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Abstract In this study, multivariate statistical methods

including factor, principal component and cluster analysis

were applied to surface water quality data sets obtained

from the Tahtali River Basin, Turkey. Factor and principal

components analysis results revealed that surface water

quality was mainly controlled by agricultural uses and

domestic discharges. Cluster analysis generated two clus-

ters. Based on the locations of the sites consisted by each

cluster and variable concentrations at these stations, it was

concluded that agricultural discharges strongly affected

north and northeast part of the region. These methods are

believed to assist water managers to understand complex

nature of water quality issues and determine priorities to

improve water quality.

Keywords Cluster analysis � Factor analysis �
Multivariate statistical methods � Principal component
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Introduction

Water quality assessment aims to describe water quality

at regional, national, and international scales, determine

whether or not water quality meets previously defined

objectives for designated uses and trends in time, etc.

Water quality is defined in terms of its physical, chemical,

and biological parameters. Traditional approaches to

assessing water quality are based on the comparison of

experimentally determined parameter values with the

existing guidelines but in many cases it does not readily

give information on status of the source (Debels et al.

2005).

One of the difficult tasks facing environmental managers

is to convert complex data to information for better

defining the sources and typology of the pollution, etc.

Environmental data is characterized by high variability

because of a variety of natural and anthropogenic influ-

ences. The best approach to avoid misinterpretation of

environmental monitoring data is the application of mul-

tivariate statistical methods for environmental data classi-

fication and modeling (Reisenhofer et al. 1996).

Surface water, groundwater water quality assessment,

and environmental research employing multi-component

techniques are well described in the literature (Praus 2005).

They allow to derive information from the data set about

the possible influences of the environment on water quality

(Spanos et al. 2003). Advantages of multivariate statistical

techniques for ecological data can be summarised as:

• reflect more accurately the multivariate nature of

natural ecological system

• provide a way to handle large data sets with large

numbers of variables by summarizing the redundancy

• provide a means of detecting and quantifying truly

multivariate patterns that arise out of the correlation

structure of the variable set (McGarial et al. 2000).

In this study factor, principal component and cluster

analysis were applied to assess water quality.
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Factor analysis and principal components analysis

Principal component analysis (PCA) and factor analysis

(FA) are both variable reduction techniques. PCA includes

correlated variables with the purpose of reducing the

numbers of variables and explaining the same amount of

variance with fewer variables (principal components).

Factor analysis attempts to explain the correlations be-

tween the observations in terms of the underlying factors,

which are not directly observable (Yu et al. 2003).

The difference between PCA and FA is that for the pur-

poses of matrix computations PCA assumes that all variance

is common, with all unique factors set equal to zero; while

FA assumes that there is some unique variance. The level of

unique variance is dictated by the FA model which is chosen.

Accordingly, PCA is a model of a closed system, while FA is

a model of an open system (Wulder 2007).

General steps of the FA method can be summarized as:

• for all the variables a correlation matrix is generated

• factors are extracted from the correlation matrix based

on the correlation coefficients of the variables

• factors are rotated to increase interpretability (Gupta

et al. 2005; DeCoster 1998).

Procedural steps of the PCA are:

• number of components equal to number of variables are

generated

• the number of components to retain are determined

• components are rotated (rotations is a linear transfor-

mation of the solution to make interpretation easier)

• rotated solution is interpreted (Suhr 2005).

Cluster analysis

Cluster analysis (CA) is used to develop meaningful aggre-

gations, or groups, of entities based on a large number of

interdependent variables. Specifically the purpose is to

classify a sample of entities into a smaller number of usually

mutually exclusive groups based on the multivariate simi-

larities among entities (McGarial et al. 2000). CA divides a

large number of objects into smaller number of homogenous

groups on the basis of their correlation structure. Within-

group similarity is maximized and among-group similarity is

minimized according to some objective criteria (Zeng and

Rasmussen 2005; McGarial et al. 2000). Important charac-

teristics of cluster analysis are:

• organizes observations into discrete classes or groups

such that within group similarity is maximized and

among-group similarity is minimized according to

some objective criteria,

• assesses relationships within a single set of variables;

no attempt is made to define the relationship between a

set of independent variables and one or more dependent

variables, etc. (McGarial et al. 2000).

