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Abstract

Turkey is located in the temperate zone; thus, it is influenced by regionally different air masses during summers and winters,
resulting in different precipitation regimes. Often, systems with varying masses of air repeatedly affect Turkey; however, at times,
these periods are disrupted and difficult to predict. This study analyzes whether a certain periodicity exists in the seasonal and
annual total precipitation of 74 meteorological stations in Turkey using periodograms. The analyses conducted herein showed
more than one period in the series; therefore, this study was extended, and the first six periods were examined. As a result, we
found 2-, 3-, 4-, and 5-year precipitation cycles (PCs) in the short term; 6-, 7-, and 8-year PCs in the medium term; and 11-, 12-,
14-, 17-, and 21-year PCs in the long term in Turkey’s PC. While seasonal distributions exhibited similarities, there were
significant differences in the seasonal frequencies owing to seasonal variations in the systems affecting Turkey. The cycles vary
by region, and some of these cycles can be found in each region. Three cycles have been identified in Turkey according to
frequency and length, namely: (1) short-term cycle across Turkey; (2) Eastern and Central Anatolia, the Black Sea, and Aegean
regions; and (3) borders of Central Anatolian and the eastern Mediterranean region. A cluster identifies unrelated locations as the
affected local factors. Cycles are connected to the NAO, whereas solar activity is observed throughout Turkey. The analysis
showed that certain cycles were repeated and were not dominant in each period, with the best example of this cycle as the 7-14—

21 consecutive cycles.

1 Introduction

Climatic systems comprise several components, including the
locations of air mass centers that change based on the energy
balance, ocean currents, large land cover changes, and glacial
melting, as well as effected changes in the ocean surface water
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temperature and other atmospheric feedbacks. Volcanic erup-
tions, plate tectonics, and the solar activity also influence the
climate system. Some of these effects can be regularly recur-
ring events, cases, or circumstances defined as cycles or pe-
riods. Milankovitch cycles, which occur in eccentricity, oblig-
uity, and precession, are well-known periodic and predictable
cycles (van den Heuvel 1966; Kerr 1987; Muller and
Macdonald 1997; Rial 2004) that have led to the formation
of the Pleistocene glacial periods. Several meteorological var-
iables have been measured since 1850, which is an instrumen-
tal period in climatology, and their records have been main-
tained. These documents have now achieved an extremely
high temporal resolution. Shorter periods that are not long
term, such as Milankovitch cycles, can be investigated using
the data obtained from climate variable measurements record-
ed during this period. The time series generated from the
proxy records are also used to determine longer cycles.
These are then combined to provide and control the climate
formation in a field. Some of these components randomly
occur on a temporal scale; however, some of these compo-
nents are repeated in a certain analysis of the time series ob-
tained from various sources globally. Accordingly, cycles
having varying lengths are determined. Although they differ
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in regional differences, they also exhibit certain similarities.
Table 1 presents a regional literature review of periodicity.
Various lengths can be identified during an assessment of
cycles; however, some of these are not measured in years.
Short-term annual cycles vary from 2 to 5 years and are con-
nected to atmospheric oscillations such as North Atlantic
Oscillation (NAO) and EI Nifio—Southern Oscillation
(ENSO). Some cycles in these oscillations may be
semiperiodic. Although an actual cause of these cycles has
not yet been identified, the 7-8-9-year cycles have been found
to be associated with atmospheric oscillations, patterns,
teleconnections, and current systems. Moreover, the 11- and
22-year cycles have been identified in many time series and

proxy data associated with solar activities. Furthermore, 35-,
50-, 100-, 220-, 512-, 600-, and 800-year cycles are observed
to be long term. These cycles depend on changes in solar
activity, the thermohaline system, and Milankovitch cycles.
The seasonal cycles in Turkey’s precipitation data were
analyzed by Tiirkes et al. (2002) and Tiirkes (1998, 1999).
They determined 8.4-, 12—12.7-, 14-, 18-, and 21-year cycles
for winter, 2-, 3-, 4-, and 5-year cycles for the spring and
summer seasons, and 2-, 3-, 4-, 5-, 8.4-, 10.5-, and 21-year
cycles for autumn. Tiirkes et al. (2002) repeated the same
analyses for 500-hPa geopotential height patterns, and except
for the summers, similar results with seasonal periods were
revealed. However, they did not examine the annual periods

