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Depth <=4

WB0Dpecpl <= 336743

TRI14

uBODothers <= 11.30735

i ey
= WS_area ¢= 1900

= Volume <=577.2
= uB0Dalhers ¢= 105461
= HmearRan = 1323
Depth ¢= 3356863 [ZC0Dcless =] (78% Corlidence)
Depth 3356863
= Volume ¢= 3116

HmeanRain ¢= 1126

Heerfiain ¢= 1123 [2000class = 4] [31% Corfidence)
mearRain » 1123 (200Dckss = 3] (31% Confcence)
meanfian> 1136 (200Dcks = 2] (40% Conficence)

Wolume » 3316 [2C00class =] (3% Confidence]
FmezrRan> 1223

Rainratio <=1,327835

meanfian (= 1362 [200Dcless = 1] (25% Coniidence)
Amearfan > 1362

=i Depth (= 2660626
Rainratio <= 1106557 [2C00class =2] (31% Confidence)

Rt 1.108557  [2C0Dclass = 3] (5% Carfidrce)
Depth> 2660625 [200Dclass =2] (72% Carfidence)

Rairatin » 1.327835

brea<=55 [200Dclass=1] (317 Corficence)
Area» 55 [200Dclass - 3] [ Conficence

uB0Dothers > 106461
= Depth¢= 3070414
= WS_atea¢=T63

WS _area ¢= 104 [2£0Dckss =] (5% Confderce]
= WS_area 104

W8 _area (=130

Hmearfiain ¢= 1273 [2000class =5 (25% Corfidence)

SmeerRain » 1279 [200Dcksss =4] (3% Confdence)
WS_atea) 1)

uB0Dpeopl = 1957352 1200D0lass =5 (53% Conficence)
WB0Dpeople > 1957992

uB0Dpeople ¢= 2081024 [200Dclass = 4] 45% Corfidence
u80Dpeople> 2081024 [2C0Dckass =5 (5% Confidence)
WS _atea) 183 [200Dckass = 4] (70% Corfidnce)

= Depths 2070414

uBODathers <= 10,98

Wi _area (=06 [220Dclass = 4] (2% Confidence]
% WS area) 16

pih (- 4 §14135
W80 peopl ¢= 394757
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Hmearfians 1134 [FLQ1a10=4] [475% Confdence)
= hear 55
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1. Title :

SUMMARY

Development of water quality index and management model
for agricultural reservoir using artificial intelligence

technique(final)

2. Research period : Mar. 2011 ~ Dec. 2013

3. Necessity and objectives

3.1 Background and necessity

O Water quality model is used for predicting reservoir water quality and

estimating construction cost in planing stage of agricultural reservoir

water quality improvement project.

© Developed popular water quality models are very difficult for hands-on

workers who have a little knowledge and experience of water quality
model because they require much parameters for model setup and are

very complicated.

O Reliable simple water quality model is needed for hands-on workers for

agricultural reservoir water quality management.

O Water quality model can be developed from monitoring data of water

320

@]

quality monitoring program using artificial intelligence technique for

agricultural reservoir water quality management.

bjectives

Development of water quality monitoring DB and monitoring data

analysis system for agricultural reservoir

Development of water quality index estimation techniques from factors

influencing reservoir water quality using artificial intelligence technique

Development of water quality index estimation model for agricultural

reservoir and utilization plan.
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4. Scopes and results
4.1 contents and scopes
1) Analysis of watershed and water quality characteristics for agricultural

reservoir

O Agricultural reservoirs were selected for analysis of watershed and

reservoir water quality characteristics

© Flow rate and water quality of selected agricultural reservoirs was

investigated

O Analysis of watershed and reservoir characteristics of selected
agricultural reservoir using monitoring data from water quality

monitoring program

© A corelation analysis among watershed, stream, and reservoir using

monitoring data from water quality monitoring program and field survey

2) Development of water quality monitoring DB and monitoring data

analysis system for agricultural reservoir

© Collecting monitoring data related with water quality monitoring
program of agricultural reservoir (facility data, pollutant loading, water

quality data etc.)
O Analysis of collected monitoring data
O Development of monitoring DB using MS-Access and MySQL
O Development of web-based monitoring data analysis system to search

and analyze the developed monitoring DB

3) Development of water quality index estimation technique using artificial

intelligence technique
O Case study of water quality indices and modify water quality index

© Derivation of the major factors influencing reservoir water quality

among monitoring parameters

O Development of agricultural reservoir water quality index estimation

— XXVi —



technique using artificial intelligence techniques

O Analysis of water quality indices estimation result by artificial

intelligence techniques

O Selecting optimal artificial intelligence technique for water quality index

estimation

4) Development of water quality index estimation model and utilization

plan

© Development of water quality index estimation function using artificial

intelligence technique

O Development of water quality index estimation model using developed

water quality index estimation function
© Development of several functions for the end user

© Study of utilization plan for developed water quality index estimation

model

4.2 Results
1) Analysis of watershed and water quality characteristics for agricultural

reservoir

O Stream and reservoir water quality was investigated in the selected 32
agricultural reservoir among 55 agricultural reservoir located in
Gyeonggi province to analyze correlation among 'pollutant loading and
reservoir characteristics', 'stream flow rate and water quality', and

'reservoir water quality'.

O There is close correlation between ‘stream flow rate and water quality’
and ‘reservoir water quality’, whereas there are weak correlation
between ‘watershed and reservoir characteristics’ and ‘reservoir water

quality’.

© There are close correlation only between pollutant loading and reservoir
T-N concentration, and between reservoir effective water depth and
COD, TOC, Chl-a, T-P, CI'" concentration of reservoir.
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O Although discharge pollutant loading is better than generating pollutant
loading for estimating reservoir water quality, generating pollutant
loading was used for correlation analysis because there is no discharge

pollutant loading data in agricultural reservoir monitoring data.

2) Development of water quality monitoring DB and monitoring data

analysis system for agricultural reservoir

O Collecting monitoring data related with water quality monitoring
program of agricultural reservoir (facility data, pollutant loading, water

quality data etc.) from scattered information systems and various source.

O Analysis of collected monitoring data and development of monitoring
DB using MS-Access and MySQL.

O Analysis system of water quality monitoring data was developed using
Adobe Flash to provide various analyzed data and statistics values in

each management units and year.

3) Development of water quality index estimation technique using artificial

intelligence technique

O In this study we developed water quality indices estimation technique
from factors influencing reservoir water quality using artificial

intelligence techniques.

O Fight types of water quality indices (Korean reservoir water quality
standard for COD, TOC, and mean of 4 parameters(COD, T-N, T-P,
Chl-a), Vollenweider eutrophication state, LQI, rLQIL,, LEHAw, CODI)
were selected as agricultural reservoir water quality index. rLQIL, was
developed by same method with LQI using 7313 agricultural reservoir
monitoring data set because LQI value is over the limited range (0~

100) in low and high concentration.

© The major factors which is affected to reservoir water quality among
monitoring parameters were reservoir characteristics (watershed area,
surface reservoir area, reservoir volume, depth, irrigation area), COD,

T-N, T-P generated pollutant loading of each year (population,
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livestock, point source, total), yearly precipitation, and ratio of average

yearly precipitation for 30 years.

© Decision tree algorithm and Genetic programming were selected as
artificial intelligence techniques to estimate agricultural reservoir water

quality indices from factors influencing reservoir water quality.

O Agricultural reservoir water quality indices were estimated using
decision tree algorithm, Genetic programming, and multi linear
regression analysis, and the results were compared. Estimated water
quality indices using decision tree algorithm was close to calculated

water quality indices using monitoring water quality data.

O Estimation errors of Korean water quality standard of COD,
Vollenweider eutrophic state, rLQlar, and CODI was 24%, 18%, 23%,
35%, and * was 0.76, 0.59, 0.78, 0.75.

4) Development of agricultural reservoir water quality management model

derivation technique using artificial intelligence technique

© Fuzzy rules which can estimate agricultural reservoir management index
were inducted after training decision tree algorithm using reservoir
characteristic data, pollutant loading data, precipitation data, and

calculated water quality index.

O Estimation functions of agricultural reservoir water quality index were

developed using inducted fuzzy rules by decision tree algorithm

O Agricultural reservoir water quality index estimation model was
developed using developed estimation function of water quality index,
and several user friendly functions were also developed for the

end-user.

© Developed agricultural reservoir water quality index estimation model
has several characteristics. few input data (seven input data) request,
automatic input function from developed database by selecting existing
reservoir and year, easy and quick model run, providing calculated

water quality indices from monitoring data, providing statistics of
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estimated water quality indices by uncertainty analysis, analysis function
of reservoir water quality change caused by reservoir watershed

condition change.

Developed agricultural reservoir water quality index estimation model
can be used for understanding potential reservoir water quality pollution
by estimated water quality index, suggesting targets of agricultural
reservoir water quality management, characteristics analysis of
watershed pollutant loading management, water quality estimation of
newly constructed agricultural reservoir before construction, effects
analysis of newly introduced pollutant source facility, effects analysis of
watershed pollutant loading change, and linking with existing web-based

reservoir management systems.

5. Expectation and utilization of the results
5.1 Expectation

©]

O

O

Agricultural reservoir water quality management using developed water

quality index estimation model

Development of agricultural reservoir water quality improvement

technology

Agricultural reservoir water quality improvement

5.2 Utilization plan

@]

©]

Utilization for agricultural reservoir water quality management tool

Plan and design of agricultural reservoir water quality improvement

project
Determination of optimal water quality improvement measures

Advertisement of developed water quality index estimation model by

publishing research results
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(F 2-1) @A 3ATA 79 € AFA A4

x| B 2 Lgg] 82] wavaaea [ Aetesm
A ma | e | P | BOD | T-N| T-P| cOD| T-N| T-P
o | 698 136] 641 47 23] 19 15 47 151 0023
Nw | 526 347 8] 25 197] 93 137 132] 296 0103
a3 | 170] 48] 145] 30 Al 5 03] 53] 104 oo
w4 | g0l 144] 701] 49 79| 57| 45| 42| 226 0040
st | 7100] 2209] 15217 66| 1850] 924 1539] 60| 251 0.080
g | 45| 320] 1859 58] 43 32 31| 52 158 002
Fel | 360] 155, 488 31 23] 18] 14| 64 112 0055
A% | 630 154 578 37 13| 17 12] 40| 164 0022
gA | 205 1200 87| 73 3l 4 03] 57 099 0025
g4 | 790 538 3064 57 51| 38 30 55 143 0030
s% | 5000 247 75 29 420 212] 403] 108] 342 0138
ol= | 9624| 3054 20006 68 1732 840 974 67 186 0064
mar | a12] 204 1698 s3] 271 21 15 38| 239 ooz
a9 | 1250 216 943] a4 101] 62| 62| 36| 235 0032
T= | 710 145 483] 33| 314] 101] 105] 62| 227] 0065
AR | 75| 393 2164 55 119 71| 74| 50 122] 0.029
o | 12200 366 1,166 32 429] 152| 15.1] 55| 222 0047
= | 628 59 1014 18 52 270 400 123 162 0112
9% | 1565 836 2077 25| 1679 508 562 93] 418 0123
we | 716 362 1071 30 143 62 60 77 172 0052
g | 2270 827 3547 43] 40| 241 279 80| 147 0.061
Fw | 1320 503 1840 37 36| 150] 148] 95| 342 0124
mo | 830 494] 600 12| 256 156 222| 117 264] 0.099
gt | 770 377 1023 27 9| 60| 60 66| 178 0061
Az | 301 158 54| 34 7 39] 34 60 183 0052
4| 287] 184 1223 66| 21| 16| 16| 59 1.72] 0037
o7 | 380 254] 94| 35 46| 26| 28] 74| 214 0063
W | 37| 223 614 28] 774] 404 679 139] 282 0201
= | 4830] 1384) 12047] 87 237] 203 173] 67| 184 0035
98 | 730 405 3486 86| 15  19] 13| 50 139 0025
S| 794] 166 1594 96| 17| 22| 15| 42| 138 002
« NI FRAERY 242
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AARE 3N AFA 9 F9HAL H A 170 ha(yrdh), Hdl 9624 ha(e] )
olm HiF 1366 haz A5A w]e = o] = Vel o). ZAM A A 424
o] BOD #AF-3} =2 H A 3 kg/day(GA), Hd 1,850 kg/day(aL4h)el™, H
7+ 328 kg/day® YEFRETH H o) BOD A H-sleES frolo] 7 2 a1k
o} o] s A =A YEt o, E A= F9HA o] 1555 haZ 317 AF
29} vlarste] Fato] Zh7kgl o BOD ko] 1,679 kg/day= w9~ =4
Vet QARG HE SEXE A Qslas FIHHo] 42 A
Hahgol] = Jehy dAH e F9uga} vfg =S i (R>08)
S YEr Ao FEA ] A9 & EA 9 F4r) 2o
A ds A WEEHAN 1 F

F2 v A3 ok B FA

[o

AN oo
ro
S

zk3 9l o1} BOD W& F-ah o] o]5A9 8 1

], o] 2 A sl A2 F9AZ I wjEH sl Fo
20139 FASAE Ay didAFA 31 A5 COD

mg/Lolt, WA 7 139 mg/LE M =& 5EE

sA 9 TA =02 EA YEEth COD7F 7HE B A A=

AR 2 Z47E 36 mg/Lot 38 mg/LE FH T H OIewS YErATH
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(¥ 2-2) F2FA dAATA 9 K954
fr oA Hk A 55} 2 (kg/day)
(ha) BOD T-N T-P
min 170 3 4 0.3
median 716 101 62 6.0
max 9,624 1,850 924 153.9
mean 1,366 328 156 20.3

