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Abstract In order to identify long-term trends of water quality parameters in Lake Kyeongpo, Mann-
Kendall test, Sen’s slope estimator and linear regression were applied on data, with 15 parameters from three
different sites and rainfall, monitored once in every two months from March to November during 1998~2013.
Seasonal variation analysis only used Mann-Kendall test and Sen’s slope estimator. Analysis result showed
that salinity, transparency and nutrient variables (total phosphorus, dissolved inorganic phosphorus, total
nitrogen, nitrate nitrogen, ammonia nitrogen) were only parameters having statistically significant trend. In
linear regression analysis, salinity (surface and bottom layer of all sites) and transparency (only at site 1), were
figured out with statistically significant increasing trend, while in non-parametric statistical method, salinity
and transparency in all sites (surface, middle, deep) were figured out with statistically significant increasing
trend. Water quality parameters showing statistically significant decreasing trends were dissolved oxygen
(surface layer of site 1 and bottom layer of sites 2 and 3), total phosphorus (sites 1 and 2), dissolved inorganic
phosphorus, total nitrogen, nitrate nitrogen and ammonia nitrogen in the linear regression analysis and,
dissolved oxygen (bottom layer of all sites), total phosphorus, dissolved inorganic phosphorus, total nitrogen,
nitrate nitrogen and ammonia nitrogen in the non-parametric method. Seasonal trend analysis result showed
that salinity, turbidity, transparency and suspended solids in spring, salinity, transparency, nitrate nitrogen
and suspended solids in summer and temperature, salinity, transparency and suspended solids in fall were
the variables depending on the season with increasing trends. In general, rainfall during the research period
showed decreasing trend. The significant reduction trends of nutrients in Lake Kyeongpo were believed to
be related to lagoon restoration and water management project run by Gangneung city and under-water wear
removal, but further detailed studies are needed to know the exact causes.
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A% (lagoon)y= A AAZ o2 E2] EZ (Barnes, 1980)

St -eutere] 2.9 Saletold £EE o] Ik WREO,
2008, 2009a, b). A5 9] £AL JJHEE 5mo|st=Z ¢¥oHy
sfetel Ada A Y Fag 4 40|t o] 4
3= AY FUSY odd TS AT L Fa=E A
o] gk} (Jakimavidius and Kovalenkoviené, 2010). &
gt A2 gkl Sle BE AR A FollA 7 AR
0] =t} (Gonenc and Wolflin, 2005). Jakimavic¢iusZ} Kov-
alenkoviené (2010)2 A&7} #+3 &3l 7]%5 (balanced
function)= FAISoF mlgfo] o5 A& 7Hsd o8&
B dks 4= glom, ZAd A gk 1Ml &4
of nX= P F23sHAY A FFFo] =T dfof
b skt SEjubet Falictols 18709 23 &4 A
37F AAE Qlou AR ASE2 7EeY A - 71 A el
FHFOE HFEA Y 7|50 AAEHAAY ZAE f7]0

Ha) glon], A & AA vjHo] ol SwAo]

A FaFHI Yok 53] 439 st HHE s=4
e T AAHA AHHS Haliste Asfaclew
22513 9lTh (WREO, 2008, 2009a, b).

75‘ 235 = AoA YA = sl €2 430
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weta ZEAle BAL
2 A+ Z2TE EOIE 199195 E 2013W7HA] 9F 313
AU Fstel x| puTe U BUTA AR
Qe ANSAT. Fo AYCRE 1991de] - S5
& A (1.194 km), 1991FEE 1997d71A] EHE &
A (670,788 m’), 1995l Z¢HFH] (4,180 m*), 1996
Hl=2 FAF(3 km), 1996~7d0 BF5 GYAIA (1.768
km) Az 5o]9lom, 2004 A5 H 2013W7HA = $3H
31%7] (9,641 m?), AEiEA] (29,960 m?) B 7HA AEA (F
44,273,515 m%) 52 243} ch (From Gangneung city,
unpublished data). WA AESTE= At 4 | 594 o
2 AHIEE Qs B2 W3E Fof st