Table 1 Cycle studies in climatology based on literature

Region Cycle length Data sources Reference
S. Amerika Maya Lowlands 39, 50, 100, 208, and 810 Oxygen isotope series Hodell et al. (2001)
The Monsoon cell 84, 102, and 775 Marine sediments Wang et al. (1999)
208 and 514
Anatolia 208 and 514 Erosional deposits Fairbridge et al. (1997)
Andes 500-600 Pollen Bush et al. (2005)
S. America 800 Speleothem Strikis et al. (2011)
N. Amerika Canada 0.7,2.7,and 3.3 y. Drought Asong et al. (2018)
Platte River 4,5and 6, 7 Discharges Daniels (2007)
California 22 Speleothem Mccabe-Glynn et al. (2013)
N. America 3 Drought Hunt (2016)
N. America 256 and 512 Diatom analyses Stager et al. (2017)
Africa East Africa's 2,2.5,3.5,and 5 Rainfall data Rodhe et al. (1976)
Niger 2 Drought Abdourahamane and Acar (2018)
South Africa 7.6 Rainfall McHugh and Rogers (2001)
Asia Handan (China) 59 Rainfall Luan et al. (2009)
China 2.1,2.7,3.5,7.2,and 9 Tree rings Hughes et al. (1994)
N China 8 and 13 Drought Fang et al. (2018)
Central Chinese 6, 10.3, 14, 34.6, 117, and 8 Speleothem Tan et al. (2009)
Korea 5, 14, and 33 Droughts Kim and Byun (2010)
Central Asia 1.3and 5.3 Droughts Guo et al. (2018)
Mongolia 3,4, and 22 Tree rings Jacoby et al. (2003)
W. Himalayan 2 Tree rings Singh et al. (2006)
Europe Scotland 2-4,4-7, and 1-24 Rainfall Afzal et al. (2014)
Czech Republic 34,3.5,42,5,5.1,and 154 Drought Brazdil et al. (2009)
Europe 2,3,4,5,and 13 Rainfall Brazdil et al. (1985)
Spain 0.09, 0.16, 0.3, and 1 Rainfall Lazaro et al. (2001)
Belgrade, Serbia 6,7, 10-18, 21, 31, and 41 Rainfall Vujovi¢ et al. (2018)
Adriatic Sea 5.5and 7.3 Zooplankton Baranovic et al. (1993)
Zagreb 2-6 and 16-34 Rainfall Gajic-Capka (1992)
Croatia 2.2,4.7,25,33,and 3 Rainfall Gaji¢-Capka (1994)
Ttaly 2-2.8,3-4,7.5-8.5, and 14-26 Rainfall Brunetti et al. (2000)
Mediterranean 3-5,9, 11-13, 20-27, and 50-100 Marine sediments Manzi et al. (2012)
Iber Peninsula 2-3 and 5-6 Rainfall Merino et al. (2015)
Oscillations NAO 1020 NAO index Polonskii et al. (2004)
NAO 2-6 NAO index Zhang et al. (2011)
SO and IOD 3.5-52 Index Ashok et al. (2003)
SO 2-4 Index Jin and Kirtman (2010)
El-Nino 2.1,2.8,4.1, and 6.3 Index Davies et al. (2012)
QBO 1.3 and 1,8 Index Baldwin et al. (2001); Pascoe
et al. (2005)
Sunspots 11 Sunspots Arlt (2011); Hathaway (2015)
22 Sunspots Lean and Rind (1998); Mursula

et al. (2002)
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and performed the analysis using an autocorrelation function
and the spectral method. Periods up to one-third of the number
of years of data used may be calculated based on the method
used. Notably, some discussions on the causes of cycles have
not been compared with the cycles in other studies. Rainfall
cycles are critical in understanding precipitation systems and
making future predictions. Herein, the periodogram method is
used rather than the previously used methods. Furthermore,
similarities with other studies are determined, whereas the
data set is extended by repeating and interpreting the analyses.
Therefore, we analyzed the following questions and discussed
the findings using periodograms and time-series analyses:

» Are there any cycles in the seasonal and annual precipita-
tion in Turkey? If so, do these cycles have the same length
for the whole of Turkey?

*  How many PCs exist in Turkey? Do they differ by region?
Is there a regionalization involved in these cycles?

* Do the cycles have a logical relationship with oscillations,
patterns, and teleconnections compared with the global
climate system?

2 Data and method
2.1 Data used in the present study

Monthly precipitation data of 74 stations (measuring at least
65 years) between 1926 and 2014 are obtained from the
Turkish General Directorate of Meteorology and analyzed,

30°E 35°E

as shown in Fig. 1. The missing values were determined,
and the station with at most 1-year missing values was select-
ed. The missing values were filled using an arithmetic mean
method (Enders 2010, p. 41). The period for determining the
analysis was used. The stations were semiregularly distributed
across Turkey and were located at an altitude of up to 1800 m
above sea level. While 14 of the stations used herein are in the
Black Sea Region, eight are in the Marmara Region; seven are
in the Aegean Region; six are in the Mediterranean Region; 13
are in the Central Anatolia Region; 14 are in the Eastern
Anatolia Region; and eight are in the Southeastern Anatolia
Region (Fig. 1).

The seasonal time series were obtained by add up the rain-
fall of December, January, and February for winters; March,
April, May for springs; June, July, and August for summers;
and September, October, and November for autumns.

