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Predicting chlorophyll-a concentrations in two temperate
reservoirs with different trophic states wusing Principal
Component Regression (PCR)

by Abstract

Kemal (;e||k Relationships between chlorophyll-a (chl-a) concentra-
tions and 16 physicochemical variables in temperate
eutrophic Caygdéren and mesotrophic lkizcetepeler
reservoirs (Turkey) were determined using Principal
Component Analysis (PCA). PCA was used to simplify
the complexity of relationships between water quality
variables. Principal component scores (PCs) were used as
independent variables in the multiple linear regression
analysis (MLR) to predict chl-a in both reservoirs. This
procedure is called Principal Component Regression
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significantly (p < 0.05) correlated with nitrite-nitrogen
(NO,), ammonium-nitrogen (NH,), phosphate (PO,), total
suspended solids (TSS), pH, Secchi disk transparency, total
dissolved solids (TDS) and total phosphorus (TP). In the
mesotrophic lkizcetepeler Reservoir, chl-a was signifi-
. cantly (p < 0.05) correlated with TSS, NO,, chemical oxygen
Balikesir, Turkey demand (COD), sulfate (SO,), TDS, pH and the Secchi disk. In
the eutrophic Caygoren Reservoir, six PCs explained 71% of
the total variation in the water quality, while in the mesotro-
phic lkizcetepeler Reservoir, six PCs explained 75% of the
variation. This study has shown that PCR is a more robust
tool than direct MLR to simplify the relationships between
water quality variables and to predict chl-a concentrations
in temperate reservoirs with different trophic states.
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Introduction

The intensified human activities have accelerated
the rate of cultural eutrophication of water bodies
worldwide (Najar & Khan 2012), resulting in cyanobac-
terial blooms, reduced oxygen and eventually fish kills
(Anita & Pooja 2013). The effects of these activities
on water bodies can be estimated by the degree
of eutrophication. The eutrophication level is often
determined by the chlorophyll-a (chl-a) content in the
water column of aquatic systems (Huszar et al. 2006).

Chl-a concentration, a proxy for the abundance
of phytoplankton in aquatic systems, depends on
the physical and chemical properties of the water
column, including the availability of nutrients, light,
temperature and grazing pressure as well as interac-
tions between these variables (Jeppesen et al. 2004).
Reduction in nutrient loading results in a reduction
in phytoplankton biomass and this, in turn, results in
better ecological status of water bodies (Phillips et al.
2008).

Statistical methods are widely used in eutrophica-
tion studies to explore the interactions between water
quality parameters and primary production (Irvine et
al. 2015). However, it is difficult to study eutrophica-
tion in surface waters when there are a large number
of variables. In these cases, researchers face a major
difficulty regarding the choice of analytical parameters
due to the multicollinearity (Johnson et al. 1982).

One way to overcome this problem is to use
principal component analysis (PCA) followed by
multiple linear regression (MLR) (Camdevirena et
al. 2005). The process is called principal component
regression, PCR, where the principal components
(PCs) of PCA are used in MLR. This process reduces
the complexity of the multidimensional system by
maximizing the variance of component loadings and
by eliminating the invalid components (Zhang et al.
2013).

The PCR method has recently been used in various
studies to identify factors driving the eutrophication
of aquatic systems (Praveena et al. 2011). PCR provides
information on the most meaningful variables by
reducing the number of latent factors contributing
to eutrophication, MLR examines the relationships
between a dependent variable and a set of indepen-
dent variables.

The aim of this study is to apply PCR to data from
two temperate freshwater reservoirs with different
trophic states. Studies using PCR methodology from
this region have so far used data sets either from a
single lentic (Camdevirena et al. 2005) or lotic system
(Koklu et al. 2010). The presented work also aims at
determining whether the results of PCR application
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to a eutrophic reservoir are different from those for a
mesotrophic reservoir. For this purpose, 17 physico-
chemical and biological water quality parameters
from eutrophic temperate Caygéren and mesotro-
phic lkizcetepeler reservoirs were used in PCA, and
then the PCs of PCA were used in MLR to predict chl-a
concentrations in both reservoirs.

Materials and methods

Study area

In Turkey, the most important problem of
agriculture is the lack of water for irrigation during
summer, because it has a Mediterranean climate
that is extremely dry in summer. One of the effective
solutions to this problem is the construction of dams
on the lotic waters. The Caygoren Reservoir was built
in 1971 with the objective to irrigate the Sindirgi and
Bigadi¢ plains. It is also used for power generation.
The land cover around the reservoir is mostly black
pine (Pinus nigra). Sport fishing in the reservoir is also
popular. Therefore, the reservoir is important to local
and regional economic and ecological sustainability
(Arslan & Ergiil 2014).