( 2-3) FAZ=A HEAFAY AFAEA

Ay | BT TR | B REEAML) | 5g

Am) | ) | COD | TN | TP | &
min | 145 | 48 | 12 | 36 | 099 | 0020 | 2
median | 1023 | 320 | 37 | 60 | 1.83 | 0052 | 4
max | 20906 | 3054 | 96 | 139 | 418 | 0201 | 6
mean | 2712 | 504 | 46 | 70 | 202 | 0061 | 4
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Ae] o] 0,003 m/sE
2(830 ha)e] A$- 3170 A%A

ke A GA o vlE] 1008) o] A 2 0477 m/s 0429 m/sE UEFTE o] &
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AFE COD7} 7H4 =i, wbS Lol A TOCE H|4=38 HaFo = xALE Qi)
SS¥ F9eo] gFE 4 2 A oF wakA o A 1.8 me/L, 2.2
mg/L= 7HE stk om, sl I g w29k o] A7} 653 me/L, 52.3
mg/Le = 7+ =4 N, T-P= w| & §AF8 AeS
et =, 95F-A9A T-N& T-P7F 2+7F 099 mg/L, 0015 mg/LE &
7b vrgkom ) FukA of YA oA T-N2 90 mg/L ©14, T-PE= 0.7 mg/L W

S TEE YERITE 98-l T-N, T-P7F 2 59X
o} BA o= A=A W COD, T-P, Chl-a7} 714 =& %<& YEy
FA A F S v AoE ARoEnh

T s P

FA, Al A 169 me/LE 7HE
[e=] ¢}
- ~1-

= =, 5 of 2ol wiL, st 4
A B3 SS, T-N, T-P 5] W9 58 FE& Hebideh sAA 9] 45
frdetdel #d2 Fad fJoldon A5 XM COD<} 557} =7 e
=, oo ALATAS 0]

s

L_l
Q

[e)
S OD7} 153 mg/Li ¢ =2 % & e
=g, L 1 ZAgor; 223 AFATre] AojRa, U5
S S Ao g Helt) SSE= gakA], o]
G S vEbst o, A, AR Ol A 20 mg
o ® - =A yEtsk=dl, ol= CODSF Chl-a®t vwil-¢- FARSH 73502;1
=2 23} SS9 =717} a7 e Ao g g
thoold g AgA Y] AL FAdetd =AE ol A vErd T-N, T-P 5 4
FA A el fekd s A5
olups A9RE umm} 2ol #stalel T-Pr}
0.269 mg/LZ =& FFoll o 4449 Chl-a7} 23 mg/LE 713 9A o

s, mae] el o] el TPE XdE U5 HEow
ot J

+
o
lo

rﬂ ooz 2o xe h N 3T r1r

A} A3k AZASE F95 3 R RAR FERATL EE RO
2 B, Sold £ W A SYS 2 RAAE A5A F95
Ao $4 ARz Aol ol AeHh BE FY5HA 2AE @
Mol 2AP} wepstthn wasv, A5 £4 A5 95l 3719 #

= = -1
detx mUg ol Fastt) th dol A A5A 9 FAstH =2 B ooly



g AFA ALFY F9 AAE 5 X33 FAdA BAS T8 A5A
T G v A= 84E ot BT
(& 2-4) FrY3td dF=xA 254

9 S COD TOC SS T-N T-P

3k (m'/s) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
o 0.073 2.9 0.8 75 3.95 0.058
A% 0.002 10.8 7.4 79 5.76 0.443
Akt 0.003 3.0 2.1 3.0 1.18 0.039
= 0.068 2.5 14 2.6 2.06 0.032
At 0.190 5.4 2.7 18.0 3.24 0.117
gk 0.022 3.7 2.1 7.4 2.10 0.053
i) 0.010 3.8 2.5 4.0 191 0.080
A5 0.018 2.4 1.4 2.4 0.99 0.015
A 0.017 1.8 1.0 2.4 145 0.014
+4 0.016 5.9 3.0 38.1 2.22 0.146
+3 0.008 9.0 6.2 7.4 7.10 0.160
ol & 0.477 6.5 34 20.0 2.24 0.079
u] At 0.037 3.9 2.2 2.2 468 0.269
449 0.193 3.2 1.6 3.0 254 0.060
5 0.096 4.8 2.1 41.0 3.95 0.256
7134 0.414 48 3.0 46 350 0.122
El] 0.408 7.4 48 13.6 4.22 0.356
S 0.040 10.7 73 11.8 9.49 0.654
S5 0.191 7.4 49 43 7.74 0.121
BE 0.031 8.2 5.0 56 2.48 0.139
SRS 0.085 4.6 3.0 6.3 1.98 0.061
&9 0.183 13.6 7.1 16.9 9.14 0.785
R 0.429 9.8 45 65.3 5.14 0.096
£ 0.018 1.8 1.0 2.8 2.11 0.036
AT 0.025 4.4 2.9 7.8 2.33 0.135
3 0.018 2.0 1.0 1.8 2.28 0.019
o] A 0.034 3.4 14 52.3 2.37 0.041
Fle 0.025 135 7.7 185 8.77 0.339
=% 0.103 3.4 2.1 32 1.97 0.057
A& 0.091 2.4 1.2 2.3 1.50 0.030
A 0.116 1.9 1.2 4.1 1.36 0.017
3t 0.111 55 3.1 125 3.61 0.156




(% 2°5) A5 A A4z A%

A 2= COD TOC SS T-N T-P Chl—E} ;’F;él
mg/L) | (mg/L) | (mg/L) | (mgh) | (mg/L) | (mg/m) | S
o 4.2 2.36 3.6 1.63 0.017 79 3
qs 15.3 8.69 12.0 3.09 0.108 53.1 6
At 4.6 2.94 4.6 0.79 0.024 9.5 4
=3 3.6 2.08 6.9 1.96 0.025 7.1 3
LAk 5.4 2.97 1.8 2.68 0.032 3.9 4
Ak 3.6 2.36 1.5 1.83 0.014 2.8 4
& 6.4 4.24 6.4 0.51 0.041 191 4
A 3.4 2.01 6.0 1.40 0.018 4.2 2
A 4.8 3.12 3.6 0.95 0.018 9.3 4
& 5.2 3.6 6.5 1.69 0.031 8.3 4
N 104 6.99 11.7 4.33 0.086 56.6 6
o] & 4.2 2.36 1.6 1.62 0.015 2.9 4
ks 4.0 2.40 14 2.17 0.016 2.3 2
44 3.8 1.86 2.8 2.20 0.018 3.8 2
T 8.0 4.64 156 1.73 0.053 181 4
713 5.2 3.22 5.8 1.25 0.025 24.6 3
Gl 4.6 2.98 4.6 1.96 0.022 74 4
s 16.9 8.89 22.8 0.92 0.093 1124 6
&E 10.2 6.18 13.3 3.85 0.055 39.8 5
HE 7.8 4.44 8.5 2.04 0.034 139 4
EhE 94 5.98 9.8 1.63 0.070 54.5 4
&% 10.2 0.92 16.8 3.66 0.116 7.2 5)
= 5- 16.9 7.56 19.0 2.66 0.064 95.9 6
|5 7.0 4.46 9.4 1.57 0.056 38.7 4
22 5.8 3.78 3.1 1.93 0.027 6.6 4
RN 5.4 3.76 6.9 1.64 0.030 114 4
o] 7.8 4.81 11.2 2.26 0.057 34.2 4
Tk 13.3 8.22 11.0 1.96 0.095 52.6 6
=% 4.2 2.65 8.5 177 0.030 9.9 4
d & 5.0 3.00 4.7 1.21 0.016 9.8 3
Ak 16.9 6.32 24.5 1.51 0.065 61.4 3
3t 7.5 4.3 8.6 1.9 0.044 277 4
—/:,i<‘71§3t)}]- 6.9 3.8 2.02 0.061 10.7 27.8 4
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3. 79, 3, AFA FFAA B

7h BBA EAEY

FEA5A Fo, Ft
2 1
o

<
T
20113 F-E 20133 7hA] Z2AMS A71= W A5A Y] FUsHY F3F 2 5
A AFEA FA 2 N0 =AY A8 F9 L ALA AL, AFEA F
A2 B S SPSSE o] g3 APEAS A AT SALABS} A=A7E
<19 2-3>3F Fo] SPSSoll Y& 3 AdHAREAS 9o, =
[ex]
AR

1= 1= j—
oz of® Qdatrh sk B A o) e JEFE A=A

.

SPSS Y #H A=

[F2e F=® wiv 6oHo wso =4 O#E0 SEeH0 Sw EsEe)

=1 s -~ BE M &Y B 40
[ g

[ AEZ | samm | maz | omom | oaad | sops | soodl | wa ||
&2l 360.00 5442.00 16.00. 3.10 26.60 3120 10.70

"
2 == 71000 158200 15.00 320 254.70 262.80 68.60
El =2 980.00 983.00. 14.00 500 58.80 70.30 2230
4 EEE] 63000 162100 15.00 380 5.50 1250 1.50
5
3
7

FETE e
BAOSOERCERC

50000  28692.00 25.00 2390 375.60 38210 169.10 i oe
17000 5318.00 500 290 570 7.60 150
61600  1039.00 35.00 250 228.30 235.10 103.20 1
77000 126200 38.00 270 54.50 6410 1470
287.00  4976.00 18.00 6.80 36.40 39.70 14.90
485.00  4612.00 32.00 580 3330 39.30 14.00
79000 1080.00 54.00 570 78.30 87.80 3750

osos

22600 402200 1200 730 1.00 320 £}
RO ET 7100.00 206.00 230.00 560 155970 163770 758,50
u_|zs 73000 39800 17.00 940 720 14.80 1.90
5 |=2% 483000 25900 138.00 870 50.80 104.40 2220
6 O 124000 116300 4100 850 4990 6360 2180
7 |ois 9300 00 6300 305.00 690 184600 196110 62240
18 |we 122000 669,00 37.00 320 21840 23290 7870
C] 38000 459500 25.00 360 4830 5290 16.60
20 & 755.00 72500 39.00 550 67.60 7650 2870
7 |=8 71600 122800 36.00 300 133.50 143.00 3960
2 |us 185500 471.00 84.00 250 50180 52170 140930
23|22 83000 109200 43.00 120 27250 28430 12570

2|92 227000 404.00 83.00 430 38250 41100 129.00
5 ERE 1320 00 194.00 5000 370 170.90 187.10 60.20
% |=% 62800 1315.00 56.00 180 198,80 206.90 8150

Y. fFdstd 3 vs. AFHA

2011 ol A 20134 3 &
ste] A5Ash F9aHe) FRAAE BAh FUsAe HF 2 5
A3k AFA0] FAS AR BAG ARE (F 263 2k AAH o
Aol #A3 A5A FAAfolel e AnBAS Uehd, fetael &
Aol A5A 54 2 P A AL & F Ak BEFAEF 2
ol o] o] g AFA 9 CODEES FFL vIAE FU5has] £a%

2 A Yepth =3 A 4R SSE 98 SS9 0699 A A =
o AFA Y Chl-ax F¢atd e T-P, COD, TOCS A##A7F =9k,
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(F 2-7) #9 2 A5A AL $29 FBAALN (IS 314 A8 ol §)

G =AuAE AR ZHYR R
. o BOD | T-N | T-P ~ | e
T = %’2 %,xg%f, %/ng%fl %—:%fr AgoF Sé—;; ;j:’]'
COD | 021 | 005 | 005 | 011 | -025 | -0.13 | -0.53™
4 | TOC | -021 | 006 | 006 | 012 | -024 | -013 | -0.55"
=] ss | 001 | 009 | 008 | 007 | -0.06 | 006 | -0.42"
.| Chl-a | -017 | 003 | 005 | 010 | -020 | -0.09 | -0.45™
2| TN | 016 [ 039" [034" [ 032" [ 012 | 014 | 002
TP | 001 | 009 | 009 | 012 | -013 | 003 | -0.41"
Ta -008 | 015 | 014 | 016 | -0.14 | 001 | -0.50"
FA%H | 019 | 011 | 008 | 011 | -024 | -0.10 | -0.61*
o2 A55de] obd A4 A& o8t f9 % AFA Al
A ko] ARPAS LA o] &9 AR Re 8 AT T4 T H
FEE A 8IS AFAE d R 200095 20123744 9] 12493 F
TN AR setE ol &3] wAeglen, 1 A= (F 2-9)°0 HEH
o 82570 SAY W AAel s ek g A 1% F el A
BOD, T-N, T-Pe] A58k, ook AxA Aol ok 2
Aol o= Ao YEtow of 5 Abel o] AeAlTe g v Jlo®
A st o] 11 wlal

Bt webd A4 459§ 9 457 A9
Ho=Z

=
2% A4 stefo] oje e

9 SAYAR AFA SAHAYGAR
=4 o BOD | T-N | T-P :
o . Fia fra
(81571 %) g% %%f WA | Ay | A5 ﬂg ;{
5} sk | ot
= | COD 0.00 | 0.06™ | 0.06" | 0.06" | -0.01 0.04 | -0.30*"
Zé} TOC 0.01 | 0.09* | 0.07** | 0.08"™ | -0.01 0.03 | -0.29*"
Anj
[e}

Chl-a 0.00 | 0.09* | 0.09* | 0.09* | 0.00 | 0.05* | -0.24*"
T-N 0.00 | 0.24™ | 0.22* | 0.23™ | 0.05 0.02 | -0.10"
T-P -0.01 | 0.11* | 0.10* | 0.10™ | 0.00 0.03 | -0.18"
&5+ | 001 | 0.07 | 0.06" | 0.07" | 0.01 0.04 | -0.32*"
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(HydrolabAF, Quanta)& AF&3te] A3k, COD, Chl-a, T-N, NOs;-N,
NO,-N, NH;-N, T-P, PO,~P, TOCE Al &21F & A oA 429 93 A|
ko] wel 43514

3. AAE Fdstd 2 AR FEEA A
7}, " AEA A
HAA A = A 442 ha, WA 204 ha, A7 1698 Hm' TR
of AFA R AgeFo] A, FHlo] ZHom FHo] AF T FHE FA
sk AFAolnk, ZAMA I Al7lo wE
<a¥ 2-6>] e ATH
<aH 2-6>00 A4 S, S2, S3v= ek XA FEE on kil Stream
10] A =& ol tal 7ted s dA Fdarze o
Fol, Reservoire A 7% TGHF-AA 24
| A= 2ol glojA sk
Hxpgw o] &3kt
H) Ak o] CODE= A Aol Al AW Fito] 201155 20133 7b4] 22t
3.7 mg/L, 51 mg/L, 42 mg/LE & =}o] glo] A< dA s
20129 tha =okow 20124 8ol 76 mg/LE 7 =2
3d < COD7I# Fd5 7l 98T 7471+ olst&
nabA o] fFdEkdS Al JHe] skde] fYE = AR
ol 0135 m/s, 20124 0.046 m’/s, 2013 0.079 m’/so]™, A A =
0.091 m*/selch. Al 7Hel fdakd F S19) 3dzt 5% Hato] 0071 mY/s= A
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A frEFel 18 %5 AA skl 9lof S1e] FHo] mAkA FYdg FAES AT
o} sk e CODE 39 Hat 35 mg/LE AFA KT} tha Wk o) A}
A7 B2 sk o] COD= EV\ "2z 2A vetg b =2 A7l =
81 mg/LZ YEPon, 7h ve w15 mg/LE 2AE AL, AA] COD

o} vlulalo] il eSS w t}.

