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Analysis of Environmental Factors of Geomorphology, Hydrology, Water Quality and
Shoreline Soil in Reservoirs of Korea. Cho, HyunSuk and Kang-Hyun Cho* (Department of
Biological Sciences, Inha University, Incheon 402-751, Korea)

In order to understand shoreline environment characteristics of Korean reservoirs,
the interrelationships between environmental factors of geomorphology, hydrology,
water quality and shoreline soil were analyzed, and the reservoir types were classi-
fied according to their environmental characteristics in the 35 reservoirs selected by
considering the purpose of dam operations and annual water-level fluctuations.
Geomorphological and hydrological characteristics of reservoirs were correlated
with the altitude and the size scale of reservoirs. The annual range of water level
fluctuation showed a wide variation from 1 m to 27 m in the various reservoirs in
Korea. The levels of eutrophication of most reservoirs were mesotrophic or eutro-
phic. From the result of the soil texture analysis, sand contents were high in
reservoir shorelines. Range, frequency and duration of water-level fluctuation were
distinctive from the primary function of reservoirs. Flood control reservoirs had a
wide range with low frequency and waterpower generation reservoirs had a narrow
range with high frequency in the water-level fluctuation. According to the result of
CART (classification and regression tree) analysis, the water quality of reservoirs
was classified by water depth, range of water-level fluctuation and altitude. The
result of PCA (principal component analysis) showed that the type of reservoirs was
classified by reservoir size, water-level fluctuation, water quality, soil texture and
soil organic matter. In conclusion, reservoir size, the water-level fluctuation, water
quality and soil characteristics might be major factors in the environment of
reservoir shorelines in Korea.

Key words : drawdown zone, lake water quality index, reservoir size, water depth,
water-level fluctuation
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Table 1. Abbreviations, location and primary function related to the hydrological characteristics of the study reservoirs in
Korea. Most reservoirs were constructed for several purposes, and main usage means the most important
function which is related with water-level fluctuations.

Name Abbrev. Latitude Longitude Main usage*
Baekgok Bg 36°52'N 127°24'E Agricultural water supply
Beongae Be 35°26"N 128°28'E Agricultural water supply
Boryeong Br 36°14'N 126°38'E Residential and industrial water supply
Boseonggang Bs 34°48'N 127°08' E Waterpower generation
Buan Ba 35°39'N 126°34'E Residential and industrial water supply
Bulgap Bp 35°13'N 126°30'E Agricultural water supply
Cheongcheon Cc 36°22'N 126°38'E Agricultural water supply
Cheongpyeong Cp 37°43'N 127°30'E Waterpower generation
Chopyeong Cy 36°49'N 127°30°'E Agricultural water supply
Chuncheon Ch 37°58'N 127°40'E Waterpower generation
Chungju Cj 37°00'N 127°59'E Flood control
Daecheong Dc 36°28'N 127°28'E Flood control
Daegok Dg 35°37'N 129°10°'E Residential and industrial water supply
Daejeong Dj 35°24’N 126°30"E Agricultural water supply
Dongbok Db 35°06" N 127°06' E Residential and industrial water supply
Dongbu Du 36°07'N 126°47' E Agricultural water supply
Geumpung Gp 35°23'N 127°17'E Agricultural water supply
Gucheon Gc 34°49'N 128°38'E Residential and industrial water supply
Hapcheon Hc 35°32'N 128°01'E Flood control
Heungdeok Hd 35°32'N 126°43'E Agricultural water supply
Imha Ih 36°32'N 128°52'E Flood control
Jijeong Jj 34°33'N 126°58" E Agricultural water supply
Jinyang Jy 35°10'N 127°59'E Flood control
Milyang My 35°28"N 128°55'E Flood control
Okgu Og 35°55"N 126°39'E Agricultural water supply
Paldang Pd 37°33' N 127°19E Waterpower generation
Paro Pr 38°07'N 127°46'E Flood control
Sayeon Sy 35°34’N 129°11'E Residential and industrial water supply
Sinsong Ss 36°39'N 126°32'E Agricultural water supply
Soyang Sa 37°56"N 127°53'E Flood control
Uiam Ua 37°51'N 127°39E Waterpower generation
Wonnam Wn 36°51"N 127°34'E Agricultural water supply
Woonmun Wm 35°43'N 128°55'E Residential and industrial water supply
Yeoncho Yc 34°56" N 128°39'E Residential and industrial water supply
Yeongcheon Yh 36°03'N 129°00' E Residential and industrial water supply

