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Abstract — Global atmospheric indices are effective on many hydrometerological parameters. North Atlantic Oscillation and the
Arctic Oscillation is one of oscillations that act on Turkey. In this study, the relationship between the annual and seasonal
precipitation data obtained from the Bafra, Carsamba, Samsun, Ladik and Vezirkopru meteorological observation stations in the
province of samsun was investigated. As a result of the research, significant correlations were determined between atmospheric
indices and seasonal and annual total precipitation. A significant portion of the correlations obtained is seen as a negative
correlation with winter precipitation. The precipitation formed under the influence of positive and negative phases of atmospheric
indices was determined and it was determined that the precipitation formed by the negative phase was more than the positive

phase.
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I. INTRODUCTION

Precipitation, one of the hydrometeorological parameters,
has an important role in the planning and operation of water
resources as well as being an effective element of life on earth.
Changes and irregularities in precipitation characteristics, one
of the consequences of global climate change, affect life and
water resources around the world. Researchers investigating
this effect are trying to determine the relationship between
global atmospheric indices such as precipitation and current
temperature. The main global atmospheric indices are the
North Sea Caspian Pattern (NCP), North Atlantic Oscillation
(NAO), Southern Oscillation (SO) and Arctic Oscillation
(AO).

Turkey is among the countries most vulnerable to global
warming. The irregular precipitation in our country has
emerged as a result of these effects. Kutiel et al. [1]
investigated the effect of NCP indices on precipitation and
temperature values of atmospheric oscillations. Kutiel and
Tirkes [2] investigated the relationship between NCP and
Central Anatolia temperature and precipitation. Gokturk [3]
investigated the influence of Turkey on the NCP's data flow.
Karabork et al. [4] studied northern atlantic oscillation and
southern oscillation with minimum maximum temperature,
precipitation and flow data. Goktirk and Karaca [5]

determined the effect of NCP on the basins affecting the GAP
region. Tirkes and Erlat [6] determined the relationship
between AO index and winter temperature values. Karabork
and Kahya [7] investigated the relationship between flow,
temperature and precipitation parameters with southern
oscillation. Sezen and Partal [8] investigated the effect of NCP
index on precipitation and temperature values in Aegean
region. In the studies investigating the effects of atmospheric
indices on climate data, monthly, annual or seasonal
precipitation, temperature or flow parameters are used. In this
study which investigates the effects of two of the atmospheric
oscillations, North Atlantic Oscillation (NAO) and Arctic
Oscillation (AO), the precipitation values of 5 meteorological
observation stations in Samsun province were investigated.

Il. MATERIALS AND METHOD

A. Materials

In this study, the precipitation values of Bafra, Carsamba,
Ladik, Samsun and Vezirkopru stations belonging to the
general directorate of meteorology located in Samsun province
between 1965-2013 were used. These precipitation values are
arranged to indicate seasonal and annual total precipitation
values. Statistical information on the data is given in table 1.

Table 1. Statistical Data of Stations

1965-2013 Summer Winter Spring Automn A_Pgtg?l
Mean | Std. | Mean | Std. | Mean | Std. | Mean | Std. | Mean | Std.
Bafra 1282 [ 731 | 2465 | 62.1 | 167.2 [ 53.9 | 2515 | 90.7 | 7934 | 1283
Carsamba | 158.0 | 71.1 [ 273.8 | 77.9 | 203.7 | 61.2 | 320.1 | 158.1 | 9555 | 227.9
Ladik 102.9 [ 56.8 | 180.2 | 85.6 | 187.6 | 847 | 1524 | 77.9 | 623.0 | 2125
Samsun 125.7 [ 69.3 | 1924 | 56.1 | 169.6 | 49.8 | 2246 | 75.7 | 712.3 | 107.3
Vezirkopru | 1238 | 49.2 | 146.1 [ 48.7 [ 1787 | 484 | 1496 | 641 | 598.2 | 112.9
The North Atlantic release is an atmospheric oscillation of  Icelandic regions.[9] Arctic oscillation is one of the

sea-level pressure differences between the Azores and the

atmospheric oscillations in the northern hemisphere and is
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caused by pressure differences between the arctic and northern
mid latitudes.[6] The NAO and AO index data used in the
study were obtained from the relevant web addresses by
National Oceanic and Atmospheric Administration (NOAA)
Climate Prediction Center (CPC).