Typical clustering activity involves following steps:

• definition of observation similarity

• clustering or grouping

• data abstraction (Jain et al. 1999; Boyacioglu and

Boyacioglu 2007; Mihailov et al. 2005).

This study comprises application of multivariate statis-

tical techniques to water quality data set obtained from

Tahtali River and its tributaries in Turkey. Statistical cal-

culations were performed using the ‘‘Statistical Package

for the Social Sciences Software-SPSS 10.0 for Windows’’

and ‘‘Minitab 13 Statistical Software’’.

Tahtali River Basin

Tahtali Basin is located in the western part of Turkey (see

Fig. 1). The climate of the region is typical Mediterranean:

hot and dry in summers and temperate and rainy in winters.

Reservoir located on the Tahtali River is the main drinking

water source for the Izmir City, where approximately three

million inhabitants live in. There are about 30 settlements in

the basin and about 60,000 people live in the catchment area

as of 2,000. The land area of the Tahtali Basin is 550 km2 and

primarily consists forest and agricultural land (60 and 18% of

the total area). In addition residential areas cover 2% of the

basin (Alpaslan et al. 2002; Boyacioglu 2007).

Application of multivariate statistics to Tahtali Basin

water quality data

In this study multivariate statistical methods including

factor, principal component, and cluster analysis were ap-

plied to a surface water quality data set collected from

Tahtali River and its tributaries. Data obtained from seven

observation stations in the study area along 6 years were

processed. Monitoring stations are seen in Fig. 2. The se-

lected parameters for the estimation of surface water

quality characteristics were: biochemical oxygen demand

(BOD5), chemical oxygen demand (COD), dissolved oxy-

gen (DO), chloride (Cl-), nitrate–nitrogen (NO3–N), so-

dium (Na+), sulfate (SO4
2–), total dissolved solids (TDS),

total phosphorus, and oxygen saturation (%).

Descriptive statistics of these parameters are presented

in Table 1.
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Results of factor analysis

In this study, water quality variables were grouped using

FA. The correlation matrix of variables was generated and

factors extracted by the Centroid method, rotated by

Varimax. Results of factor analysis including factor-load-

ing matrix, eigen values, total, and cumulative variance

values are presented in Table 2.

Fig. 1 Location of Tahtali

Basin

Fig. 2 Tahtali Basin river water

quality monitoring stations
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The factor analysis generated three significant factors,

which explained 70.95% of the variance in data sets.

Parameters were grouped based on the factor loadings and

the following factors were indicated:

• Factor 1: Chloride, sodium, sulphate, TDS, nitrate–

nitrogen

• Factor 2: DO, oxygen saturation

• Factor 3: BOD5, total phosphorus, COD

Chloride, sodium, sulfate, TDS, and nitrate–nitrogen

marked factor 1 (F1) explained 35.1% of the variance. DO

and oxygen saturation (%) were correlated with factor 2

(F2) and BOD5, total phosphorus, COD with factor 3 (F3).

The F1 had a high positive loading in chloride, sodium,

sulphate, nitrate–nitrogen, TDS which were 0.94, 0.86,

0.83, 0.75, and 0.74. High positive loadings indicated

strong linear correlation between the factor and parameters.

Surface and subsurface drainage effluent contains sub-

stances that are potential pollutants. These pollutants may

be nutrients, salinity (sodium, calcium, magnesium, and to

a lesser extent potassium), major ions (e.g., chloride,

sulfate and nitrate), and pesticides, etc. High nitrate

concentrations in subsurface drainage can originate from a

number of sources: geologic deposits, natural organic

matter decomposition and deep percolation of nitrate

resulting from fertilizer applications (FAO 1997). Phos-

phorus comes from both point and non-point sources. Point

sources include municipal waste treatment plants, indus-

trial operations, and large, confined livestock operations.