*Most reservoirs were constructed for several purposes, and main usage means the most important use purpose which is related with water-

level fluctuations.
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Fig. 1. Map showing the study reservoirs in Korea. Abbre-
viations are provided in Table 1.
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Table 2. Altitude (AL), basin area (BA), water surface area (WA), mean water depth (WD), circumference (Cl), shoreline
development index (SH) and mean degree of shoreline slope (SL) in the study reservoirs.
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Reservoir AL (mas.l.) BA (km?) WA (km?) WD (m) CI (km) SH* SL(°)
A) Main usage: Agricultural water supply
Baekgok 96 85 2.3 9.4 13 25 13.7
Beongae 4 20 0.8 3.0 6 1.8 14.9
Bulgap 31 47 2.0 8.4 14 2.8 1.7
Cheongcheon 37 70 2.7 7.8 15 2.6 4.3
Chopyeong 59 133 2.6 5.4 22 3.9 14.4
Daejeong 23 11 0.5 4.4 3 1.3 3.8
Dongbu 13 28 2.4 5.0 11 2.0 12.8
Geumpung 63 11 0.5 5.7 4 1.5 5.7
Heungdeok 10 44 3.8 2.6 11 1.6 25
Jijeong 2 1 0.6 2.9 5 1.8 10.7
Okgu 6 3 3.2 4.0 8 1.2 3.7
Sinsong 34 7 0.5 6.9 4 1.6 3.1
Wonnam 113 37 11 7.7 16 5.6 12.6
B) Main usage: Residential and industrial water supply
Boryeong 61 164 5.8 20.2 24 2.8 12.3
Buan 40 59 3.0 16.8 29 4.7 8.5
Daegok 113 58 24 15.1 23 4.2 13.7
Dongbok 166 189 6.6 15.1 33 3.6 3.4
Gucheon 90 13 0.5 20.0 8 3.0 19.1
Sayeon 54 67 1.9 15.9 26 5.3 18.0
Woonmun 144 301 7.8 20.6 55 41 6.8
Yeoncho 45 235 6.9 15.0 44 4.7 2.0
Yeongcheon 150 12 0.6 8.7 8 3.0 12.0
C) Main usage: Flood control
Chungju 125 6,648 97.0 28.4 502 14.4 15.8
Daecheong 74 3,204 72.8 20.5 225 7.4 8.4
Hapcheon 156 925 25.0 316 93 5.2 8.3
Imha 148 1,361 26.4 22.5 128 7.0 53
Jinyang 41 2,285 28.2 11.0 79 4.2 6.8
Milyang 194 95 2.2 33.5 16 3.0 15.9
Paro 170 3,901 38.2 26.7 122 5.6 4.4
Soyang 170 2,703 70.0 414 139 47 8.3
D) Main usage: Waterpower generation
Boseonggang 125 275 1.8 3.2 12 2.5 3.7
Cheongpyeong 50 9,921 17.6 10.5 96 6.5 4.2
Chuncheon 102 4,736 14.3 10.5 63 4.7 6.3
Paldang 25 23,800 36.5 6.7 112 5.2 34
Uiam 70 7,709 15.0 5.3 56 41 2.6
Mean 80 1,976 14.4 13.5 58 4.0 8.4
Median 63 95 3.0 10.5 23 3.9 6.8
SD 57 4,522 23.2 9.9 93 25 5.1
CV** (%) 71 229 161 73 160 61 61
*SH=CI/2 /TWA
**Coefficient of variation
ApA sRAn B A A SR (SH)E 48 SAAFAL STAFAL )
2} 5.9} % FoA :g% Mol g AA A AN 10] Y2t mefo] Aol rprkglon
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Table 3. Total water storage (WS) and annual values of median water level (WL), range of water level fluctuation (WF),
range of the first and third quartile of water levels (WQ), flood number at the median water level (WN), exposure
duration below median water level (WB) and mean exposure duration of the drawdown zone (WE) in the study