2.2 Method

A periodogram is a power tool that is generally used to ana-
lyze the possible periodicities in time series (Wei 2006, p.
289). Okkaoglu et al. (2020) used a method to explore possi-
ble periodic components in the PM; series in London using
periodogram ordinates. A similar approach was also used for
the precipitation data of Turkey.

Performing a periodogram-based analysis has many advan-
tages. Fuller (1996), Wei (2006), Brockwell and Davis (1987),
and Akdi and Dickey (1998) noted the following advantages
of using a periodogram-based analysis: (i) the periodograms
are calculated via trigonometric transformations without de-
pending on any model specifications, and the method is
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Fig. 1 Distribution of stations used in the analysis using geographical regions
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invariant to the mean; (ii) the fact that the critical values of the
distribution do not depend on the sample size provides more
efficient estimates for small samples; (iii) there is no need to
estimate any parameters other than the variance of the white
noise series; (iv) the analytical power function exists for the
test because the normalized periodogram is asymptotically
distributed as x* with two degrees of freedom under the alter-
native hypothesis; and (v) the results appear robust if the data
have periodic components.

We consider the harmonic regression expressed as follows
to explore possible periodic components in the data:

Y: = p+ acos(wit) + beos(wit) + et = 1,2, ..., 0.

The series contains a periodic component if the null hy-
pothesis of Hy:a=>b=0 is rejected. The hypothesis seems
to be tested using the F test; however, the frequency wy is
unknown. Thus, the F test may not be appropriate (Wei
2006), and a test statistic is defined to verify the possible
periodic component in the data:

-1

m i1
V,’ = ]y, (W(,)) kél In (Wk>7s§l ["’ (W(S>)

The period corresponding to the /™ maximum periodogram
value is significant if V; > c,,. The critical values are calculated
as ¢, =1—(a/m)”™ V. The period corresponding to the i
maximum periodogram value is significant if V;>c, (Wei
2006), where « refers to a significance level.

As a result of the analyses, it is verified whether the period
at eachvalue is significant. While the existing period is
determined for a series with a single period, it is necessary
to advance the test when more than one period exists. In
conclusion, starting from the maximum value, the periods
are subjected to the hypothesis test, and it is verified whether
there is a periodic component in the series. In certain cases,
the periodic components determined have been found in dec-
imal. Results showed that this method calculated the period
frequency in the data and did not define the period length;
thus, the period lengths could be used to remove their
decimals.

The series must be stationary in such a way that the analysis
can be performed. The stability of the time series used in the
study was examined by increased Dickey-Fuller, Phillips-
Perron, and stability tests based on periodograms. In addition
to the standard unit root tests, the unit test based on
periodograms proposed by Akdi and Dickey (1998) was also
used, and the series was found to be stable. All the studied
series were stationary at a 5% significant level. Thus, no struc-
tural breakage occurred in the series, and a homogeneous
structure was observed.

As a result of the analysis, some of the cycles provided the
length of the number of years of data used, which is under-
stood to be an insignificant cycle in the series. The cycles

@ Springer

obtained were interpreted as short- (2—5 years), medium- (6—
10 years), and long-term (11+ years) periods.

Cluster analysis (Manly 2004) was used to determine sim-
ilar cycle regions in which 3—6 cluster analyses were repeated
and their results were mapped for comparison.

2.3 Mapping and graphing of the results

As a result of the periodogram-based hypothesis testing, each
station’s annual, winter, spring, summer, and autumn seasons
cycles were determined. The most dominant cycle in the sea-
sonal and annual values for each station was the highest. In
addition, more than one significant cycle can be calculated.
From this point of view, it is always possible to obtain n/2
cycles for each station; however, not all of them were statisti-
cally significant. The meaningful cycles that can be used in
this analysis can be evaluated based on the probability value.
The analysis showed an extremely high significance value
with a p value of 0.05, which was reduced owing to multiple
cycles in the series. In this case, any cycle is disguised and
hidden by other cycle effects. A cycle of up to a certain & value
is required to determine the cycles; therefore, the cycles
should be examined for each station up to a certain & value.
No specific acceptance has been mentioned in the literature on
this subject, and no information pertaining to the same is
available. If all stations are examined together during this
study, using a certain number of standard cycles would make
the study feasible. Six cycles could be mapped through an
intensive analysis of the obtained results. Meaningless and
erroneous results can be obtained for mapping other cycles.
Hence, a maximum of six periodogram values was used to
emphasize the usability of the method in finding sub-cycles.
The highest six values for each season and the annual cycle
have been determined. Moreover, mapping and analysis were
performed.

The annual period obtained as the analysis result at each
value was written on the station during mapping. In addition,
the result of the hypothesis test performed for the period was
expressed by coloring the Voronoi polygon of the station.

