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Introduction

Rainfall is among the most important climatic factors affecting the rainfed cultivation. Thus, in order to
maintain water consumption in current agriculture, with the view of water resources management, the
country needs to convert some irrigated land areas to rainfed cultivation in the near future. Indeed, it is
necessary to conduct an analytical study on rainfed agriculture and identify appropriate areas for rainfed
agriculture in the country, especially in Urmia Lake basin. Principal component analysis (PCA), K-Means
and Ward have been already used to assess climate regionalization in different regions such as Spain
(Diaz and Rodrigo, 2004), Greece (Kitsara et al, 2005), central-northeastern region of Mexico (Pineda-
Martinez et al, 2007), Luanhe basin (Hassan and Ping, 2012) and Iberian Peninsula (Parracho et al, 2015).
This study was, thus, intended to study the regionalization of the eastern part of Urmia Lake basin on the
basis of the precipitation and yield of rainfed wheat using PCA, K-Means and Ward methods. To that end,
the maps were drawn in the GIS environment and three methods of clustering were compared. Finally,
using the clustering of precipitation and rainfed yield, wheat cultivability was investigated in the eastern
part of Urmia Lake. To that end, the daily rainfall dataset of 26 rain gauge stations were used and the
yield of rainfed wheat was considered during the period. Then, PCA, K-Means and Ward clustering were
performed and the results were compiled. The homogenousity of the resulting clusters were analyzed by
H and S statistical tests and homogeneous clusters were drawn in the GIS environment. The analytical
factor coefficients to the main components, through K-Means clustering method, showed that the clusters
point of view, precipitation and rainfed yield were more consistent and the results were close to each
other.

Methodology

The daily rainfall statistical data of 26 rain stations from the years 1992 to 2014 were gathered from
the eastern part of Urmia Lake. For the regionalization of the eastern part of Urmia Lake, based on the
precipitation and rainfed yield, wheat was selected as a strategic product and PCA, K-Means and Ward
methods were used for its yield analysis. PCA is considered as a multivariate statistical method. Thus,
initial variables were transformed into new and independent variables, as new components were linear
combinations of the initial variables. The main purpose of PCA was to decrease the number of predictive
variables and convert them into new variables, called principal components (PC) (Rencher, 2002).
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However, in the Ward method, each object was considered as a separate cluster. Then, in each step, the
two objects were merged together. This work was repeated so that a single cluster was formed at the end
of the process. This method was adopted as it minimized errors in joining the clusters, as recommended
by many scholars using hierarchical methods (Romero et al., 1999; Raziei, 2017). K-Means method was,
in turn, the most practical method for data clustering and was first introduced by Macqueen (1967). The
number of clusters in this method is constant and predetermined. This method is based on minimizing the
squared error or variance within a group that is equivalent to maximizing the variance between clusters.
This algorithm was, indeed, intended to obtain parts that minimized the square of the errors with the
constant number of clusters. There are several tests used for the homogeneity of the clusters in terms of
hydrology, but with regard to the dependence of most tests on the type of statistical distribution, H
Hosking (1993) and S statistical tests (Wiltshire, 1986) were utilized in this research. S statistical test is
based on the coefficient of variation. However, H statistics test operates based on the standardized
observations of linear momentum based on the artificial data moments derived from the best distribution
fitted to the observational data.

Results and Discussion

In this research, the regionalization of precipitation and rainfed yield in the eastern part of Urmia Lake
basin was investigated using clustering methods such as K-Means, Ward and PCA in the GIS
environment in two regions. Based on the factor coefficients with K-Means clustering, the first region
included the northeast, northwest, south and center of the region, while the second region included parts
of the north, northeast, and west of the study area.

In Ward clustering based on the factor coefficients of precipitation, the first region covered north,
northwest, and parts of the northeast, center, and south of the region. However, the second part included
the south, center and part of the northeast of the region.

In the regionalization of the rainfed yield based on the factor coefficients with clustering K-Means, the
first region included parts of the northeast, northwest, west and southwest of the region. The second
region, however, covered the northeastern and central parts of the region. Based on the factor coefficients,
Ward clustering included the northeastern, southern, western, and central parts of the study area. In turn,
the second region covered the northern, northwestern, and southern parts of the study area.

The regionalization of precipitation and rainfed yield was divided into two regions by Ward and K-
Means methods. In the regionalization of precipitation, the first area covered the western, southwestern,
and central parts. The second region of the northeast was part of the center and northwest of the study
area.

The results of regionalization of the rainfed yield using the Ward method showed that the first region
covered the northeastern, southern, western and central parts of the study area. The second region covered
parts of the north, northwest, and northeast of the region.

