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Abstract — To study characteristics of the water quality in the Hansan-Geoje bay, we analyzed the long term
monitoring data collected at the two sites during the period of 1987~2010. The trophic state of the waters in
Hansan-Geoje bay was the mesotrophic level by the classification of Wasmud ez al.[2001]. The water nutrients
increased steadily from a wet season (Aug.), it reached the maximum concentration peak in a dry season (Nov.),
and then decreased steadily to the winter, it reached at the minimum value in May in the next year. The result of
factor analysis divided the waters of Hansan-Geoje bay into the five factors (nutrient, season, inflow land water,
pollution, internal production) and the factors represented the 76.82% on the status of the waters. According to
time series analysis, temperature, DO and bottom DIP were increased, and pH and COD were decreased during
the period of 1987~2010. In particular, the fluctuation trend of DIN has been turned from oversupply to short-
age by the N/P ratio since before and after 1990's. The water quality of the Hansan-Geoje bay has been recov-
ered except DIP since 1987, despite of its geographical characteristic which is a general semi-closesd bay and a
massive aqua-culture ground. To preserve the waters in Hansan-Geoje bay, we need to know on the cause of the
increase or accumulation of DIP, and we should continue to study on the interrelation between the aqua-culture
and water environment.

Keywords: Hansan-Geoje bay( FAEA A W), DIP(EE5-7]91), DIN(EEF7] A 4), long term variation(7d
7198 %), water quality (52
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Fig. 1. The map of long term monitoring sites in Hansan-Geoje bay.

282 A4S Ysto] TAZE T (SPSS ver. 12.0)S o] &3}k
o] 3t (Mean + SE) W WHEAF(CV) 52 7148 417
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9] A AL sltslr] $13t 2432 (correlation analysis), 2
A (factor analysis)yS I, 42 A7 HES gHetslr] 9
o533} 34 (regression analysis) 52 AlAEREAS
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e

o

4. A4t 3 nE
4.1 E B4

SAEAANE 270 ZAPY el thet 2437 £ A4S A Ht +
¥F 2 2 (Mean + SE)2} ¥575(CV, Coefficient of Variations)

9] QokS Table 19 YERASITE.
F20] AP EF 15.93°C, AF 14.99 °CE EZ0] 0.94°C
=9k, salinity®] 739 Hd-> X3 32.94 psu, A5 33.39 psu=
] 0.45 psu 334TE pH| 2 5 8.12, A% 8.102 X - A%
217k A9 AL, DO Ht- ¥ 728 mg/L, A% 7.18 mg/LZ
EZ0] =2 o7 YEith oD S %35 1.25 mg/L, A
% 1.26 mg/L2 ¥ - A0 H|528k 21 0 2 LERTE ammonia]
HEL BF 259 uM, A 233 pME 50| & o7 YEt

2

=0
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Table 1. The statics of long-term characteristics of water parameter in Hansan-Geoje bay during the period of 1987~2010

Parameter n depth range Mean = SE CV (%)
f 3.92~29.70 15.93 £ 0.45 38.9
Temperature (°C) 192 surtace
bottom 3.70 ~28.20 14.99 £ 0.38 33.8
. surface 19.36 ~ 34.95 32.94+0.13 5.6
salinity (psu) 192
bottom 29.25 ~34.97 33.39+0.07 2.8
surface 7.33 ~8.53 8.12+0.01 2.0
pH 192
bottom 7.27 ~8.53 8.10+0.01 2.1
f 4.34 ~12.13 7.28 £0.11 20.0
DO (mg/L) 192 surtace
bottom 1.82~12.10 7.18+0.13 24.7
surface 0.11 ~3.71 1.25+0.05 49.7
D L 192
COD (mg/L) bottom 0.16 ~ 5.98 126 +0.05 53.0
. surface 0.00 ~ 18.98 2.59+019 102.4
ammonia (LM) 192
bottom 0.00 ~13.90 2.33£0.16 96.7
L. surface 0.00 ~2.04 0.42 +0.03 95.5
nitrite (LM) 192
bottom 0.00 ~2.00 0.43 +£0.03 97.9
. surface 0.00 ~ 36.78 3.73+£0.35 129.6
nitrate (uM) 192
bottom 0.00 ~ 15.00 3.23+£0.25 105.9
surface 0.10 ~39.29 6.75+0.45 90.3
DIN (uM 192
(M) bottom 0.25~21.69 6.00 £ 0.34 78.0
surface 0.00 ~2.58 0.50+0.03 75.7
DIP (uM) 192 bottom 0.01 ~3.14 0.61 % 0.03 79.1
f 0.46 ~ 38.83 10.50 £ 1.15 82.0
silicate (uM) 56 surtace
bottom 1.00 ~ 26.21 12.34 £ 1.06 64.1
chlorophyll-a (ug/L) 112 surface 0.29 ~ 16.00 2.66 +0.20 105.3
SS (mg/L) 192 surface 0.6~31.4 6.43+0.35 76.3
. surface 0.21 ~502.75 28.26 £3.93 190.1
N/P ratio 192
bottom 0.36 ~157.14 1427 +£1.28 124.4
surface -35.59 ~32.38 -1.23+£0.53 -
DINxs 192
bottom -36.16 ~ 14.17 -3.76 £ 0.49 -