3 Results
3.1 Winter

The 2-, 4-, and 8-year PCs in the Black Sea Region (BSR); 6-
and 8-year PCs at the stations in the Marmara Region (MAR);
8- and 17-year PC in the Aegean Region (AR); 2- and 3-year
PCs in the Mediterranean (MR) and Central Anatolia (CAR)
regions; 2-year PC in the Southeastern Anatolia Region
(SAR); and 2- and 8-year PCs in the Eastern Anatolia
Region (EAR) were repeated more according to the highest
I,(wy) values for winter. Most of the PCs obtained by the
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highest value could not exceed p < 0.3 limit, and the limit at
different levels could be reached at some stations in the EAR
and SAR, as shown in Fig. 2a.

The 2—6-, 8-, and 17-year PCs in the BSR; 2—4-, 7-, 8-, 14-,
and 21-year PCs in the MAR; 2-, 3-, 6-8-, 14-, and 21-year
PCs in the AR; 2—4-, 7-, and 8-year PCs in the MR; 2-, 3-, 6-,
7-, 8-, and 11-year PC in the CAR; 2—4-, 6-, 8-, and 9-year PC
in the EAR; and the 3-, 6-, and 11-year PC in the SAR became
frequent based on 7,(wy) values, as presented in Fig. 2b—f. The
3rd to 6th values are significant for p < 0.2 level, whereas the
second highest value is significant only for p < 0.3 level, as
shown in Fig. 2f.

3.2 Spring

As a result of the analyzed time series of spring precipitation,
the 2-, 3-, 5-, and 6-year PCs in the BSR; 4-year PCs in the
MAR; 3- and 4-year PCs in the AR; 2- and 3-year PCs in the
MR and CAR; and 2- and 4-year PC in the EAR and SAR

=z
3

were determined for a highest value. The periods are signifi-
cant for p < 0.2 and p < 0.05 levels in some parts of the MR,
western and central BSR, MR, and EAR, as presented in Fig.
3a.

In the highest value, the 2—5-, 8-, 12-, and 17-year PCs in
BSR; 2—4-year PCs in MAR, AR, and EAR; 3- and 4-year
PCs in MR; 2—4- and 6-year PCs in CAR; and 2—4- and 28-
year PCs in SAR are determined at the 2nd to the 6th & values,
as shown in Fig. 3b—f. Similar to the winter period, the 2nd
period showed p < 0.3, and the 3rd to 6th periods exhibited for
p <0.2 significance level.

3.3 Summer

In summers, 2-, 3-, 4-, and 5-year PCs in the BSR; 3- and 4-
year PCs in the MAR; 3-year PCs in the AR; 2- and 5-year
PCs in the MR; 2-, 3-, and 6-year PCs in the CAR; 2-, 3-, 4,
and 5-year PCs in the EAR; and 11-year PCin the SAR were
determined for the highest 7,,(w;) value. The 5-year PC in the

7 s o
0 70140 )280 Km

35°E 40°E

P Value ‘ 30

Winter p<=0.01 | p<=0.05 | p<=0.1

p>0.3 ‘

| p<=0.3 |

‘ p<=0.2

Fig. 2 a) PC map of highest I,(wy) values, b) PC map of 2nd highest I,(wy) values, ¢) PC map of 3rd highest I,(wy) values, d) PC map of 4th
I,(wy) values, e) PC map of 5th highest I,(wy) values, f) PC map of 6th I,,(wy) values
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Fig. 3 a) PC map of highest I,(wy) values, b) PC map of 2nd highest I,(wy) values, ¢) PC map of 3rd highest I,(wy) values, d) PC map of 4th
I,(wy) values, e) PC map of 5th highest I,(wy) values, f) PC map of 6th I,,(wy) values

BSR, 6-year PC in the CAR, and 11-year PC in the SAR are
significant for p < 0.05 level, as shown in Fig. 4a.

Following the analysis of the 2nd to 6th values, 2- and 6-
year PCs in the BSR; 2—6-year PC in the MAR; 2-5- and 12-
year PCs in the AR; 2-, 3-, 6-, and 8-year PCs in the MR; 2—7-
year PC in the CAR; 2-5-, 21-, and 28-year PCs in the EAR;
and 2-, 3-, 5-, and 6-year PCs in the SAR are determined at
multiple stations, as presented in Fig. 4b—f. The significance
levels were the same as those recorded in winters.

3.4 Autumn

The 2—4-year PC in the BSR, 2—4-year PC in the MAR, and
28-year PC in the AR were determined at multiple stations
based on highest value during autumns. While different pe-
riods were obtained at all stations in the MR, 2- and 4-year
PCs in the CAR and 2- and 3-year PCs in the EAR and SAR
are determined (Fig. 5a). The periods were significant for p <
0.05 and p <0.01 levels; however, in some situations, the p <
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0.1 level was observed to exceed, and a significance level was
achieved for p > 0.3 at the majority of stations.