http://www.cpc.ncep.noaa.gov/products/precip/CWIlink/pna
/norm.nao.monthly.b5001.current.ascii.table

http://www.cpc.ncep.noaa.gov/products/precip/CWIink/dail
y_ao_index/monthly.ao.index.b50.current.ascii.table

In the study, the annual NAO / AO index values are averaged
for the 12-month index values, and the seasonal index values
are the average of the index values for the months in the
seasons. If the index values are greater than 1.0, the positive
phase (NAO (+), AO (+)); If itis less than -1.0, negative phase
(NAO (), AO (-)) is evaluated. [10]

B. Method

In this study, the Pearson correlation coefficients expressed
in equation 1 were calculated to determine the relationship
between atmospheric indices and precipitation. [11]
S - D G- ) .
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In Equation 1, x;is the climate data for year i; x is the
average of the climate data; y; is the index data for the year i;
y is the average of the index data; N, the number of data; Sy
denotes the standard deviation value of the climate parameter
and Sy represents the standard deviation of the index data.

After the correlation coefficients are obtained; The values
were evaluated with Student's t test shown in Equation 2 at
0 =0.01, a=0.05 and o = 0.1 significance levels.

Txy

I11. RESULTS AND DISCUSSION

A. The Effects of North Atlantic Oscillation for Annual and
Seasonal Precipitation

The results of the correlation between the precipitation
values of the meteorological observation stations and the
North Atlantic Oscillation in Samsun are given in table 2.
When the annual total precipitation was examined, significant
negative correlation values were determined at 90%
confidence level and 95% confidence level at Vezirkopru
station. When the seasonal precipitation was examined, a
significant negative correlation was determined at the 95%
confidence level in Bafra and Samsun stations, and 99%
confidence level in the Carsamba and Ladik stations. In
autumn precipitation, only 90% confidence level was found to
be significantly correlated in Vezirkopru station.

Table 2. Correlation Coefficients Between NAO and Precipitation

NAO Summer | Winter | Spring | Automn ATn:tl;Ial
Bafra -0.20 -0.32° -0.07 -0.07 -0.15
Carsamba 0.09 -0.45° -0.21 0.12 0.06
Ladik 0.10 -0.49° -0.18 0.05 -0.07
Samsun -0.05 -0.32° -0.17 0.00 -0.25%
Vezirkopru -0.11 -0.08 -0.12 -0.278 -0.30°

a= 0.1 significance level b=0.05 significance level c= 0.01 significance level

During the observation period, NAO (+) and NAO (-) phases
are determined to be effective and the total precipitation
differences resulting from NAO (+) and NAO (-) phases are
given in table 3. In summer, winter, autumn and annual total
precipitation, NAO (-) phase produced more precipitation,
whereas only NAO (+) phase of the spring rains produced

‘= rvN —2 @) more precipitation.
V1 —12
Table 3a. Seasonal Precipitation of Under The Effect of NAO(-) and NAO(+)
Summer Winter Spring Automn
NAO | NAO . NAO | NAO ; NAO | NAO . NAO [ NAO .
Dif. Dif. Dif. Dif.
*) () *) () *) ) *) ()
Bafra 432.3 | 11156 | -683.3 | 383.5 | 692.5 | -309.0 | 548.6 | 442.6 | 106.0 | 230.1 | 1445.0 | -1214.9
Carsamba | 694.5 | 982.9 | -288.4 | 438.6 | 717.3 | -278.7 | 571.8 | 439.8 | 132.0 | 413.8 | 2031.0 | -1617.2
Ladik 427.9 | 561.9 | -134.0 | 186.2 | 427.9 | -241.7 | 605.7 | 237.0 | 368.7 | 1615 | 687.1 | -525.6
Samsun 4245 | 900.7 | -476.2 | 386.3 | 488.0 | -101.7 | 477.8 | 4417 | 36.1 | 246.0 | 12447 | -998.7
Vezirkopru | 511.7 | 939.2 | -4275 | 304.1 | 346.9 [ -42.8 | 601.7 | 385.0 | 216.7 | 131.0 [ 983.1 [ -852.1
Table 3b. Annual Precipitation of Under The Effect of NAO(-) and confidence level in winter. It was determined in Samsun and
NAO() ____ Vezirkopru stations. autumn season of the total precipitation
Annual Total Precipitation . . o !
NAO | NAO : significant correlation value of 90% confidence level of the
+) ) Dif. Bafra station was also determined.
Bafra 0.0 234.6 -234.6 Table 4. Correlation Coefficients Between AO and Precipitation
Carsamba 0.0 1369 | -136.9 AO Summer | Winter | Spring | Automn Annual
Ladik 0.0 62.7 -62.7 Total
Samsun 0.0 136.6 -136.6 Bafra -0.17 -0.14 -0.14 0.26% -0.02
Vezirkopru 0.0 134.0 21340 Carsamba -0.15 -0.37¢ -0.13 0.10 -0.05
Ladik -0.25° -048° | -0.12 0.20 -0.24°
. A Samsun -0.11 -0.25° | -0.18 0.20 -0.10
B. The Effects of Arctic Oscillation for Annual and Seasonal Vezirkopra | -0.14 024 [ 013 0.05 014