SE: standard error, CV (%): changing variables
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WAL, nitrite®] B ¥3 042 pM, A% 043 pME 3E - 450
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o] okt o o2 ERda, DING H#-S ¥35 6.75 uM, A%
6.00 pME E30] =2 71 o7 Yehtal, DIPY Hi-2 35 0.50
uM, A5 0.61 pME #F50] 32 51 07 ERITE silicate®] Jﬂq}—
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=
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Table 2. The statics of long-term characteristics of water parameter by site (st. A and st. B) in Hansan-Geoje bay during the period of 1987~

2010
Parameter n depth st A st. B
Mean + SE CV (%) Mean + SE CV (%)
Temperature (°C) 96 surface 15.79+£0.72 44.0 16.08 £ 0.56 333
bottom 14.65 £ 0.58 38.5 15.32+0.45 29.0
salinity (psu) 96 surface 32.73+0.18 5.4 33.16+0.20 5.7
bottom 33.26 +£0.09 2.7 33.53+0.10 29
oH 96 surface 8.11 +£0.02 2.0 8.13+0.02 2.1
bottom 8.09 £ 0.02 2.2 8.11 +£0.02 2.0
DO (mglL) %6 surface 7.44 £0.15 20.0 7.12£0.15 20.0
bottom 7.29+0.19 25.5 7.07+0.17 23.8
COD (mg/L) 06 surface 1.33 £0.07 47.7 1.17 £ 0.06 51.4
bottom 1.40+£0.08 54.3 1.13+£0.05 47.0
. surface 2.70 £ 0.34 120.3 248 +0.19 75.6
ammonia (UM) % bottom 2.55+0.28 106.5 2124017 79.0
. surface 0.33+0.04 105.2 0.51+0.04 84.8
nitrite (uM) % bottom 0.35+0.04 109.8 0.51 % 0.05 86.8
. surface 2.92+0.46 151.5 4.56 +0.53 112.2
nitrate (UM) 96
bottom 2.26+0.28 122.9 420+ 0.38 89.0
surface 5.97+£0.66 107.2 7.54+0.59 75.6
DIN (uM) 96
bottom 5.16 £0.46 87.6 6.83+0.48 68.9
surface 0.45+0.04 83.8 0.55+0.04 68.3
DIP (uM) 96
bottom 0.55+0.04 73.2 0.67+0.06 81.4
. surface 11.46 £ 1.89 84.0 10.21 £ 1.51 76.6
silicate (M) 28 bottom 13.27+ 1.52 60.6 1142+ 1.48 68.4
chlorophyll-a (ug/L) 56 surface 2.81+0.29 101.8 2.51+£0.28 110.0
SS (mg/L) 96 surface 6.58 +£0.48 71.0 6.47 £ 0.55 83.0
. surface 30.41+6.73 214.5 26.08 +4.05 149.8
N/P ratio 96
bottom 14.40 £ 2.07 140.4 14.14 +£1.53 106.2
DINxs %6 surface -1.22 £0.81 - -1.25+£0.68 -
bottom -3.58 £ 0.64 - -3.93+£0.74 -

SE: standard error, CV(%): changing variables
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Table 3. The result of MANOVA analysis by case (station, depth and season)

station depth season
Effect
value p value p value p
Pillai's trace 0.159 0.000 0.064 0.005 1.364 0.000
Wilks' 0.841 0.000 0.936 0.005 0.063 0.000
Hotelling' trace 0.189 0.000 0.069 0.005 8.521 0.000
Roy' maximum root 0.189 0.000 0.069 0.005 7.780 0.000

42 Y HE
AL A

=4
4] AJR-o]
FEA Aol 7] flslo] thATR- R (MANOVA, Multivativariate
Analysis of Variance) ©]-8-3F 2372 vectorsE H] 1l 22351
o}, chAgRA A 37 A B 29 (a<0.05)0l4 75, A
A, AP o] BT 5YUsK| k2 low UrE‘r‘;kE}(Table 3).

