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Abstract

Arctic Oscillation and North Atlantic Oscillation are the two types of the teleconnections which have an influence
area particularly at Northern Hemisphere (Russia, Canada, China, United States of America, India, Kazakhstan,
Algeria, Saudi Arabia, Mexico and Sudan). To reveal the relation between Arctic Oscillation, North Atlantic
Oscillation and temperature, precipitation regime of Eastern and Northern parts of Marmara in Turkey, correlation
coefficients were calculated. With our study it was obtained that temperature values under the impact of Arctic
Oscillation (-), North Atlantic Oscillation (-) were generally higher than the values under the effect of Arctic
Oscillation (+), North Atlantic Oscillation (). However, it was seemed that the relationship between precipitation
data and the phases of atmospheric indices were more complicated. As a result, this study proved that the influence
of atmospheric teleconnections on the hydro-meteorological parameters is necessary for the effective management
and prediction of water resources.

Keywords: Arctic Oscillation, North Atlantic Oscillation, Marmara region, precipitation,
temperature

Oz

Arktik Salinim ve Kuzey Atlantik Salinimu ézellikle Kuzey Yarimkiire’de (Rusya, Kanada, Amerika
Birlesik Devletleri, Hindistan, Kazakistan, Cezayir, Suundi Arabistan, Meksika ve Sudan) etki alanina
sahip olan tele baglantilardan iki tanesidir. Arktik Salimim, Kuzey Atlantik Salimmm ve Tarkiye'nin
Dogu ve Kuzey Marmara kesiminde sicaklik, yagis rejimi arasindaki iligkiyi ortaya koymak igin
korelasyon katsayilart hesaplanmigtir. Caligmamizda Arktik Salmmm (-), Kuzey Atlantik Salinmi (-)
etkisi altindaki sicaklik degerlerinin Arktik Salinim (+),Kuzey Atlantik Saliminu (+) etkisi altindaki
sicaklik degerlerinden genel olarak daha yiiksek oldugu elde edilmigtir. Ancak, yagig verisi ve
atmosferik indislerin fazlar1 arasindaki iligkinin daha karmagik oldugu gériillmektedir. Sonug olarak, bu
galiygma atmosferik indislerin hidrometeorolojik parametreler tizerindeki etkisinin su kaynaklarinin
yonetimi ve tahmini igin gerekli oldugunu ortaya koymusgtur.

Anahtar kelimeler: Arvktik Salvum, Kuzey Atlantik Salvumy, Marmara bolgesi, , yvagis, sicakhk

Introduction

The impacts of atmospheric events on hyvdrological cycle are very significant with regard
to water resources management and hydrological cycle. In this regard, the influence of
atmospheric teleconnections on hydrometeorological variables such as rainfall, temperature or
streamflow which need be taken into consideration for design of water structures like dams or
prevention of flood or drought risks, is revealed in many studies (Rodo ¢t al, 1997; Givati and
Rosenfeld, 2013). All these studies show that atmospheric teleconnections have different
effects on hydrometeorological variables with reference to hydrological cycle. Accordingly,
the research on Southem Oscillation (SO) and North Atlantic Oscillation (NAQO) that are well-
recognized atmospheric indices have become widespread not only around the world but also in
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Turkey (Kahva and Karabork, 2001; Bréonnimann, 2007; Turkes and Erlat, 2009). In this
respect, it is indicated that SO and NAO have various impacts on hydrometeorological
variables (eg: decreasing of precipitation, temperature rise) in different parts of the world. Rodo
et al. (1997) scrutinize the effects of El Nifio Southern Oscillation (ENSO) and NAO on the
precipitation regime of Southern Europe. They reveal that ENSO and NAO affect the climate
characteristics of different regions of Iberian Peninsula. Kadioglu et al. (1999) investigate the
linkage between precipitation and El Niflo events in Turkey and they find out that the
precipitation pattern of southern Turkey is associated with ENSO. Cullen et al (2002)
investigate the relationship between NAQ and streamflow data in Tigris-Europhates, Jordan-
Yarmouk and Ceyhan rivers. They state that NAO could be influential on the streamflow
regime for the winter-spring (DJFM) period. Turkes and Erlat (2003) analyze the relationship
between NAO and precipitation regime throughout Turkey. They emphasize that the amount
of precipitation during the negative phase of NAO is higher than the precipitation amount
during positive phase of NAO. They also point out that the most remarkable link between the
NAO and Turkey precipitation data are obtained in winter season in comparison with other
seasons. Karabork et al. (2005) research the connections between the NAO/SO indices and
climate parameters in Turkey. They state that minimum temperature values are associated with
ENSO, whereas NAO has influences on either winter precipitation or winter streamflow
pattern. They also add that precipitation and streamflow pattern could be associated with the
NAO effect according to lag correlation analysis. Karabork and Kahya (2009) investigate the
influence of SO and Multivariate ENSO Index (MEI) on temperature, precipitation and
streamflow data in Turkey. They find that precipitation and streamflow data have significant
correlations with SO and MEI especially in western Turkey. Kucuk et al. (2009) examine
whether NAO affects the water levels of lakes in Turkey or not. They ascertain that NAO has
a significant relation with the water levels of Lakes Tuz, Sapanca and Uluabat. Chowdhury and
Beecham (2010) study upon the rainfall trends in some locations of Australia and they
determine that some of the rainfall trends are connected with the SO index. Burt and Howden
(2013) analyze the relationship between the NAO and precipitation/streamflow pattern of
upland areas in Britain. They indicate that precipitation regime of upland areas has significant
positive correlation with the NAO index particularly in autumn, winter and spring scasons.
Furthermore, they also state that in case NAO (+) is influential, flow regime tends to be higher,
while even drought conditions occur under the influence of NAO (-). Likewise, impacts of
Arctic Oscillation (AO) on climate parameters have been also investigated in recent years
(Wang et al., 2005; Tremblay et al., 2011; Wang et al., 2013). Thompson and Wallace (1998)
ascertain that although NAO and AQO indices are similar to each other, AO is influential on
larger part of the Northern Hemisphere as compared with NAO. Turkes and Erlat (2008)
investigate the influences of AO on the winter temperature throughout Turkey, and they find
the negative correlations between AO index and temperature data during the winter season.
Givati and Rosenfeld (2013) research the linkage between the AO and precipitation regime of
Eastern Mediterrancan basin. They determine that when the AO index rises, the winter
precipitation decreases in some parts of Eastern Mediterranean basin.