Chl-a¥x 397 #ite] 79 mg/m® olH, 2011¢ 57 mg/m’, 2012 10.1
mg/m’, 2013 84 mg/m® & FAIE o] Axw 2= 2012d 7 Egkon,
7% 890 202 mg/m’ Z 7HE =9tk 2011d 7 2012 0= B 7F9-A]7)
o] Chl-a7} =& Z3S Vehgl ot 2013do = w2 23 7FSo] =&

J%E
2

3
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e e Ak e 2l Chl-at: 2011 89 S201 4 157 mg/m’ 2 ¥4
Uehd 218 Al9lskal 5 mg/m’ o3hE frAEka Ao, A woh v
& wEE ey,

AFAel A T-N& Az 2011dol A 20139 2H2E 286 mg/L, 2.33
mg/L, 246 mg/Lo]om, FAIA 7] MR 2 WES HolA &t FE
el T-N2 33t vt 475 mg/L o, A= Hd2 o7t 744 AN
out iz 011del ol F- el vra 53 ksl =4 e e, 2012
9 6ol 976 mg/Lo 2 =AMV T 7HE =Skt A ] 393 "t T-N
© 257 mglL= 2= A7JelA 879 T-No| A% wth =4 vhehyeh
SRl flatio R Sole Ak

of oa] AgAelA v A YEhd Aow

Hl W& 218 4]

il
AeE s ARt f9etd fae fYEe A48 s 19
TN A S Bitel AE D ATE HAGAE A5 BaE
AGeia wael NOyk 829%, NH7h 6% 5 A48k Qe ek e
Aire

NOs7} 65%, NHy7} 21%S =}x]star ¢l i ot
T-PE= AAHoz T-NIt Ao & HAegor A=, A44] 2
39 HiF T-P= AFA oA 0.048 meg/L o™, 2011 0.088 mg/L, 2012\

0.024 mg/L, 20131 0.024 mg/L= 20111d 0l & 3fjoll vl 3uf o] =A o
Ehuth WEEE TP WEo] Tad 4ol slglovt TN 2& %ol
FAS eI 397 BF $9 F S5 T2 POSE AA S )

S 4%Z T E R 714 9 Qo] xA|FHE H|go] ] 2 o
AR T ) sbd o T-P+= 2011 S+t 0251 me/L, 20121 0.345 mg/L,
201311 0.173 mg/Ll o™, 3d Hito] 0247 mg/LE ZAMHATH A==
201240l 7Hd wskom, 53] T-NelAM &= 7Hd 2 g2 el 2012
d 6dol T-P7F 0949 mg/L& 7HE =dvh skl 1o &4 de=
%9 F POt 66%E AA S glo] AFA A 14%5 AP 27} v
st wi-¢ =2 Hl&& Kol Utk

AR e M = ek SlesRE E2 s&= T-N3 T-P7F ¢
Aoz ZAE Ao 1o nj s Zi—rﬂoﬂ* S s YEh =,
= A AFAR FAHEA FAol Zafol os Hadt dom
A agla] A4 9] CODSF Chl-ale SHA YEhtbe Ao Bt
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<Y 2-6> MAAFA FUHA L AFA FAu5

=!
7% EAAl AT FYUAFAE FAEA 1,200 ha, WHFHEA 216
2 U3 Am qrEe] AFAR ¥ A A5A T KA e] g 2
A2 5ol 270 shxlo] b= gHReke] S1 A&
AZ FUH I gdor, o] nas F2 A otk felatd B 444
% Wb <oy 27>
| Y A9 COD= 3d3F Bt 39 mg/LelH, A 7] 5 20124 64
e Alelsta B 5 mg/Lelste] AR s U
Bl o ATk F98t3 el CODE 39zt ite] 25 mg/LolH, 2011 F-H
20139744 7t7t 34 mg/L, 24 mg/L, 25 mg/L® YERY 201190 tha =S
9 Aoz AT 2ARAY] FSelle "ol g w2 2011 9] 59
84 mg/L2 7H Eokth et el frade 3d Hat 0300 mY/s® W AbA 9]
frfat Hlaste] 3u) o) & Ao yEhkth dRERE 2011d FA
#Fol 045 m¥s2 71 7o, 201299 0129 mYs® 7HF v, 20131 o]
0.266 m’/s = ZA}EJ ATE ZAAIZ] T 390 dFor FFo] W Z A7
7hEekem, fowH el & nbE Aol o3 ol 2 A<= Ak 2011
doll = 7€ 2} 8-91011 47 29 18 ol 2 %%ko e $len, 20121
993t 2013 7€, 99 AR 7]l 04 ool R FS vhehATh

[e)



A4A) 9] Chl-a® 3W7F H# 83 mg/m’, 2011 84 mg/m’, 20124 6.1
mg/m’, 20131 99 mg/m® & ZAlE o] AxH pol= =LA UERLFA 2gko
™, 20139 7€l 240 mg/m’ & e RS ALt AR 7] e 150
mg/m® o]8e] F£F=S& e th Chl-als A=A CODSF Hlmsle] &4,
HWHE el A7I7F A A & A nt e FgFo g Frt ALY
A VhERRtT

T-N2 A5Ao) A 3d 3t 245 mg/LyoH, 2011d] 274 mg/LZ T}
2 3ol v3) thA E=A Ve AFA Ahe] EAFPEE 2AEA e NOy
b FAL T B%E QFES AL AT FYsde] T-N2 3dzt
Wi+ 317 mg/Lol R on AFR oA e mprbA 2 20119 ol 4.00 mg/LO &
b Eokth T-N2 abd o] faFa vjaste] fFo] 7Hd 2gkd 20114 4,
5o AaFE7t 50 mg/l o) e R 71 =7 vElth §95 - A A
Ao EANFE = &%7F Ao, oA A 7 R ol 1% ©]38tel A

O FALE o] foo AA F dEYole] FF Ul FAA LAl gl
FE5T A3, AFA FY AARA mdebiaA FHE wa Al DAk
o FEE EAst gl Aow FdH,

T-P= AFAdA 3@ Ha 0053 mg/Lel™, 201293 2013112 ZH7t
0.030 mg/Le} 0031 mg/L%E rAFstu 2011 el 0.091 mg/L= = A EFS T
2011 ol = 59 ¥ 9l Z+7} 0138 mg/L¥ 0115 mg/L= w5 =%ew, A
3 el g 2 ek A5 A EAYHE 32 3 A o
o] 3 Hit 0006 mgLO 11%2 AAska Qo] th¥i F71@ e} obd
#7148 Q9 Fem EAsa Ak FUSHA T-PE 33 BT 002
mg/Lol ], A5A ol A9} phabA 2 011d0] e 0134 mg/le 7PE B3
o, 593} 990 714 ¥ ZAHUG fUsHANA e A EAGHE E
A% 2597k Ao EASD glol AFAS} 2 el E vhehA
91, T-N3t 2ol f9JsHael A 54 Fefe] vgo] wateh F9%
AsHe dFLF G2 G2 g EAT A5 AFANN 4B ELA
£ Holz 47| o] $H BT FE AAE ou], 1 ugo] b Hx
Aol ek vl vhehd,
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<adg 2-7> §YAFA Fdstd € AeX +2ds

7% QA X & ARAFAR, F9HA 391 ha, WA 168
ha, A= %2 544 Hm gt &Lo] A olv, v 7| A5+ T vt E"—?Jﬂr A
Fol 7HE Atk Frdehbd H AeA o] AR st < 2-8>7 2

}, é‘%ﬂfrﬂi %?M—t— bl 271 EAEHH, S19] f e 0.045 m’/s°|
A7) 9ol 81%E Slo] A &kaL 9)th.

A=A 2] CODE 397 Bt 6.2 mg/Lel™, 20119 56 mg/L, 2012
70 mg/L, 2013 6.3 mg/LE ZAFE o1 20121 69l 11.2 mg/L, 20134 8
el 96 mg/LZE =A dvEhd 1S ALstal A% 45+ 745 A5
AATE et el CODE 39 Hi 44 mg/L, 2011l A 2013 2+ Bt 44
mg/Lm 50 mg/L, 40 mg/LZ Yelgton thal2 AFA KBt ekl A
TE7F GHA YERth ol A Aol B 49 frlEe] FYEAY Ui
A AFE F71E oal COD7F AFAlol A =4 Yehd o2 dder)

Chl-ax AFA oA 3d7F HF 136 mg/m® o™, 2011 103 mg/m’,
2012 194 mg/m® 20139 127 mg/m’ 2 YERGTH dxEE 2 201249 7}
2 Egkom FAAY] F 201293 20139 9] 8¥ol ZHZ; 473 mg/m’ 335
mg/m’ 2 vl$- =& =S YERATE XA M= AF Chl-ael WE o
n) A=) o} &8 x] 9} vlaste] tha 2 Hollow Chl-a7t =2 A7)0 thA

HJ ri
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2 COD®E F7}ete= 23S ety
T-N& AFA oA 3d7 F 4+ 1.80 mg/Lol ™, 20113 58 20133 7bA 2+

A WEo] 233 mg/L, 158 mg/l, 14 mg/LE N11do] AiEwrl vjs
=t FYskd e T-N& 3d Het 275 mg/L, A== 7} 331 mg/L, 2.39
mg/L’ 2.45 mg/Li Xﬂ —,—X]A T- N.L]— UHT -,T/\]-?S]— 743]50 IA—FJ»LH T;]— ,Z:/\]'/\]

7] EFQF AA Y] AT et By UA yEY e AT A
oA el oef F=7F Yol Ao w A, i EAFHE A
X T Aol AFA 9 Yt Al 77 58%2F 80%E WEFI Sl e H, <F
Euolrt 2b2E 10%$} 5% S aHAskar At Aabde] fdehd B A
Ao B w2 AL A Ao HlEo] su= Ao HEEHAEY

T-PE AFA A 3d7F 3t 0067 mg/L, A= Fte] 7+ 0101 mg/L,
0.046 mg/L, 0.047 mg/L= 2011l A vepsgten, Fstddel A= 3dzt

Hire] 0134 mg/l, 2 AEEE 0168 mg/L, 0139 mg/L, 0.098 mg/L=E ZALH|
Atk frletzlel T-Pi= vtk stopA= @S vehliglen], g Ax
Aok vt = AFA BT FYatrol M FRl =T SA e <l
o) EAFE = AFAdA FR F A2k o 1 %% YEhhl e, &
Aokl A 53%E WERAT Aok vV R A EEFAES] o8
oja PGl S7hE Aom welth

S1 S2 Stream Reservoir S1 S2 Stream Reservoir

Now N w,
S & © o

-
o

COD concentration(mg/L)
Chl-a concentration(mg/m?)

o

4 7 10 12 4 7 10 12 4 7 10 4 7 10 12 4 7 10 12 4 7 10
2011 2012 2013 2011 2012 2013

S1 S2 Stream Reservoir S1 S2 Stream Reservoir

0.5
04

0.3

A
3 W W‘J ‘ 01 E
[~ ™aa_sb
0 L L L L L L L 0.0
4 7 10 12 4 7 10 12 4 7 10 4 7 10 12 4 7 10 12 4 7 10
2011 2012 2013 2011 2012 2013

T-N concentration(mg/L)
T-P concentration(mg/L)

<1y 2-8> AFAFA FU%A L A5A P95

_34_



2, WA A

A7 P Ao A S A SR FA9H A 375 ha, WA A 223
ha, A5 &2 614 Am' 5] AFAoln, fdahxd B A= AW
AWt <9 2-9>¢F 2 AFAFAZ FY
S 0019 mYsol W, S2& 0011 mY/sE S19]
A&t YTk,