TSHEE AT T4 2] MANOVA 447 72, i,
DIP 5 37l M7 o3t A o2 UePdar, 4 st. A Y st. B)
MANOVA 447 = COD, nitrite, nitrate, DIN, 2 DIP &
67 H7F A= thE Zlo= ettt o]el vl A2 (Feb, May,
Aug, Nov) MANOVA #4247} CODE A 2]3t &, ¢, pH,
DO, ammonia, nitrite, nitrate, DIN, DIP % silicate 5 1071 ¥
7P AR dolgk Zlo® Uit wEbA shibAAINEe] e

5 (depth) Roh= 747 (station)el] W W5 E4Jo] 7Jslar, 4F

R Al (season)oll W HEEAJ0] 4 A3 A o= el
tH(Table 4).

SREAARE sl o] s B
Hlaj o] iy og & Ad WEEA
2 4 Table 5). 22 X%

go] Huh= vpEhtaL

%_Z_]._'(/\ u —]7(4) /\]7}7@1(74]2—&1:1

ar

ojx
A,

Tetslr] flsf vhE axlell
o disl A ekl th(Fig.
X AT BT ARl 2€0] H 4, AL 8
, salinity= ©] ¢} W2 % - A5 25 SHA]

55 2ol Huh, 11 ﬂ/\ol

Di,E-Xi%—Ol l 53 A W5-S 1tk DO BY- X -AF

T AR 2€0] A, aHAIQ] 8ol HAE e, 2¥ Jql 59
o= 3ol vlal] Aol oFgh HokoLt, 88 119S ATl B
3l 3EFo] w2 Zlo® eIt CODE 4% 3 - A5 B 8¢
o] A, 119e] Axola, A AF X -AFIH) FE AR IA &
ok Ao B9 Z*H?Xi AT B 1] Hd, 5€0]
ﬂi(ammomaL 2go] HAR ARE Ho, 970l 358 ¥
& ol 118704 F<8] S7kstaL, A719) FAIE A ol
=alle] 5%01] b HA7E He Bolt) YR A ES
A w 11€2] 79 Wasmund et al.[2001]9] ZFelA] F-4<F

(Eutrophic) THA|o] L, o]of Htal 3] o] 7] =4S YRl =
chlorophyll-a®] 5%+ 1180 7 Wi, 593} 89ef| 3 pg/L o]
qoF =2 7103 YERTE o]A9 chlorophyll-a®] %7} 11¢€
o 7 W& o] finz 2 T2 o] 7EA] QQlo] Rl & = QX
9k Cho et al.[2010]12] -AlXAH SHEAANES] =2 R AE
Ql =9 F= 4% A7I7F 11€0]L, o] A)7] &2 oj4-&0] 2.81 L/
ind./hr(@ B o35 1.84 L/ind/hnZ HoiY wejsha, 29 £
28t S7PF AR ELAES] FEE AATIE SRl 9l

STEo=E
2 Fojxit},

o]

Q1 8ol HAi, sARI 2¢€0] Hol2 JEptaL, 53] A2 3E - A A EEFAE Aol Qlo] AlgilIAte] F]E] N/P ratior
= 27} g2 Ao vls 2 Ao g VEhgtl 3 salinity?]  F29 A9 A AE 16 oo, AF Ag- 59 Xﬂlilﬁl% |
AdA Wa AFAR Agells AR, ofFoles 2249 AdelA 16 olekz Ueh, 352 P7F A1) 1L s
Table 4. The effect examination of MANOVA analysis on water parameter by case (station, depth and season)
station depth season