BEZE HES Tt Aol tigt HEERARE ol
St BAAIY T} tEo] 19982 FAYEHHIL =
A3E FHOZ o]|FojH T (WREO, 1998, 1999, 2000,
2003a, b, 2004, 2005, 2006, 2007, 2008, 2009a, b, 2013).
201290l = BEZA ol 2F WA AJEHT 5
ZANA vieto|& AFE =335t (KWGEC, 2012). 4=
ARANE 2 2244 98 3834 A Q ek (COD),
HEHEE(SS), g%, A @), 22 N) % g52 a 501
. 2A4RE BUHY S 28 24 o st o
F 21 WEEY FEMNE Bk £AFL AM
317] 3t Aol (http://www.swfwmd.state.fl.us). ©] 2] gt
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Aol A A 8 EXolg A St 2e AAHe A

(AFRE3A = ojet &

A& AR =t 22y A3 24 AEX T}
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2003; Qian et al., 2007).
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4ol muEYE A BaL 4
stxl o2 o|afst=t 543}t (Bekele and McFarland,
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= o T ©
o AEA & FF DASER FAZ 7S o835t
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F 4513 A 3= Al o] Ea3s)lth (Hirsch and Slack, 1984;
Drapela and Drapelova, 2011). Mann-Kendall test¥-2 o
& AFRHoI, AR 27, A2 S GEFA P
B4~ B (non-parametric analyses) ©]Th (Gilbert 1987;
Reckhow et al., 1993; Jaagus, 2006). ¢t 4% (coastal
lagoon)?| 7¢- HE $AART FAFHE HolA g7l
o) vjEs B4 ARE-gH (Doering, 1996; Doering
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ojpge] ARAE BATL. Tt AR A2
7 @& 7§ Sen’s slope testH-> A&7 b 4 Utk
(http://www.webapps.cee.vt.edu).

Tabari et al. (2011)2 ©]2+2] Maroon Rivero| A 1989~
2008 A7HA] 2AHE 16719 A pEof thsiA Mann-
Kendall test, Sen’s slope estimator ¥ linear regression<
AMgste] 7| WSS B35t Yenilmez et al. (2011)
E]7]ol| §l+= Eymir Lakeo]A] 109 5¢Fe] 227 (DO,
TP, TSS, SD)& 2 A= (F5-%F, T4A1A, 7125 HIg
© 2 $£2H3}o] AES Mann-Kendall testtH-S o]-83}1]
E X35t th Mustapha (2013)2 Yol x| 2]oto]l 9l Jakara
Rivero] 4] 2001~2010Q97HA] AR =4 & 93 A&
o tj3l Mann-Kendall test2} Sen’s Slope estimatorg ©|
$3ie1 A=l 8 3L Wkl 2 it 4
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20049 o]dol= o5Hol ofF HAE FF LA skAe
L 200430 FEZ st R Fow ol AAHAH
T EE AT o|Foe TASHA ot HE A=
’\"‘7}1** glZgoold % HAl SFA R T T

S 95 AgHoR 7 AYsHe A7 9hek (Kok
and Whitfield, 1986; Kjerfve, 1994; Roy et al., 2001; Pinto
and Teixeira, 2002; Saad et al., 2002; Suzuki et al., 2002;
Elwany et al., 2003). 134 FEXSE= ¢35 H A o]%
ool FUF F7H2 Gito] FolAw, HxF o WA

F7]4d 4 (dissolved inorganic nitrogen)7} A9 17
=2
=

"

o] UFEFUL ¢t} (KWGEC, 2012; Heo, 2013).

wehA 2 dFolAs AEDA +E HMaEo A7
ol AR Tetalr] Sfatel 1998 e 20134744 o)
9 3YEE 11d7HA] 271l 134 37] Aol A =AM
A2k LEFARE ol gstolct & 24l A3 9
A 20102 2011 A2= EZFSHA] FoUeh A
o J8 g242 (DO), BE, EYE (SD), ﬂﬂxm/\g
T2 (COD), YEF (TN, TP 5) 2 g2 o S0|9e
™, A7) 2l H&E4 = Mann-Kendall test, Sen’s slope
estimator @ linear regressione Z-&3}th AE A2 7
gF E X ofl&= Mann-Kendall test ¥ Sen’s slope estimator?t