reservoirs.
Reservoir WS WL WF wWQ WN, WB i WE .
(x 10°m°) (mas.l) (m) (m) (no. yrb) (days yr ™) (days yr'%)
A) Main usage: Agricultural water supply
Baekgok 22 96 5.5 34 4.3 84 212
Beongae 2 5 1.6 0.3 9.0 159 24
Bulgap 17 29 6.5 3.2 1.7 175 159
Cheongcheon 21 37 5.7 2.8 2.7 130 92
Chopyeong 14 40 31 1.0 6.0 74 10
Daejeong 2 28 4.8 2.4 2.3 68 104
Dongbu 12 14 3.3 15 5.7 94 103
Geumpung 3 65 3.7 1.8 2.7 179 35
Heungdeok 10 12 3.9 0.7 3.0 159 76
Jijeong 2 4 2.7 1.3 12.7 115 120
Okgu 13 7 2.0 1.0 2.3 178 40
Sinsong 3 36 4.5 2.3 1.7 99 231
Wonnam 9 114 7.8 43 1.0 191 52
B) Main usage: Residential and industrial water supply
Boryeong 117 65 134 6.7 1.0 183 148
Buan 50 37 7.5 3.7 1.3 178 218
Daegok 36 113 10.7 5.3 0.7 192 137
Dongbok 100 163 125 6.2 1.3 191 228
Gucheon 10 87 9.2 6.4 1.0 192 133
Sayeon 30 55 8.7 43 1.0 191 165
Woonmun 160 140 145 7.2 3.0 142 162
Yeoncho 103 45 5.6 2.8 1.3 192 247
Yeongcheon 5 147 9.5 4.8 1.3 191 85
C) Main usage: Flood control
Chungju 2,750 129 20.7 104 13 191 140
Daecheong 1,490 70 11.8 5.9 1.7 192 296
Hapcheon 790 158 26.5 13.2 1.0 175 42
Imha 595 146 12.6 6.3 1.3 191 183
Jinyang 309 40 7.4 3.7 6.7 194 326
Milyang 74 194 20.1 10.1 1.3 192 213
Paro 1,018 168 19.2 9.6 17 175 152
Soyang 2,900 177 26.7 134 1.0 191 86
D) Main usage: Waterpower generation
Boseonggang 6 126 3.1 15 18.7 188 42
Cheongpyeong 186 50 1.7 0.9 18.7 185 305
Chuncheon 150 102 2.0 1.0 9.3 187 123
Paldang 244 25 1.0 0.4 33.0 184 212
Uiam 80 71 1.6 0.9 17.7 180 57
Mean 324 80 8.6 4.3 5.2 165 142
Median 36 65 6.5 3.4 1.7 183 137
SD 704 57 7.0 3.6 7.1 38 84
CV* (%) 217 71 81 84 137 23 59

*Coefficient of variation

19.1° 3} 18.0° 24 FAAIE o|Fgon, ElA|7} 1.7° = ZT} (Table 3). 20091 2E] 20113714 37 HF A4
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Table 4. Total nitrogen (T-N), total phosphorus (T-P), chemical oxygen demand (COD), chlorophyll a (Chl-a), suspended
substance (SS) and lake water quality index (LQI) of water in the study reservoirs. Data from RAWRIS (2012)

and Water Information system (2012).