Parameter

F value p F value p F value p
Temperature 0.601 0.439 3.955 0.047 753.615 0.000
salinity 5.583 0.019 11.285 0.001 54.819 0.000
pH 1.442 0.231 1.075 0.300 20.764 0.000
DO 2.644 0.105 0.358 0.550 52.163 0.000
COD 11.224 0.001 0.041 0.840 1.114 0.343
ammonia 1.679 0.196 0.820 0.366 3.323 0.020
nitrite 16.272 0.000 0.172 0.679 59.352 0.000
nitrate 17.935 0.000 1.071 0.301 31.727 0.000
DIN 8.601 0.004 1.466 0.227 29.376 0.000
DIP 6.387 0.012 7.383 0.007 18.518 0.000
silicate 0.961 0.339 -1.179 0.241 14.860 0.000
Chloropyll-a 0.318 0.574 - - 0.890 0.449
SS 0.119 0.731 - - 0.576 0.639
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Table 5. The statics of seasonal characteristic variation by the water depth at the study area

depth Feb May Aug Nov
Mean = SE CV (%) Mean+SE  CV (%) Mean+=SE CV (%) Mean+=SE CV (%)
Temperature surface 8.30£0.28 23.0 14.92 +£0.34 15.6 24.83 +0.36 9.7 16.44 +0.23 9.6
bottom 8.15+£0.26 22.0 14.20 £ 0.26 12.8 21.24+0.31 10.1 16.38 +0.24 9.9
salinity surface 33.92+0.08 1.5 33.64£0.13 2.8 31.12+0.41 8.8 32.95+0.13 2.8
bottom 33.95+0.08 1.6 33.95+£0.09 1.8 32.61£0.16 3.4 33.10 +£0.09 1.9
pH surface 8.19+£0.02 1.6 8.14 £ 0.02 1.7 8.13+0.02 1.9 8.02+0.03 2.3
bottom 8.18£0.02 1.4 8.13+£0.02 1.8 8.07+0.02 2.1 8.01 £0.03 2.4
DO surface 8.41+£0.22 18.4 7.47+£0.16 14.6 6.49 £ 0.18 18.4 6.67+0.17 17.0
bottom 8.61+0.23 18.7 7.63 £0.19 17.0 6.08 +£0.25 28.3 6.38+0.17 18.0
COD surface 1.23£0.10 53.9 1.25+0.08 46.8 1.32+0.11 53.2 1.20 £ 0.08 44.8
bottom 1.21+£0.09 52.0 1.27 £0.08 45.1 1.38+0.13 65.3 1.18 £ 0.07 413
ammonia surface 2.07+0.41 136.9 2.57+0.34 90.2 2.64+0.38 96.4 3.10+0.42 92.2
bottom 1.71 £ 0.31 125.9 2.36+0.30 87.2 2.37+0.31 89.3 2.91+0.38 88.6
nitrite surface 0.35+0.03 58.3 0.23 £0.02 73.1 0.28 +£0.04 94.5 0.80 = 0.08 68.2
bottom 0.32+0.03 72.5 0.22+0.03 843 0.35+0.04 89.5 0.84 £0.08 66.2
nitrate surface 3.94 +0.81 142.5 1.56+£0.26 114.2 3.05+0.83 179.9 6.37+0.63 67.3
bottom 2.64 +0.37 96.7 1.35+0.23 119.4 2.35+0.31 91.0 6.66 = 0.61 62.9
DIN surface 6.36 +0.89 96.7 4.37+0.44 69.6 6.02+1.12 1235 1027+0.82 545
bottom 4.68 +0.48 71.1 3.93+0.38 67.0 5.07+0.55 75.7 10.41+0.80 525
DIP surface 0.54 +£0.06 76.3 0.41+£0.05 81.5 0.34+0.04 78.2 0.69 = 0.06 56.4
bottom 0.53 +£0.04 51.7 0.40 £ 0.04 62.0 0.59 +0.08 97.3 0.93+£0.08 61.7
silicate surface 11.24 +1.40 46.7 5.64+2.58 171.3 6.76+1.92 1063 1835+1.54 314
bottom 11.94+1.54 48.2 6.84+1.71 93.6 12.16 £2.34 719 18.44+1.71  34.8
chlorophyll-a surface 2.81+0.45 85.0 3.03+£0.62 108.0 3.06 + 0.69 110.4 1.92+0.42 115.4
SS surface 6.53 +0.60 64.19 5.98+0.91 105.0 6.83£0.53 53.7 6.37+0.75 81.4
N/P ratio surface 25.57+1038  281.4 24.03+5.85 1687 38.80+9.21 1574 2545+478 1289
bottom 10.69 + 1.28 82.9 19.51+4.33 1537 11.74+ 120  70.6 15.15+£1.97 893
DINxs surface -223+1.21 -375.5 -227+£0.78  -239.1 0.51+1.11 14443 -0.80+1.05 -897.0
bottom -3.84 +0.68 -122.7 -240+£0.63 -182.8 -432+1.18 -1893 -447+125 -191.0