#8319,

ERTETE
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Q) 37) A oA 3LEE 1187HA] 270 Lol 134 HA|s}
At (Fig. 1). 397} 59 RAE 2, 7~89 RAE 98,9
it 1Y 2ARE 7HEE EFstglen, AL XRA: 2
A" oz Qs AYAH T 2Ab= dFE AFALEES
I F5 2 AP E £33 om (WREO, 1998, 1999,
2000, 2003a, b, 2004, 2005, 2006, 2007, 2008, 2009a, b,
2013), 20129 A= 7 L5A3E G 2 Al E o A @o
o] FoHth (KWGEC, 2012). §&4ta, %, FY &,
2 9 A8 52 @A SH8HATH(YSI-556MPS 5 ©]
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[ ]

Lake Kyeongpg

Fig. 1. Map showing the sampling site in Lake Kyoungpo.
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Table 1. Mean values with standard deviation of the water quality parameters and precipitation at three sites during 1998~2013 (except

2010~2011).

Parameters Site 1 Site 2 Site 3 Average
Rainfall' 177.9+185.2
Temp (°C) 18.1+6.7 18.3+6.8 18.6+6.7 18.4+6.7
Salinity (PSU) 16.7+8.3 17.0+8.1 16.8+8.2 16.9+8.2
Salinity (BL.%, PSU) 19+8.5 19.4+8.5 18.5+8.2 18.9+8.3
DO (mgL™) 10.3+3.7 10.5+3.5 10.6+3.7 10.4+3.9
DO (BL., mgL™") 8.1+34 7.2+4.0 8.8+4.5 79+38
Turbidity (NTU) 16.4+10.7 16.7£12.4 21.9+15.2 18.2+12.7
SD (m) 0.5+0.2 0.5+0.2 0.5+0.2 0.5+0.2
COD (mg L™ 58+3.3 6.1+3.1 6.7+3.9 6.2+33
TP(mg L™") 0.121£0.069 0.129+£0.074 0.137+0.081 0.131£0.069
DIP(mg L™ 0.022+0.027 0.021+0.029 0.021+0.029 0.022+£0.027
TN(mgL™) 1.389+0.658 1.401+0.640 1.544+0.769 1.443+0.649
NO;-N (mg L™") 0.186£0.230 0.142£0.194 0.171+£0.241 0.177+0.210
NH;-N (mg L™") 0.241+£0.317 0.249+£0.306 0.235+0.264 0.242+0.266
Chl.a (mg m™) 35.9+39.7 38.6+£36.3 42.1+452 39.2+36.9
SS(mgL™) 31.0£25.0 29.6+18.4 31.5+224 30.6+18.5

'Rain: precipitation of 30 days before monitoring, BL.”: (Bottom layer)

4L fiFE Standard methodo|A] AA|SH E4
71z02 AX AT (APHA, 1992). %91 (TP)2 ¢
AR E persulfate E3]] o] ascorbic acid§ 22 =43}
. &EF7]A (DIP)S A3t A RS
2439t 84 (TN)= YA EF alkaline persulfate
B3| Zof cadmium reduction®, AAHY A4 (NOs-N)2}F
YEYoky Hi (NHx-N)= o3t A|& & ARg-sho] 2tz
cadmium reduction§] ¥} phenate® &2 EA3lct LG5
A (SS)Z GF/ICE o} & 105°Co|A] 2417 =3t A
2 A -39 FA A= ALFSHATH (NIER, 1999). 318+4
Abas @ S (COD)= MR (gZdeh e £45t
2k 1998 EE 2013A7HA] (2010~2011d A 9]) AL
2HF 2U4R0 Ut 712 FANE Tavle 17} 20] 4
ST B9 BE ASIIBELY ARE o] ST

ascorbic acid 2

Rl

it

HEFEA (trend analysis)& RA7|7F Boto] Z2AH 4
4y 04 £ ZAA3tc} (Naddafi et al., 2007).
1 S8 A2 EE SAAR AL B4
A T ;}ﬂ'(Tabarl etal.,2011). £ dFoA=
FAASE] AFEA o] Mann-Kendall test, Sen’s Slope