Reservoir T-N(mg L™) T-P(mgL™) COD(mgL™) Chl-a(mg m™3) SS(mgL™) LQI*
A) Main usage: Agricultural water supply
Baekgok 1.3 0.029 4.1 4.9 3.8 44
Beongae 1.0 0.083 10.8 14.4 7.5 67
Bulgap 11 0.026 5.6 9.8 438 51
Cheongcheon 1.2 0.032 4.7 10.5 5.4 50
Chopyeong 1.0 0.038 5.1 6.2 4.4 50
Daejeong 14 0.041 7.8 21.0 11.6 61
Dongbu 0.7 0.039 6.2 17.6 7.7 57
Geumpung 11 0.029 4.7 7.9 5.3 48
Heungdeok 1.8 0.078 6.3 125 30.3 59
Jijeong 1.0 0.043 8.1 21.0 7.6 62
Okgu 1.2 0.060 7.7 12.9 12.7 61
Sinsong 1.8 0.052 5.8 11.8 7.3 56
Wonnam 14 0.055 5.3 7.8 5.6 53
B) Main usage: Residential and industrial water supply
Boryeong 1.6 0.013 25 5.7 25 34
Buan 1.0 0.011 3.8 4.9 15 39
Daegok 0.9 0.019 3.9 8.4 3.9 44
Dongbok 0.8 0.015 35 5.0 34 39
Gucheon 0.8 0.014 2.0 9.2 35 34
Sayeon 0.9 0.017 3.8 8.5 4.9 43
Woonmun 2.1 0.034 3.0 9.1 7.6 43
Yeoncho 0.8 0.030 3.8 10.8 7.7 a7
Yeongcheon 1.2 0.020 4.7 8.2 2.2 47
C) Main usage: Flood control
Chungju 2.0 0.021 2.2 34 3.7 33
Daecheong 15 0.017 3.0 6.2 2.2 39
Hapcheon 1.4 0.013 2.6 2.2 1.4 31
Imha 1.2 0.020 3.8 35 3.3 40
Jinyang 1.2 0.020 2.9 6.9 3.7 39
Milyang 1.0 0.010 1.7 2.7 15 25
Paro 15 0.013 2.2 2.2 4.4 29
Soyang 15 0.010 2.1 2.2 3.0 27
D) Main usage: Waterpower generation
Boseonggang 1.3 0.042 4.8 7.2 8.9 50
Cheongpyeong 1.6 0.025 3.2 10.8 4.3 44
Chuncheon 1.8 0.028 24 4.6 6.8 36
Paldang 1.8 0.023 35 13.2 4.7 45
Uiam 1.5 0.017 2.4 6.9 2.8 36
Mean 1.3 0.030 4.3 8.6 5.8 45
Median 1.2 0.025 3.8 7.9 4.4 44
SD 0.4 0.018 2.0 4.8 5.0 11
CV** (%) 31 62 47 56 87 24
*LQI=0.5 (5.8+64.4 log (COD))+0.25 (12.2+38.6 log (Chl-a))+0.25 (114.6+43.3 log (T-P))
**Coefficient of variation
otz ¥ B Ad FA2A FHE APAR ol & T S AWHEIS(WRE 29sE B[R s
she wle] 2m o)skea] Agkeh AL 3AHEY S9le) ASAA Wty 4okEg R F4EdE o2
AYF FAUFZIWQE A5AMES A0 2% APz A2 23] o2 vl Aok AA 59
olgimt. A A 919 AFdE TIEL= ke 9 o] AFezk o3kl oW E Az =Z717H(WB)
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Table 5. Coverage of rock exposure (SR) and contents of sand (SA), silt (SI) and clay (SC), pH, electric conductivity (EC)

and organic matter content (OM) of shoreline soil in the study reservoirs.