CODE AFA A 3d7F FT 184 mg/L, 201114 2013 9] dAww
o] z+7} 155 mg/L, 21.6 mg/L, 19.1 mg/LE vebo] vlm 3 2011d o] vt
Abs o) 2012 7 20139 6ol 2+ 492 mg/L, 41.8 mg/LE
ZE5 el f9skde COD= 3@ Har 116 mg/L, A=
7} 93 mg/L, 162 mg/L, 106 mg/LE e om 20121 6ol
458 mg/L& YERITE o] A7 ANV F fel 7HE &
Uﬂ], T-P7} 71 =2 552 FHEA
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g 2 rjo of
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32

WA 42 9] Chl-at 337 o] 1262 mg/m’ o™, 7t =9 34t o)
130.7 mg/m’, 1205 mg/m’, 1259 mg/m® & v]szah ot €W l}‘ji}ﬂ e =
Al VeSS, Chl-aZt 200 mg/m’ & Z3shE A= 20119
6¢ F Wolu AT A4 Ao € TV =AY W 73?‘%}
L UA ke, Chl-a7b =2 Al7]el 2 @S2 CODE =4
T-N& A5A ol A 3d F3t 262 mg/L, 201155 20133 74+ zHzh o
o] 307 mg/L, 242 mg/L, 2.31 mg/LE SSt} CODSF= whoh & 20119 713
= vehgth ek e T-N2 2011l 1179 mg/L, 201243 ol 7.76 mg/L,
20130l 830 mg/Lo= AFA oAk o] 011del 7H 2 FEE B
om, A7) B T-N 3t 945 mg/LolH, 7bd w& wol & 5 mg/L
ojgo® frelsle] thE AFA e HE Wy £ TEE et A4
o] EAFH = KAt A dakd o] 67%, ARt 22 %5 2FAIEke] T}
2= AFA st vlarstel ekruote] Hlgo] wig =gtk WA=
Jo R H FA edde] Wel fHE AFAR A4 edd o
Fom gtwuole] Fr} ok A4 Aa FREE FMAVE Aow v
ek AFA ol 9] Ao n&e Aol 36%, GEUIE R YA =
3 E R A
290 mg/L, 9= Fte] 7 0381 mg/L,
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02556 mg/L, 0.225 mg/L= T-N¥} +o] 2011 7} s=7F =%k F9 3t
A T-PE= 20119l 0393 mg/L, 20121 0.441 mg/L, 201339l 0.304 mg/L
2 Z2AEen, 3d Hito] 0373 mg/LE T-N vpz7iA 2 A gl
T 7P =& w2 E AT 99 SAFHE FYstHAA T 5 <

&0l 66%% =2 HES UEtl oY AFA A 14%E LR o]
g AesdaEe] F6te] A FHE He Zor dddnh
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AAH oz A5A0 FAE CAHEI A Rol A o] AR} 2
A vhebt 2AL S5k A7 el mhet AL S B2 dold b
o] Q= 7o BeHh Ed WA e 2o fdsHe Fho] WA
FeY v EH FEoR ednol A5 FAS G AS £
G A olel Agel A, $40] A A4A B GFL we Ao
2 A W ohe dgd GFAAT A5A FAhel P WA How
AR ek o7 45K 54 5 oY 9 A4E ARl £
How A5A FeE Bhslo} st
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o SAEHA T4 A7 1™ GRE, 2007~3 8 F)
(1) S=sgTd J7HA
(7 LQI(Korea Lake water quality index): 3= & 4o oF3} x| 4=

TEvet A8 SA4S et F71d {71 &
COD, H-AY Fr7lE2 AEEFAES] d&FS Halste Chl-a 18
FGgste] Tag ddo] H= A TP & Al 7HA& 3
om AAsAT B Brais
o] mediane] 7HA= X FES ARGt H7F o] tiste] 25th
percentile, 75th percentiles 2F&38}A . A =29 HAHS 2 A
percentileS #= 4022 75th percentile2 A4 6002 A3}
2374 S madgste] A ststa LQIY ZF Alggte AArekdh 2+
]/\}/\1 [e] 1;1r J)r 71-1;]_

m{n
o
Jm
oX
o
H oK

LQI (Chla) = 122 + 386 log(Chl-a mg/m?)
LQI (T-P) = 1146 + 43.3 log(T-P mg/L)
LQI (COD) = 58 + 64.4 log(COD mg/L)

LQId ¢l3 & Ef
oo 18] ar 700142

49 A b4 LQIE FEste] Lhehd Ao 9%
27} 50 %] AEAE Fof BT LQIE AGh

259 WEA XS] Chl-ao]v] TP 259) 1
5 Ao 717 25 %8 HEAE Fol e A
o T-P 32 9o FHEG grg
of el FHEE PSR da GrE S8

A xS Agste] ALkl ARggin

=)
rr

Bt LQI = 05 LQI(COD) + 0.25 LQI(Chl-a) + 0.25 LQI(TP, Turb., SD)

St E¥3leE U] ASA 500719 -HE T4 A5 47, 18
I AH AFoA A3 2/ 4R E thEte] LQIE o] &3t 3= &
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(X 4-7) &= 359 LQl £¥ %

Lake water quality Index Lake and reservoir
(LQD No 9%
30 > LQI Oligotrophic 38 6
50 > LQI > 30 Mesotrophic 307 50
70 = LQI = 50 Eutrophic 222 36
LQI > 70 Hypertrophic 50 8
Total 617 100

(1) LEHAw 2428 R9& o] g3 Fau7} 4%
LQIE ol 43 +49 7k Al U e 55
B ORI AHE AR dE ARA 2424
A4 B AFE AEeth 555 24 A ATFEES
onw 2o WMBe el AR RLE ool A2 A
KN

g Bl 4% Bystah o) B2 ASE A gRdE wy
H
=

L e o
(0]
A'”
O

7F A9 H|7) 39l COD, TP, Chlacl thsle] =&l
T3tk A7 Fe A CODE talate §718 FrtgZo g A H
)+ TOC(Total organic carbon)& H71e + & AAAE o539 2ol

rot
Hi
fols
r
ol
i
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0.68)/0.15 * 100) (COD mg/L)

14+e (log(cOD) —

LEHA op =100 — (

—L)/026 100) (T-P mg/L)

1
14+e (log(7P,

LEHA 7 =100— (

Y =To5)/033 < 100) (Chl-a mg/m’)

1

14+ e (log(Chl.a

LEHAChLa =100— (

06507014 < 100) (TOC mg/L)

14 e (log(TOC) —

LEHA;00=100—(
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1
14+e (log(PB) —3.16)/0.58

LEHA p =100 — ( x 100)

(PB; phyroplankton biomass gC/L)

1

LEHAC@(mo. =100— ( 14+e (log(Qyano.)—1.77)/0.93

< 100)

(Cyano.; Cyanobacteria biomass xgC/L)

1

LEHAP.S.NO. = 100_( 1+e (log(P.S.No.) —1.82)/0.10

< 100)

(P.S.No.; Phytoplankton species of number: & &%)

(3) o7 (LEHAR)

< 7
MEZS MRSk ofF £ AR AR 79 ZARA A wheba] 2}
=9 Wol7k S A YER
7)ol Al s o oF gt

LEHAr 22 702S 98 s2luet 35 Au 540

W, F 8/ WEZS 7 & Fostdom,
8 MEZ H4gE Fatste =& A7t d34HE YEUES 3t
NEE o7 WEY Fub A5 (F 4897 2u. 72 539 AF 148
US EPA W& A &8t oy &5 vt 359 F 0o 6 A A
Al F SFEHE 74, Baste Ao s

s FEy Al we 2AANT F Aol YEIER S4E
EHA VEoR £A¥EY TS, SR Yo, AL ot o}
2 79 AolE HAg et 98 2AF oY 29 FE3 S A VAR Y
ol Jrt A4E Akt
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HA, A 2 2EY e did ke ARE Hrts

=g H hoRe FoNE, 29 A7, FUAAL EExEA Sol A
T, s S Alelstaes 19H asko] 2] wiie] we|sfide] &7t
ottt Eluet 2] e R s FeuToR Qs
Aol & drdetA] Rk, 53] AU S Assta, AME
=3 ool AAAE B skl YEFo] FasH Wt wekA B4 of
Ae TFAR FEAAE Astd oy A dHoR W FY 597
AHE A sk AP S AlA ST

3. 7 FAAE A AE(HA S, 1996, 2007)
R E
(1) NSFWQI(National Sanitation FoundationWater Quality Index)

THTFAAR 7P Bol A7rE 2 mlwrolth 19651 Hortons 7+,
pH, 3§44 A7 Aee, 24 4 4 S8 2 9

FAYEE 5 O F5S A4St Al st ot ()8
71, 1939). Horton o] %o dntmA = 3ze] gt 7 o] & sty o] nl=
National Sanitation Foundation®] Water Quality Index, Prati®] Implicit Pollution
Index, McDuffie®] River Pollution Index, Dinius®] Social Accounting Systems
o] A7} Mt o] FolE 1970\ o Brown, McClelland, Deininger,
Tozer & Horton®] A=} FAMSE 729 FHARE AAstA=H], o] &
T+ National Sanitation Foundation(NSF)oll €] &l 2] =} 7] wl o NSFWQI
2 e ith

NSFWQI®] =2 % 7baH %2 =& pH, DO, BOD;, NOy-N, PO, P, ¥4 )
&vt, TS(Total Solids), 5= 5 & 97 =02 WQIS| AH A2 tha3) 2
t}.

Q9
i)
=
ax
ro,
-
A

Tk
i A

9
NSFWQI= Y W « I

7
i=1
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F2Y AEAE Aol PE olgstel MTAGY FAARI} 3

=] =
To] oAe 238 AEHA o, A" NSFWQIOl 9§ @ A= H 7]
o I

(¥ 4-10) A3 9 NSFWQId 23 29 % Hrr|&

NSFWQI 44 #] 3 7t
904 o] T T
89 ~ 703 4 =
69 ~ 504 R
49 ~ 30% o
297 o]3} ofF UHE

(2) =29 E2ely5 — Mecklenburg County

w2l E kol v F¢ Mecklenburg Countyoll A= A E59 4245 /A
St =9 §£ 55 HES7] 93] 1995 58 "Surface Water Improvement and
Management  Environmental — Protection(MCDEP)'E  AAlajo i 9l
Mecklenburg Countyoll A= 33 &9 4285 & Gds gto= g3t L3
TAARE AFEshEd, o719 BOD, DO, 94
TP, TS, 8% & Y #8335 1 o= kil ) o] FEE2 A
qo] FHALEVLY oAEs FTHete] AAHIJY. FHA, S50 dsiA=
Chlorophyll-a, DO, pH, SecchiDisk Depth, 1 =%, &, F4Z2]% TN, TP
9 dES oz a9k MCDEP] <] &) v 40712 A=
A, 108 &S S A s FASAL o, FAE ARES E

= A FEAARE S Ak

£ o
ol
=
L
ol
o
=)
Z
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(F 4-11) =291 Z 2]} Mecklenburg County THTAXE 3 42 AH

77
FReaATg 44 a4 w4
Gu | TAEACA BHE Ewel &4
0~25 T | el ugaa el Be BAYL A
Foor) | sy o) olrbarmol AwaA we
iozo | SRR [ e Eael we
(Fair) | 29 2 ¥ o9glol sl 420 JPwes
o RE | #AEAY FUUA e A4S
(Average) | ARARI F7heba 277 AEGL A
B
. (Good) | SqeAle] Friapale] B
Weze | B wE swd A%
1~100 (Excellent)

(3) Des Moines River Water QualityNetwork(DMRWQN)

DMRWQN< ©o}o] @ o}5E & 2+ Des Moines Rivere] 2 #e] 224
ER olo] ol st EL-gStato A mStg Rt A S wol
ot vk 1967 FE AAjH o2 o] ZRAE = A7 o] Ao
of MA& G Frtele As HA SR st glow, 30 d st 74
= A5t Utk

B oz g A Eo A= DMRWQNU O 2= 7o FAAHE Akt =S o]
AA ol 4 == DMRWQI(Des Moines River WaterQuality Index)S AF
Aot 1 e A= NSFWQIel A8k vk &, 2F A Aol A]
DO, pH, BOD, A A4 of A g d &) vlol 38} R Yold A ¥ &% SS

2 =Asla 533 (rating curve)E o] &3]

= 2= 2=
dE A2 FEAYHE &

Aea Q= Aol

TA 2 YEhE 91% o el -7, 71904 2

A ZH7be] mdex scores

PN
T

A E = 0~100% Ako] 9]

o “O]:-——”

F357 51~708 2 ‘R

T 26~-508 2 ‘Yl 254 o]st= “ml$- Yo 2 F-A H th(Department of
the Army RocklIsland District Corps of Engineers, 2002).
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(4) Boulder Creek Watershed

Z2d % Boulder countyoll M= A FE0] AR HA HE
T %= EPA EMPACT(Environmental Monitoring for Public Access and
Community —Tracking) program® A& %o}  BASIN(Boulder Area

Sustainability Information Network) o2} A9 Mu]|~E A&tz Ut}

BASINol| A4 += NSFWQIZ %83} Boulder Creck Watershed®] <=2 j

& AGENEAA AN Ak ol F B AGFUEL AN 3
el dol & Qi BAEL OB A0 Jheta Ark 45719
T TIAEE A B C D, 2 A, o] G2 NSFWQIe| A shar
ek,
(5) Qelwo] F