The Caygoren Reservoir is located at 39°172'N,
28°191'E, 55 km southeast of Balikesir, Turkey (Fig. 1). It
lies at 273 m above sea level. It has a maximum depth
of 28 m, a length of 4.6 km and a surface area of 9 km?.
The Simav Stream feeds the reservoir (State Water
Works 2017).

The Ikizcetepeler Reservoir was built in 1991 for
irrigation and drinking water. It is mainly used as a
drinking water source of the city of Balikesir. It is used
for irrigation of Pamukgu Plain and for sport fishing.
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Figure 1

Caygoren Reservoir and the location of sampling
stations
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Therefore, it is socioeconomically important for the
region (Okkan & Karakan 2016).

The Ikizcetepeler Reservoir is located at 39°482'N,
27°939'E, 15 km southwest of Balikesir, Turkey (Fig. 2). It
lies at 175 m above sea level. It has a maximum depth
of 25 m, a surface area of 10 km? and a length of 6.34
km. The reservoir is mainly fed by the Kile Stream (State
Water Works 2017).
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Figure 2

Ikizcetepeler Reservoir and the location of sampling
stations

Sampling techniques and methods

Three sampling stations were set in each reservoir.
The first station was set near the main inlet of each
reservoir, the second station — between the first station
and the dam, and the third station — near the dam.
Sampling was initiated in February 2007 and ended in
January 2009.

Chl-a, water temperature, pH, total dissolved
solids (TDS), conductivity and oxidation-reduction
potential (ORP) were measured in situ using a YSI
multi-probe. For alkalinity, total suspended solids (TSS),
nitrite-nitrogen (NOZ—N), nitrate-nitrogen (NO3—N),
ammonium-nitrogen (NH,-N), total nitrogen (TN), total
phosphorus (TP), phosphate (PO,), chemical oxygen
demand (COD), biochemical oxygen demand (BOD)
and sulfate (SO, samples were drawn at 1, 5, 10 and
15 m, then stored in pre-cleaned 250 ml amber glass
bottles and transferred to a laboratory for analysis.

Chl-a was measured periodically according to the
trichromatic method (Arar 1997) from the acetone-
-extracted samples to check the accuracy of the probe.
TP concentrations were determined from non-filtered
water as orthophosphate after persulfate-acid
hydrolysis at 135°C for 2 hours. TN concentrations were
determined from water samples after digestion by the
Kjeldahl method (APHA 1995).
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TSS were determined by filtering a known volume
of water through Whatman 934-AH filters that were
pre-rinsed and dried (105°C) and then tared (Okkan &
Karakan 2016). PO4, NO2—N, NOS—N, NH,-N concentra-
tions were determined spectrophotometrically on
filtered water. The COD was measured by the Open
Reflux Method. BOD was determined by Wrinkle's
Azide Modification Titrimetric Method. Secchi disk
depth was measured on each sampling date.

Statistical methods

Statistical analyses were carried out using
the SPSS (ver. 11.0) software package. Data were
log-transformed prior to statistical analysis to meet
the requirements of normality for parametric tests. The
Kolmogorov-Smirnov normality test was applied to
all variables. PCA was performed on 17 water quality
parameters to describe their interrelation patterns.

The Kaiser-Meyer-Olkin (KMO) measure of sample
adequacy and Bartlett’s test of sphericity {with degrees
of freedom = 1/2 [p (p — 1)], where p is the number of
variables}, were used to verify the applicability of PCA.
PC scores of 17 water quality parameters were used
as independent variables in MLR to predict the chl-a
levels (Stevens 1986).

The stepwise variable selection procedure of
MLR was used to identify the best predictors of chl-q,
excluding nonsignificant PC scores in the model. The
t-test method was used to test the significance of
regression coefficients in the MLR models. This test
was used to check if the selected coefficients (PCs) in
the regression models were significantly different from
each other. Determination coefficient (R?) values were
used as predictive success criteria of the models.