In K-Means method, the precipitation regionalization covered the northeastern, central and
northwestern parts. The second region was part of the north, south, and parts of the northeast and west of
the region. Regionalization of the rainfed yield by K-Means method included the northeastern, southern,
western and central parts of the study area. However, the second region covered parts of the north,
northwest, north-east and south of the region.

Conclusions

Results showed that, the analytical factor coefficients to the main components, through K means
clustering method, from the percent of area and average showed that clusters point of view, precipitation
and rainfed yield were more consistent and the results were close to each other. On the other hand, from
the place changing point of view, the yield lines were drawn along with the lines having the same
precipitation. Increasing the crop yields and rainfall in the northwest and center of the study area showed
results which were consistent with the physical nature of the rainfed yield process. However, some areas
were found to be heterogeneous in other parts of the region. In effect, the heterogeneous and
homogeneous areas respectively covered 24.47 percent and 75.53 percent of the study area. Given the
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importance of the rainfed cultivation, the introduction of such prone areas for optimal water use can play
a significant role in preserving water resources.
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Fig 1. Geographical location of the study area
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Table 1- Eigenvalues and percentages of variance after normalized vrimax rotation

Component Eigenvalues  Percentage Cumulative Percentage of
of variance eigenvalues cumulative variance
1 14.61 56.18 14.61 56.18
2 2.19 8.44 16.80 64.63
3 1.71 6.57 18.51 71.2
4 151 5.82 20.03 77.02
5 1.13 4.35 21.16 81.37

w2 O Shos o 3llo y wSloy 39 S 3 H o byl Aoy g o9 palie T Jau>
Table 2- Eigenvalues and percentages of variance after VVrimax rotation normalized rainfed yield

Component Eigenvalues Percentage  Cumulative Percentage of
of variance  eigenvalues cumulative variance
1 12.71 48.90 12.71 48.90
2 3.67 14.12 16.38 63.02
3 1.65 6.34 18.03 69.39
4 15 5.76 19.54 75.15
5 1.16 4.46 20.77 79.61
6 1.03 3.95 21.73 83.56

= =

A: Rainfall B: Rainfed Yield
Fig 2- Homogeneous decomposition zones of principal components after rotation of axes by normalized
varimax method based on factor coefficients using K-Means method A: Rainfall and B: Rainfed Yield
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Fig 3- Homogeneous decomposition zones of principal components after rotation of axes by normalized verimax
method based on factor coefficients using the following methods: A: Rainfall and B: Rainfed Yield
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Fig 4. Homogeneous zones of Lake East by Ward method based on A: Rainfall and B: Rainfed Yield
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Fig 5. Homogeneous zones east of Lake Urmia by K-Means method based on A: Rainfall and B: Rainfed
Yield
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Table 3- Statistics of precipitation homogeneity tests for the study area

Factor Coefficients Factor Coefficients K-Means Ward
Cluster with K-Means with Ward
number
H S H S H S H S
1 0.43 18.447 -1.32 8.764 -1.48 16.144 0.27 16.40
2 -0.84 7.952 0.78 17.818 0.26 6.521 -1.53 6.708

allan 3 g0 ditaio o & Slos  SKod SOG0IT o)k slude - Jue
Table 4- Statistics of homogeneity performance tests of dryland study area

Factor Coefficients Factor Coefficients K-Means Ward
Cluster with K-Means with Ward
number H S H S H S H S
1 1.70 28.365 1.70 22.798 -198 25131 0.85 25.553
2 0.09 8.976 -0.13 5.70 -1.43 8.643 1.43 8.772
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Table 5- Area percent and average percentage of homogeneous precipitation clusters in the study area

Factor Coefficients Factor Coefficients K-Means Ward
Cluster with K-Means with Ward
number  Area Average Area Average Area Average Area Average
(%)  cluster (%) (%) cluster (%) (%)  cluster (%) (%)  cluster (%)
67 64 51 54 63 51 67 52
33 36 49 46 37 49 33 48

axdllan 850 dikuin 3o O Slos Ko SBALGS Tl Ao yd § Cobuo o3 -1 Jou>
Table 6- Area percent and average percentage of homogeneous dryland yield clusters of the study area

Factor Coefficients Factor Coefficients K-Means Ward
Cluster with K-Means with Ward
number  Area Average Area Average Area Average Area Average
(%)  cluster (%) (%) cluster (%) (%)  cluster (%) (%)  cluster (%)
70 62 76 66 81 79 77 78

30 38 24 34 19 21 23 22
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Fig. 6 - Lines of both precipitation and performance east of Lake Urmia during the period 1992-2014
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