M FN A 2 A AgF B SRl el FHFAARE AP
& Gokstel o1& FYYol HuSEE Fu grh ol Wt 7 Fi 5
FANA BE Bu/l 47, 59 59 ALEE, $8F §5 59 2ol §
B RSl 1 494 Wt gk WopIEe FHE gelt 9o
o Qelwo] ol H, HHS & FAUA, Bl 20, 59, SEFFH,
A FHE B SER ERAL AFYAES FUGEAD),

2 )

H
Full/Threatened(%} §}), Partial/Minor Impairment(3-3 7% $}), Partial/Moderate

-1 A
Impairment(F-3#-+-2 &), Nonsupport(F-4 )= H7}3taL Aot

AL g skA veb 7] flel 1970d o ek

B RS Lol AghA AEH oz A it 1970 27t
= st Ves AMEA dolrbaA olld AT A Eol W EHAL
v, 1 A A xe] ALt AR e e o] A8 Eo] 1933W A
TS eAdF7E AEYE A E+= NSFWQI(National — Sanitation
Foundation’s Water Auality Index)E& *F31slo] DO, BOD, pH, NHs-N, NO;-N,
TS, o] 67104 vsel F7d =3 T-P7HA] Z 8707F At sk
o EFALEE A4 ARE ol &sto] §EALTH Yt 24 54, &

RIS 3

[e)
=24, J4oR rn 1 =S B

X

’

ol
32

aL
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Y. 7l Y} (Canadian Council of Ministers of the Environment, 2001)

Mt A= CCMEWQI(Canadian Council of Ministers of the
Environment Water Quality Index)& 7l¥3sle] ANkl &% 2o k2 9]
FEe A odl® F JEFH sta Atk CCMEWQI o] Ao = Center St.
Laurent, Quebec, British Columbia, Manitoba, Alberta, Ontario & %l 4] WQIE A}

g5ty QoA Aurie) £2S dald X Jeh ] 98 CCMEWQL
% 7fetad o, CCMEWQIE Al 7FA] factor® Al4kg o}

@ Factor 1 : ¥ (Scope)
F1& #2713 ok 4 7ol =gkl s "Hlojys AEE YEehlt

Numberof failedvariables )

h= ( Total numbervariables

X 100
Variable® ##7)7F £t 2A1E FAFESLS e

@ TFactor 2 : Hl%(Frequency)
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-0.160 log(NOy) + 0.071 log(COND) (R*> = 0.90)

WQI2 = -3194 + 1.226 log(TURB) + 0.633 log(SUSP) (R* = 0.90)
WQI3 = 8744 - 0478 log(TURB) - 0548 log(SUSP)+3.383 log (NO») (R* = 0.90)

WQIL = -3102 + 1.624 log(DO) + 0.256 log (CHLO)

(Lohani and Todino, 1984).
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BT 18, = LQIp=114.6+43.310g(7P) | 7P :—20.034ln 7P+ 0.3435
) ( 2.04—0.681n(6hla)) TN :—24.264In TN +49.697
0x|6—
In2 Chla
<70 :—19.375In Chla+120.52
>70: —56.073In Chia+278.23
FC
<1000 :— 6.942In FC+107.59
> 1000 :— 36.3041n FC+ 310.72
4 B _ pH, COD, SS, DO, TP,
i SD, TP, Chl-a COD, TP, Chl-a TN, Chl-a, F-Coli
AP 0~100 0~100 100~0
) — 2 3, 34 4
TEEYXE HEeR =) o]} dlubo] ZA
ml soie percentile® 40, | SE0L G A
oH 75percent11§;a— 605 = S W A2 AA
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7}. TSI(Trophic State Index, 1977)
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%= (SD)9} Chl-a &%= (Ch)eke] %
A 101 SD, Chl, TPE AH&3to] HPIstns JFH L
FFFEAFE Ll
& EFoAe FREl UFEe] 4eZda
EYE =9 A&l ofel Hp-Hvrh= dAlstel] £
Lo Hgdstes Frrstasdt. FHECE 122 42T )
SHAE dEF2 o2 F7keh Carlson XFWW Huy Ho F
AL olel 7Fg ke Aol s 7R 29wl 64m
s A 002 Aokl FHErh 122 AT drin A
0% F7Fstes shlvh webd FHE7F 2m o o TSI= 002 74
T E7F 26, 25, 24, 23, 22, 21, 20, 2-1, 2-2, 2-3, 2-4m= FFA el wh}
T AGE 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 .= FrbEch
2 FHES VECR s FFYEE A5 TSISD)E A a3l

R (> U ()
ﬂoioko—::
mgrﬂﬁ
4 s

= 9

T ool I Htorf
go o2 M L opo B omE ot 2
o0 K Hmrgmiu\l_&;l{;
W~
-z g =2,
0% i 4
o N
i
Ho
o
o

ool 4

In(SD)
In2

TSI(SD) = 10* (6 — ) (215-10)

ol 7)ol Chiz} TPe| F&d#AE H7Fste] TSICh) = TSI(TP)
Ak wte] B s4ol A AR FWEs} Chl-as Eoke] 4 E
Al
2

o
‘O,

ol
N

SD=T7.69(Chl a) "6 w= 1n(SD)=2.04—0.68In(CAl a)

S (A5-10)9) tidste]l TSI SDe &5l A Chlad] 3r-E WA A
TSI(Chl)—% Ela=ea=

2.04—0.68In(Chl.a) )

Al R—
o (A15-11)

TSI(Chl.a) = 10*(6 —
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o] 7]¢]] o]Hell= Chl-a ¥ =9 TPEEAFo] 2] A3 2l BA 4
In(Chl. a) = 1.449In (7P) — 2.442 (215-12)

E (215-1D)° dis)ste] TSIE TP = WA AT

o
wm

D, Chl, TPS] Al 7}A] W& AMg-3te H-of 43
ow UnkH o7 o] A 7}A] TSI HitA & AA|
g5 o] AAE TSI 50~55 o 3 &3k},

=]

Mgk A o] A9-9 fAsT. a2y i A E B RGE

AEFFEADZ Qlste] FH eyt 34 AstE = dx lom AFA ko] &

2 T A= AF 7] TPol Hlste] SDe} Chl-a s =7 &2 A& &

F v THE9 Chl-a, TP #AE b3 22 3|74 o2 yeytot
SD=4.90(Chl a) "% (r?=0.62) (215-14)
Chl.a=0.26TP"" (r%=0.62) (25-15)
SD=16.2TP %% (r2=0.77) (215-16)

FA Ul BrlAE sp=933(chla) T o BANE At
(OECD).  Aizaki 5(1981) Chl-a & 717|522 sl Y& oA 4

g Aggonn 48 A+ AdaAT. UG 559 A
B ARRAZ G G2rhe $egete] AuaAS 2 §5he] Ak
o FolA Qe ARBAZ HEF A3 o] TSIZ Fo A
A®e A5 o

Aede] Aol upeh vhert

S AR 54 nelsel R §1%
of COD, WHAH 7182 A2Zgdare] d=ae g4



percentile, 75th percentileS A+ 319 E1r. A g9l A4S AA S| fl8ke] 25th
percentileS A4 4022 75th percentileS A+ 6022 A&t} o= At
50009 7l &4 FE AR 9] median®] A 50 7FA Al =W A5 403} 604}0]

g log¥B3tel MY BT 7 RYFAAF FE #ANE FEA
2 AR e gt 2

LQI (COD) = 58 + 64.4 log(COD mg/L) (A5-17)
LQI (Chla) = 122 + 386 log(Chl-a mg/m?) (215-18)
LQI (T-P) = 1146 + 433 log(T-P mg/L) (215-19)
A9 A 7HA LQIE F3ste] YEld F o= B9y Rl
77 50 %9 7}VEA S Fo] Ht LQI~ AR, 3 =

2Fo] WEAEE ChlaolW] TPE 27 WES #98E AHo|ni of

= A4 ol 7h7k 25 %] AFAE Fol the ARLA 3 o] Aakke] AL

Q2 3

o

o T-P 35 Qo] FPEe % HEAg 2 AR & o AL 7|3
T R A&7 SE

ol W EHEE 2487 % ot BEs 244
2ol

AEE Aeste] A

1t LQI = 05 LQICOD) + 0.25 LQI(Chla) + 0.25 LQI(TP) (*15-20)

Y% FPES FEE PP AHSe nE AREA A§T
F gtk 24 7ol met FYEE FHSIE S HEE FYSHIE &
B8 7bgs 2GS mek Bhg T b4 AE sbedel A A ste] s
@ 5 9ok
LQI (SD) =5 - 496 log(SD m) (215-21)
LQI (TUR) = 297 + 281 log(TUR NTU) (2]5-22)
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A& BAS F4o) 7 xA 02 gt WEIIE0] A FAF Y FHA
TE 2 Aol HIFAAS w Aol 7 =2 s A9stdY. T
7]Eol JEE K-WQIANA FA ¢332 44 718 dojAa shshat
ol vz Vo Wold FRFAAE AL Cor WEE EAZ} I
Aot K-CWQI= ol& H st 7} &9 EA 549 H4ghs 0=
agste] 1 FEAA Fo] offg] drgt: HAT 2089 H5-e g1
st Q= AFAE vpEE A T K-CWQI A A5 = X34+ tf
&3} g
(¥ 4-21) K-CWQI A 38
SIgs A 48k R®
bH <11: M(pH)= —3.679TpH*+ 48.115pH— 53.83 | 0.9993
> 11: M(pH) = 280.92¢ 20270 0.9966
COD <2: M(COD)=—5BOD+ 100 1.0000
> 2: M(COD)=—30.648l1n COD+ 112.27 0.9937
SS M(SS) = 98.518¢ 0030255 0.9954
DO M(DO) = 31.655In.DO+ 21.942 0.9891
TP M(TP) =—20.034ln TP+ 0.3435 0.9870
TN M(TN) =—24.264ln TN+ 49.697 0.9932
Chl-a < 70 : M(chla) =—19.375In Chla+ 120.52 0.9853
> 70 : M(chla) =— 56.0731n Chla+ 278.23 1.0000
2o A o <1000 : M(FC) =—6.942In FC+ 107.59 0.9789
e > 1000 : M(FC)=—36.304ln FC+ 310.72 0.9999
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(¥ 4-23) K-CWQI A+ 734
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S = = < 5o X o G ol 4 mﬁ an IR
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T 0 T 1) - o N SIS S o
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o H ) = X
PlBg s |2 o | Bdw |l o ® 2| oM - Mﬁﬂ 523N
N W T °° ) ° o Mm . - N R el =) g
o | P TP e |2 3 O e o G
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N ol IV N I o o B 0 S [ S R S I R
_A/l:mo Murw o.glﬂoél 4R R ATw__/l 2 Mw w.ﬁ T
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dord | ™ Tl | | oM H b | T T | e B oo O 0
[ | | o | | | | | ~ - ﬂa ~ T ﬁ.o WAM 5
2 F 7 8 | 8 i T | T Ytezmo®
~ N vA o IO
M S o 2 B B S S _L W B N.W MM o
— = - o
S =i = = &, > = = 5 1\__/M o m__.ﬂ
Mo i o o Zp - W A ",N ~ R
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7} Apo ]7} Aste], = VEE
= vlust k. AA 71 7H199%6~2011)
o] Ao EAA SR FFHIJAT 2001~201
ZAARNF7E S L7 2001~2008 B FHE ARE 371F, 7t
1de ¥ A5E 40502 AAGste] ZF 1598 25 percentiled} 75
percentile®] F =& LA 71E9 LQI9F v wstr] $13) LQI 7)ol A&
AW 25 percentile®} 75 percentile®= TR tE ZF aEE &2 5
percentile®} 75 percentile & =+ (3 4-24)9} 2t}

o Hu
e

Y, o
i,

B

b 4

off M
Moo K o

4
s
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ol of
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N,

i,

2L
Bl o

o
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’

S
S
—_

(¥ 4-24) 2329 25th percentile’} 75th percentile &=

COD T-P Chl-a
i ks Az
v ] PR (mg/L) (mg/L) (mg/m®)
1996 ~2011 7373 3.80 0.017 5.50
2001 ~2011 6368 3.70 0.016 5.20
25th . 2001 ~2008 3892 3.70 0.015 5.40
percentile
2011 825 3.70 0.015 5.40
LQI 500 3.73 0.020 5.38
1996 ~2011 7373 7.30 0.059 20.30
2001 ~2011 6368 7.20 0.058 18.80
75th . 2001 ~2008 3892 7.20 0.056 21.20
percentile
2011 825 7.20 0.056 21.20
LQI 500 7.23 0.060 20.38
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7)
1ol #& JERAL, LQIgHE W3 W E

3k W
debdth B AT A $AEAFA FAAF Aol FYEAFA A
3h =]
LN

Aol FdH A Y] AlZFE 2001 F-E] 201197441 =0 € 6,36870
of FASAHGARE ol&3to] FAEATA FEAFE HEEdn LAl A
T MY FARsEA 20019 FE 2011d 704 ASE A COD, T-P,

Chl-a 3%9 g5 EZZHE 25th percentiled] 312 %= COD 370 mg/L,
T-P 0016 mg/L, Chl-a 520 mg/m’l Al A4 ‘40, 75th percentileo] 335 =
COD 7.20 mg/L, T-P 0.058 mg/L, Chl-a 1880 mg/m’ellA] |5 ‘60°c] ¥ ==
shlth 3k W oA &9 gho]l A E = EAE s Ast] fla 2001
WEE 201197h4] AS" A3 COD, T-P, Chl-a®l #% T HAATEE
Hlg o 2 COD 1.0 mg/L, T-P 0.001 mg/L, Chl-a 0.4 mg/m’l A =57} 0'e]
HEE i, A5E HisEE vEgo® COD 280 mg/lL, T-P 1.000
mg/L, Chl-a 250 mg/m’ell A A7} 100°0] ¥ =2 st} 2k x| F 3o 7
EE logWgste]l Ay statn A9 w29 #AAS stk 72 ALk
= US3 2ok