estimator @ linear regressions &-83}lF o, A4 A9l

+= Mann-Kendall test ¥ Sen’s slope estimator
T ARESHE o5 BAAE WHE

& ofelol o] 7k
317 stk

1) Mann-Kendall Test

Mann-Kendall Test= Non-parametric test®] s}U= 2
7188 AAE A=Y AFeE B4 5=t ol-&drt. o]
42 2= 3 (data values) AHA| B th= A& A& (sample
data)®] A&l Z7|E vt} (Gilbert, 1987). ©] &
Ao A BEARY EA WS ¢ ASA Y
EATAE Holv= ARl HsixE &§o] 7Hsstct
(Jaagus, 2006).

AR Y, (t=1, 2, N d35te v, (¢=1, 2,
N-DIt Y, (t=t+1,2, ..., N 27| 8w}t o
I} Zro] A gttt

.......

Zkzl if Y[>Yt’
Z;=0 if Y=Y
Zv=—1 if Y, <Yy

A71A k=(t'—1)Q2N—1t")+(t— )2} 3P Mann-Kendall
test®] AREAFE THeT} o] 0]t (Hirsch er al.,
1982).

S=XNASN, 2 ()
o
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71 A,
V(S)=é[N(N— D@N+5)=3 % Ei(Ei— 1)(2E;+5)]

(€)

s<1 if  j=1,
S=1 if j=0,
S>1 if  j=-1,

2 2ol &3 BE G2 2 Ao Folth oy Ao
2 240 HEHW §o452 adl Fold A=A AT

(upward) £+ 3}3F A& (downward trend)S Zt=thal &
% ot
| Ucl >Ui-an (4)

2) Sen’s Slope Test

Sen (1968)°]] oJaj A A|gtE wuj7f=H 3) =
o] gtoll F3S wrx] ok A7V} FE HLor BA
o] 753tk v (1=1,2, ...... , N)oll Hi5te] The3} o] A
2 W ZE B Y

j—i

A7) RE ik joll WA j>i013, 28 A A7) 4
°0% HEF 7S X2 F3HE Sene] Bl BTt 43
EAFL tha 3t Zo] Fol Ak (Gilbet, 1987).

Mo] &4 o, S=Xu
1
Mo| &4y W,S=E[X%+XM—;Z]

A7 4 m="N"Dg o gopn 78 AREAL

ohe ol AR gkl A HE §U5E aolH S

grecha @ 4 gk,

(Xn, + Xu,] 6)
7] A,
M= u-<[V(S)I
My=——F—"— (7N
2
M+ w2 [V(S)]
My=1 +2— (8)

o3, V() Tha Tt 2.

V(S) =1L8[N(N— DRN+5)=> ¢ Ei(Ei—1)(2Ei+5)]
®)

JYEBR 3} gHA Xy, X7k FolA 7HE &2 e s
FE M AR gholal, A A Xy, = My HA] gho] "t

3) Linear regression method

gt A7 A= AAGNA B BFS AEste
4 F235lH, 5 o7/ W (parametric method)©| Af
£H ol oE st By oE T WS Abold
BAE At AR o] AL FF ATt E 5
T 9 7 Y 712715 @71 A AR 29 7
=7e AasHe A¥%s Ued 49 71e7l= 7 5
A& X o]Z&t}(Tabari and Marofi, 2010).

A= 3 71=710A 7MY SOl 7125t Fak
SAANE AFste FHE 7ML glon, B3 H3E Y
A7)E A|F3tc} (Hirsch et al., 1991). 3= 7|7F S9te) &
H3k= | 4= (number of years)ol| 7| &7]18& HFEOo2ZH &

o} At

Zo 9 o

A7t =2 W4Eof tjdt Mann-Kendall test, Sen’s Slope
estimator 2 linear regression®] ZI}-E Fig. 2, Tables 22}
3o AT A7 FARSEY BN St AL
Ao A BV UEgen, 2 AHEE g REe He
S04 ST a9 A ol Xttt 2, 7, F
B @ EGEE (SS)E ZAPITE Bt BE AF oA
FE Bou, U] HeES Hastes 4
ZdrEE 20049 ¢F H A oM
1,666 2 1,403 mm year '2 2ol 7+
Al ¥HH JE2 5 B HA o]F 34