The main objective of this paper is to determine the possible correlation between
AO-NAOQO and temperature, precipitation data of Eastern and Northern Marmara in Turkey. For
this purpose, Pearson correlation coefficients are calculated and used to quantify a relationship
between atmospheric indices and aforementioned climate variables. Then, results of correlation
analysis are assessed via Student t-test at the significance level of a=0.10, a=0.05 and ¢=0.01.
Furthermore, the temperature and precipitation differences which are based on the negative and
positive phases of NAO and AO are addressed. Consequently, the effects of NAO and AO on
the temperature and precipitation regime are determined.
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Method
Study Area

The relationship between AO, NAO as atmospheric indices and temperature,
precipitation data as climate variables were investigated both seasonally and annually in
Eastern and Northern Marmara. Temperature and precipitation data in this study were obtained
from seven stations of the Turkish State Meteorological Service. Location of the stations used
in this study is shown in Figure 1. The stations were selected based on the availability of

recorded data for approximately 50 years. The date range for each station is indicated in Table
1.

Figure 1. Stations throughout Marmara region.

Table 1
Date Range for Temperature and Precipitation Data
Date Range
Location of Temperature Precipitation
Stations
Edime 1960-2015 1960-2015
Karklareli 1963-2015 1963-2015
Kadiksy Rihtim 1960-2015 1960-2015
Kocaeli 1961-2015 1961-2015
Yalova 1960-2015 1960-2015
Bursa 1960-2015 1960-2015
Bilecik 1960-2015 1960-2015

The statistical data concerning the temperature and precipitation for winter (December,
January, February), spring (March, April, May), summer (June, July, August) and autumn
(September, October, November) seasons were given in Tables 2 and 3. In addition, NAO data
was obtained via North Atlantic Oscillation Index (2018) and AO data was acquired by means
of Arctic Oscillation Index (2018).
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Table 2
Statistical Data of Mean Temperature for Each Station
Winter Spring Summer Autumn Annual
Stations BAEan Std. Dev. b Std. Dev M Std. Dev. Mean Std. Dev. Mcan Std Dev.
Temp. ¢C) Temp (C) Temp. “0) Temp. C) Temp. ¢C)
&) ) (C) ¢C) (C)

Edirne 3.9 1.2 13 1.1 23.9 1.1 14.4 1.0 13.8 0.7
Karklareli 4.0 1.2 121 1.1 22.9 1.0 14.0 1.0 13.3 0.7
Kadikoy 6.8 1.1 12.3 1.2 231 1.1 159 1.0 14.6 0.8

Rih.