LQL: (COD) = 03769 + 69.096 log(COD mg/L) (215-17)
LQL: (T-P) = 100.39 + 33413 log(T-P mg/L) (215-18)
LQL, (Chla) = 14319 + 35769 log(Chl-a mg/m’) (215-19)

219l Al 714 LQLE F3eke] YERE Ao = LQIgH &L kA CODel
50%¢] 7}=x2 Fa, T-P2} Chl-aol Z+7; 25%9] ﬂwﬂ% Fo] o ALk
23} 7ro] Alstsle] ARg3HTY

LQL: = 050 LQL(COD) + 0.25 LQLAT-P) + 0.25 LQL.(Chl-a) (215-20)

= F7I2 rLQlarA] & 7
215-20

= 215-21) 3 7ol 10004 (215-20)oll A AH4 3 LQL,<
Wogre 2 o LQlard W9 54S 2t

rLQI: = 100 - LQL, (215-21)
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1.4

n

1 FYE&8ATA F2AF(LQL, rLQLy) H -84 B7t
|ATA FAATLQL, rLQL)S A8 Bt 913
=] o] &3 COD, T-P, Chl-a9] # 4, i, 25 percentile, 75
percentile of i3t LQL LQL,, rLQL2 ARSI o 1 A3= (F 4-25)
oF o} (3 4-25)°A ATl A e sdEATA FEAT(LAL,
rLQL) = F& A8 3 o] A&, H seolA 27 03 1009 #a HHER
a1, 25 percentile®} 75 percentile &= A Z-2F 403 609 #S ERA AT
LQI S Al 25 percentile®} 75 percentileol| /] <F7Fe] =pol7} A7)+ JFARE
LQL AR 3hs e AT v H A5 =4 COD, T-P, Chl-a¢]
LQI &2 77} 6, -15, -3= YEMA L, Hals A= 2b2E 99, 115, 1065
UYEtAH. 28 ns sQ8ATA FHA58Y ASASERE LS 5
FE&EATFA FAAFLQL. rLQL)7t FREATFTAY FH5%

v sto] A7 AR E = Ao ®E UEFSTH

(% 4-25) $ 83 LQI, LQL; ¥ rLQl;

=

=
(2
off
e

1

-
=] o< =L o~
e R

=

o

H

[¢)
RYAR=S 4N
a- = =

T COD T-P Chl-a
b: L=
(mg/L mg/mS) 1.00 0.001 0.4
34 B LQI 6 -15 -3
LQIar O 0 O
rLQIar 100 100 100
A
(mg/L, mg/m’) 3.70 0.016 5.2
% Lol 0 . M
percentile QL 0 0 o
rLQIqr 60 60 60
l-: =
(mg/L mg/ms) 7.20 0.058 18.80
percentile LOL, 60 0 "
rLQIdr 40 41 40
lr_ =
(mg/L mg/m3) 28.0 1.000 250
| o LQI 9 115 105
I‘LQIar 0 0 0
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FHEATA FAATE 3
S AFRA7FY T8 COD, T-P, Chl-a 555 ©]&3 LQlL LQl,
rLQLS A A= (F 4203 2ot s98AFA 478 Ve
o] LQISH LQL~ ZH2F 699k 662 27 ¥ QL th Tast Ibi= LQISH LQLC] &<
g A F ke vEhd = wbd, SE o] wold R Aol7h AMAM Ve FelA =
LQUZF LQLH S of 432 gha YEHSIY 28 B R Asket dskes A

9@ Frrel A LQI% LQLo] Wl5# @2 vhEhlc

N
—

[‘E

b

(% 4-26) 3257455 E 9 8&AFA FAAF

Ia b I I v \Y% VI
. COD <2 <3 <4 <5 <8 <10 | >10
f
T T-P | <001 | <0.02 | <0.03 | <0.05 | <01 | <0.15 | >0.15
L= A
°r Chla | <5 <9 | <14 | <20 | <35 | <70 | >70
LQI <31 <42 | <50 | <57 | <69 | <78 | >78
2= 2]
;; LQL, | <31 <42 <49 <55 <66 <74 >74
LQL, | >69 | >58 | >51 | >45 | >34 | >2 | <2

2011 el A58 F]-&A A 82571 2l ois LQISH LQL-S AHA s 4
B <Y 4103 e Z YAtk LQL-2 ti- 30~80/ koo <=
AstAom, LQL, 50, 40, 60 <o 7 we E¥E UehhQdth

mLQl LQlar

3433
26 26
23 24
9?
Sﬁ
3 2
oo oo N _ I B °° 0O
10 20 30 40 50 60 70 80

S0 100

<29 4-1> LQI ¥ LQL, ¥
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QLS 078 1004ke] 9] ghe 2= A5 2 897k W5 wol 107 o8
SAES RES ALFHA ATE F AT AQE TLAAN w2
Fol 10 5H0% ARFE LQLIR AHEE 5 Qon] o tha 7]
FASE A LIS ES) - VIO AER @ 4 25
sk (3 4-27)7 %ol A(100~65), B(64~55), C(54~45), D(44~35), E(34~25),
F(24~0)] 6@AZ &57F3stA Y, +5(100~65), B5(64~45), & A (44~35), 2}
(3B-0)0] ABA R ARFE 5 ow} Aoz P e
% F(100~65), TG F(64~45), T4 F44~35), 79 F(B5~0)2] 4dA= A&

Fotel A8 9

\1

Lo,

o o Lo
Ot

(& 4-27) rLQlar A/ £F 2 20113 SAZAHZATA X v &

7E A A B
case | T Cranio 19+ 2¢t | 39r | 49t
100 100
095 (0%)
a 0 | 1| 20
Ia 8 0% | @ 2 A | 5 | w9y
34 80 6%) | (6%) (0%)
7:5 (0%)
74 70 Ib o
6 65 (6%) (6%) (6%)
b 64 60 I | %S | B
I 8 55 (26%) | (26%) (26%) (26%) | RE=E | Z=oJoF
o4 50 I | r% | C | 6% | (61%)
m 4 (35%) | (35%) |  (35%) | (35%)
P 0 | IV | okrd® | D | waA | Ry
v 35 @4%) | @4%) | @4%) | @4%) | (4%) | (24%)
N 0 | Vv L E
%6 25 (7%) (7%) (7%) (7%)
24 20
15 (29%) sek | 7ed ok
VI 1:4 10 VI I ECRBRILE F (9%) (9%)
5 (0%) (2%) (2%) (29%)
4 0
0 (0%)
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Parents

(Y+3X)+(Z-4)

XY*(1+X)

O-@ @ O o O
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GPoll A x13}# Q1 &4 g2 H4ek Al ~go A #55 met 7H
=2 AREE Holve 784 RdS Ago whsted v £ 5 Y
S zta1 it (Hong and Bhamidimarri, 2003; Hong et al, 2005)
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Willis et al, 1997; Hong, 2001; Whigham and Recknagel, 2001; Hong, 2003; Hong
and Bhamidimarri, 2003; Hong et al, 2005).
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(B 5-2) Al 79 24 7H9 45 A5 Hlu

SSeit MLSS
Models ) .
RMSE R’ RMSE R?
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A duElFE FolA ID3, C45 g FES eAls, 7IAsE &
ofoll A JhkE o] W Hof ghrt. vk, CHAID 3 CART ¢ agls2 SA
okl A JiEre daulFEeltt 7 R olEe o ® HmeHAE
O b A A S gteth e AT Ade] dugEee dERY, A
Hol5 /id S AMEste] wYrieS AAstaL, A 71 &3 CHAID %
CART €igj5E2 7hol=dof, THA, FA4 9 SASHES AHee
U AR ED e VA0 A A2 fAke A S Eest
= Y AHSE W R VES A"sks U)ol o] Aol s
ZE=t

o dHlE Bestn MR Ves Tk & 2

Eg 7|9ke] B iy Fel o] HEA] daFolAN 5 2
SAHE 2ta U

- 28 £A4 HAF (handling continuous attributes) : ID3 &arz] 52

T8 Ao dEiArt EE A WHE A

upep A A X = SHA7E AT

5 24do md Ao dadst
H

63) - - =
CABNAE A 474 Mg B

- R $4L Adste 2, WA (A )5 3
2ol mE YmES g7 B (FuHoz: @ A £4
oz FREE) $40 HUHA FES s Aol Bas

Fo® YT RdS AT A UFo ZHolrt UF ZHA 59
7h AL ATk C45 daE el A= o] BAE Ak 95
ZolE o= AE7A] 2P A7t thste] AFgh}. o] A
“314 & (overfitting) A7 2 “7}2 ] 7] (pruning)”’ ¢} #& o] it

- A3 X A8 (handling missing attributes values) : Ho|8 T 54 &
o] Fho]l HFEAcw ] YA F= dolEdd HE A
A

Ml oox
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- H] €38 (handling attributes with different costs) : $AHES A2 Y&
7t A& W st Algshe W

CA5 AT FS RE S4o] BEY £4 Tt WFY £4Y FSolw
A7t 7hsstth 2y AAAL HeolHES R E FAY S48 X
hetar 7] wZoll c45 dagFel FAE H45 AT F U=F &
&= Aol dastty =AY HA ol thake] binary W23} split ¥4 2] + 7}
A A 18 g A, (R 559 ol FAE HA45 z2kaL e 71
dlolele] thstel BAS shi B5F o So AdsuA Wt
(% 5-5) 714 dl°l8 9
instant | outlook | temperature | temperature | humidity | windy play

1 sunny 85 hot high false no

2 sunny 80 hot high true no

3 overcast 83 hot high false yes

4 rainy 70 mild high false yes

5 rainy 68 cool normal false yes

6 rainy 65 cool normal true no

7 overcast 64 cool normal true yes

8 sunny 72 mild high false no

9 sunny 69 cool normal false yes

10 rainy 75 mild normal false yves

11 sunny 75 mild normal true ves

12 overcast 72 mild high true ves

13 overcast 81 hot normal false ves

14 rainy 71 mild high true no

exd YF PR weldny, ext e o] mdW & glvk
(3 56)° A 72, 7581 45 Sl ghol F 7i7E 715d A2 22 2= el
R P ER s R R
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(% 5-6) 2% HolH ¢

66 68 69 70 71 72 7 & 38 8 &

64

yes
yes

no

yes yes no

no

no yes yes yes no
yves

yves

11787} & A) 3kt

oA 8719 7HE

_S___
information gain %< Entropy 2]°l 2]

(breakpoint)

o)1
o -

i Al A

9]

Els

of o

o], [&% <715]E 7|2 & 31 4719 ves®t 2719] no7} E3HH

=2 =
=

=

o]
th oWk [

5702 ves2t 370 ¢] no7t EsFeE Tl ulebA

ofgfj e} o] ALk ofe e} o] 7T15EE HaHoZ

A=

>T715] o th3

2=

-
R

Information value

1 0.9399] information gain #tS =t}

a5
= O

VNFog B

Kol
=

umo
4r
I

ol

o

0.939bits.

Info([4,2], [5,3])=(6/14)*Info([4,2])+ (8/14)*(Info[5,3])

st

jind

1|
XK

ofp
H
;OE
iz
ol

XO

2 W21 0 2 information gain®] 7}

Nl

oF

PN
T

information gaing A&

=0
S

g Abgata o

ool t] o]

|
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=
=

2 @o] AbgEh o

"
ol
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o
;OE
i

B

ol th 3l A

]

ATy e A}

=t At

s

he

=

w

rvze]

DR

0

27

A

17] W ol th w2

o
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(2 5-7) 2= &4 B4 €A

64 65 68 69 70O 71 T2 72 775 75 80 381 83 8

9 ol A ol 71HE A= 7 IA' A5 HEE on| gt &
A2El 2 79 2+ 64k 0]al, 122 69 2%+ 650t} & A=
oA outlooke] 2t H4ES E&et7] flste] dE vt 78k, A4 =
== SolA outlook=sunny ¢! 74--¢ll 3@ 3t= === outlook®] sunny %<
Zt= oAl A5 MEE 12 8 9 282 110tk A ==oA AAE &
ME AHESte] B9 2] wAE S Ut a8 ERE 4 XY &4
o A AHe Y =E(FERD)NA AAFHER 319 wToA t
o] WAl HHS A otk HTh

ANZAAEYE FEFHFTY) $4S H2E & o, 7} 235 = 71HA
(branch)= 74 ¢] zt& g9 MFutsE SAAA Aok 18y +4 3
Ao el e stue 22H #S 7o ® 2719 7FA](branch) & 2 X

g EA4 A 2709 A E A= A
=

P
of,
o [ R S ¥

3 3 A i
o BEE S0 taid s Aot AgEdny shel eEoA
A e e Aarh gle wbde] A9 S deiA s 22 £ s
A= AEAQ o] BAD = vy B EY $HL& FERERRE o 3
Rk e 5 Xt A £ A5 ol Abel (Sl ol A) Hl 2~
Ed & Aok

shte] FAE S ek 7)Fo] 7l e @i, pathel 2

o,
%
ol
ol
N
9
A%
m-{o
N
30,
£
o
i)
ot
Mo
2
> i ©
=
2
gl_gl
pnd iV}
)
it
N
rr
2
hink
)
)
o,
%

7] £ EdE A7 s B2 RY o8 e TEdE

AAste] v BeelE multiway (<> binary-way) BHI2EES AF&3ht)
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vl JALAAE HEAH AF
() A2 EY HS U
JAHE A E g = wA(supervised) St o S F ERFshEA
AZs7] f8l 20108 FESAH G aal H
S AMHEAEDE SFFAR F AFA Y] FAEETE Fo4E A BY
& A5E

