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OAHOC UBMEBY NAO HHAEKCA, MPASHUX TAHA U EKCTPEMHUX U
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Caxerak: O omHocy NAO wmHzekca W INajiaBUHa M cpelmbe TeMmneparype y Typckoj cy mposezneHe OpojHe cTyauje
(Tiirkoglu et. al, 2006, Tiirkes and Erlat, 2003). V paxy hemo ananm3uparu ympaBo OBaj OTHOC YCJbEI HETOBOJBHHUX
mogaraka o yrumajy NAO mHaekca Ha Opoj MpasHHX J1aHa T€ Ha MaKCHMAaJHy M CPEHkbY MAKCHMAIHy TEMIIEPaTypy.
[TapameTpu TenekoHeKIMje y Mamb0j win Behoj Mjepu yTudy Ha rolaliHy KIMMY T€ Ha mheHy qudepeHiujaimjy npema
permonuMa. Typcka je ynajbeHa Oj OKeaHa a Ha kimMy y oBoj 3emubu Bume yruie NAO nero ENSO (Sensoy et al,
2011). Pax ce 6aBu moryhuwm yrumajuma NAO uHIeKkca (CjeBepHO-aTIIaHTCKE OCITIIIAINjE) Ha Opoj Mpa3HHX J1aHa, TC Ha
MaKCHMAJIHy U CpeIhe MaKCcuMaliHy TeMiiepatyp y Typckoj. Kopumrhenu cy monar ca 41 XuapoMeTeopoIomKe CTaHUIEe
y Typckoj u To BpujenHocTH 3a Opoj Mpa3HHUX JlaHa, eKCTpPEMHE MaKCHMallHe TeMIeparype M Cpelibe MaKCUMalHe
Temrieparype 3a BpeMeHcku nepuon ox 1960. mo 2015.romune. HajHoBuju momamm NAO wuHzAekca cy IpeyseTH ca
NCAR/UCAR HammonamHor meHTpa 3a atMocdepcka ueTpaxuBama. [Ipeysere cy camo BpHjeqHOCTH HHAeKca Behe ox
+0.5kako Oucmo enuMuHUCcATH HeyTpaiHy ¢hazy NAO uaaexca. Mpa3sHUM TaHOM ce cMaTpa OHaj JaH KaJia jé MUHUMAaTHa
JMHEeBHA TemIiiepatypa Basayxa ucroj 0°C. [Topes Tora, koe(hUIMjeHTH KOpealje cy u3pauyHaru kopuinhemem Pearson
(dopMyre 1 3a cpeare MaKCUMaJIHE U 32 eKCTPEeMHE MaKCHMallHE TeMIleparype, Kao M rnapamerpu Opoja MpasHHUX JaHa
ykIpyuyjyhu mjeceqran HEUBO M DJFM. Cmarpa ce 1a je xopemamuja ciaba ako cy BpujeqHoctd r m3melhy + 0.10-0.29,
3a Bpujenaocta + 0.30-0.49 ona je ymjepena, a 3a BpujegHoctu 0.50-1.00 je Bucoxka. ITopen Tora, + mpukasyje cmjep
Kopenaije. YKOJIMKO je M3padyHaTa CTaTUCTHYKa BpujeaHocT (t) Beha on muibaHe TabenapHe BpHUjeIHOCTH (mpema
CTeleHy ci1000/1e M HUBOY 3Ha4aja), XMIIoTe3a ce He MOXKe MMOTBPAUTH Te Hehe OMTH 3HayajHe Kopenamyje. Y HalleM pajy,
cTereH ciobose u3Hoch 56-2 = 54, a m3pauyHatu npar je = 0.27 3a o= 0,05 u + 0.34 3a a = 0,01. [Ipema nobujeHUM
pesynraruma, ogaoc m3Melhy NAO nHaekca 1 MakCHMallHEe TEMIIEpaType je HeraTHBaH, IITO 3allPaBO 3HAYH J1a HeraTHBaH
NAO unzekc goBoau 1o nosehama MakcuMaliHe TeMIlepaType. YMjepeHe/TOBHIIICHE U 3HAa4YajHE HEraTUBHE KOpesaluje
Cy m3MjepeHe y Majy, aeuemopy, re DJFM y Behunu cranuna. [Toctoju ciaba mo3uTHBHA KOpEJalHja IIOYETKOM U KpajeM
jecenu (centemOap 1 HOBeMOap). YormreHo roBopehn, moctoju cnaba HeratuBHA Be3a m3Melhy NAO uHIeKca U cpeme
MaKCHMaJHe TeMIIepaType, Maja ce y jyHy M OKTOOpY jaBibajy yMjepeHe M CTaTHCTHYKH 3Ha4dajHe Kopemaruje Oymyhn
Ja cy TO mpenasHu mjecend. [pyrum pujeunma, HeratuBHU NAQO HHICKC H0BOAM 10 NoBehama Cpelmhe MaKCHMAITHE
TeMIieparype, 10K ce ciaba Mo3UTHBHA Kopesanuja jaBiba y aBrycry. Onnoc msmehy NAO unzaekca u Opoja MpasHUX
JlaHa je YIIIaBHOM IIO3UTHBAH, mTo 3Hadu 1a he mosutuBHE NAO mHIeKc noBehaTn 6poj Mpa3HUX naHa AOK he HeraTuBaH
WHJEKC TOBECTH 10 Mamer Opoja nctux. Ha BehnHM METEOpONoImKNUX CTaHWIA je 3a0nbeKeHa BUCOKA M CTATUCTHYKU
3HayajHa No3uTHBHA Kopenaiuja kox DJFM ocum y McramOyny, Texupaary, Yanakaney u Mepcuny. [Ipema pesynrarnma,
DJFM NAO unzexc Hapo4uTO yTHde Ha KiIuMy y Typckoj yciben armocdepcke nupkymnanuje. Cpeama TeMieparypa y
Typckoj y mopacty je on 1981. romune. IlpaBarl oqHOCa TeMmeparype je HeraTuBaH JOK je TMO3UTHBAH KaJla je pujed o
Opojy Mp3HHUX JaHa.
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Abstract: More studies have been carried out on relations NAO index with Turkey’s precipitation and mean temperature