7 (1998~2003)°]l 7~14 psuoll A EA (2004 o]0l
16~24 psuZ °F 28] Z7}std k. 3+ th Hamill (2011)
< 7AHE FA (Southland)oll = Waituna A &9 H
oA T s> o] 3 7} (open and closed)°] et A
P etk shen, A7 =2 A9 71 (open)
Al 2F 42,000 uS cm™ o] ot | (closed) Aol oF
4,100 uS em™' 2 ZAE QT ST B 2AIE B
LB YF4 0, COD H FFHF (¢, )= FARE
& FFE Btk o] B3 #F B AALL FuEtA &
AR ARHET HETE 20044 o] F B2 F-Yo]

e

flo oy
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Fig. 2. Yearly variations of water quality parameters and slope b values of the linear regression analysis.

AehEA B4 Welold melRsl g Aes 1
Hl7} Qlth(KWGEC, 2012). Y¥kA o2 Zi]o] gk
SroAE AEZHIET AR EL 2l goFg =
i A= FRTA N AT (Wetzel, 2001). FE52] 39
102 S140] o8] EYEs F7ehaA T gst
2715t Ao wehEth Hamill (2011)S Waituna 4] 30
A Z(2009~2010)°f] Macroalgae (attached to sediments
and plants)2] bloom2.2 213 W} FFFFol sl FA
Aol 1% planktonic algae?] AAo] E3FE Tk 519
O FEZ|H COD % FFEF (3l Aa)9] e 3

=7
<)
As|

F Fdol ot M aztel 19915 E AAFH =4, 5
x4 5 EUAe A2 A2t} (From Gangneung
city, unpublished data). A2 A0 2 HAIEZF o A= 5235}
2 Q18] of2o] ZHEH WASE o] AL 20044 45
8 HA ol Fol LhehbA] 93kt Sloan (2006 451}
S e dateln Saokstel Bug $AF St
oo sfRon, ol Aedzel adlw egkel 7
Aol @J3) ehdth shich Aol o] BaraE 9
43 doFanel AUR Bsls 237 dael g
4 QIt} (Diaz and Rosenberg, 1995; Breitburg, 2002). ]
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Fig. 2. Continued.

= A E Yo} gt QlE Pescadero lagoono A= 4%
9} vtk Atolo] B % (sandbar)o] FAE wf AZo| 73}
A s o] 2 Q| A =2 Egto] ATEHA 4
o FAataZo] A= AR dHA 912H (Smith,
1990; ESA, 2004), o] 7| b= o] EjFo] thA] EA of
FA Y E3o R AFoA AL FETF FolXHA
gt 3ok (Smith, 1990, 2004; ESA, 2004; Sloan,
2006). =3} Sloan (2006)2 FAkA AME|d w) =4 FFsl4
20t Yozt WA 4= glon ol oFuAtet #H
o] QltkaL gt HEF O] 7% 20049 o] F o] FH A}

HAYEHA] 2 AL sy o] F7tstaA HEY F
Ahas AJE7L SaE g7 fEo® AR ET

Hamill (2011)& Waituna A Zol|A 3} H a7} 224
Z7Fetsh e flo)ltkar B gk vh gl Schallenberg
et al. (2010)> 2|84 A F A7t (hydraulic residence
time)°] 209 olsto|H A EZHIES] AT (biomass)
S a2 A% 4= Q& flushing 0|2 3FF L
o, Waituna Lagoon®| 2|84 A|FAHE 444 71&
OS2 145daysE s7F FE NS W AEETIE W
4] (bloom) 7Fs/d 0] Zrobxlthar sFGirt. o|ef o]
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Table 2. Results of the parametric methods for annual means of the water quality parameters and precipitation during 1998~2013 (except