Kocael 71 1.2 13.1 1.1 23.1 0.9 16.1 1.01 14.9 0.7

Yalova 73 1.1 126 1.1 229 1.0 159 0.9 14.7 0.7

Bursa 6.3 13 13.0 1.1 237 1.0 154 0.9 14.6 0.7

Bilecik 3.6 1.5 11.5 1.1 21.4 1.0 13.8 1.1 12.6 0.8

Note. Std Dev.= Standard Deviation.

Table 3
Statistical Data of Precipitation for Each Station
Winter Spring Summer Autumn Annual
Stations Mean Std.Dev. Mean Std.Dev. beas Std.Dev. Iean Std.Dev. Filean Std.Dev.
Prep. G} Prep. G} Prep. e} Prep. (mm) Prep. —
(mm) {mm) {mm) (mm) {mm)

Edirne 186.5 828 152.1 515 100.6 49.6 159.4 69.8 598.5 131.1
Kirklareli  180.7 82 141.1 48.2 94.7 48.5 153.9 65.4 570.4 134.6
Kﬁl}lfoy 257.6 85.8 139.5 50.9 74.4 47.0 193.7 64.6 665.2 125.6
Kocaeli 274.4 75.9 172.7 53.7 133.7 78.0 2278 81.0 808.6 131.9

Yalova 277.4 95.9 161.5 50.0 88.9 56.7 219.1 84.0 746.9 143.5

Bursa 267.0 87.1 181.8 57.1 68.1 37.8 190.3 71.1 7073 138.3
Bilecik 146.3 51.9 137.5 453 69.6 38.6 104.8 45.5 458.2 86.1

Note. Std. Dev. = Standard Deviation.

Sezen (2018) implemented five homogeneity tests, namely Standard Normal
Homogeneity Test (SNHT), Buishand Range Test, Pettitt Test, Von Neumann Ratio Test and
lastly Kruskal-Wallis Test, to investigate the homogeneity of temperature and precipitation
data. It was shown that Ho hypothesis [it assumes that the distribution of variables is identical
and also they are independent (Wijngaard, 2003)] was rejected by all homogeneity tests in
almost all stations (Edirne, Kirklareli, Kadikoy Rih., Kocaeli, Yalova and Bilecik) except Bursa
for the temperature data. Inhomogeneity in temperature data could be related with different
factors such as spatially increasing or decreasing trends, urbanization and displacement of
stations (Turkes et al, 2002; Sahin and Cigizoglu, 2010). On the other hand, Ho hypothesis was
accepted by all homogeneity tests in all stations for the precipitation data. The trend analysis
was not carried out in this study because it requires a more comprehensive research which
exceeds the scope of this study.

Correlation Analysis

Correlation coefficients are calculated so as to reveal the statistical relation between the
variables. High correlations could give a clue about the important relationship between the
variables (Bayazit and Oguz, 2005). In this respect, Pearson correlation coefficients between
atmospheric indices and climate variables were calculated described as follows:
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where x; stands for the annual or seasonal climate variable belongs to 1.th year, ¥ for the mean
of climate variable, y; for annual or seasonal NAO or AQO index pertains to i.th vear, y for the
mean of NAO or AO index, N for the data length, sy and s, for the standard deviations of
climate variable and NAO or AO index, respectively (Sezen and Partal, 2017) The statistical
importance of correlation coefficients was evaluated by using Student t test at the significance
level of @=0.10, ¢=0.05 and «=0.01. The ¢ statistics is calculated as follows:

t=—— )

where r represents the correlation coefficient and N denotes the data length. For example,
correlation boundary value is 7=0.34 at 0=0.01, 0.26<r<0.34 and ¢=0.05 and 0.22<r<0.26
a=0.10 if the data length is N=56 years.