A )51 No) AsIRIAI1E BT FESE N/P ratioS B.9ksl7] st
o] Wang et al.[1998]°] A3}, Lee et al[2004]0] <1gke] ¢hri
o= Esto] theat o] A AREEE BT H A (Excess
Dissolved Inorganic Nitrogen, DINxs)®] 73-- 82 %57 oF+)2 3k
ola, 1 9] AL % AT BT & (19 ko= YERiTH

DINxs=[DIN]-16x[DIP] )

17| [DINJ 85771240 #%, 162 Redfield ratio, [DIPT=
SR FEE YERTH

N/P ratio?} DINxsZ ¢4 13sPd A A 252 P7} A3l
Aol ARk, 882 N&| #eJ o 1%t prt ﬂlﬁux}om, A Al
AL Noj #Jo] obd Zdelollx] P7E AIFRIAIRI 20 = vpepskar, A
S A Aol Nej o] opd AdelellA 582] 739 P} AEe]
Aol v A] AL Noj AFIRIARRI A 0 = vERsiT,

. — —_ 1
FAGETE] ARAAE eRd A Z3E Table 601 L

ERRITE. S22 salinity, pH, DO} 213 Aol & (1)
AABAIE BT}, salinitys 72, AAAF3 DIN, silicate?} &
F & (Y ABAAE B3, pHE salinity, DO, chlorophyll-a
9} oF ()] 733A, =2, nitrite, nitrate, DIP, silicate®} = ()2
£ B3t} DO salinity, pHl= 9F ()9 A3, 4=
A3 A silicateSts S(-)9] FHTAIE BlE,
9] ABAZY A8 A UERt DO el u
&S A7 B Ao ® eyt coD:
ammonia2}= F (+)94 S, DO & (1) AEIAE B
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2] 739 pH, DIP, silicate®} JL&A7}F §lo] nitrite 2 nitrate$}=
750] o Zlo= ®lth. 1
ast & (-] A BRIRFA, nitrite chlorophyll-asl= 43
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Table 6. Correlation factor of surface water parameter by spearman's correlation analysis

Temp.  salinity pH DO COD ammonia  nitrite  nitrate DIN DIP silicate Chl-a SS
Temp. -0.54™  -0.19"  -0.42"
salinity 0.10° 0.13" -0.21" -0.16™  -0.28"  -0.32" -0.19"
pH 0.15" -0.29" -0.13" -0.13" -0.19™ -0.29" 0.23"
DO -0.13" -0.15" -0.10" -0.10" -0.15 -0.38"
COD 0.16"
ammonia  0.11° 0.17"  0.59" -0.22°
nitrite 0.59" 0.58" 0.49" 0.38" 0.15
nitrate 0.89" 0.41" 0.43" -0.22"
DIN 0.38" 041" -0.27"
DIP 0.29"
silicate
Chl-a
SS
*: p<0.05, **: p<0.01 (two tails)
DOSh= & (-2 Z4#TA|, ammonias A|$Je F719YA = & Q1A o] AF3EE ERIBIGITE QR4 o AR QR1FE W
Q] FABAZ 1} HE 452 (PCA, principal component analysisys ©]-28131
Chlorophyll-ai= pHS} &F (+)8] T3, nitriteE A3 771 31, J-frdk(eigenvalue)s- 1K T & QR1E FEstal, 2713 % 9]
ARG & (Y AHEAE Bok 522 (S9) AF gk IRl Mgl A (varimax)yE Q13- W 0= o] 8agitt,
nitrite®} % (+)2] AHADAE YERITE LQRJIFA A3 5719 2Rl(factor)e] FEH AL, T4 AANH
o)/ de] At QHE i tﬂ-’f—% 7re] 3% A D AT I (cumulative %)°] 76.82% % ‘JrE]rLLE]— factor 1< < 2F%A (nitrate,

AE Bt

sojel WrEe TEARE AT

(factor analysisye 2AI3F3ATE.