2010~2011).
Linear regression
Parameters

Site 1 Site 2 Site 3 Average
Rainfull' -0.237
Temp (°C) 0.183 0.235 0.202 0.208
Salinity (PSU) 0.738%** 0.748%* 0.751%#* 0.745%*
Salinity (BL.%, PSU) 0.740%* 0.742%* 0.735%* 0.735%%*
DO (mg L™ —0.500%* —0.480 —0.386 —0.462
DO (BL., mgL™) —-0.496 —0.507* —0.513% —0.456
Turbidity (NTU) —0.405 —0.395 —0.282 —0.347
SD (m) 0.562* 0.489 0.461 0.524%*
COD (mg L™ —0.381 —0.381 —0.238 —0.341
TP(mg L") —0.596* —0.583* —0.450 —0.606*
DIP(mg L™ —0.697%* —0.656%* —0.626* —0.698%*
TN(mgL™) =0.779%* —0.789%* =0.710%* =0.772%*
NO;-N (mg L™") —0.738%* —0.715%* —0.763** —0.779%*
NH3-N (mg L™ —0.573* —0.595% —0.706%* —0.657**
Chl.a (mg m™) -0.386 —0.268 —0.001 —0.245
SS(mgL™" 0.106 0.225 0.254 0.199

'Rain: precipitation of 30 days before monitoring, BL.”: (Bottom layer)

SO AL a5 B EA olF Y fUF SR
ﬂfi}” A FAIZEo] BobA AEEFEEY 2= A4 ¢
BE 371 50 9FE TS AL = Atrdh
ﬁiioﬂj\‘] & T 9 YT (T2 E=F714,
FTAL, A i, GrYoH A WaesTto] FASH
2 vhgof ojsf -‘r’r«]” ?l Aol THEHUY d7 (F3,
15T FHEE 242 99% L 95% Al F 4=l A |25t
Aot @& FHEs ]‘d 159 (1998~2013) &<t 22
159 psu2} 0.2m 5
oA o5kl
A 9 gEyol4y 75:_‘_/-\_% R 99% AZeEoA #
atoict 29, £2H7]9

oA A Au 154 (1998 2013) ¢ 42 —0.088,
—0.039, —1.396, —0.339 ¥ —0.351mg L~ ! Zj]'ﬁ\_é‘]"ﬂq'.
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Table 3. Results of the non-parametric methods for annual means of the water quality parameters and precipitation during 1998~2013 (except

2010~2011).
Site 1 Site 2 Site 3 Average
Mann- s Mann- s Mann- s Mann- )
Parameters Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s
tau slope tau slope tau slope tau slope
Rainfull’ —-0.217 —4.287
Temp (°C) 0.233 0.157 0.250 0.163 0.300 0.177 0.283 0.169
Salinity (PSU) 0.633%%* 1.050%* 0.600%%* 1.057%*%* 0.650%** 1.088** 0.650%* 1.060%**
Salinity (BL.%, PSU) 0.561%%* 0.985%%* 0.567%%* 1.061%** 0.583%%* 1.130%* 0.517%* 1.013**
DO (mg L™ —-0.367 —0.257 —0.350 —0.225 —0.350 —0.243 —-0.317 —0.206
DO (BL., mg L™ —0.533%* —0.308** —0.450%* —0.220%* —0.533%* —0.394%* —0.433* —0.264*
Turbidity (NTU) —0.333 —0.571 —-0.417* —0.604* —0.300 —0.507 —-0.350 —-0.479
SD (m) 0.433%* 0.019%* 0.444%* 0.018* 0.400%* 0.011* 0.400* 0.016%*
COD (mg L™ —0.150 —0.131 —0.183 -0.170 —0.183 —0.084 —0.150 —=0.121
TP (mg L™ —0.450%* —0.004* —0.400%* —0.006* —0.433%* —0.004* —0.433%* —0.005*
DIP(mg L™ —0.550%* —0.002%* —0.567** —0.001%* —0.450* —0.002* —0.583%* —0.002**
TN (mgL™) —0.683%* —0.091** —0.700%* —0.094** —0.717** —0.114%* —0.683%* —0.101**
NOs-N(mg L™ —0.683%* —0.020** —0.600%* —0.016** —0.600** —0.021%* —0.633%* —0.023**
NH3-N (mg L™ —0.517** —0.019%* —0.500%* —0.017** —0.633%* —0.023%* —0.583%* —0.020%*
Chl.a (mg m™) —0.333 —1.594 -0.217 —0.801 -0.117 —-0.744 —-0.267 —1.188
SS(mgL™) 0.050 0.479 0.250 1.096 0.167 0.532 0.117 0.696