Precipitation

The correlation values between arctic oscillation and annual
and seasonal total precipitation are given in table 4. While
there is a significant negative correlation in the total
precipitation in Ladik station at 90% confidence level,
significant positive correlation is found in 90% confidence
level in Bafra station in seasonal precipitation, while
significant negative correlation values are found in Carsamba
and Ladik stations in 99% confidence level and in 90%

a= 0.1 significance level b=0.05 significance level c= 0.01 significance level

During the observation period, the AO (+) and AO (-)
phases are determined to be effective and precipitation
differences resulting from AO (+) and AO (-) phases are given
in Table 5. In the winter season, the AO (-) phase produced
more precipitation in all stations and the opposite was
determined in the spring total precipitation. It was determined
that there was no effect on the precipitation in the summer
precipitation. In autumn precipitations, it was found that the
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positive phase produced more precipitation at the other
stations and the positive phase at the Carsamba and Ladik
stations.

Table 5a. Seasonal Precipitation of Under The Effect of AO(-) and AO(+)
Summer Winter Spring Automn

AO | AO - AO AO - AO AO - AO AO .

Wl o | o [ el || n| gl
Bafra 0.0 | 0.0 | 0.0 | 1230.2 | 3491.2 | -2261.0 | 663.8 | 482.3 | 181.5 | 230.1 | 271.6 | -415
Carsamba 0.0 | 0.0 | 0.0 | 12215 | 4352.8 | -3131.3 | 754.1 | 561.5 | 192.6 | 413.8 | 270.3 | 1435
Ladik 0.0 | 0.0 | 0.0 | 603.3 | 3266.4 | -2663.1 | 646.7 | 400.0 | 246.7 | 1615 | 160.6 | 0.9
Samsun 0.0 | 0.0 | 0.0 | 859.6 | 2882.2 | -2022.6 | 654.8 | 462.5 | 192.3 | 246.0 | 315.2 | -69.2
Vezirkopru | 0.0 | 0.0 | 0.0 | 538.8 | 2049.1 | -1510.3 | 667.2 | 463.6 | 203.7 | 131.0 | 207.2 | -76.2

Table 5 b. Annual Precipitation of Under The Effect of AO(-) and AO(+)

Annual Total Precipitation

AO AO .

) A Dif.
Bafra 724.2 917.9 -193.7
Carsamba 932.1 820.1 112.0
Ladik 454.6 360.2 94.4
Samsun 615.7 736.5 -120.8
Vezirkopru | 505.0 666.7 -161.7

IV. CONCULUSION

The results of this study that investigated the relationship
between the annual and seasonal total precipitation values of
the 5 stations in Samsun and the Northern Atlantic Oscillation
and Arctic Oscillation:

1.

There were significant negative correlations between
the North Atlantic and Samsun and Vezirkopru stations
in the annual total precipitation, and the Bafra,
Carsamba, Ladik and Samsun stations in the winter
total precipitation. This means that precipitation
decreases due to the increase of index values.