PN
How 45+

Azol o] 43 FAATE 0104 25 A5A D darsold 1
AR F Beset AY A5Ae AWE ALdF 12 A5 A

COD, T-N, T-P9] F=¢ COD7IE F25H& ol &stalth 81270 A 449

TH S excel® G T & JAEA

g5 ol&al 8I27f AFA <]

COD, T-N, T-P % COD7| g 3te] g5A1zl $ COD, T-N,
]

=z
o
T-PeHS o] &3] COD71E FAEFS 54

Confusion Matrix For: Class
(Mone of the test rows were skipped)

o
l_
o
o
L
74
o

Actual Totals
Actual Error®e

<a¥ 5-11> YAEAAHEY E o] & FEAFHF FHEAHR AF

81271 A4-4 9] CODZNF #A5HE biEdel 62714, Mol 162712,
M5 wo] 169714, IV =] 302714, Vewol 54714, VIswe°] 637145 <
W, JARAELE ol§d CODNE FAEFEL FAW dRE <1y

5-12>¢} o] Tdg MagE et £ A FEeHI F4E
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4570 5ARAE Edsz wAS A3 A%e) ARG on, o5
0olth, E# BOME 49 £al #AW BHae Aol oz, 2He
FAY FHe FolFh FHe <Y 5129 L& A <1y

SR

Star
00 <=5 000> 5
COD=4 COD«x8
A [Chss=3] [Class = 4] Cop>8
0op'<=3 003 coD<=10 oD > 10
{Class =1] [Ciass = 2] (Class =5 Qs = 6]

e
e
Hu
S
2

<3¥ 5-12> JAEAABEFE o] &3 FHo}

- COD¢=5
- COD<«<=4
COD <=3 [Class =1) (98% Confidence)
COD » 3 [Class = 2] [99% Confidence]
COD > 4 [Class = 3] (39% Confidence)
-~ COD>5
COD <=8 [Class = 4] [100% Confidence)
- COD>8
COD =10 [Class = 5] [97% Confidence)
COD » 10 [Class = B] [98% Confidence)

<Y 5-13> JAIZAHEFE o] &3] =F3 fuzzy rule

JANARENE olga] Folul furzy rule T A (% 58)7 2
om, A CODE /|FoR & 54 +A%F 7153 Qs 2o T
ol oA Folulx Ralsd, 1 A Foial 8120 AFA e Taol
A= A5 @] Wl bE BRE] @ 1E EE FohH ®
2 el 4

Atk %, A AAE S COD, TN, TP 445 F%E 5
FASFS BRE FHS 4H Foh W 5 Aee & & AT
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(% 5-8) JAIEAAHEZE o| &3] EZE3 fuzzy rule

7= Gl
COD <=3 s+
3<COD<+4 25+
4<COD<=5 s H
5<COD<=8 4sw
8<COD<=10 56+
10<COD 66 =

ool e} o] B AFolA e oAAAHERE AA9 COD,
T-N, T-Ps= 2 COD7|# 2G5 5S ol &3 wAlstES s & 549
COD, T-N, T-PEErt Fo]d A F&3] 4555 F43%9 2, =3
Asws THFIAA 7% Ags] E&d FATE 122 gAAAEYE
o] &3l FHEATA FASAL] F H AFA SRR AFA 4
2HE A 71Ee FAA- AgAtol o 1A S WA AA S B A
3] =& 4 e o= dAdHr

5. A3 #HEF €1 F(ECM)
7F. 8

ECM< Evolving Clustering Method®] °FA}2 54 o 2 +F(cluster)d]
& FA7I8e HA43 Aol ZHzke] HolH Y T4 s 8 glu
ekl (on-line) A o= ALEdE F &= A 7Nk dd 2~ i
7 dagFolth. 3 ECM2 2 &<l (off-line) & 2 %= A} =
b, o] 45 ECM& Hazs 7] 918 52435 vs7] 98 A2 s 4
B(H 43 Aok A&gth ECM2 ‘Zl3}st
Connectionist Systems)’ $t=52] Hg o 2 GUIE= MATLAB =X A4 g7 o
Al AT
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Y. ECM &F o] &3t o
ecm< U9 WHE Az &

delg A

o

[result] = ecm(dataset, parameters);

o 71 A, dataset Zt7te] ol = oo

parametersi= w7 ] AFEES
o5 ol 2719 B=E Zhet)
parameters.dthr - 2] A gH(ZE7]%k 0.1).
parameters.epochs © 2. EZEel B2 93 A3}
gkl (ol 22kel FHEFE A 33K
THEF A (resul)= A N BEE ZheE Fxo|t

resultCent : 319 F4]
resultObj - =4 3k

result MaxD : ) A<

. ECM3 € ol &3 1= 137]

ecme A ste] A3 T Z(structure) 7t A EH F ecmp FEE ST
AWNE afz=z g7 &) AFEE 5 Aok o] e thed o] Eof
= T Uk

ecmp = (result, p)s

A7IA, p= A 1 1~45 J4EF A5 A dolE Y A5 & FAS
¥ F i, 5~88 4E T AS PCAE 1 5 Uk 2709 vyl WS
XData®t YData= L& ~12]7] 98] AH8E &+ Aok dE =9

result XData = 1 3 A & HolE7} x5 o2 AREH = 218 o3t

result. YData = 2 0 5+ WA o 2] tlo|E7} yH o= AMR = Als on g
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2. ECMg59] 4
o 1

step 1 : %dolH =4
load cgasZtxt

setp 2 : %A ETE A8l ecm 27
[res] = ecm(cgas2); %zx7] W7IH5E o]&g ECMa 3 &+

setp 3 %1 = 187 Y3 ecmp B2 L7
ecmp(res); % A2 aHz g7

of 2

step 1 : %Holy =4
load watZ.txt

setp 2 : % 7 A"
parm.dthr = 0.15,
parm.epochs = 3,

setp 3 : % JETFE Al ecm £ 271
[res] = ecm(wat2 parm);

setp 4 : %1z 12)7] {8l ecmp EH L7
ecmp(res,3),

v, ECM GUI A}-£3}7)

ECM GUIE o 293 2o, ecmguis J9ste] AT + Ut

o Sample  Centre

_ Cluster O CurrentSampla

<29 5-14> ECM GUI A 834
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jarin
o

O data & parameters %3 9ol U= samples HES &

R

(ecm)o| A AR a1

oF

)
pul

A=

oj

o resultH] E&

<)
-

= 9

Q] o
=

=y
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=

[e)
He 9

A BE oo 47 9

S

o

o
o
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O Data & Parameters®d & o]

o
B

o

—_—
o

&= EAlel st debdnt

YA

e

Aste 3

i)

sl7] wj&o] w2ch ECM2 Al 7] 4ke]

& o) ~(one pass) &ald

i

Aol H A (MaxDist,

i

gttt 747t

el
100

J.O_.O

)

—_
fite)

vzel

=
T

min

o

]

H, 4

e
O

3|
pul

A 3 (Dithr) 5.t}

-
1

of HeiAe)

1] A

w7l W Eol t

1
T

7}
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A(Coe ol
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g

ol 7} A=A B8 ojn]

@A dlol® o9 93

A (D) R.cy 27}
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)
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X
)
E
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%

5-15>¢9F #t}.
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o

.2
Cczo/
xi Ru =0
X
Cloi* X1‘ P
cl— T x
C 0
¢ Rut =0 Ccf/ \Rull
1
(€ xs ! Pt d
* - cd Ccz\,.' . * 212 e
'0 o \ X9 * C

5 *
Cei
‘b 3
\ / \ ;T Ru
. * X5 % : *
o * é
e

2 * * 3
Cr—— T~ xp \C1

Cjk5 cluster, Ru?i cluster radius

29 LHEF AA

(¥ 5-9) ECM #&%4 d%

A A

(a) Az =g /s A8 918 oA 1
IQ : ‘1_112]:} 7g}1\_1 010_) ]]

(b) zy M2 FHAY )
2, 0 OFERE SAFA 4
zy - H BA ol—>cf

o | T oPRRE FESA e

C
x? iLX]:]l 7§/1\_1 C(QO_) 21
oyt RS 2R O

(d) zy 1R A -
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O 0eHA : JEAEZEEH A HA o5 &3] o] &aiA A HA 3
o T4 Cep, 2710 MY H -9 v Ru, 7k 02 o] &3 3 A
T+ s s

O 197l © g dlolg e =& o7F elygd, #318F 42 T8
ok 282 o, dA dE o p5 o] &5, ol oo BE
olml AAH IH T4 Ce; Aol dwrstd  7)EkehA A
(normalized Euclidean distances d(i,j)7} th&3} 7+o] AAre ),

dii,g) = | 2;— Ce;ll,j=1,2,,n (45-1)

ol AT A 2709 ¢ L2 WE 29} yAlolo] AY |z—y| E TS
2ol Aojd dnksty 7eetd Al s o gt
q 1/2
lz—yl = (Z|x7_yz|2) /q1/2 (25-2)
i=1

A7 A z,y € R

O 29A W FAol (i, W Ru,, G, 3 ol zAbel o] AL
- ¥ foim, T 2ol 4o 4 5 9l

d(i,m) = min d(i,j) = min(| z;— C¢; | ) (215-3)

02171/\‘]y d(Zam) < Ruma j:1a27 N

A o 2= = ¢,0 Fobs Aom AN o] A5, MEE
TR AAHAR G 7S A L HE AAEHA et
(<2 5-15>9] "oy WME 2,9k z). o] darg]52 28]al YA o

Al TSA R B &k



™

K

(215-4)
SHA Al E &

3

-n (25-5)
o

=N
[}

1,2, -

S/ 2%k

1
o

n

new

min s(i,7), j
a

Ru,

d(i,j) + Ruj, j=1,2, -

d(i,a)

D Rkek 5, < 2DthrolH, T4 Ce, 9 ©lF,

t ®whek 5, > 2Dthrold, 4
< 1dA = HFoliit

s(i,a)

=5 o7 BAdT B9 Ru

HA(<ZE 5-15>9] 19 "oy Y ;9 2) A A 28] &

Sq‘,j = S(i,j)
aLe

o

Ru"** (<18 5-15>9]

=
o

O 4%+A
O 5%-A)

-

juy
—_
fite)

B

}

o
pad

e

At ECMc - BHAE A4 wAL 27E 9% ECM9 &%

AukA o 2 ECM-S H] WA unsupervised)®2] © 2 2 &) ¥ v},

2o Az

)
il

—

0

nE
]

E

ox

-
i

XO
o

LA} (supervised) &7 AF 2

AH(classifien S A A

=
T

=]

w27

ol
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k=1
BE 49 dole ME o = [z, 2y -2, E 3 EFAHClssifier)= n,
RERRE S 2B 5 FEUY, o] 948 dolH o o] BRI
(Feh2)ell F3eh o714 p s kHA B2 Folal 4= &t
Az 7A€

HaAYE Z=th

K Folxl A= alel 4] HlolE % —g— A e 2 gz
CHEEL A AAFE g5 dlolEl A2 Zbzbe] vdel o

3 9771 HolE & 2t 19470 dlolEl® FAETH YR A A =

dolg A& zhzhe] vpiel thal 33570 diolHE zh= 77070 dolHZE

Ao Uas s e AR 212 ofelel ow Sk HolE =

<19 5-16>3 72t}

{ z;(f ZZ/Z)/ e (AEL S5g dlolH) (H15-6)
{ z(e 761/]3)/ .... 384 <1111*—]-1324, EﬂEE% Eﬂ O]Eﬂ) (/51]5_7)
— ~cos(6)
SR R (415-8)
— —ycos(0)
RERER vt (459

ECMc &779] 2704 Aol 29 wi/a o=} A vha= &
5-16>29] (h)9k (c)x= ECMc2] 2714 Zlol2s S 24 d9& Hojsu
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(& 5-10) 27}A] Aol =9 B ECMc iZhHs R 23

v 7 <= | Sthr 0.955
rE T 64
Case 1
An | Ses BRe 100%
HAEE &8 98.4%
uj 7 4= | Sthr 0.98
e 124
Case 2 -
Ak | Sus BRE 100%
HEES &8 100%

(b) ECMc9 ZA <9 %(case 1) (¢c) ECMc9 AA < Y(case 2)

<329 5-16> 27}A YA EA : ECMcY &4 Hole ¢ 28 99
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rule)o] =&% o] =&9 fuzzy rule

= 3}
o=

A E

o
=

5

7k A

A

H
o

fIfe)
o
el

!
B
i)

il

718 "

-
o

(¥ 5-11) AFA

U e o of
= iz X o 75 =
Wﬁ_ o1 . BT il
z 47 o =
w gk wow TH | W
e I I g L |
e TR vz | ¥
| o ﬂ% )
o A s ol i 9o
- o of- i3
A+ H%® " C m
X L o3® ol
| = T
w o |maky | F o4 | E
= < ™ Mo ﬁ ¥ °
o _ 0O y_ N ]1_
TIT | wwis | Suer BT
e | elam |8 kR
ol | e | gee
N N R
oo | Am R T M | WEAN AR | TR
AN | T Y | R EX | MR
e
i HO g
= 4 2
X Moo w o il
N | o w & w S T
| Bl & % g a
X |z * .9 W7 =
| Ho Z T g < 3 B O
| e = & 3 T | RE
o = © S