)7 2R 7T Q1Y (factor analysis)el] 2143H4] ghdsl7] $
sto] FEA o thdk KMO(Kaiser-Meyer-Okli) 5= 717 3}
Bartlett®] T84 AL AAEALE A4 A3 KMO 25 7o)
0.571, Bartlett®] 784 7742 §22-&°] p=0.0002% 257}

nitrite, DIP, silicate), factor 2= A4 G2, pH, DO), factor 3 &

<(ammonia, salinity), factor 4= 2.$3=2(COD), factor 5= W%
AJAH(SS, chlorophyll-a) 5 5712 Q]l0] FZH Tt Q91 A )
Zr(cumulative %) JASE 2.2l (factor 1)°] 26.7%, A 22
(factor 2)> 18.8%, B 22! (factor 3> 13.0%, 2% 221 (factor
4] 11.3% “12]3 W54 29] (factor 5)°] 10.9%2 212} Lje}
JTH(Table 7).

Table 7. The principal component of Factor analysis and eigenvalue cumulative proportion at the study area

Variable Factor
1 2 3 4 5

nitrate 0.847 -0.103 0.045 -0.058 -0.178
nitrite 0.764 -0.292 0.052 0.205 0.213
DIP 0.758 0.282 0.103 0.256 0.052
silicate 0.707 -0.129 -0.085 -0.376 0.089
temperature -0.349 -0.764 0.427 0.077 0.097
pH -0.161 0.754 0.057 0.137 0.214
DO -0.229 0.734 -0.186 -0.073 -0.225
ammonia 0.119 -0.052 0.931 0.027 -0.131
salinity 0.033 0.461 -0.659 0.272 -0.223
COD 0.073 -0.037 -0.056 0.887 -0.067
SS 0.085 -0.100 0.006 -0.108 0.892
chlorophyll-a -0.087 0.390 -0.116 0.453 0.493
Eigenvalue 2.61 2.26 1.56 1.36 1.30
Variance % 21.77 18.85 13.01 11.34 10.86
Cumulative % 21.77 40.60 53.61 64.96 76.82

*extration method: Pricipal Compnent Analysis (N=56)
**KMO value 0.574, Bartlett 230.3 (p=0.000)
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Table 8. The principal component and eigenvalue cumulative proportion of Factor analysis at the study area by case (station and depth)
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Factor Total station depth
st. A st. B surface bottom
nitrate ) tgg nitrate nitrate ) t]e)n(l)
1 nitrite salini}:' DIP nitrite salinil'z-
DIP e nitrite DIP oH Y
silicate DO silicate silicate silicate
-temp. nitrate -temp. -temp. DIP
nitrite DO o
2 113% silicate salinity 1%% ;llltt::tz
DIP pH
3 ammonia ammonia COD ammonia COD
-salinity COD -ammonia -salinity ammonia
4 COD SS S8 COD
chl-a
5 SS SS
chl-a chl-a
Cumulative % 76.82 71.09 72.88 75.82 67.02
Aol whE 2R1EA At st. AS] B¢ factor 12 Al H 4.4 NHIZEN

AL (pH, 42, salinity, chlorophyll-a, DO), factor 2= %<
(nitrate, nitrite, silicate, DIP), factor 3> 2.%3(ammonia, COD),
FEHNL,
A A 72 71.09%3 T} st. B°] 3% factor 1> G A (nitrate,
nitrite, DIP, silicate), factor 2= A8 % B (2, DO, salinity,
pH), factor 3> 2 % (ammonia, COD), factor 4 WA Ak(SS,
chlorophyll-a) 52 & 4702 Q<lo] &4, +2 Az
72.88%% LFEFRITH(Table 8).
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S5l v
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factor 32 B
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/\_Tq O] Bl (SS
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okoé
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Fig. 3. Time series variation and trends of water parameters at st. A (black circle represent observed value, blue line smoothing trends by
4-point moving average, and black line regression equation).
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Fig. 4. Time series variation and trends of water parameters at st. B (black circle represent observed value, blue line smoothing trends by
4-point moving average, and black line regression equation).
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