The Phases of Atmospheric Teleconnections

In addition to correlation analysis, temperature and precipitation differences which derive
from the negative and positive phases were calculated as seasonal and annual. This approach
is significant in terms of observing the effects of positive and negative phases of NAO and AO.
As for the physical phenomena of NAQ, Turkes and Erlat (2009) stated that colder weather
conditions are dominant over the greater part of Turkey under the effect of the positive phase
of NAO. This weather pattern arises from the northeasterly circulation which is based on the
low geopotential heights over Iceland low region and high geopotential heights over the Azores
high region (Turkes and Erlat, 2009). While the southeasterly circulations lead to warmer
weather conditions under the effect of negative phase of NAO throughout Turkey. As for the
negative phase of AO circulations 500 hPa height anomalies is high over Northern Africa,
Middle East and low over North Atlantic-Europe region, it leads to warmer weather conditions
due to warm air movement into Turkev (Turkes and Erlat, 2008). On the other hand, positive
phase of AO causes the movement of cold air into Balkans and Turkey because of the northerly
circulations (Turkes and Erlat, 2008). In this study, if NAO (AO) index has a value that is
greater than or equal to 0.5, it is accepted as NAO (+) [AO (+)]. On the other hand, if NAO
(AO) index has a value which is less than or equal to -0.53, it is accepted as NAO (-) [AO (-)].
It is also shown in Table 4. Accordingly, the number of NAO (-) case is 15 for winter; 7 for
spring; 15 for summer; 14 for the autumn season for the period of 1960-2015. In addition, the
number of NAO (+) case is 17 for winter; 14 for spring; 8 for summer; 11 for the autumn season
for the period of 1960-2015. As to the number of AO (-) for the period of 1960-2015, it is 23
for winter; 13 for spring; 6 for summer; 12 for the autumn season. Furthermore, the number of
AO (+) case is 14 for winter; 15 for spring; 3 for summer; 10 for the autumn season.
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Table 4
The Phases of Atmospheric Indices
Atmospheric Indice Range Depiction of Atmospheric Indice Phase
NAO=0.5 NAO ()
NAO=-0.5 NAO ()
AO=0.5 AOH)
AO<-0.5 AO ()
Results

The Results of Correlation Analysis

The correlations between the NAO and annual and seasonal temperature data are mostly
negative. This points out that when NAO index tends to rise, the temperature is inclined to
decrease. Besides, as it can be seen in Table 5, the most significant correlations between the
NAO and temperature data were obtained in summer season in comparison to other seasons.
The summer temperature data of all stations had a negative correlation with NAO index at the
significance level of 0=0.01. In addition, in the winter season, the significant correlation
coefficients were observed in eastern Marmara. This was compatible with the findings of
Turkes and Erlat (2009). They also found significant correlations in the eastern and southern
Marmara region during the winter season. Similarly, in the spring season the most remarkable
correlations were acquired in eastern Marmara, whereas in autumn the season correlations
coeflicients were not significant at a=0.10, a=0.05 or «=0.01. As annual, there were significant
negative correlations, calculated only for Kocaeli and Bilecik stations at ¢=0.10 and a=0.05,
respectively. As to the linkage between the NAO index and precipitation totals, it was seen that
substantial negative correlations were obtained in the autumn season and as annual, especially.
As indicated in Table 5, annual precipitation data of most stations were correlated with the
NAQ index at ¢=0.10, «=0.05 or a=0.01.

Table 5
Correlations between NAQ and Temperature, Precipitation Data
Temperature (°C) Precipitation (mm)
Stations
Ann. Wint. Spr. Sum. Autumn Ann. Wint. Spr. Sum.  Autumn
Edirne -0.16 0,06 0,227 -0,46™" -0,14 0,33 024 -0,07 0,08 -0,10
Kirklarelh  -0,12 0,06 -0,18 -0,39™" -0,12 032" 031" -0,12 0,09 -0,15
Kal.qdll}ll{oy -0,14 -0,01 -0,18 -0,40™" -0,10 20,22 -0,15 -0,12 0,03 -0,15
Kocaeh 024" 023" -030™  -045™ -0,12 -0,14 -0,14 -0,22" 0,19 -0,35™
Bilecik 0 2_6** -024"  -0,28™  -0,49™ -0,18 0,22 -0,21 -0,10 0,03 -0,31™
Bursa 0,18  -031" 025" -039™ -0,14 -0,35™ 0,20 -0,11 0,13 -0,29™
Yalova -0,12 -0,18 024 -034™ -0,21 -0,40™ 031" 026 0,11 -0,33™

Note. “stands for the significance level ai 0=0.10, “stands for the significance level at a=0.03, ™" stands for the
significance level at a=0.01.

Furthermore, the significant correlations were calculated between the autumn precipitation
data and NAQO index. On the other hand, in other seasons the number of stations which have
significant correlation with NAO is low, even in the summer season there were not observed
any remarkable linkage between NAO and precipitation data.
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Table 6
Correlations between AQ and Temperature, Precipitation Data
Temperature (°C) Precipitation (mm)
Stations
Ann.  Wint. Spr. Sum.  Autumn Ann. Wint. Spr.  Sum.  Autumn
Edirne -0,05 -0,23" 0,14 -0,18 -0,22" -0,30™  -0,50™ -0,14 -0,07 -0.21
Kurklareli -0,03 0,26 0,12 -0,12 -0,21 0,32 -0,52" -022 -0,03 -0,26"
Kﬁl}lf()y 0,01 -0,34™ 0,05 -0,10 -0,17 -0,25" 0,22 -0,17 -0,01 -0,06
Kocaeh -0,17 -0,53™ -0,11 -0,15 -0,25" -0,02 -0,21 0,16 0,02 -0,03
Bilecik 0,19 -0,51™ -0,05 -0,11 -0,32™ -0,16 0317 0,06  -0,09 -0.16
Bursa 0,17 0,607 -0,04 -0,09 -0,23" -0,19  -034™ 006 0,12 -0,20
Yalova -0,05 -0,51™ -0,05 -0,05 -0,30™ 022" 037 0247 024" -0,08