- 161 -



27
T g
iOM_WJl‘AO‘_JI
_:xwxﬂ%
z. °
i W o 4 5 B
..X_.o_,_l Zlmovoiﬁl ?1&]
X 2 %ugﬁﬁ __T%EOE
LR ﬂoﬂtﬂ.%ov o ﬂuogh —
@« 1xamg>, 4&;;0”71 o R
F mﬂéém }maam uﬁZLWA
= M Hﬁ.ﬂ,r.Aq(. C]HTHT% anAoﬂ
— X X OZ!,HI Z._n_/ﬂ. - N TELL.E.#
Z.:ﬁu 1x,mMﬂ|wwdﬂ y%_zéﬂ dLle_AlzommW]
u_x1ﬂ§¢.)a A,augﬂ@u Jzua_g_ 5z NS
AT.l_,_AI ‘mﬁuxﬂwﬁﬁlmu(h\ _,”W.MQJIPNJ,DF]M.W%HT&IQIAT%OMMM
1rﬂ o—um_.@]),ﬂﬁ MLVTWmmWooﬁooﬂdezTWr 1
o) i° lo_uezawd EE&% ];o éhoi@ﬂﬂ&oﬁo?7 R
oo 1o/ %Arfh\ﬂ uL,?N,7a?Aao _}}]E G+ R
Bo _#Oﬂ_xﬂ@# Hi_@_),q }ﬂ_f_oAu} 1;_
o Joora & = = TleﬂoeoogAHTiéx ©
~ 7xuoﬂlwm_w_ E;H._ ™ o B B A&o <
B F o Ja:), = LD,MHEE %}TGWLHET} - X
0 oF o dlo )] o " B o = — ~ N X o o T
Eo]]nﬂ]x]o_u EoﬁﬂuBALEx R X 244_% % AR
% Ao_asa B x +M1HTw %WE%&HT b T
ao_elﬂ%ﬂlm% Egoﬂﬂﬂﬂo@ meéa}lo_zg y
ﬂ,._,mox._o JXL;L.L }ﬂ ﬂPt&omeqa ATon m_ﬂgo
?mﬂ%éﬁ;uﬁ Aiﬂlé,ﬂ]r 5 o W =
Lﬂo_zfﬁuoﬂr%ﬂo? N &B%Waﬂﬂﬁﬂb%&@weﬂ a.io
e - 45571_ Ltﬁ_u moammmo ﬁ;o Zmﬂhafaw_.mohﬂ T
G+ %J1;11 a i Hfg1_o%HTAL}xA T
X w g : 7 i?lﬁ?g 1;; i
K 3 w© B T W od N 2o =0 X N 9 -~ = © B
1@_;2va _;oiﬁu; wovﬁnoHLz&Lg L=
° o_u]T%o;_ %v aoéﬂaooo%) o gouéEHTé} =
A xék% e }AT%},qﬂE O_Elﬂﬂ _va LY
R .ﬂ.ﬂiﬁogz< olyoﬂé]ao@@o@agufﬂ o %
31 A1%L|ﬂrmu a_.xéarmuul,z _dré I ﬁvjuuuoﬁf 70
L X ! { HoPJ_AE_ &ogovdt X0 EAT
Aﬂﬂﬁ _I_AT Br T,\MU )A,._MD.T HTﬂyl]FE o e ) Ir
Jﬁmﬂﬁﬂﬂ;ﬁ o,_ﬂAIXue]o._%n,moouqun%WroonMVﬁuoR ﬂo_a
x?]moov .goﬂmauﬂﬂ ﬂumeﬂrnﬁoﬁ%éﬁoﬂ%u ATmc
< w u.,%,JémﬂM Lx@ﬂaoﬁ}f% AN
> iﬁoz‘z o EELEﬁ oLEA Y
E.f o‘.ﬁnnoT.WJlL ]Ho—uoﬁadowiﬁﬂﬂe 1ﬂ
XKUL_/_IXOﬁZ‘._ == U;A
,uaﬁqw]_ mﬁﬂﬁﬂaoa_.ﬂﬂugo J
oF ﬂeoux}]xﬁ&l%}lcﬂr waka
gg&nquﬂﬁawoﬂ+ Tz
Aﬁoﬁooﬁe}x ‘E,_ﬂﬂwﬂ 7o
~3 kA%.zekahju )
N 2o N i 9Eut X .
@ouﬂrumoﬂmwwwm uﬂxﬂ%
uomM,maHa@rﬂo/uHmﬂ ‘A|0M_H]
‘allo‘q._/,mw_-o 7_/A‘I1G|_|
1AJHL OﬁEL .ﬁou
mMmuﬂ .DlmamL
w do X
N
o}/

- 162 -



e

g deol 184 =

9]

H &

% ofv] g,

3

7FAA W™

¢

K
2

e
)
R
A=
e
2

3
W

A

s

= ATollA

!

)
&

el

It

ﬂo

P
=

}1\_1_

1 COD, T-N, T-P, Chl-a 4 &+ ¢

9]

2 Fu37] 9

7]
=i

A

NR

74 TOC7]

F 2o
FA T}, Vollenweider & S4Bl &= 5% &

S

tﬂ'

ot =

S

o
]

14 0|27 77} o

(e}

—_—

0

Aol

A

]

R

A gol o]

o A 7juF ¢l LQI$} LEHAwW

=]
T

;_HO
B

Aol He(0~1000E 3

& &g vl

9 F7F 9l

<

=2
~

157}

X

ol

olo

~
il
ToH

iy
<]

)

—~
o

h 84

g LQIe

7}

rLQlar

=
¥

LEHAwel™, 5= 7] =2 A 5=7F g7 /Esan 3l o] 9]

FI7M=

o
=

3

Aol 4

Faath LQL rLQlar, LEHAw A5+ 7)1t

S

<
T

—

A

&

-—

o)

7k

o

- 163 -



2 UehE $ AT W7 0~1000 2 539 F7 Ui Bol QA5
He o]&ste] FAsk= oy Rol ol dekslolA whEdte] 1WA 0~
1002 s3T5 Fasty #4457 FAATE st
(% 5-12) 598 AFA $AA5 240 AH&E A5
R A4 4 a7
- NG oA ek
DOODPIE | gaqa~VD) | 425702 42 40 | COD® 1eld
ST HASH
W]l §o]
@TOC7]+ 718 T A il 7t TOD%F 113 ¥
sageasg | VD e toc s | 249 1A 22
suggaz | SO0 TN copwu opie e | wwel oed 2
BRFATH | oo amy 5 19 b W
. T-N, T-P _
@Vollenweider ) &3] AMREHE AT
CHA) (=21 & ThA| 2= (5T} 2 o
Ogoo]:/b]'ﬂ] 5;‘]:“75]!;;;(;:0 Oéoo]:%é_]?_] T_N, T_P 1‘7:]17‘(51,74])7]' =
o T O O)
© T A}
COD, T-P, Tc?;r ?‘;*Chi" A9 W-(0.0~100.0)
Chl-a¢] 74 o mha e | LEE, ATECA
GLQI as = AZge 489 A4 - e
T | e rrase s |, BH L
o Gy | AR A
®rLQlar 2L =S 1QiE nasel | 8 W800~1000)
= 1A
HEA He =
COD, T-P, COD, T-P, Chl-a ¥
Chl-a%] A2~ Syt T4 gy Hel w3(0.0~100.0)
TLEHAW | Qg £ | a2ge 488 A+ | A% 28 F
F A A8 | 0~1007HA 2A X
CODFE 7|50 <=3l CODYF ¥
- o
®COD%= | CODB=el | W oo @l §o | CODs= #slol o
S ST i A7k obd COD %% | & AFd A|Alo] R%
copy 0= 7t &9 & ARl £
el 4AA 5 o] CODS) A5 e o &3 CODI A58 F7hahgl e
t], CODI&= COD7|& EAaTd7]|FRl = 5w 771 Bol Alds +=4d
st W ® o AL, CODER s Fdve] FEd Aol A F&3trh=
Fol oy g=dA] Ee Aol A o el Ut
AN E AR 1A FABANGTE 2T Agato] 247he] A



A5 ALEGARA, BrEA, § A

W, w1,

2FASH, TOC7F 3h5FHASH, 1A
FE it SAFESH, Vollenweiderd %4 e, LQI0, rLQIL,10, LEHAwI10,
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(genetic programming)¥} 2] AFE A E 2] 7]} (decision tree)o] &Y &A1 FA
e} o3}

=]
AAG F4 2 AP FAED MES ] s 7Hez AAHH
o AR 2709 dEA S Yol v AP ARA 7IH (multi linear
regression) .= A &3te] wHE&AFA FAAFE FAH oM, 7 7Pl
AWE vlusty] 918 (& 5-13)7 o] 29} AdATE A st

AA Aoz JALA A E #] 7] ¥ (decision tree) S A &3 H 97} FAAZ
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error r error r error r
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2. QE8ATA FAAF FAHAEE /¢
&9 £34%F F4¢ 9% ¥4 A4
7}. Fuzzy rule=€ 2 32X FZE A &2 F4
FTAEATH] FAAF FHEID S )it 3 =% TASAY
o 5 5 X N AAZ o)A}
Azl =A-4H FAE o] &3] AT 7MA] A X Aol A E oJALA
s ) 2 Bl : 5 2~ = =
J E 2] (decision tree) 7| o] &3] & <F(training) A7 F FAAFE F4
= 2= A _O__ = =] o I~ ] = ] ~|:H ‘H h
3k = = fuzzy rules EE3FF oM, o]F o ZH 27 A A G =
= [e]
=9 fuzzy rule> a3 2t
“ Deplh¢=476%14 = Depth¢=4 814136
= uBO0people <= 3836743 = uBODpeaple ¢= 394757
= - uB0Dathers <= 11.9073% = uB0Dgthers <= 106481
= WS area<=1900 H--Areag=T794
= Yolume ¢=577.2 = Depth¢= 4112198
= uB0Dothers <= 106461 = frga<=75
= 30meanRain <= 1323 = obieac=55
Depth <= 3356863 (200D ckss =] 8% Confdence) Himearfiain = 1011 [L01ar10 =] (26% Coniidence)
= Depth» 3356863 = ImearRain s 1011
= Volume ¢= 3316 JmeanRain <=1134 (7LGlar1 0= 5] (50% Confidence)
= 30meanRan<¢=1136 JmeanRain> 1134 (ALOIart0=4] (47% Confidence)
HlmeanRain <= 1123 [2000ckass = 4] (31% Confidence) =oodies» 55
JmeanRan 3 1123 [2000ckass = 3] (31% Confidence) uBODivestock <= 3646409 [MLOIar10 =6] (4% Corfidence)
HmeanRan> 1136 [2000ckass = 2] (40% Canfidence) uBODivestock > 3646403 [TiLOlar0="7] (71% Confidence]
Vohame 3316 [2000ckase =) (63 Coniidnce) e hieas 75
= meanRan > 1323 = Yolume ¢= 975
= Ranratio ¢=1.32783 = Depth <= 3891852
Hmeanfian <=1362 [2000class = 1] (25% Confidence) uBODcthers <=10.25343 [FLQlar0 =4 (77% Confidence)
= Jmeanfan > 1362 = uB0Dathers > 10.25349
= Depth ¢= 2660626 |= J0meanfiain <= 1679
Rairratio ¢= 1106857 [2C00class =2] (31% Confidence] = Rainratio <= 1.077355
Raiatio > 1.108557 [2C00class = 3] (55% Confidence] Wolurme <= 488 [7L0lar10= 4] (5% Confidence]
Depth > 2660626 [2000class = 2] (722 Canfidence] Wolurne > 438 [7iL0lar10 =5 (83% Confidence)
= Raratio ¥ 1327835 Raiiatio » 1.077355 (7iLQlar10=4] (73% Confidence]
brea¢=55 [200Dckss=1] (31% Confidence] J0meanRain > 1679 (7rL0lart0=5] (86% Confidence)
fiea 85 [2L0Dclass = 3] (7% Confidence] = Depth> 3851852
=~ uBODothers > 106461 = liead=15
= Depth¢= 3070414 I0meanR ain <= 1330 [70lar10=13] (717 Corfidence)
= WS_area =163 I= J0meanfiain > 1330
WS_area =104 [2000ckass =6] (50% Confidence) uBODlvestock <= 2302556 [7L0larl0 = 4] (4% Confidence|
= WS_area» 104 UBODlvestock » 2302556 [7rLG1ar10 = 3] (23% Confidence)
= WS_aea¢=130 = Aeay 18
JmearRain <= 1273 [2000ckass =5] (25% Confidence) JmeanRain <= 1627 [7LQlar10 =4 (73% Corfidence)
HmearRain > 1273 2000 class = 4] (63% Confidence) JmeanRiain > 1627 (7rL01art0 = 3] (37% Carfidence)
= WS _aea> 130 = Yolume » 375
uB0Dpeaple ¢=1357332 [2000class =5 (63% Confidence) uBODpeople <=2 846375 [AiL01ar10= 4] (61% Confidence]
= uB0Dpeople » 1957332 uBODpeople > 2846375 [7iL0lai10=3] (1% Corfidence]
uBODpeople ¢= 2081024 [2C00class = 4] (45% Confidence] = Depthy 411219
uBODpeople > 2081024 [2C0Dclass = 5] (55% Confidence) = uBODlvestack <= 34,1968
WS_aiea» 163 [2C0Dclass = 4] (70% Confidence) Yalume <= 43204 [7rL0lar10= 4] (84% Corfidence|
= Depthy 3070414 = olame » 43204
= uBODothers ¢=1096 = uBODothers <=1061713
WS_area =306 [2000ckass = 4] (23% Confidence) WS _area <= 1080
# WS _area > 306 4 WS area> 1080
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