Reservoir SR (%) SA (%) SI (%) SC (%) pH* EC*(mSm™) OM (%)
A) Main usage: Agricultural water supply
Baekgok 6 82 13 5 5.0 1.8 3.3
Beongae 0 38 36 26 5.8 1.4 4.8
Bulgap 0 73 19 8 6.7 0.3 21
Cheongcheon 1 62 25 13 5.4 1.9 7.0
Chopyeong 17 49 36 15 5.3 1.9 5.9
Daejeong 0 53 34 13 6.0 15 4.3
Dongbu 14 81 15 4 5.7 14 3.2
Geumpung 0 74 18 8 5.7 1.8 3.3
Heungdeok 0 45 30 25 5.7 2.2 6.3
Jijeong 2 73 17 10 5.6 1.9 6.0
Okgu 0 80 9 11 5.9 1.8 3.2
Sinsong 4 49 38 13 5.4 2.2 7.6
Wonnam 10 61 32 7 5.5 17 7.4
B) Main usage: Residential and industrial water supply
Boryeong 19 70 20 10 6.1 13 4.3
Buan 3 40 43 17 4.5 2.3 6.9
Daegok 46 75 15 10 6.7 0.7 7.0
Dongbok 1 57 29 14 5.8 1.9 7.6
Gucheon 45 49 33 18 4.7 2.6 11.3
Sayeon 21 56 35 9 6.0 1.8 6.0
Woonmun 2 69 19 12 5.7 15 3.9
Yeoncho 0 47 30 23 5.7 2.6 7.2
Yeongcheon 7 69 16 15 6.1 1.7 3.2
C) Main usage: Flood control
Chungju 15 55 25 20 6.9 15 35
Daecheong 0 57 34 9 7.6 1.7 55
Hapcheon 32 46 37 17 5.4 25 8.9
Imha 2 70 13 17 6.0 3.0 2.6
Jinyang 0 40 42 18 5.4 21 8.0
Milyang 49 42 39 19 5.9 2.0 6.8
Paro 0 70 22 8 5.6 1.6 5.1
Soyang 1 65 22 13 6.2 2.2 4.4
D) Main usage: Waterpower generation
Boseonggang 0 43 34 23 5.5 24 10.5
Cheongpyeong 0 74 22 4 6.1 14 5.4
Chuncheon 0 71 22 7 6.0 19 7.8
Paldang 0 62 26 12 6.4 2.7 5.0
Uiam 0 60 33 7 5.6 19 6.8
Mean 9 60 27 13 5.8 19 5.8
Median 1 61 26 13 5.7 1.9 5.9
SD 14 13 9 6 0.6 0.5 2.2
CV** (%) 166 22 35 45 10 26 38

*soil : water=1:5 (w/v)
**Coefficient of variation

HEE] MR 160U ooz Zglor) HAA
7, 2HAPA, F3A LA 5o AR HPLApA
A 909 o)stzm Zoleh 3 | 4ax] SgwlEed A A}
Hol| Al Agit =Z7|7H(WE)> Afs7} 32624 7}

2 el 3 =H A 5=A]7}F 10824 7FAF "ok

Ao 4 B8l FAA F

AL (T-N)E= 23

ok FF3A 20mg LT oee w9kw 7S, 55
3, 9x3A 0.8mg L12A] Ik} (Table 4). R{-E
4 (55)E FIAFANA 303mg LE2 e A4An
7 43R5 sh A5 10mg L

o =0 w3
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Table 6. Comparisons of environmental factors of reservoirs according to their primary function. The abbreviations are
provided in Tables 2, 3, 4, and 5. The different superscripts in the same line indicate the significant difference by
Tukey’s Honestly Significant Different test.