The score value (skj) for the ji observation in the
k PC was obtained from the weight of variables in
PCs and standardized variables by using the following
equation:
where j = 1, 2, ..., n is the number of observations,

sk, =tz +t,, 2, +..+t, 7,

k=12, ..., qis the number of selected PCs, p is the
number of independent variables, skj is the standard-
ized score value of the j" observation in the k™ PC, tpk
is the standardized weight of the p* variable in the k"
PC, zp, is the standardized value of the p™ variable of
the j'" observation, calculated from

Xp—X

X=
S

X

where X, is the original value of the p* variable.
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Table 4

x* calculated as 702.7 for the Caygoren Reservoir
and 1223 for the lkizcetepeler Reservoir by Barttlett's
sphericity test (d.f. = 136, p < 0.01), showing that both
data sets have an adequate number of samples for the
application of PCA. The residual statistics are given in
Table 1 and Table 2 for each reservoir.

Table 1
Residual statistics (n = 17) for Caygdren Reservoir

Predicted value 1.26 0.66 0.28 252
S.E. of predicted value 0.40 0.11 -1.47 1.89
Residual 0.00 1.176 -2.35 293
Standard residual 0.00 0.97 -1.91 241
Cook’s distance 0.06 0.07 0.01 1.61

Table 2
Residual statistics (n = 17) for Ikizcetepeler Reservoir

0.53

Predicted value 1.11 —0.49 1.81
S.E. of predicted value 0.19 0.08 0.15 0.50
Residual 0.00 0.59 -0.70 1.80
Standard residual 0.00 0.96 =115 2.96
Cook’s distance 0.08 0.16 0.00 0.57

In both reservoirs, six out of 17 PCs were selected
for MLR, which was called the first approach (Tables
3 and 4). In the first approach, the selected PCs
explained 71% of the total variation in the Caygoren
Reservoir and 75% in the Ikizcetepeler Reservoir
(Tables 5 and 6).

Table 3
Descriptive statistics of PCs for Caygdren Reservoir

Principle component Cumulative variance (%)

PC1 4.0 238
PC2 22 36.8
PC3 1.8 47.7
PC4 13 55.8
PC5 1.2 634
PCé 1.0 69.4
PC7 0.9 75.1
PC8 0.8 79.7
PC9 0.7 83.7
PC10 0.6 874
PC11 0.5 90.3
PC12 0.4 92.6
PC13 0.3 94.6
PC14 0.3 96.3
PC15 0.3 97.8
PC16 0.2 99.1
PC17 0.15 100
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Descriptive statistics of PCs for Ikizcetepeler Reservoir

Principle component Cumulative variance (%)

PC1 3.9 232
PC2 2.5 38.0
PC3 1.9 49.1
PC4 1.6 58.6
PC5 14 66.7
PC6 1.2 73.8
PC7 0.9 79.1
PC8 0.8 83.7
PC9 0.7 87.6
PC10 0.5 90.5
PC11 0.4 93.1
PC12 0.3 94.9
PC13 0.3 96.5
PC14 0.3 98.1
PC15 0.2 99.3
PC16 0.1 99.9
PC17 0.01 100

PCA component loadings of the first six PCs
for the Caygoren Reservoir are presented in Table
7. The bold-marked loads indicate the highest
existing correlation between the variables and
the corresponding component. The high values
of communalities indicate that the variance was
efficiently reflected in the regression analysis.

All 17 variables were included in the six selected
PCs. However, only certain variables had significant
loads within each PC, such as NO,-N had the most
significant loads in PC1, NH,-N in PC2, PO, and TSS in
PC3, pH in PC4, chl-a and Secchi disk transparency in
PC5 and TDS and TP in PC6.

The component loadings of the first six PCs for
the lkizcetepeler Reservoir are given in Table 8. In this
reservoir, TSS and NO,-N had the most significant
loads in PC3, COD and SO, in PC4, TDS and pH in PC5
and chl-a and Secchi disk depth in PC6.

According to MLR, where all PCs were used as
independent variables (called the second approach),
only PC scores 7, 10 and 12 were found to have signifi-
cant linear relationships with chl-a in the Caygoren
Reservoir (Table 9). In the Ikizcetepeler Reservoir, when
all PCs were included in the regression analysis, only
PC scores 1 and 12 had significant linear relationships
with chl-a (Table 10).