'Rain: precipitation of 30 days before monitoring, BL.*: (Bottom layer) *: @< 0.05, **: .<0.01

Table 4. Results of the non-parametric methods for the water quality parameters and precipitation in spring during 1998~2013 (except

2010~2011).
Site 1 Site 2 Site 3 Average
Mann- Mann- R Mann- R Mann- s
Parameters Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s
tau slope tau slope tau slope tau slope
Rainfull’ 0.083 1.585
Temp (°C) -0.233 —0.231 —0.183 —0.166 —0.183 —0.166 —0.200 —0.187
Salinity (PSU) 0.383* 1.035% 0.400%* 0.856* 0.433* 0.919* 0.417* 0.913*
Salinity (BL.%, PSU) 0.317 0.557 0.350 0.562 0.350 0.812 0.333 0.543
DO (mgL™) -0.167 —0.187 —0.183 -0.219 —0.300 -0.282 -0.233 —0.238
DO (BL.,mgL™) —0.467* —0.268* —0.033 —0.038 -0.20 —0.306 -0.167 -0.273
Turbidity (NTU) 0.025 0.063 0.217 0.861 0.310 1.010 0.267 0.933
SD (m) 0.180 0.010 0.249 0.015 0.111 0.005 0.176 0.010
COD (mg L™ —0.083 —0.106 0.000 -0.044 0.017 0.016 -0.033 —0.052
TP(mg L") -0.267 —0.006 —0.233 —0.004 —0.167 —0.005 -0.233 —0.004
DIP(mg L") —0.200 —0.001 -0.117 0.000 —0.133 —0.001 -0.217 —0.001
TN (mgL™) —0.6%* —0.124%* —0.650%* —0.111%* —0.783%* —0.124%* —0.750%* —0.118%*
NOs-N(mg L™ —0.583%* —0.015%* —0.417* —0.010% —0.567** —0.015%* —0.600%** —=0.016%*
NH;-N (mg L™") —0.300 -0.010 —0.283 -0.019 —0.283 -0.022 -0.367 —0.020
Chl.a(mg m™) -0.017 -0.572 0.033 0.355 -0.017 —0.284 —0.033 —0.670
SS(mgL™) 0.283 1.067 0.250 1.560 0.350 1.379 0.317 1.737

'Rain: precipitation of 30 days before monitoring, BL.%: (Bottom layer), *: o <0.05, **: 0.<0.01

4o 287k g9yl RO ARECHKWGEC, 2012, Hel A gRO2 Brrhs |83 7hgel) TR
KWGEC (012 AEZe|H ol8 B39 A4 34 Fyes =
HAY BZ pEoly Stk Y AT B AFE  BIFS A B4 AAHOE Fasts AFL
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Table 5. Results of the non-parametric methods for the water quality parameters and precipitation in summer during 1998~2013 (except

2010~2011).
Site 1 Site 2 Site 3 Average

Mann- s Mann- s Mann- s Mann- S

Parameters Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s

tau slope tau slope tau slope tau slope

Rainfull’ 0.233 8.387

Temp (°C) —0.033 —0.037 —0.050 —0.009 —0.100 -0.123 —0.083 —0.004
Salinity (PSU) 0.467* 0.894* 0.500%%* 0.911%%* 0.483%%* 0.917%%* 0.533%%* 0.921%%*
Salinity (BL.%, PSU) 0.667** 0.895%%* 0.483%%* 0.904%%* 0.483%%* 0.901%%* 0.617%* 0.912%%*