When the analysis was repeated at 2nd to 6th highest
values, 2—4-, 6-, and 8-year PCs in the BSR; 2-5- and 6-
year PCs in the MAR; 3-, 4-, 6-year PCs in the AR; 2—5-year
PC in the MR; 2-5-, 7-, 9-, and 21-year PCs in the CAR; 2—4-,
6-, and 21-year PCs in the EAR; and 2—4-, 9-, and 26-year PCs
in the SAR are observed at more than one station, and the vast
majority of the periods exhibits a significance value for p <0.2
level, as shown in Fig. S5b—f.

3.5 Annual analysis

For atotal annual precipitation data, the 2- and 3-year PCs in
the BSR; 2-, 3-, and 4-year PCs in the MAR; 17-year PC in
the AR; 7-year PC in the MR; 2-, 11-, and 15-year PCs in the
CAR; 2- and eight-year PCs in the EAR; and 5-year PC in
the SAR were determined at multiple stations. While most
of these PC could not exceed the p > 0.3 level, some are
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Fig. 4 a) PC map of highest I, (wy) values, b) PC map of 2nd highest I, (wy) values, ¢) PC map of 3rd highest I, (wy) values, d) PC map of 4th I, (wy)
values, e) PC map of 5th highest I,, (wy) values, f) PC map of 6th I, (wy) values

significant for p<0.2, p<0.1, and p <0.05 levels, as shown
in Fig. 6a.

The 2-5-, 8-, and 42-year PCs in the BSR; 2-, 3-, and 14-
year PCs in the MAR; 3-, 4-, 8-, 14-, and 21-year PCs in the
AR; 2- and 3-year PCs in the Mediterranean Region; 2- and 7-
year PCs in the CAR; 2—6- and 21-year PCs in the EAR; and
3-, 4-, and 6-year PCs in the SAR were determined at more
stations based on the 2nd to the 6th highest 7, (w;) value. Most
ofthe PC at 2nd value exhibits a significance value for p <0.3
level (Fig. 6b—f). The 3rd and 6th values exhibit for p < 0.2
significance level.

4 Discussion

Turkey is seasonally affected by different air masses. In win-
ters, the 2- and 3-year PCs in the short term; 6- and 8-year PCs
in the medium term; and 11-, 14-, 17-, and 21-year PCs in the
long term are determined at several stations when the PC

frequency was examined (Fig. 7). Similar results were obtain-
ed in the analysis by Tiirkes (1998) and Tiirkes et al. (2002),
who reported 12- and 12.7-year PCs for the medium term.
Herein, the cycle was characterized by an 11-year PC.
Herein, the 18-year PC determined by Tiirkes et al. (2002)
was defined 17-year PC in this study. During winters,
Turkey is frequently affected by midlatitude depressions orig-
inating from the Atlantic through the Balkans or
Mediterranean paths (Tiirkes 2010:450), resulting in humid
and rainy weather conditions. At the same time, Asia has a
strong influence on Turkey (Ko¢cman 1993:3) and triggers
cold and dry conditions. Although the Asor High is less effec-
tive in this season, it controls the impact rate of Turkey’s
midlatitude depressions. When it weakens, the amount of rain-
fall in Turkey increases, while drought conditions appear
when it is strengthened.

The 2-, 3-, and 4-year PCs in the short term; 8-year PC in
the medium term; and 16- and 17-year PCs are obtained in
several stations in spring, as shown in Fig. 8. The 2—5-year
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I(wy) values, e) PC map of 5th highest I,,(wy) values, f) PC map of 6th I,,(wy) values

PCs were determined by Tiirkes et al. (2002) and Tiirkes
(1998, 1999), whereas 8-year PC in the medium term and
16- and 17-year PCs in the long term have been added herein.
The spring period is warm and indicates the time for the
change in the seasonal environment of Turkey. During this
period, unstable air types and events are experienced in
Turkey; however, both midlatitude cyclones and hot air
masses from the Sahara and the Arabian Peninsula have an
influence. Furthermore, the effect of the Asian High is occa-
sionally observed. As a result of these activities, the polar
fronts are less drawn to the north, and the Azores High is
expanded (Kogman 1993:4)

In summer, the frequency analysis of the PC between 2-
and 6-year PC was determined in several stations. A graph
examination showed that a significant frequency followed
the 12-year PC in the 11-year PC. A 21-year PC common
throughout Turkey is also observed (Fig. 9). The analyses
made by Tiirkes et al. (2002) and Tiirkes (1998, 1999) exhib-
ited a short-term PC of only 2—5 years in this season. The
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summer period expresses warm and arid conditions in
Turkey; thus, polar air masses and the Asian High lose their
effects (Ering 1957, p. 129). Moreover, the hot air masses
from the south, the Arabian Peninsula, and North Africa are
more effective (Kogman 1993, p. 14), whereas these air
masses mostly influence Turkey. The whole of Turkey is in-
fluenced by maritime polar air masses although their frequen-
cy decreases. Although the influence rate of these air masses
varies from year to year, the hot air mass in the southeastern
part of Turkey and the humid air mass on the Black Sea coasts
are in effect.