As can be seen in Table 5, 71% of the variation in
chl-a was explained by PC3 in the Caygoren Reservoir.
If the five unselected PCs were included in the model,
the coefficient of determination would rise to 75%.
However, this difference is not statistically significant.
Chl-a levels were strongly correlated with PC score 3.
In other words, the chl-a level would be expected to
increase as the scores of PC3 increase. Consequently,
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Table 5

Results of regression analysis (n = 17) with six PCs for Caygoren Reservoir

Included independent variables Regression coefficient (bk) Standard error of bk Standardized regression coefficient “ R? (%)
1.2

Constant 0.34 373 0.002 71
Score 3 1.32 0.75 0.4 2.56 0.05

Table 6

Results of regression analysis (n = 17) with six PCs for Ikizcetepeler Reservoir

Included independent variables Regression coefficient (bk) Standard error of bk Standardized regression coefficient “ R? (%)

Constant 1.01 0.18 5.55 0.00 75
Score 1 1.90 0.89 0.501 2.95 0.048

Table 7

ed weight of variables in selected
1, 16andk=1,2,3,4,5)

PC
T N Y N S S N T T I N AT

Loading of variables (v,)

Communalities

Variables in

—049 006 045 48  -161 074 003 005 004 048 005 001 073
-221  -348 337 260 -093 245  -0.12 004 032  -015 -002 025 0.73
E > 193 04 o9 127 180 007  -028 -002 005 007 016 0.49
Bl -« o0ss 246 062 453  -042 003 002 -008 019 057 011 075
E 161 232 089 089 -071 029  -034 -008 -003 009 001 085
-017 274 003 281  -451 097  -004 006  -002 029 -057 008 0.78
-165 343 101  -137 -186 -064 -004 036 012  —002 -005 002 0.71
NO, —221 102 265 301 045 -126 005 034  —009 036 016 002 0.61
—448 669  -069 242 095 021 -031 004 -009 009 001  -003 085
-195 097  -082 034  -019 -199 -018 044  -003 005 004 011 078
E o> 02 26 107  -031 -457 —004 002 012 003  -008 -0.44 061
B o005 003 45  -192 -141 -180 006 004 038  -006 006 —005 0.59
XY >: 142 228 355 138 237 012 002 -017 023 007 013 0.68
-137  -311 401 165  -242 052 002 001 031 018 003 012 0.45
319 430 225 -231 054  -063 031 -007 025 -001 016 009 081
E o 108 004 -—097 -129 473 005 -014 013 002 009  0.68 071
342 172 015 121 -367 059 025  -018 001 009  -025 005 0.72

Table 8

| Communalities
—436 767 330 393 409 498 002 024 011 012 033 013 0.69
-516  -487 1436 1621 3.0 471 -001 009 028 032 000 006 0.63
EX > -1 106 248 197 022 013 011 009 -022 007 017 0.57
—008  -093 192 223  -377 022 -003 -009 -019 022 033 -037 0.74
355 186  -335 309 089 08 024 008 -015 014 -009 004 0.86
033 034 042  -305 421 042 008 003 004 -033 -001 046 0.74
341  —259 083  -081 005 0019 019  -014 004 004 —002 003 0.73
NO, 249 429 507 -113 141 239 017  -015 018  -004 031 005 0.93
NO, -184 092 768 444 215 053 005 -003 031 017 -035 008 074
176  -314 444 058 -013 155 017  -016 022 003 027  -007 0.94
071 477 067  -261 -228 045 007 029 004 -016 006  -0.14 0.72
B o> 49 170 19 -232 054 006 029 009  -011 002 -0.3 0.69
B ;7 267 570 o068 103 -082 018  -011 —023 002  -011 004 0.82
039  -084 -354 112 296  -0.11 -004 -007 -030 -009 024 025 0.58
—067 013  -117 236 358 072 001 002 -016 032 -007 048 07
—234 121 048 168 249 137  -015 013 005 018 036 027 0.72
-067 013 117 236 358 072 001 002 -016 032  -007 0.8 071
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Table 9

Results of regression analysis (n = 16) with all PCs for Caygoren Reservoir

Included independent variables Regression coefficient (bk) Standard deviation of bk n R? (%)
03

Constant 1.14 3.79 0.02
Score 7 0.77 2.2 1.8 0.049 76.8
Score 10 3.42 1.56 2.2 0.041 ’
Score 12 0.8 0.5 2.08 0.045
Table 10

Results of regression analysis (n = 16) with all PCs for Ikizcetepeler Reservoir

Included independent variables Regression coefficient (bk) Standard deviation of bk n

Constant 1.06
Score 1 0.57
Score 12 —5.81

a total increase in significant variables in PC3, namely,
TSS and PO, would lead to an increase in the chl-a
level.

