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Abstract. In this study, the principal component analysis (here after PCA) was applied to 31-
year (1964-1994) monthly minimum streamflow data from 23 catchments in Turkey. Ephem-
eral flows in winter are associated with non melted snow or even ice and summer low flows
are related to the semi-arid climate of Turkey with topography, leading high temperature in
lowland catchments. The PC matrix (80x2), explaining the highest variance of the main data,
was chosen as an input to k-means routine to define drought regions. The first 4 PCs explains
more than 80% of the total variance, the first PC presents 52.44% by itself. The resulting
maps and silhouette plots for two level (6 and 10 clusters) scheme reveal that the clustering
scheme is not successful when the principal components are used for defining the drought
zones of Turkey.

1. Introduction

The use of multivariate techniques in hydro-climatological sciences has
shed light on many climatological problems (i.e., defining the leading pattern).
Stahl and Demuth (1999) applied a cluster analysis on the derived historical
series of daily Regional Streamflow Deficiency Index (RDI) of the European
domain to group into 19 regions, which are homogeneous in terms of simulta-
neous streamflow deficiency between 1962 and 1990. Stahl (2001) studied
drought across Europe by correlating the monthly averages of the RDI series
of thesel9 large clusters to the NAO indexes and found weak correlations.

Nathan and McMahon (1990) applied different approaches to hydrological re-
gionalization, which were based on a combination of cluster analysis, multiple
regressions, PCA and the multidimensional scaling of data. The geographical
continuity of homogeneous catchment groups is usually not observed in the
resultant clusters (Smakhtin 2001; Demirel 2004). The identification of homo-
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geneous regions is normally required for large domains such as continental
based studies or areas with varying physiographic conditions. It may be ig-
nored for smaller regions; however, highly sophisticated statistical techniques
may not necessarily result in a more meaningful and practically applicable set
of pattern groups than those administrative boundaries (Smakhtin, 2001).

This paper attempts to show the use of PCA together with k-means analy-
sis over a country scale. The analysis will be carried out for two different
numbers (levels) of clusters (6 and 10) to follow the change in cluster density.
The scattering plot of cluster memberships and two silhouette diagrams of
each level will be presented.

2. Description of study area

The study area covers the entire country and extends from 26-45° of longi-
tude east and 36-42° of latitude north (Figure 1). The spatial distributions of
the 80 continuous-record streamflow gauging stations are not uniform; how-
ever the monthly streamflow records compiled by EIE (General Directorate of
Electrical Power Resources Survey and Development Administration) were
shown to satisfy the homogeneity condition at a desirable confidence by Ka-
hya and Karabork (2001).
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Figure 1. The streamflow stations used in the analysis.

3. Data

The standardized 31-year (1964-1994) monthly minimum streamflow data
was used to achieve physically meaningful classifications, but it was also a
useful preliminary analysis to avoid high scale value perturbation on others.
This data from 80 stations covering 23 catchments in Turkey were used to de-
velop PCA and k-means hybrid drought clustering scheme. The regulated
streams were not included to the dataset.

4. Methods

The standardization by the range method applied to original streamflow
values before using multivariate scheme (Demirel, 2004). The PCA and k-
means analysis combination is used to identify zones with similar drought pat-
terns so that the hydrological effects can be compared in these subregions, hy-
drologic predictions, transferring information from one area to another with
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analogous characteristics can be possible if a robust scheme of regionalization
is established (Andrade, 1997).

The main steps in k-means algorithm are as follows (Url-1):

1. Select an initial partition and define the centers.

2. Assign each entity (station) to the cluster that has the closest centre.

3. When all points have been assigned to one cluster, reorder the posi-
tions of the centers.

4. Repeat Steps 2 and 3 until cluster membership does not change.

Finally, this algorithm minimizes the objective function; in this case, a squared
error function can be expressed as (MacQueen, 1967)

P 1/2
Euclidean distance: d, = |:2(Xik — X, 2} (1)
k=1

The squared Euclidean is used as the measure of distance between an entity in
the cluster and its respective cluster centre.

For the details concerning cluster analysis, readers are referred to Bacher
(2002) who provided comprehensive expressions on this subject. The refer-
ence of Krasovskaia and Gottschalk (1995) is suggested for the detailed ex-
planations of PCA method associated with clustering scheme.

5. PCA and K-means Clustering Results

We applied the k-means method to the first two PCs of the streamflow
data which explain more than %70 of the total variation (Figure 2). The plot
of these two PCs scores showed accumulation at an arbitrary point (Figure 3).
The silhouette plots also provided to identify the heterogeneous spread (Figure
4).

The cluster 5, colored as purplish in Figure 5 (for the 6 cluster solution), is
the largest cluster covering most of the country and does not reveal any inter-
pretable meaning from the standpoint of hydrology.

The northeastern part of the country has long lasting wet conditions than
inland through the hot season. Hence it is expected that the stations from these
two contrary characteristics should be presented in distinct pattern groups or
clusters. The negative values in silhouette diagram have the meaning of the
poor separation in both schemes established for the 6 and 10 cluster levels
(Figure 4 and 6). In k-means method, the number of cluster is adjusted by the
researcher to get a finer resolution so that the higher level was chosen to get a
different viewpoint about the data. But the density of stations in cluster 5
(green colored) remained unchanged (Figure 6).
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Figure 2. The explained variance percentage by first 7 PCs.
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Figure 3. The plot of dispersion of the first two PCs.

The resultant thematic map in Figure 5 has many individual stations in the
western part and in the midsection of the country that behaved different from
the other regions. This can be explained by one constraint in our data set that
is uneven distribution of representative station numbers for each river basin.
While the Maritza and Small Menderes basins were represented by only one
station, the Sakarya basin was represented by 11 stations in the same spatial
resolution. A decrease in the number of stations by gridding watersheds to
provide an equal station density can be a solution to avoid this adverse pene-

tration.
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Figure 4. Silhouette diagram for 6 clusters.
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Figure 5. K-means analysis of two principal component scores (Clustering level: 6)

10 Clustering Level Solution:

In the first part, 6-clustering level was chosen based on the extensive cluster-
ing study on the mean monthly streamflow data over Turkey accomplished by
Demirel (2004).
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Figure 6. Silhouette diagram for 10 clusters.

In the following diagram, 10-clustering level was mapped. However the
change in the cluster density is negligible when the number of level increased.
The explanation of a change in streamflow behaviors is often not a simple
task, which requires particular analysis at the catchment scale. This is out of
the scope of this paper.
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Figure 7. K-means analysis of two principal component scores (Clustering level: 10)

6. Summary
In this paper, a previous study on monthly minimum streamflow data by
Kahya and Demirel (2007) has been extended. Specifically the performance of
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PCA and k-means method on meaningful clustering has been scrutinized. The
increase in the number of clusters from 6 to 10 did not affect the high density
of stations only in one cluster, which is an important indicator of loss of some
relevant flow information in our data. The scatter plot of the first two principal
component scores showed the same significant unified structure before we ap-
plied the method of k-means to the 80x2 data matrix.

Application of PCA on relatively small data set (80x31) is not recom-
mended to use prior to k-means analysis. Further work is needed and is under
way to apply cluster analysis in validating short-term intermittent flow predic-
tion models.
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