Note. “stands for the significance level at a=0.10, “'stands for the significance level at a=0.05, ™" stands for the
significance level at a=0.01.

As 1t can be realized from Table 6, in the winter season correlations between the AQ and
temperature data are high, particularly in the eastern part of Marmara region. Furthermore,
considerable correlations were also observed between the autumn temperature and AO at
¢=0.10 or a=0.05.

On the other hand, in other seasons the relationship between the AO and temperature data
was weak statistically. Similarly, there were not any strong correlations between annual
temperature and AQO. In the greater part of the region, the precipitation had strong negative
correlations with the AO. However, the correlations between AO and precipitation data were
not statistically strong in other seasons. As for the connection between AO and annual
precipitation, there were substantial correlations in northwestern Marmara.

The Temperature and Precipitation Differences Based on Phases of Atmospheric Indices

The temperature differences which are based on the NAO (-) and NAO (+) are shown in
Table 7. According to Table 7, the temperature values under the impact of NAO (-) are higher
than the temperature values under the effect of NAO (+), generally. Moreover, the most
significant temperature differences were obtained in the summer and spring seasons as
compared with the other seasons. Annual temperature differences also were between 0.5 °C
and 1 °C as seen in Table 7.
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Table 7
Temperature Differences Based on NAQ (-) and NAO (+)

Temperature (°C)

Annual Winter Spring Summer Autumn

Stations

= € z & T oz A T &

g ¢ 5 2 ¢ 5 g ¢ 5 g g 5 g ¢ 8

= 2 = = = 2 z 2 z 2
Edime 14.3 138 05 39 4.0 61 14 13 1 247 236 1.1 144 141 03
Kirklareli 13,8 133 05 39 4.1 62 131 122 09 235 227 08 14 137 03
Eflkéy 152 144 08 6.9 6.9 0 133 124 09 239 229 1 159 157 02

Kocaeli 15.5 146 09 76 7 06 141 129 12 237 227 1 161 158 03
Bilecik 133 123 1 4.1 35 06 126 114 12 222 209 13 139 133 06
Bursa 15.1 144 07 69 62 07 140 130 1 243 233 1 155 151 04
Yalova 153 146 07 76 73 03 135 126 09 235 226 09 16 156 04

When the relationship between the precipitation regime and NAO (-), NAO (+) was taken
into consideration, the annual precipitation differences were significant, in particular. Besides,
according Table 8 there are also significant precipitation differences in the winter and autumn
seasons, while in the spring and summer seasons precipitation differences are less relatively.

Table 8
Precipitation Differences Based on NAO (-) and NAO (+)

Precipitation (mm}

Annual Winter Spring Summer Autumn
Stations
DI = E = ¥ z X T E
Q = Q e Q = Q = Q =
< g = < g = < g = < g a < 2 =
p= 2 pd pd p= pd =z = = p=d

Edirne 764 508 256 216 178 38 124 131 -7 92 102 -10 172 146 26
Kirklareli 667 445 222 221 167 54 121 112 9 91 99 -8 176 133 43

Kasl':ov 750 620 139 282 246 36 131 119 12 73 60 13 208 167 41
Kocaeli 958 794 164 282 271 11 187 152 35 123 147 -24 284 203 81

Bilecik 605 478 127 156 134 22 146 126 20 70 75 -5 125 87 38
Bursa 1015 628 387 289 255 34 173 162 11 65 74 -9 225 172 53
Yalova 1081 688 393 311 256 55 160 135 25 84 91 -7 272 192 80

As inferred from Table 9, in comparison with the NAQO, the most remarkable temperature
differences between AO (-) and AO (+) were calculated in winter especially in castern
Marmara. In similar to the winter season, in the autumn season there are also remarkable
differences in eastern Marmara. On the other hand, the temperature differences are not quite
high in the spring season and as annual. In the summer season, temperature values of some
stations seem to be influenced by AO (-) and AO (+).
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Table 9
Temperature Differences based on AQ (-) and AQ (+)

Temperature (°C)

Annual Winter Spring Summer Autumn
Stations

E w8 g B g T 8 a @8

: c B¢ g B g g E g g B g gk

Edime 140 141 -01 40 35 05 130 132 -02 240 230 10 148 141 07

Karklareh 134 137 -03 41 36 05 121 123 -02 231 224 07 144 138 06

Kadikoy
Rih.