During the observation period, NAO (-) phase
precipitation caused more precipitation in winter,
autumn and yearly precipitation, and NAO (+) phase
produced more precipitation only in spring season.
Significant negative relationship between annual and
seasonal total precipitation values with arctic emission
was determined at Ladik station in annual precipitation
and in winter precipitation at Carsamba, Ladik, Samsun
and Vezirkopru stations. In the autumn precipitation,
significant correlation was determined at Bafra station.
Carsamba, Ladik, Samsun and Vezirkopru the total
precipitation in the winter with the increase in total
annual precipitation was determined as a result of the
decrease in the index value. It was determined that the
index values increased at the Bafra station and had an
increasing effect on the total precipitation in autumn.
It was determined that AO (-) phase produced more
precipitation than AO (+) phase in winter precipitation
and positive phase was more effective in spring
precipitation. In the autumn season, it was observed
that the positive phase was effective in the Bafra,
Vezirkopru and Samsun stations, and in the Carsamba
and Ladik station, it was observed that there was more
precipitation. Precipitation seen in summer was not the
result of phases.

It is thought that the different effects of atmospheric
indices in the studied geography are seen as a result of
sea, lake and dam lake effects, local precipitation and
irregular geography. Investigation of the relationships
of various hydrometeorological data with different

atmospheric indices in longer geographic periods will
be the subjects of further studies.

ACKNOWLEDGMENT

A basic version of this stud presented as an oral presentation
November 30 — December 2, 2018, ISAS 2018 — Winter, 2"

International

Symposium on Innovative Approaches in

Scientific Studies, Samsun, Turkey. The authors are thankful
to the anonymous reviewers and the Editor for their insightful
comments.

(1]

[2

31

(4]

(5]

(6]

[71

(8l

[9]

[10]

[11]

REFERENCES

Kautiel, H., Maheras, P., Turkes, M. and Paz, S. “North Sea—Caspian
Pattern (NCP)-—an upper level atmospheric teleconnection affecting the
eastern Mediterranean—implications on the regional climate.”
Theoretical and Applied Climatology, 72(3): 173-192, 2002. doi:
https://doi.org/10.1007/s00704-002-0674-8

Kutiel, H. and Turkes, M. “New evidence for the role of the North
Sea—Caspian Pattern on the temperature and precipitation regimes in
continental central Turkey.” Geografiska Annaler: Series A, Physical
Geography, 87(4): 501-513, 2005. doi: 10.1111/j.0435-
3676.2005.00274.x

Goktiirk, OM. “North Sea Caspian pattern and its influence on the
hydrometeorological parameters over Turkey.” Master thesis, Istanbul
Technical University, Istanbul, 2005.

Karabork, M. C., Kahya, E. and Karaca, M. “The influences of the
Southern and North Atlantic Oscillations on climatic surface variables
in Turkey.” Hydrological Processes, 19(6): 1185-1211, 2005. doi:
10.1002/hyp.5560

O. M. Goktiirk, and M. Karaca, “North Sea Caspian Pattern and Its
Influence on The Hydrometeorological Parameters over Basins of The
Gap Region,” 5. GAP Miihendislik Kongresi, Sanlrfa, 2006.

Turkes, M. and Erlat, E. “Influence of the Arctic Oscillation on the
variability of winter mean temperatures in Turkey.” Theoretical and
Applied Climatology, 92(1): 75-85, 2008. doi: 10.1007/s00704-007-
0310-8

Karabork, M. C. and Kahya, E. “The links between the categorised
Southern Oscillation indicators and climate and hydrologic variables in
Turkey.” Hydrological Processes, 23(13): 1927-1936, 2009. doi:
10.1002/hyp.7331

C. Sezenand T. Partal, “The Effects of North Sea Caspian Pattern Index
onthe Temperature and Precipitation Regime in theAegean Region of
Turkey,” World Academy of Science, Engineering and Technology
International Journal of Environmental, Chemical, Ecological,
Geological and Geophysical Engineering , 2017.

Rodwell, M. J., Rowell, D. P. and Folland, C. K. “Oceanic forcing of
the wintertime North Atlantic Oscillation and European climate.”
Nature, 398(6725): 320-323, 1999. doi: 10.1038/18648

M. Tiirkes and E. Erlat. “Turkiyede Kuzey Atlantik Salinimu ile
Baglantili Yagis Degisikliklerinin 500hpa Seviyesindeki Dolasimla
Agiklanmas1.” Ulusal Cografya Kongresi, 363-372, 2005.

Bayazit, M. ve Yegen Oguz, E. B. Miihendisler Icin Istatistik. Birsen
Yaynevi, 166-168, Istanbul: Caglayan, 2005.

27


https://doi.org/10.1007/s00704-002-0674-8



