =375 + 1/4728.32‘2 = -5.44
BOD 458 + 1/4299.7"° = -6.97
05  _
Varsh? 50 s v e
TP -236 + 1/4784.0" = -3.40
Table 11. Z-value Kendall Statistic of Jangseong lake 2 station
Rainfall | -72 + 1/4850.0° = -1.02
S—1 . Storage | -123 + 1/4899.0" = -1.74
(Vars)  1S>0 pH 202 - 13905.7°° = 354
P . . DO -282 + 1/4675.3:: =411
BOD -494 + 1/4244.0 = -7.57
05 _
7 G e T
TP -255 + 1/4845.0° = -3.65
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Fig. 2. Result of trend analysis for Jangseong
1 station.
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Table 12. Trend data of water quality for Jangseong lake 1 station

Water quality Range Statistic S Z value P value Trend
Rainfall(mm) 0~645 -72 -1.021 0.308 No Trend
Storage(m3) 30.98~98.42 -123 -1.743 0.082 No Trend
pH 6.10~9.60 164 2.591 0.010 Upward
DO(mg/L) 3.80~14.10 -375 -5.441 0.000 Downward
BOD(mg/L) 0.30~4.10 -458 -6.969 0.000 Downward
COD(mg/L) 1.30~8.80 -147 -2.146 0.037 Downward
TN(mg/L) 0.396~6.198 -484 -6.900 0.000 Downward
TP(mg/L) 0~0.998 -236 -3.398 0.001 Downward
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Fig 3. Result of trend analysis for Jangseong
lake 2 station.
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Table 13. Trend data of water quality for Jangseong lake 2 station

Water quality Range Statistic S Z value P value Trend
Rainfall(mm) 0~645 =72 -1.020 0.308 No Trend
Storage(m®) 30.98~98.42 -123 -1.743 0.082 No Trend

pH 6.4~9.70 222 3.536 0.001 Upward
DO(mg/L) 4.6~16.7 -282 -4.110 0.000 Downward
BOD(mg/L) 0.4~5.0 -494 -7.568 0.000 Downward
COD(mg/L) 1.2~8.6 -147 -2.148 0.032 Downward
TN(mg/L) 0.02~5.634 -410 -5.843 0.000 Downward
TP(mg/L) 0~0.512 -255 -3.649 0.001 Downward
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