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Trophic State Index (TSI) and Empirical Models, Based on Water Quality Parameters, in
Korean Reservoirs. Park, Hee-Jung and Kwang-Guk An* (School of Bioscience and
Biotechnology, Chungnam National University, Daejeon 305-764, Korea)

The purpose of this study was to evaluate trophic conditions of various Korean
reservoirs using Trophic State Index (TSI) and predict the reservoir conditions by
empirical models. The water quality dataset (2000, 2001) used here were obtained
from the Ministry of Environment, Korea. The water quality, based on multi-
parameters of dissolved oxygen (DO), biological oxygen demand (BOD), chemical
oxygen demand (COD), total phosphorus (TP), total nitrogen (TN), suspended solid
(SS), Secchi depth (SD), chlorophyll-a (CHL), and conductivity largely varied
depending on the sampling watersheds and seasons. In general, trophic conditions
declined along the longitudinal axis of headwater-to-the dam and the largest
seasonal variations occurred during the summer monsoon of July-August. Major
inputs of TP occurred during the monsoon (r=0.656, p=0.002) and this pattern was
similar to solid dynamics of SS (r=0.678, p < 0.001). Trophic parameters including
CHL, TP, SD, and TN were employed to evaluate how the water systems varies with
season. Trophic State Index (TSI, Carlson, 1977), based on TSI (CHL), TSI (TP), and
TSI (SD), ranged from mesotrophic to eutrophic. However, the trophic state, based
on TSI (TN), indicated eutrophic-hypereutrophic conditions in the entire reservoirs,
regardless of the seasons, indicating a N-rich system. Overall, nutrient data showed
that phosphorus was a primary factor regulating the trophic state. The relationships
between CHL (eutrophication index) vs. trophic parameters (TN, TP, and SD) were
analysed to develop empirical models which can predict the trophic status. Re-
gression analyses of log-transformed seasonal CHL against TP showed that the value
of R? was 0.31 (p=0.017) in the premonsoon but was 0.69 (p <0.001) during the
postmonsoon, indicating a greater algal response to the phosphorus during the
postmonsoon. In contrast, SD had reverse relation with TP, CHL during all season.
TN had weak relations with CHL during all seasons. Overall, data suggest that TP
seems to be a good predictor for algal biomass, estimated by CHL, as shown in the
empirical models.
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Table 1. Hydro-morphological characteristics in five watersheds (HR, KR, SR, YR, NR). The letter of ‘SY’, ‘CJ’, PD’, ‘DC’,
‘JA’, YS’, and ‘AD’ indicate Soyang, Choongju, Paldang, Daechung, Jooam, Yongsan, and Andong reservoir,
respectively. Mo=outflow rate during the monsoon, No=outflow rate during the non-monsoon.

HR KR SR YR NR
Water system —_— —— — —

SY CJ PD DC JA YS AD

Watershed area (km?) 2703 6648 - 4134 1010 193 1584
Surface area (km?) 70 97 - 73 33 - 52
Water volume (106 m?) 1680 1440 90 910 340 180 600
Water depth (m) 100 70 20 60 40 12 50
Precipitation (mm) 1100 1198 - 1230 1530 1507 950
Inflow (10°m®) 56 155 - 102 25 - 27
Water capacity (10° m?) 2900 2750 244 1490 457 191 1248

Outflow rate (%) 69/31 73727 73/27 68/32  68/32

Mo / No
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Fig. 1. Total annual precipitation and monthly precipi-
tation during the wet year (2000) and dry year
(2001).
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Table 2. Annual averages of water quality parameters. Each value is an average of each watershed in the wet year and

dry year.
Wet year Dry year
Parameters

HR KR SR YR NR HR KR SR YR NR
Temp. (°C) 14.2 14.9 135 16.3 135 14.2 15.0 12.7 16.9 13.1
pH 7.9 7.8 7.3 7.5 7.6 7.8 79 12 7.5 7.7
Cond. (us em™) 123 153 72 251 145 136 162 74 278 138
DO (mgL™) 10.2 9.7 8.7 10.1 9.1 10.1 10.1 8.9 104 9.2
BOD (mg LY 1.2 1.7 1.6 1.8 1.8 1.3 1.9 1.7 1.8 1.8
COD (mg LY 2.4 3.6 3 54 3.0 2.5 4.7 3.1 4.7 2.9
TN(mgL™) 2.041 2.065 1.152 2.012 1.702 1.951 2.099 1.450 2.570 1.783
NO3-N(mg LY 1.374 1474 0.789 1.250 1.384 1.385 1.321 0.840 1.036 1.384
NH;-N(mg L™ 0.194 0.167 0.063 0.175 0.056 0.185 0.207 0.056 0.351 0.044
TP (ugL™) 28 25 22 56 23 28 24 18 49 28
TN/TP 87 98 55 40 81 75 Vi 84 67 67
CHL(ugL™H 7.4 12.6 10.8 18.9 11.2 84 14.7 8.8 10.2 10.7
SS(mg L™ 31 8.4 3.6 8.6 54 3.5 114 3.6 5.7 6.7
SD (m) 2.93 1.69 2.51 0.99 1.81 2.58 1.53 2.51 1.41 1.73
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Fig. 2. Spatial variations of total phosphorus (TP), total nitrogen (TN), chlorophyll-a (CHL), transparency (SD), and
suspended solid (SS) along the main axis of the various reservoirs.
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Table 3. Pearson’s correlation coefficients (r) and its probability (p, n=100) of chemical parameters.