Main usage

Environmental

factor Agricultural ) Res_idential and Waterpoyver Flood control
water supply industrial water supply generation
AL (ma.s.l.) 40° 92Pe 75 135%
WA (km?) 2P 3P 17° 452
WD (m) 7° 15° 70 272
ClI (km) 13° 23° 682 1632
SH 2.3° 3.9% 4.6%® 6.4°
SL(°) 7.5% 11.32 4.0 9.1%®
WS (x 10° m°) 10° 68° 133° 1,2402
WF (m) 4.8 9.4° 1.9 18.12
WQ (m) 2.2° 5.0° 0.9° 9.12
WN (no. yr %) 4.2° 1.3 19.5° 2.0°
WB (days yr?) 131° 1842 1852 1882
WE (days yr'?) 972 1692 1482 1802
LQI 552 42° 420¢ 33°
SR (%) 42 172 02 122
SA (%) 642 582 622 562
S1 (%) 242 282 278 292
SC (%) 132 142 112 152
pH 5.72 5.72 5.92 6.12
EC(mS m™) 1.72 1.92 2.02 2.12
OM (%) 4.72 6.82 7.12 5.6%
olifez ESheh FU(T-P), 3H3hHaka4-7-2F(COD) % o 1= (AL7}F B 3ol $1AEATE =3 A (WA)

F=2 29 a(Chla)oz Fgsle] Frisls 3552AS
(LQDE F4lo] & Lx|ol wilselM 6724 74 =
X3, A A A, A PA] 9 AA A A 60 o] Afo =
Eorem Ueks, 40ks Y T2 soA 30 w|gtes vk
o},

A5A] BbA A xE X (SR HT %ol
A &=R]of ultr] W o)z} ek (CV=166%) (Table 5). ZF
EoFo] A HA 2 maf (SA) aFe] vAk(SHe A
% (SC) FaFrvl wokeh W px]el FHA R oA
= 23 o] 80% o] el W%, BAYE, 39
A4A B dzzolM w2 FeFo] Mot Eoko] As
EAHFS e A7A =% (EC): B3l 2.7mS
mi2A 7 =9k EAHAelA 0.3mS mloz 713
vkt 2okl f71E FEF(OM)> H+F 5.8%0l%d
Azl 11.3%= 7 @tk

2. A2 Ex0 2 7 nlx

3} A4gHWS) A4Ae] Fui F4Ede 457}
e gwo] 44Auet F5h 44 (WD)E F4Ed ol
TR I R BT
Har] 58] BAGA ASAMEEWPE F42d
go] 181mez 71 AT AL TAESE 0.4m, 5
£ 48m% WAL 19me] Folgieh 447 fxe]
S S9UEF B ohel W fYol= Aol7) )
ok (Fig. 2). EA FH2RE A4 LoksolA]
t E47) A%l HAAagle] mgeT O A F47t
A 5917} A%A oz s SRl WHE A%
Q) BLsANE SIREFS AT S9lwge] 3
stk A%, TUE4E ASAE FrEA43 S90E
Pl WIgaAT 2917} Fhadgue e e
Foll F2A7 A SASG $9E AH ST
H479) ASel Azte] AZEE 49 A7 A%
£ shodei 49 o F 29| FFoZ 4917} olge
A4A8) 25425 LQNE FHEE A5 oA

A wT FEAE ASKA 7 Rk (Table

SolaEs o] & A4A) SxE FES B 6). 3¢ Y DAL A4 L8 T
2el& Shpulaat Aoe Table 63 2ok A4 9 Aolrh veiA @sie
A Forde o954 @ 37} e gxe) AeAn
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A. Soyang (Flood control)
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C. Sayeon
(Residential & industrial water supply)

62 1
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B. Paldang (Waterpower generation)
26.0 1

25.5 1

25.0 1

Water level (m a.s.l.)

24.5 1

24.0lll|lll|lll|
JAJ OJ AJO'JAJO

2009 2010 2011

D. Okgu (Agricultural water supply)

9

Water level (m a.s.l.)
~ oo

()
I

5IIIIIII|IIII
JAJ O JAJOJAIO

2009 2010 2011

Fig. 2. Changes in water levels in the four reservoirs representing the primary function of the study reservoirs. The main

function of the reservoir is in the parenthesis.
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& AGA GFRe] [ A2l Abelo folF <k
o] Ate] sdxit(Table 7). A42]2] A= (AL)E 4
(WD) 9 Zehhke (SH)9} §-0]3k oFe] Abzho] glgleh
A52) 2] M EZ (WF)S 1%9 #4547 Frol A2
g el oke] Abgte] glsleh 28y 9 FE
Fo}59) AHTIS (WN) Alelol] L9 Alate] glglc)
soke] A= %E% A 913 EoFEtA e 1:]-;1 25 2