Non-point sources comprise soil erosion and water runoff

from cropland, lawns and gardens, private waste treatment

systems, urban areas, small livestock confinement opera-

tions, etc. (Devlin et al. 2000).

Based on these statements, results of the factor analysis,

and also hydro-chemical aspects of the water, it was con-

cluded that, F1 can be denoted as ‘‘agricultural pollution’’

factor with presence of chloride, sodium, sulfate, and

nitrate. As has been mentioned above these parameters are

mainly found in agricultural drainage water. F2 which is

highly correlated with DO and oxygen saturation can be

denoted as ‘‘oxygen content’’ factor. COD, BOD5, and

total phosphorus consisted by F3 are the indicator of

organic pollution in water. Therefore, F3 represents

‘‘organic pollution’’ factor.

Table 1 Descriptive statistics of water quality variables

BOD5 DO COD Cl- NO3–N Na+ SO4
2– TDS Total phosphorus Oxygen saturation

Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l %

Mean 2.60 7.27 8.93 41.76 6.29 23.30 45.49 375.45 0.04 82.93

Median 2.00 7.21 8.00 40.00 6.60 22.00 46.00 374.00 0.00 82.00

Mode 2.00 6.70 8.00 40.00 7.00 23.00 46.00 359.00 0.00 77.00

Std. deviation 1.67 0.73 4.01 11.24 3.18 7.81 10.24 67.61 0.08 7.38

Variance 2.80 0.54 16.07 126.33 10.14 61.03 104.91 4570.60 0.01 54.43

Minimum 1.00 4.41 4.00 20.00 1.20 10.00 21.00 219.00 0.00 53.60

Maximum 9.00 8.98 19.00 80.00 22.00 56.00 74.00 552.00 0.50 97.80

Table 2 Factor-loading matrix, eigenvalues and total and cumulative variance values

Variable Factor 1 Factor 2 Factor 3

BOD5 0.189 –0.013 0.800

DO –0.058 0.975 –0.073

COD –0.177 –0.117 0.395

Chloride 0.935 –0.093 –0.009

Nitrate–nitrogen 0.746 –0.029 –0.167

Sodium 0.858 0.014 0.186

Sulfate 0.833 0.173 –0.044

TDS 0.744 –0.010 –0.237

Total phosphorus –0.135 0.034 0.841

Oxygen saturation 0.070 0.975 –0.040

Eigenvalue 3.506 1.957 1.632

% Total variance 35.062 19.571 16.315

Cumulative % 35.062 54.632 70.948
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In summary, three factors representing three different

processes are,

• agricultural pollution factor

• oxygen content factor

• organic pollution factor caused by urbanization.

As was stated above, forest and agriculture is the pri-

mary land uses (78% of the total catchment area) in the

Tahtali Basin. Based on this fact and results of the factor

analysis it can be concluded that surface water quality of

the Tahtali River and its tributaries was mainly controlled

by agricultural discharges On the other hand, uncontrolled

domestic discharges caused by rapid urbanization were

also threat for the surface water quality (Boyacioglu 2006).

Confirmation of FA results by PCA analysis

Principal component analysis (PCA) was applied to data set

to confirm results of FA. A scree plot given in Fig. 3 shows

the sorted eigenvalues from large to small as a function of the

principal components number. As is seen in this figure PCA

generated three significant components (number of compo-

nents of which the eigenvalues are greater than ‘‘1’’ was

three). The components weights are presented in Table 3.

PCA analysis results revealed that the first component

was associated with chloride, sulphate, sodium, TDS, and

nitrate–nitrogen. The second component comprised DO

and oxygen saturation and third component BOD5, COD,

and total phosphorus.

Based on the findings of analysis, it was concluded that

PC1 can be called as ‘‘agricultural pollution component’’,

PC2 ‘‘oxygen content component’’, and PC3 ‘‘organic

pollution component’’. Thus these findings confirmed the

results of factor analysis.

Results of cluster analysis

In this study, sampling site classification was performed by

the use of cluster analysis (z-transformation of the input

data, squared Euclidean distance as similarity measure and

Ward’s method of linkage) and dendogram was generated.