Kocaeli 152 151 o1 76 64 12 134 13 04 233 226 07 165 158 0.7
Bilecik 128 128 O 42 26 16 116 115 01 214 209 05 143 133 1.0
Bursa 148 149 -01 70 53 17 131 13 01 237 234 03 158 152 06
Yalova 148 15 02 77 67 10 126 126 0 228 226 02 163 156 0.7

146 150 -04 70 64 06 123 125 -02 231 227 04 163 158 05

In Table 10, precipitation differences that are depending upon the AO (-) and AO (+)
were demonstrated. In this regard, significant annual precipitation differences were observed
in northwestern Marmara. It can be noticed that the annual precipitation under the effect of AO
(-) 1s less than the annual precipitation values under the impact of AO (+) particularly in eastern
Marmara. As for the winter season, there were remarkable precipitation differences between
the AO (-) and AO (+) in the greater part of the region. The other point was that the quantity
of summer precipitation under the influence of AO (-) was less than the amount of the
precipitation under the effect of AO (+). In other seasons, the precipitation values which were
based on AO (-) and AO (-) were close to each other in the majority of region.

Table 10
Precipitation Differences Based on AO (-) and AO (+)

Precipitation (mm)

Annual Winter Spring Summer Autumn

Stations g —_ o e = = e — — —
AR EERE R EEEE:

C C C @] ]
=2 8§ B =2 2 B 2 2 B B2 8 B 7 7 B

Edime 638 579 59 219 146 73 147 146 1 116 122 -6 176 163 13

Kuklarei 638 503 135 217 139 78 139 121 18 94 114 20 176 144 32

Kadikoy
Rih.

Kocaeli 758 797 -39 286 258 28 177 152 25 113 151 -38 218 239 -2]
Bilecik 476 489 -13 163 136 27 134 123 11 62 88 26 113 101 12
Bursa 725 761 -36 280 239 50 182 170 12 55 92 37 221 189 32
Yalova 763 738 25 203 233 60 173 138 35 57 126 -69 230 206 24

678 590 28 274 219 55 137 123 14 65 63 2 184 168 16
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Conclusion and Discussion

In this study, it is aimed to determine the relationship between temperature, precipitation
and NAO, AO in Eastern and Northern Marmara in Turkey.

In this context, the most significant linkage between the NAO and temperature was
observed in the summer season. On the other hand. for the relation between AO and
temperature regime, the remarkable results were obtained in the winter and partly autumn
seasons. This shows that if the AO index has an increasing trend, the winter temperature values
have a decreasing inclination. Especially, the results which were obtained for AO and
temperature regime are consistent with the results of Turkes and Erlat (2008). They also found
that AO index is negatively correlated with winter temperature. According to Turkes and Erlat
(2008), this could be related with the influences by AO (-) and AO (+) which lead to westerly,
southwesterly flows and northerly flows over Turkey, respectively.

Correlations between the NAO and summer temperature are significant compared with
the AO. Accordingly, further analysis should be carried out whether or not NAO really affects
the summer secasonal characteristics. Turkes and Erlat (2009) find the negative correlations
between NAO and temperature data in Eastern Marmara during the winter season. In this study,
significant negative relationship between NAO and winter temperature were also obtained
especially in Eastern Marmara. Accordingly, findings of this study comply with the findings
of study of Turkes and Erlat (2009). Correlation analysis and precipitation differences indicate
that NAO has a relationship with the annual and autumn precipitation particularly in Eastern
Marmara. During the winter season, significant correlations between NAO and precipitation
were not observed in majority of Eastern Marmara. This is compatible with the findings of
study which was carried out by Karabork et al (2005). They do not also find significant
correlations between winter precipitation and NAQO particularly in northeastern Marmara. On
the other hand, winter precipitation and AO has a strong relationship in Marmara region when
correlations and precipitation differences are taken into account. In addition, significant annual
precipitation differences were also acquired especially in northwestern Marmara.