Ddzﬂ,,zi‘ﬂ =9

A1 (WD), 3% (AL), E9PIEE(SH) 3 1451955 (WF)

frolg o) Al AN (Fig. 3). LQIe 3 0]
e 72 #7420le A Slstel MpdY B33
A& AAR A3k 54 (WD, m)3h sebtE (SH)7H A
AEgop, o5 MG A% Ep5AAE(LQNE)
siFA 2 vt e

LQI=47.488—0.692 WD+18.966 SH (R2=0.774***)

I

N

JelEs 443 slEEE SREeE
F4 HAAS 1 AR el 77.4%24 Fok
& ARl % A4 F9E 2R
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X
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371 913t ﬁhﬂ - (CART) A4l 23 EA|=
oA 44 ( D), SWEZ (WF) 2 1% (AL 23}
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Table 7. Correlation coefficients between environmental factors in the shoreline of the study reservoirs. The lower
diagonal indicates the significant levels (the shaded cell indicates negative significant correlation). The

abbreviations are provided in Tables 2, 3, 4, and 5.

AL BA WA WD SH SL WS WF WN WB WE LQI SR SA pH EC oM
AL -0.07 031 072 038 0.17 041 0.76 -028 041 0.00 -0.73 034 001 008 014 012
BA ns 0.44 0.00 0.40 -0.24 022 -0.12 078 023 025 -021 -020 0.09 030 019 -0.07
WA ns il 058 0.80 0.01 093 054 002 033 023 -050 -0.12 -0.02 055 0.09 -0.17
WD =***x ns Hokok 054 026 069 094 -042 046 018 -0.83 041 -0.1 0.18 0.16 0.03
SH = * dkk dkk 0.16 0.69 047 -0.01 042 029 -054 005 -0.04 043 0.05 -0.10
SL ns ns ns ns ns 0.09 024 -0.27 -0.06 -0.09 -0.17 0.70 -0.07 -0.07 -0.14 0.05
WS = ns Ak kkk KKk ns 0.68 -0.17 0.27 0.06 -051 -0.05 000 045 0.06 -0.19
WF ***x ns Akk dkk ok ns Hkk -051 036 003 -0.72 040 -0.10 0.19 0.06 -0.01
WN ns  *xx ns * ns ns ns ok ns 0.04 016 -030 002 0.03 019 0.13
WB * ns ns i * ns ns * ns 0.19 -055 011 -0.09 032 011 0.15
WE ns ns ns ns ns ns ns ns ns ns -0.28 -0.05 -0.08 0.16 0.09 0.10
LQlI ***x ns Fk kkk kkk ns ke ek ns ok ns -0.38 0.07 -0.07 -0.20 -0.20
SR ** ns ns * ns Hkx ns * ns ns ns * -0.15 -0.06 -0.06 0.33
SA ns ns ns ns ns ns ns ns ns ns ns ns ns 0.28 -0.43 -0.60
pH ns ns kNS *k ns il ns ns ns ns ns ns ns -0.43 -0.43
EC ns ns ns ns ns ns ns ns ns ns ns ns ns * *% 0.43
OM ns ns ns ns ns ns ns ns ns ns ns ns ns ok * *
ns: p>0.05, *: p<0.05, **: p<0.01, ***: p<0.001
611124 ReJdsiyl Aslgek el Sale) 0021 ¥ 3ok b wlwd Redodsbt © AW T
m o]Fo] 1 QAsMFHo] 1685m o)l ApAlM  Bg gl A T 804 A5ATE 1A
7 LQIE 28.620| %t}