Prec. Cond. DO BOD CcOD TP TN CHL SS
r -.511%
Cond. » 021
r —.574%* .540*
DO p .008 .014
r .388 .200 -.016
BOD p .091 .399 947
r .523* .079 —.606%* 552*
COD p .018 742 005 012
TP r .656%* —.505% -.194 510* .209
P .002 .023 412 .022 377
TN r 072 .013 .380 497* —.126 464*
p .761 958 .098 .026 597 .039
CHL r 324 -.310 —.451* 440 .494* 372 —.044
p .163 .183 .046 .052 .027 106 .855
SS r BT78** —-.284 —.673** 510* 733%* 499%* .043 550*
P .001 225 .001 .022 .000 .025 .857 012
SD r —.471* 521* .708**  —.048 —.473* -.218 .106 —.404 —.549*
p .036 .019 .000 .840 .035 .356 .655 077 .012*
* : significant at the 0.05 level. **: significant at the 0.01 level.
(a) Wet year
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Fig. 3. Seasonal variations of temperature vs. dissolved oxygen (DO), and precipitation vs. conductivity in the five
watersheds.
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Fig. 4. Seasonal fluctuations of total phosphorus (TP), total nitrogen (TN), biological oxygen demand (BOD), chlorophyll-a
(CHL), suspended solid (SS), and transparency (SD) in wet year.
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Fig. 5. Seasonal fluctuations of total phosphorus (TP), total nitrogen (TN), biological oxygen demand (BOD), chlorophyll-a
(CHL), suspended solid (SS), and transparency (SD) in dry year.
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Fig. 6. Seasonal variation (premonsoon, monsoon, and postmonsoon) of total phosphorus (TP), total nitrogen (TN),
chlorophyll-a (CHL), transparency (SD), and suspended solid (SS) along the main axis of the reservoirs in the wet
and dry year. Pr’, ‘Mo’, and ‘Po’ indicate Premonsoon, Monsoon and Postmonsoon.
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Fig. 7. Trophic State Index (TSI, Carlson 1977) based on total phosphorus (TP), chlorophyll-a (CHL), transparehcy (SD),
and total nitrogen (TN) in various reservoirs during wet and dry year. In the Figure, ‘O, ‘Me’, ‘Eu’, and ‘Hy’
indicate oligotrophic, mesotrophic, eutrophic, and hypereutrophic condition, respectively.

Table 4. Empirical model of CHL vs TP, CHL vs TN, SD vs TP, and SD vs CHL during the wet year (n= 18).

Empirical model Equation R? p
PRE Log,, (CHL)=0.77Log,, (TP)—0.21 0.42 0.004
CHL vs TP MON Log,, (CHL)=0.45Log,, (TP)+0.32 0.20 0.070
POS Logy, (CHL)=0.80Log;, (TP)—0.14 0.47 0.002
PRE Log,, (CHL)=-0.26Log,, (TN)+0.78 0.01 0.733
CHL vs TN MON Logyo (CHL)=1.11Log,, (TN)+0.75 0.16 0.098
POS Logy, (CHL)=0.95Log,, TN)+0.70 0.22 0.048
PRE Log;, (SD)=-0.40Log,, (TP)+0.82 0.30 0.019
SD vs TP MON Logy, (SD)=—0.05Logy, (TP)+0.41 0.01 0.769
POS Log,, (SD)=—0.37Log,, (TP)+0.78 0.11 0.187
PRE Logo(SD)=-0.49Log,, (CHL)+0.70 0.65 <0.001
SD vs CHL MON Logy, (SD)=—0.43Logy, (CHL)+0.73 0.38 0.006
POS Log,, (SD)= ~0.65Log,, (CHL)+0.88 0.45 0.002
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Table 5. Empirical model of CHL vs TP, CHL vs TN, SD vs TP, and SD vs CHL during the dry year (n=18).

Empirical model Equation R? D
PRE Log;o (CHL)=0.83Log;, (TP)—0.38 0.31 0.017
CHL vs TP MON Log,, (CHL)=0.96Log,, (TP)—0.51 0.62 <0.001
POS Log,,(CHL)=1.36Log,, (TP)—0.88 0.69 <0.001
PRE Log, (CHL)=-0.09Log;, (TN)+0.65 0.01 0.912
CHL vs TN MON Logy, (CHL)=1.47Log,, (TN)+0.47 0.25 0.033
POS Logy, (CHL)=0.54Log,, (TN)+0.75 0.04 0.408
PRE Logy (SD)=—0.18Log,, (TP)+0.54 0.04 0.417
SD vs TP MON Logy, (SD)=—0.20Log,, (TP)+0.54 0.05 0.363
POS Log;, (SD)=-0.41Log;, (TP)+0.75 0.12 0.164
PRE Logy, (SD)=—-0.30Log,, (CHL)+0.51 0.25 0.034
SD vs CHL MON Log,, (SD)=—0.23Log,, (CHL)+0.45 0.10 0.199
POS Log,, (SD)=—-0.38Log,, (CHL)+0.55 0.27 0.028
(a) Wet year (b) Dry year
Premonsoon Premonsoon
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Fig. 8. Empirical models of CHL-TP during the wet and dry year.
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Forsberg and Ryding, 1980; Canfield and Bachmann,
1981; Nurnberg, 1996).
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