This study demonstrates that not only NAO but also AO could have a relationship with
the temperature and precipitation regime of Eastern and Northern Marmara. When considered
from this point of view, the role of atmospheric teleconnections could be substantial on the
hydrological cycle and water resources management. In other words, atmospheric
teleconnection can lead to decrease or increase in precipitation, temperature or other
hydrometeorological variables. Thus, the relationship between atmospheric teleconnections
and hydrometeorological variables should be taken into account for the planning of water
structures such as dams or weirs and taking measures against extreme events like flood or
drought. Further comprehensive studies need be carried out so as to determine to what extent
atmospheric indices could affect the hydrometeorological variables and thereby water cycle in
the nature.
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Extended Turkish Abs.t_ract
(Genisletilmis Tiirkce Ozet)

Arktik & Kuzey Atlantik Salimmlarinin Dogu ve Kuzey Marmara’nin Sicakhik ve Yagis Verileri
Uzerindeki Etkileri

Atmosferik olaylarin, hidrolojik déngl ve su kaynaklarimin planlanmasi tizerindeki etkilerinin belirlenmesi
buyik énem arz etmektedir. Atmosferik salimmlar ile hidrometeorolojik degiskenlerin arasindaki iligkiyi
belirlemeye yonelik gerceklestirilen calismalar da bu alanda yapilanlar arasinda yer almaktadir. Buna gore,
Kuzey Atlantik Salhmmi (NAO) ve Arktik Salinim (AO) gibi klresel atmosferik indislerin yagis, sicaklik ve akis
gibi hidrolojik degigkenler tzerindeki etkilerinin ortaya ¢ikarilmasi su kaynaklarmin yonetimi agisindan
onemlidir. Bu amagla ¢alismamizda NAO, AO atmosferik indisleri ile Turkiye’nin kuzeybatisinda yer alan
Marmara Bélgesi nin dogusu ve kuzeyinde sicaklik ve yagig rejimi arasinda herhangi bir etkilegim olup olmadig:
aragtirlmistir.

Bu ¢ahismada, Marmara Bélgesi'nde yer alan 7 istasyona (Edirne, Kirklarel, Kadikoy Rih, Kocaeli,
Yalova, Bursa ve Bilecik) ait sicakhk ve yagis verileri kullamlmigtir. $6z konusu veriler genel itibariyle 1960-
2015 donemimi kapsamaktadir. Atmosferik indisler (NAO, AO) ve hidrometeorolojik parametreler arasindaki
iligks, kig (Arahk, Ocak, Subat), ilkbahar (Mart, Nisan, Mays), yaz (Haziran, Temmuz, Agustos) ve sonbahar
{(Eylal, Ekim, Kasim) mevsimleri i¢in ve yillik olarak aragtirilmigtir. Buna gore, ilk olarak AO, NAO indislen ile
sicaklik ve yagis verileri arasindaki korelasyon katsayilan hesaplanmigtir. Korelasyon katsayilarimn istatistiksel
olarak degerlendirilmesi ise Student t testine gdre gergeklestinlmigtir. Daha sonra, AO ve NAO indislerinin
negatif [AO (-), NAO (-)] ve pozitif [AO (+) ve NAO (+)] fazlan nedeniyle olusan sicaklik ve yagis farklan
hesaplanmigtir.

NAO ile sicaklik verisi arasinda genel olarak negatif korelasyonlar elde edilmigtir. Bu durum, NAO
indeksinin degerinin diigmesi 1le birlikte sicaklik degerinin arttiina igaret etmektedir. Bununla birlikte, NAO ile
sicaklik verisi arasinda en énemli korelasyonlar ¢zellikle vaz mevsiminde elde edilmigtir. Kis ve ilkbahar
mevsimlerinde ise bolgenin dogusunda onemli negatif korelasyonlar tespit edilmistir. NAO ile yagis verisi
arasinda ise bir¢ok istasyonda yillik olarak énemli korelasyonlar gérulmustiir. Bunun diginda, 6zellikle sonbahar
mevsiminde bdlgenin dogusunda da énemli negatif korelasyonlar gorilmugtir. AO ile kig sicaklik verisi arasinda
ise bilhassa Marmara Boélgesi'nin dogusunda yiksek negatif korelasyonlar gozlenmistir. Ayrica, sonbahar
mevsiminde de AO ve sicaklik verisi arasinda istatistiksel olarak énemli bir iligki tespit edilirken, diger
mevsimlerde ise AO ile sicaklik arasindaki iligkinin daha az oldugu gortilmustir. AO ile yagis arasinda da kig
mevsiminde ve kismen yillik olarak énemli bir iligki oldugu elde edilmigtir.