4. 37 89ld &g AF=|7he] A il &
357 ZAF AER]AA] A7, &5, 52 1 gEoko] 19

|24 AAllA A, 48, 44 9 =g LA =
A B el Aug olgalel F29¥A (PCAE A
Ag Az L% A2ge] AA Wele] 2tz 33%s) Sevete] ApAE 503 T2 29 1A 5
19%8 4931 (Fig. 5). A1ZelA 7P Q%) F2 o) Hegt Bdoz AaMon o] ol #7o
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255
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B54AAR LN 5

25 YA A3 4718

B 39b Bk 7P ALATE $A8H 2 us
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ke 7Pl R F2 w858 AR A2

ApRlele RSl S4EFe] A3 AN wope] st
A AU UG D B A
wol S9lMEFe] =m

911819 A3AHERIo)
A

FYHFZo] I IF =

oF 18,0007117} ZA1=] %1} (Lee et al., 2005; KRC, 2010).
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A. Water Depth
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C. Shoreline development
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B. Altitude
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D. Water-level fluctuation
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Fig. 3. Relationship between lake water quality index (LQI) and the other environmental factors, mean water depth (A),
altitude (B), shoreline development (C) and annual range of water-level fluctuation (D) in the study reservoirs. LQI
=0.5(5.8+64.4 log (COD))+0.25(12.2+38.6 log (Chl-a))+0.25 (114.64+43.3 log (T-P)).

EDERGE I
HE 4 Qw2 549 A3
B5S Bt (Table 2).

Lol 7P7Ha, A A4
=3o] A7 s

Azrlriz

=
.__|/\4

2.4 d

S

A2 2] 4~
H’\ﬂ’“nz—bﬂ o3t § B
K I
o3kS m] x| (Naselll -Flores and Barone, 2005; Hofmann
etal, 2008), 53] sk A1ge] WA} Aol G v
X 93 3172 9le]th(Keddy and Reznicek, 1986;
Hill et al., 1998). A 4=X|o|A] =W EL WEo] Z ulw
W 7)7ke] AElH o= 23}t (Leira and Cantonati,
2008). ¥ AFoNAM = SEvel PR Y] FHHEE W
% Zo| FAA ASHEZT] AARLY S HEZ S

WD >=9.021
|
|
WD > #16.85 AL > =23.86
WD > #16.36 | |
1

28.62 38.07 42 48.51 61.11
n=5 n=5 n==8 n=10 n=6

Fig. 4. Classification and regression tree analysis of lake
water quality index (LQI). Numeral at the end of
branch is the mean LQI of the classified group. WD,
mean water depth (m); WF, annual range of water-
level fluctuation (m); AL, altitude (m a.s.l.) and LQI
=0.5(5.84+64.4log (COD))+0.25 (12.2+38.6 log (Chl-
a))+0.25 (114.6+43.3 log (T-P)).
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Fig. 5. Biplot of reservoirs and environmental factors by
principal components (PC) analysis. Abbreviations
are provided in Tables 1, 2, 3, 4 and 5. (=, reser-
voirs for agricultural water supply; o, for water-
power generation; @, for residential and industrial
water supply; o, for flood control; Contour line of
solid line, annual water fluctuation (WF, m); dash-
ed line, lake water quality index (LQI); dotted line,
sand (SA, %).

9 AFFxZ7|7tozA] BA3IC)(Riis and Hawes,
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Table 8. Variables identified by stepwise regression analysis to predict a lake water quality index (LQI) among environ-

mental factors in the study reservoirs.

Variable Coefficient Partial R? p

Intercept 47.488 <0.001

Mean water depth (WD) (m) —0.692 0.695 <0.001

Shoreline development index (SH) 18.966 0.079 0.002

*LQI=47.488-0.692 WD+18.966 SH

**|_Q1=0.5 (5.8+64.4 log (COD))+0.25 (12.2+38.6 log (Chl-a))+0.25 (114.6+43.3 log (T-P)
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