In the Ikizcetepeler Reservoir, 75% of the variation
in chl-a was explained by PC1. If the five unselected
PCs were included in the model, the coefficient of
determination would rise to 80.3%. However, this
difference is not statistically significant. Chl-a levels
were strongly correlated with PC score 1. In other
words, the chl-a level would be expected to increase
as the scores of PC1 increase. Consequently, a total
increase in significant variables in PC1, namely, water
temperature, TN and BOD would lead to an increase in
the chl-a level.

In the Caygoren Reservoir, six variables that had
significant impacts on PC scores 1, 2, 4, 5 and 6, i.e. pH,
chl-a, TDS, TP, NH,-N and NO,-N, were excluded from
the regression model of the first approach. However,
linear effects of these variables on chl-a were partially
incorporated in the model, since these variables were
also included in PC3. In the Caygoren Reservoir, chl-a
values of the first approach were calculated by the
following formula:

Chl-a=1.2 + 1.325 (score 3)

In the lkizcetepeler Reservoir, eleven variables that
had significant impacts on PC scores 2, 3,4, 5 and 6, i.e.
pH, chl-a, TDSTSS, TP, PO,, Secchi disk transparency,
NH,-N, NO,-N, NO-N and SO,, were excluded from
the regression model of the first approach. However,
linear effects of these variables were partially incorpo-
rated in the model since they were also included
in PC1. In this reservoir, the chl-a level of the first
approach was calculated by the following formula:

Chl-a=1.09 + 1.9 (score 1)

Results of the residual analysis were used to verify
the applicability of the assembled regression models

0 VL e O U e

0.15 6.97 0.004
1.2 1.97 0.049 80.3
1.72 -3.39 0.042

in both reservoirs. The existences of influential and
outlier observations were checked in the models
(Tables 1 and 2). Values of chl-a predicted (modeled)
using regression models and the observed values are
given in Table 11 and 12 for each reservoir.

In the Caygodren Reservoir, 71% of the variation in
the water quality parameters was explained by the PC3
scores, while 75% of the variation in the lkizcetepeler
Reservoir was explained by the PC1 scores, implying
that chl-a could be reliably estimated by using the
scores of PCs in the MLR modeling approach.

Chl-a was further predicted by the second
approach where scores of all PCs were included in the
stepwise MLR. In the Caygodren Reservoir, PC scores
7, 10 and 12 were found to be significantly correlated
with chl-a (Table 9). In the first approach, none of these
scores were found to be significantly correlated with
chl-a (p > 0.05), while in this approach they were found
to be significantly correlated with chl-a (p = 0.004).

In the Ikizcetepeler Reservoir, when scores of all PCs
were included in MLR (second approach), PC scores 1
and 12 were found to be significantly correlated with
chl-a (Table 10). In the first approach, PC scores of 12
were not found to be significantly correlated with
chl-a (p > 0.05), while in the second approach they
were found to be significantly correlated with chl-a
(p =0.004).

The main difference between the PCR and the
classic MLR is that zero correlations exist between the
scores and thus the problem of multi-collinearity is
eliminated in PCR. The regression coefficient of PC
scores obtained through this approach is presented in
Table 9 for the Caygdren Reservoir. The determination
coefficient of this model was found to be 76.8% and
the following model was used to predict chl-a:

Chl-a=1.14 +0.77 (PC score 7) + 3.42 (PC
score 10) + 0.8 (PC score 12)

In the lkizcetepeler Reservoir, the regression
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Table 11

Observed and predicted Chlorophyll-a values for Caygoren Reservoir

175
2,04
200
1.21
126
| 6 ] 1.09
099
| 8 ] 111
[ s | 082
099
1.6
1.23
096
545
055
1.01
1.04

Observed values First approach predicted values Second approach predicted values
(mg 1) (mg ™) (mg 1)

0.7462 1.5680
2.4665 2.0199
1.2119 1.8576
0.9917 1.1429
0.6538 0.9731
0.621 0.8199
1.4281 0.9911
0.5003 1.2811
1.2926 0.6984
0.9912 0.8931
1.5972 1.8327
22135 1.2346
0.9209 1.2511
1.8412 5.4829
1.6093 0.392
16114 1.1065
1.5 134

Table 12

Observed and predicted Chlorophyll-a values for Ikizcetepeler Reservoir

162
0.99
~070
0.92
0.94
s | 334
0.69
8 0.74
s 0.79
116
171

117
110
127
0.95

105

103

coefficients of PC scores obtained through the PCR
approach are presented in Table 10. The determination
coefficient of this model was found to be 80.3% and
the following model was used to predict chl-a:

Chl-a=1.06 + 0.57 (PC score 1) + 0.8 (PC score 12)

Discussion

In the eutrophic Caygoren Reservoir, six PCs
explained 71% of the total variation in the relation-
ships of water quality variables, while in the

DE GRUYTER

First approach predicted values

Second approach predicted values

(mg ) (mg ™)
1.5204 1.420
0.8411 0.790
0.7428 -0.550
0.6361 0.780
2.0858 0.9100
2.0732 3.200
0.9732 0.6300
0.8894 0.6200
0.9133 0.6800
0.8023 1.000
1.6937 1.500
0.7573 1.110
1.3245 0.980
1.0466 1.150
0.881 0.830
0.559 0.900
0.98 1.100

mesotrophic lkizcetepeler Reservoir, the same number
of components explained 75% of the total variation.
These results show that PCR is a suitable tool for
showing the relationships between the water quality
variables in lakes with different trophic states (Chang
et al. 2012).

In the Caygoren Reservoir, all variables were
included in the six selected PCs. However, only nine
variables (NO,-N, NO,-N, NH,-N, PO,, TSS, pH, Secchi
disk depth, TDS and TP) had significant loads within
these PCs. The results showed that phosphorus
and nitrogen ions were more effective on primary
production than the other factors in the eutrophic
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Gaygoren Reservoir. The research has shown that
in eutrophic lakes nitrogen limitation occurs in a
short time, usually in early summer, followed by the
appearance of nitrogen-fixing Cyanobacteria, after
which the algal community returns to phosphorus
limitation (Schindler 2012).

In the mesotrophic Ikizcetepeler Reservoir, all
variables were included in the six selected PCs.
However, only seven variables (TSS, NO,-N, COD,
SO,, TDS, pH and Secchi disk depth) had significant
loads within these PCs. These results showed that
in the mesotrophic lkizcetepeler Reservoir, mostly
water transparency (light availability) was effective
on primary production rather than phosphorus and
nitrogen. High loadings of TSS and Secchi disk depth
into the selected PCs suggest that chl-a was mostly
controlled by the variation in light intensity in this
mesotrophic reservoir. Light intensity is an important
factor contributing to seasonal differences in primary
production (chl-a concentration) in aquatic ecosystems
(Karlsson et al. 2009).

In the eutrophic Caygodren Reservoir, when all
16 PC scores were included in the stepwise MLR to
predict chl-a (the second approach), PC scores 7, 10
and 12 were selected as significant factors. None of
these scores were selected in the first approach. In
the mesotrophic Ikizcetepeler Reservoir, when all 16
PC scores were included in the regression analysis (the
second approach), PC scores 1 and 12 were selected
for the prediction of chl-a. In the first approach, PC
score 12 was not selected. This is due to lower degrees
of freedom in the models. Researchers argue that the
degree of freedom for stepwise procedures is close to
the number of candidate predictors (Hakanson et al.
2003). Since only six PCs were used in the regression
analysis in the first approach, the low degree of
freedom restricted the selection of parameters, even
though they had high loads within the excluded PCs.

In the eutrophic Caygoren Reservoir, the determi-
nation coefficient (R?) was 71% for the first approach’s
model and 76.8% for the second approach’s model. In
the mesotrophic lkizcetepeler Reservoir, the determi-
nation coefficient was 75% for the first approach’s
model and 80.3% for the second approach’s model.
There is a 5% rise in R?in both reservoirs, but this
rise was not significant. R? values are used as criteria
for the predictive success of the regression models
(Steyerberg et al. 2001). Generally, univariate simple
regression models can yield high R? values, but they
may obscure the complexity of the natural ecosystems.
The predictive power of the present models show that
the multidimensional approach for predicting chl-a
levels is reliable in temperate reservoirs.

The results of this study show that PCR is an
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appropriate tool for predicting chl-a levels in
mesotrophic and eutrophic temperate reservoirs.
Furthermore, the results showed that by using the
PCR approach, it was possible to reduce the number
of analytical parameters from 16 to 3 in the eutrophic
Caygoren Reservoir and from 16 to 2 in the mesotro-
phic lkizcetepeler Reservoir to accurately estimate
chl-a levels. Finally, the results show that PCR is a
more robust tool than direct MLR for predicting
chl-a concentrations and concurrently showing the
difference between trophic states in temperate
reservoirs.
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