Korelasyon analizinin tamamlanmasinin ardindan, yillik ve mevsimsel sicaklik degerlerinin, NAO ve AO
indekslerinin negatif ve pozitif fazlarindan etkilenip etkilenmedigi aragtirilmistir. NAO (-), AO (), NAO (+), AO
(+) etkisi altinda ortalama sicaklik ve toplam vagis degerleri hesaplanmistir. Buna bagli olarak, mevsimsel ve
villik sicaklik, yagis farklar elde edilmistir. Ik olarak NAQ indeksinin negatif ve pozitif fazlarimn etkileri analiz
edildiginde, genel itibariyle NAO (-) etkisi altindaki sicaklik degerlerinin, NAO (+) etkisi altindaki sicakhik
degerlerinden daha fazla oldugu gérillmustiir. Bununla birlikte, sicaklik farklarinin bilhassa ilkbahar (0.9-1.2 °C)
ve yaz (0.8-1.3 °C) mevsimlerinde diger mevsimlere nazaran daha fazla oldugu tespit edilmistir. NAO indeksinin
negatif ve pozitif fazlari ile yagis rejimi arasmdaki iliski irdelendiginde ise, yaz mevsimi haricinde diger
mevsimlerde ve yillik olarak NAO (-) etkisi altindaki yagis miktarimn, NAO (+) etkisi altindaki vagis miktarindan
genellikle daha fazla oldugu gérulmustir. Buna gore, ¢zellikle sonbahar ve kis mevsimlerinde diger mevsimlere
oranla yagis farklarinin daha fazla oldugu tespit edilmistir. Ayrica yillik olarak da onemli yagis farklan
hesaplanmistir. AO (-) ve AO (+) etkisi nedeniyle olusan sicaklik farklar ¢zellikle kis mevsiminde (0.5-1.7 °C)
daha fazla olup, sonbahar mevsiminde (0.5-1 °C) ve yaz mevsiminde (0.2-1 °C) de sicaklik farklan elde
edilmistir. Ilkbahar mevsiminde ve yillik olarak ise énemli sicaklik farklar1 gézlenmemistir. AQ indeksinin negatif
ve pozitif faz etkisiyle olusan yagis farklari incelendiginde ise, AO (-) etkisi altinda yagis miktanimin kig, 1lkbahar
ve sonbahar mevsimlerinde AO (+) etkisi altindaki yagis degerlerinden daha fazla oldugu goralmustir. NAO
indeksine benzer sekilde, yaz mevsiminde AO (+) etkisi altinda yagig miktanimin AO (-) etkisi alundaki yagis
miktarindan fazla oldugu tespit edilirken, aym sekilde yillik olarak 6zellikle Marmara Bolgesi’nin dogusunda AO
{(+) etkisi altindaki yagis miktarinin, AO (-) etkisi altindaki yagis miktanndan daha fazla oldugu goralmustir.
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Bu ¢aligmada, NAO ve AO indekslen ile Turkiye'nin Marmara Bélgesi'nin dogusunda ve kuzeyinde
sicaklik ve vagig verileri arasinda mevsimsel ve yillik olarak bir iligki olup olmadigi gosterilmeye ¢aligilmistar.
Buna gore, sicaklik verisimn NAO indeksi ile etkilesiminmin ozellikle yaz mevsiminde, AO indeksi ile ise kis
mevsiminde kuvvetli oldugu ifade edilebilir. Bununla birlikte, sicaklik verisi ile atmosferik indisler arasinda
gerceklestirilen korelasyon analizi ve sicakhk fark analizi sonuglarimin genel olarak birbirleriyle uyumlu oldugu
soylenebilir. Yagis verisinin NAO indeksi ile iliskisinin kis, sonbahar mevsimlerinde ve yillik olarak, AO indeksi
ile iligkisinin ise bilhassa kis mevsiminde ve yillik olarak gigli oldugu gézlenmistir. Fakat yagis verisi ile
atmosferik indisler arasinda gergeklestirilen analizler goz éntne ahndiginda, aralarindaki iliskinin sicaklik
verisine gore daha karmasik oldugu ifade edilebilir. Elde edilen sonuglar, atmosferik indisler ile hidrometeorolojik
degiskenler arasinda Snemli bir iligki olabilecegini gostermekte, bu durumun hidrolojik doéngii, su kaynaklar:
planlamast ve yonetimi acisindan 6nem arz ettigini ortaya koymaktadir. Daha sonraki ¢aligmalarda atmosferik
salimmlar ile hidrometeorolojik degiskenler arasinda herhangi bir iliski olup olmadigini belirlemek amaciyla
farkli analiz yontemleri aragtirilacaktir.
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