A dendogram that clearly differentiates groups of ob-

jects has small distances in the far branches of the tree and

large differences in the near branches. The following

example dendogram ideally illustrates two clear groups

(see Fig. 4).

Stations grouped under each cluster are seen in Fig. 5.

Based on the results of cluster analysis, it was concluded

that:

Cluster I (Stations 3–4–2–8)

Sites mainly located at the downstream of the Creeks

(Station 2–4) were grouped under Cluster I. In addition,

Station 8 located upstream part of the Tahtali Creek

Fig. 3 Scree plot of the

eigenvalues

Table 3 Principal component weights

Variable PC1 PC2 PC3

BOD5 0.049 0.191 0.616

DO 0.001 –0.675 0.182

COD –0.121 0.153 0.256

Chloride 0.491 0.117 0.041

Nitrate-nitrogen 0.403 0.028 –0.076

Sodium 0.441 0.082 0.209

Sulfate 0.447 –0.076 0.073

TDS 0.407 0.001 –0.125

Total phosphorus -0.122 0.149 0.634

Oxygen saturation 0.066 –0.660 0.217
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showed similar water quality characteristics with these

stations.

Cluster II (Stations 5–7–6)

This cluster consisted sites located at the north and northeast

part of the basin, where population density is considerably

high and land use pattern is dominated by agricultural fields

(see Fig. 6). The common feature of these sites was rela-

tively high TDS, sodium, chloride, and sulfate concentra-

tions compared to the other monitoring stations (see Fig. 7).

As has been discussed above typical sources of these

parameters are agricultural drainage waters. Thus, north and

northeast part of the basin which were grouped under the

same cluster, were strongly affected by agricultural dis-

charges (Boyacioglu 2007). Land use pattern of the region

also supports cluster analysis results.

Conclusions

Multivariate statistical techniques including factor, princi-

pal component and cluster analysis can successfully be

used to derive information from the data set about the

possible influences of the environment on water quality and

also identify natural groupings in the set of data. These

methods are important to avoid misinterpretation of envi-

ronmental monitoring data due to uncertainties.

In this study, multivariate statistical methods were

applied to data set obtained from Tahtali Basin that is the

main drinking water source of Izmir, Turkey.

Factor analysis (FA) was performed to explain the cor-

relations between the observations in terms of underlying

factors and results were confirmed by PCA. FA generated

three significant factors. The factor 1-F1 that was correlated

with chloride, sodium, sulphate, TDS, and nitrate–nitrogen

Fig. 4 Ward‘s minimum

variance dendogram

Fig. 5 Grouped stations based

on cluster analysis
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explained 35% of the total variance. Factor 2-F2 marked

dissolved oxygen and oxygen saturation, and factor 3-F3

comprised BOD5, COD, and total phosphorus. These three

factors explained 71% of the total variance in data set. Based

on FA results and considering hydrochemical aspects of the

water, land use pattern of the basin which was dominated by

forest and agricultural land it was concluded that major

water pollution threats in the region were agricultural and

domestic discharges.

Cluster analysis (CA) analysis was used to classify sta-

tions with similar properties in the study area. Cluster I

mainly comprised stations located at the downstream of the

creeks. Monitoring sites located at north and northeast of the

basin were grouped under Cluster II. At the stations grouped

under Cluster II, water quality variables including TDS,

sodium, chloride, and sulfate were relatively higher than the

others. Therefore, north and northeast basin was the most

influenced part by the agricultural pollution. Land uses in this

region consisting primarily agricultural fields and forests

(with 93% of the land area) explain the origin of the pollu-

tion. Consequently priorities should be given to these loca-

tions for minimization of effects of agricultural discharges.

This study shows that multivariate statistical methods

are useful tool for understanding of complex nature of

water quality issues by identifying groupings in the set of

data. They assist decision makers in number of ways:

• derive information on possible influences of the envi-

ronment on water quality in a water basin.

• analyze spatial variations, etc.

Thus, multivariate statistical methods including factor,

principal component, and cluster analysis can be used to

understand complex nature of water quality issues and

determine priorities to improve water quality.
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