The 2-, 3-, 4-, and 5-year PCs in the short term; 6-, 8-, and
9-year PCs in the medium term; and 13-, 14-, 17-, 19-,and 21-
year PCs in the long term are determined in various stations in
autumn, as observed in Fig. 10, similar to the results obtained
by Tiirkes et al. (2002) and Tiirkes (1998, 1999). In autumn,
the temperatures began to decline, and the rainfall started to
increase. During these periods, the effectiveness of midlati-
tude depression began to increase and became more effective
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Fig. 8 Spring period length frequencies in Turkey by geographical regions based on the first six I(w) £ values. Axis properties are the same as those

shown in Fig. 7

throughout Turkey (Ering 1957, p. 129); however, the effect
of the hot air mass from the south decreased toward the end of
the season. The effect of the Asian High during this period
was considerably limited.

The examination of the PC in annual total precipitation
across Turkey shows 2-, 3-, 4-, and 5-year PCs during the
short term; 6-, 7-, and 8-year PCs in the medium term; and
11-, 12-, 14-, 17-, and 21-year PCs in the long term (Fig. 11a).
Moreover, the examination of all seasonal and annual PCs in
Turkey exhibits 2—5-year PC in the short term; 6—8-year PC in
the medium term; and 11-, 14-, 17-, and 21-year PCs in the
long term, as presented in Fig. 11b.

The 2-year PC was frequently determined in the CAR, EAR,
and SAR but rarely observed in the AR and MR (partly the MR).
This cycle was more effective during the winters and springs in

Turkey Black Sea Marmara
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the CAR, summers in the EAR, and autumns in the SAR. The 2-
year cycle was more effective in Turkey’s central and east part
although the cycle was not evident around the Mediterranean and
the Aegean Sea. The 2-year PC was determined in the Europe,
Eastern Africa, Western Himalayas, China, and Niger rainfall
series (Abdourahamane and Acar 2018; Brazdil et al. 1985;
Hughes et al. 1994; Rodhe et al. 1976; Singh et al. 2006). This
2-year cycle is said to be formed by the system that is effective in
the Himalayas and other places. This system should be controlled
by the quasibiennial oscillation, which is particularly dominant in
the equatorial region.

The 3-year PC was frequently obtained in all seasons and
regions, except for the Marmara during the winters. The sys-
tem that creates this cycle must have affected the entirety of
Turkey. From this perspective, a 3-year cycle was established
Mediterranean Southeastern A.
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Fig. 9 Summer period length frequencies in Turkey by geographical regions based on the first six I(w) k values. Axis properties are the same as those

shown in Fig. 7
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in the NAO and Europe precipitation series (Brazdil et al.
1985; Zhang et al. 2011) and arctic oscillation and North
American precipitation series (Ashok et al. 2003; Hunt 2016).

The 4-year PC, which is more frequent in the BSR during the
winters, was determined in the Aegean, Marmara,
Mediterranean, and Southeastern Anatolia regions during the
springs; AR in the summers; and Central Anatolia during the
autumns. Therefore, the effect of the events that created this cycle
varies depending on time and space. Meanwhile, a 4-year cycle
was obtained in Europe (Brazdil et al. 1985) and North American
precipitation series (Daniels 2007), extreme weather events in
China (Vujovi¢ et al. 2018), and tree rings in Mongolia
(Jacoby et al. 2003). This is associated with the events of
ENSO in Central Asia (Jacoby et al. 2003). The definition of this
cycle origin for Turkey is rather complex, and both equatorial
(ENSO) and polar systems (NAO) exhibit these cycles.

The 5-year PC was formed in Eastern Anatolia during the
winters; Black Sea, Eastern, and Southeastern Anatolia in the
springs; Eastern and Southeastern Anatolia and the BSR in the
summers; and Aegean and Mediterranean regions in the au-
tumns although its frequency was not at a sufficient level
compared to the other cycles. The PC was also frequent in
the Black Sea, Central, Eastern, and Southeastern Anatolia
regions at their annual precipitation series. The European
and East African precipitation series exhibited 5-year cycles
(Brazdil et al. 1985; Rodhe et al. 1976), which were also found
in China and Korea (Kim and Byun 2010; Luan et al. 2009).

The 6-year PC is more frequent in all regions except the
Aegean and Mediterranean regions in the winters, the BSR in
the springs, the Central and Eastern Anatolian regions in the
summers, the Black Sea and ARs during the autumns, and the
Aegean and Central Anatolia regions in the annual total pre-
cipitation series. This cycle has been identified in the Iberian
Peninsula (Merino et al. 2015) and Central China (Tan et al.
2009) and may be related to NAO and ENSO. This cycle may
occur at a place connected with teleconnections.

While the described annual precipitation in the Southeastern
and Central Anatolia, Southeastern Anatolian in the winters, and
Central Anatolian in the summer precipitation, the 7-year PC was
only slightly effective in all seasons and regions. The 7-year PC
was also determined in the zooplankton density series at the
Adriatic Sea (Baranovic et al. 1993), current precipitation series
in North America (Daniels 2007), and tree rings growth se-
quences in China (Hughes et al. 1994).