DO (mg L™ —0.183 —-0.162 —0.200 —0.184 —0.150 -0.177 —0.167 —0.167

DO (BL., mg L™ —0.233 —0.211 =0.117 -0.179 —0.183 —0.18 —0.200 —0.194

Turbidity (NTU) —0.067 —0.093 0.000 0.005 —0.033 —0.075 —0.033 0.000
SD (m) 0.432%* 0.017* 0.351 0.013 0.531%%* 0.017%%* 0.050%* 0.016%*

COD (mg L™ —0.293 —0.185 —0.300 —0.245 —0.033 —0.044 —0.150 —=0.171

TP (mg L™ —0.133 —0.002 -0.167 —0.002 —-0.067 —0.001 —0.150 —0.002

DIP(mg L™ —0.383%* —0.002* -0.333 —0.001 —0.233 —0.002 —-0.350 —0.002

TN (mgL™) —0.200 —0.027 -0.250 —0.042 —-0.167 -0.022 —0.233 0.000

NOs-N(mg L™ 0.168 0.001 0.209 0.002 0.228 0.001 0.142 0.002
NH;3-N (mg L™ —0.483%* —0.021** —0.494%* —0.020%* —0.733%* —0.024%* —0.617** —0.023%**

Chl.a (mg m™) 0.017 0.035 —0.283 —1.357 0.000%* —0.024** -0.017 —0.106

SS(mgL™) 0.083 0.304 0.1000 0.476 0.233 0.863 0.200 0.666

'Rain: precipitation of 30 days before monitoring, BL.*: (Bottom layer), *: 0 <0.05, **: a.<0.01

Table 6. Results of the non-parametric methods for the water quality parameters and precipitation in autumn during 1998~2013 (except

2010~2011).
Site 1 Site 2 Site 3 Average
Parameters Mann- R Mann- R Mann- R Mann- R
Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s Kendall’s Sen’s
slope slope slope slope
tau tau tau tau

Rainfull' —0.383* —13.379%
Temp (°C) 0.350 0.141 0.333 0.123 0.350 0.185 0.367 0.148
Salinity (PSU) 0.550%* 1.284%* 0.583%%* 1.268%%* 0.600%* 1.365%%* 0.567*%* 1.286%*
Salinity (BL.%, PSU) 0.567%%* 1.348%* 0.550%%* 1.338%%* 0.583%%* 1.311%* 0.600%** 1.238%**
DO (mg L™ 0.050%* —0.303** —0.350 —0.231 —0.500%* —0.262%* —0.300 —-0.257
DO (BL., mgL™") —0.633%* —0.288** —0.283 —0.205 —0.583%* —0.326%* —0.533*%* —0.245%*
Turbidity (NTU) —0.467* —1.045% —0.567%* —1.657** =0.667** —1.998** —0.650%* —1.554%*
SD (m) 0.521%%* 0.028%*%* 0.509%*%* 0.022%* 0.468%* 0.020%* 0.517%%* 0.025%%*
COD (mg L™ —0.100 —0.170 —0.150 —0.213 0.050%%* —0.265%* —0.133 —0.190
TP (mg L™ —0.333 —0.003 —0.567** —0.007** —0.300 —0.005 —0.517%* —0.007**
DIP(mg L™) —0.333 —0.002 —0.383% —0.001* —0.417* —0.001* —0.383* —0.001*
TN(mgL™) —0.600%* —0.083%* —0.733%%* —0.099%* —0.583%* —0.110%%* —0.667%* —0.100%*
NOs-N (mg L™ —0.650%* —0.030%** —0.733%%* —0.029%* —0.683%%* —0.035%* —0.717%* —0.037**
NH;-N (mg L™ —0.300 —0.012 —0.343 —-0.012 -0.217 —-0.010 —0.200 —-0.012
Chl.a (mg m™) —-0.267 —-2.176 —-0.333 —2.140 —0.183 -0.810 —0.317 —1.903
SS(mgL™) 0.1000 0.270 0.167 0.515 0.017 0.130 0.033 0.222
'Rain: precipitation of 30 days before monitoring, BL.%: (Bottom layer), *: 0 <0.05, **: 0,<0.01
HPOU (Table 3), 53 Foll= 57} (Tables 4, 5), 7k 7]} 5 200333} 20049 AKE B FARE v
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