In general, the 8-year PC is more frequent in annual pre-
cipitation than in short-term cycles. It was determined in all
regions, except for the Southeastern and Mediterranean re-
gions during the winters. It was more frequently found in
Central Anatolia during summers and autumns, and its fre-
quency decreased in the springs. These cycles have also been
identified in Italy and North African precipitation series
(Brunetti et al. 2000; McHugh and Rogers 2001) and the
NAO index (Brazdil et al. 1985). The cycle, which
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particularly affects the southern region of Turkey, must be
associated with NAO. Midlatitude depression can hit the south
of the Mediterranean during times when NAO is negative
(during winters) and can obtain moisture from the
Mediterranean. The southern part of Turkey observes more
precipitation during these periods.

Conversely, the 9-year cycles are more frequently seen in
Eastern Anatolia during the winter period and Central Anatolia
in the autumns and are very rare in other seasons and regions.
This cycle was determined in varve sediments in the
Mediterranean (Manzi et al. 2012) and during the series of precip-
itation and tree rings in China (Hughes et al. 1994; Luan et al.
2009). The presence of loop only in winters and autumns supports
both the Eastern and Central Anatolia regions, which can be man-
aged by a system affecting China, suggesting the Asian High.

The 11-year PC that is likely to be associated with solar
activities (Arlt 2011; Hathaway 2015) is also seen in the
Turkey precipitation series. This cycle became more frequent
in the Central, Eastern, and Southeastern Anatolia regions,
with more terrestrial characteristics. The 11-year PC frequen-
cy, particularly in the winter season, is fundamental. In the AR
with marine conditions, this cycle was determined during the
summers. Hence, it was not only seen in terrestrial areas but
also in all regions. Terrestrial lands are affected by all seasons;
however, marine regions are only affected during the sum-
mers. Therefore, it must be associated with other events.
Some other patterns and connections (e.g., NAO, North Sea
Caspian) probably mask this cycle, causing a faint effect.

The 14-year PC has become more frequent during annual and
winter precipitations in the Marmara and Aegean regions and are
rarely seen in the other periods. These regions represent the areas
where the midlatitude depression from the Balkans first took
effect. The 14-year cycles have also been determined in the
Italy precipitation series (Brunetti et al. 2000), southern oscilla-
tions index (Luo and Yamagata 2001), climatic events in central
China (Tan et al. 2009), and Korea (Kim and Byun 2010). These
cycles are believed to be associated with NAO caused by the
annual cycles of seven (14:2 = 7). The 7-year cycles must exhibit
strong and weak periods, affecting more places in periods of
strength time. As will be mentioned below, 21-year cycles should
also be a repetition of this cycle.

The 17-year PC was determined only in the Aegean Region
in the winters and annual precipitation series, only in the BSR
during the summer, and was obtained (e.g., Tiirkes et al.
(2002)), as 18-year PC in other studies. Although the 17-
year PC is an unprecedented cycle in the literature, it can be
a half-period of 34-35 years (34:2 = 17).

The 21-year PC is often found in the Aegean, Black Sea, and
Eastern Anatolia regions in winter and Central and Eastern
Anatolian regions in autumn. Nothing indicates that this cycle
is a 3 x 7-year cycle or a 22-year cycle resulting from solar
activity. However, a 7 x 3-year cycle is believed to be strength-
ened by solar activities.
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Similarities of the cycle lengths identified in Turkey and in
other parts of the world are believed to be attributed to the same
mechanisms affecting different fields. While short-term cycles
exist in the whole of Turkey, medium- and long-term cycles vary
according to the region and season. Cluster analysis was done
and repeated using 3—6 clusters with the first cluster obtained in
many stations. All four cluster analyses are shown in Fig. 12. For
three clusters analysis, different groups were formed in EAR,
CAR, SAR, and BSR, while a new cluster was obtained in the
same regions using four clusters analysis. The second cluster
obtained in the three clusters analysis was also determined in
EAR using the four clusters analysis.

When five clusters were used to analyze the cycles, the first
cluster covered a large part of Turkey. The second cluster was

Table2 Dominant PC in the geographical regions of Turkey

obtained in CAR and the Black Sea coast, whereas the third
cluster was defined in the borders of CAR, BSR, and eastern
MR. The fourth and fifth clusters were obtained in areas far
from each other. When six clusters were used to repeat the
analysis, the second and third clusters were determined in
similar places, whereas the fourth and fifth clusters were
formed in unrelated places. The sixth cluster has been defined
in MAR, east of AR, and in northeast of Turkey.

When the clusters are evaluated, the short-term cycles are
determined throughout Turkey forming the first PC region.
The second PC region is covered in EAR, CAR, BSR, and
cast of AR, while the third PC region is defined as the borders
of CAR and east of MR. The clusters that emerged in different
and unrelated fields occurred by local effects.

Geographical region

Spring

Summer

Autumn

Winter

Black Sea 2,3,4,5,6,7,8,12, 17, 2,3,4,5,6,8,and 21
and 22

Marmara 2,3,4,8, and 14 2,3,4,5,68,11,and 19

Aegean 2,3,and 4 3,4,11,and 12

Mediterranean 2,3,and 4 2,3,4,5,6,8, and 21

Central Anatolian 2,3,8,and 16 2,3,4,5,6,7,8,11, 12,

and 14
Eastern Anatolian 2,3,4,and 5 2,3,4,5,6,7,and 21
Southeastern Anatolian 2,3,4,and 5 2,3,5,and 6

2,3,4,6,8,9,17, and 21

2,3,4,and 17

3,4,6,8,9,17, and 21
2,3,4,5,and 9
2,3,4,7,8,9,18, and 21

2,3,4,6,8,13,17,and 21

2,3,4,7,9,13, and 19

2,3,4,6,8,17, and 21

2,3,4,6,8,14, 15,17,
and 19

2,3,8,17,and 21
2,3,4,7,8,17,and 19
2,3,6,8,11,and 16

2,3,4,6,8,9,11, 12,17,
and 21

2,3,6,7,8,9,11, and 13

@ Springer



1312

E.Yiimaz et al.

5 Conclusion

Monthly precipitation data from 74 stations in Turkey (1926—
2018) was used for examining seasonal and annual cycles of
rainfall. Although the periodicity of rainfall data in Turkey has
previously been studied, which included 5465 years of data, this
study suggests an alternative approach (i.e., periodogram) for
applying the analysis to data of longer periods (56-84 years).
This study also shows the six most prominent cycles in all sta-
tions, including cycle frequency graphs created by the annual and
seasonal rainfall data. Cycles were graphically studied before
they were mapped in the present analysis. The spatial distribution
of cycles was determined, and regions with similar precipitation
cycles were defined. Moreover, new cycles were obtained. The
acquired results and observations are presented below.

Turkey has 2-, 3-, 6-, 8-, 11-, 14-, 17-, and 21-year PCs in the
winters; 2—4-, 8-, 16-, and 17-year PCs in the springs; 2—6-, 11-,
12-, and 17-year PCs in the summers; 2-9-, 13-, 14-, 17-, 19-year
PCs in the autumns; and 2-8-, 11-, 12-, 14-, 17-, and 21-year PCs
in the annual precipitation series. The seasonal cycles vary based
on the regions, as shown in Table 2.

Table 2 shows that Turkey’s seasonal and annual cycles do
not exactly overlap in the spatial scale. Each cycle does not
repeat in all seasons. The regional differences generally com-
pose a season; however, nearby regions show similar cycles.
This result indicates that the air masses and pressure structures
in Turkey exhibit different regional effects. Moreover, oscil-
lations, patterns, and teleconnections have different impacts.
This situation has been observed in the same season although
different regions are represented by different cycles.

The dominant 11- and 3-year PCs were determined
throughout Turkey. This implies that cycles originating from
sunspot activities and NAO have an impact across Turkey.

Cluster analysis was applied to the length of PC and the
three PC regions are defined as: (1) across the Turkey; (2)
EAR, CAR, BSR, and east of AR; and 3) borders of CAR
and the east of MR. A fourth region wherein local factors are
effective was formed in areas far from each other.

Analyzed time series can be modeled for forecasting although
the cycles obtained have low significancy. For this purpose, mul-
tiple regressions must be used, and parameters (regression coef-
ficient) for each cycle should be determined. Cycles with insig-
nificant parameters can be removed from the model with the rest
of the parameters still sufficient for modeling.

The result of the period lengths had some mathematical
similarities. If any f function defined on the real numbers
provides f (x + P) = f (x), fis called a periodic function for
allx eR s, and p is the period of the function. It is easy to see if
the fperiod is a periodic function of p, f(x + 2p) =f ((x + p) +
P) =f(x+ P)=f(x) is the period of the same function in all
multiples of p. Accordingly, many periods of a function can be
found. The smallest of these periods is called the main period
of the function (Altin 2011, p. 4). Consecutive values, such as
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7-14-21, were obtained from the analysis. These cycles are
essentially a single cycle; however, the other events are more
effective when the cycle does not gain a dominant character
and can be masked during a non-dominant period.

The cycle lengths obtained in the Turkey precipitation se-
ries were similar to those in the literature while comparing
other places throughout the earth. These similarities between
outlying areas show that the system creating these cycles af-
fects these areas in the same or opposite manner, suggesting a
teleconnection between these areas.

The cycle lengths obtained via the periodogram analysis and
the values obtained via the spectrum analysis and the autocorre-
lations overlapped. The periodograms are suitable for use in
analyzing the climatic time series for the determination of cycles.
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