(Tiirkoglu et. al, 2006, Tiirkes and Erlat, 2003). Due to luck of study on effect of NAO on number of frost days and
maximum and mean maximum temperature, in this study we investigated this relationship. Teleconnection parameters
are more or less affecting world climate differentiating by the regions. Turkey is far away from the oceans. Turkey
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climate is more affected by NAO rather than ENSO (Sensoy et al, 2011). In this study, possible impacts of North Atlantic
Oscillation (NAO) Index on number of Frost Days, Maximum Temperature and Mean Maximum Temperature in Turkey
have been investigated. Number of frost days, extreme maximum temperature and mean maximum temperature data of
forty-one Turkish climate stations have been used from 1960 to 2015. Latest Hurrell North Atlantic Oscillation (NAO)
Index (station-based) data have been downloaded from NCAR/UCAR, The National Center for Atmospheric Research.
Only greater than 0.5 NAO Index has been taken in order to eliminate neutral phase of the NAO index. Frost Day (FDO)
is the day with daily minimum temperature below 0°C. In relation with NAO index, correlation coefficients have been
calculated by using Pearson formula for both mean maximum and extreme maximum temperature and number of frost day
parameters including monthly and DJFM. It assumes that if r is in between + 0.10-0.29 correlation is weak, + 0.30-0.49
it’s moderate and 0.50-1.00 its high. = shows the direction of correlation. If calculated Test statistic (t) value, greater than
selected table value (according to degree of freedom and significance level) Ho hypotesis will refused, there is significant
correlation. In this study degree of freedom is 56-2 = 54 and threshold has been calculated as + 0.27 for a =0,05 and +
0.34 for a.= 0,01. The result shows that the relation between NAO Index and maximum temperature is negative. It means
that negative NAO Index causing an increase in the maximum temperature. Moderate/higher and significant negative
correlations has been found in May, December and DJFM in most of the stations. There are weak positive correlation
when starting and ending autumn (September and November). Generally there are weak negative relationship between
NAO Index and mean maximum temperature. But in June and October there are moderate and statistically significant
negative correlations due to they are transition months. It means that negative NAO Index causing an increase in the
mean maximum temperature. There is weak positive correlation in August. Generally the relation between NAO Index
and number of frost days are positive. It means positive NAO index will be increased number of frost day but negative
NAO Index will cause a decrease in number of frost days. Most of the stations indicate high and statistically significant
positive correlation in DJFM except Istanbul, Tekirdag, Canakkale and Mersin. The result shows that especially DJFM
NAO Index is more affecting Turkey’s climate due to atmospheric circulation. Turkey mean temperature has increasing
trend when NAO has decreasing since 1981. Direction of relationship for temperature is negative while it’s positive in
number of frost day.

Key words: Turkey, NAO Index, Temperature, Frost Days

YBO/ INTRODUCTIONS

[Toctoje Opojue ctymuje o omHocy NAO
uWHJeKca, najgaBuHa y Typckoj, Te cpenme
temneparype (Tilrkoglu et. al, 2006, Tiirkes and
Erlat, 2003). V pany ce 6aBumo ytumajem NAO
MHJIeKca Ha Opoj Mpa3HUX J1aHa T€ Ha MAKCUMAJIHY
U Cpe/ilby MaKCUMaJIHy TeMneparypy. [lapamerpu
TEJIEKOHEKIIH]e Y MamOj WU Behoj Mjepu yTuuy
Ha KJIMMATcKy audepeHLujalnnjy cBHUjeTa Ha
peruone. Typcka je nmak yga/beHa ol OKeaHa Te je
WBeHa kimuma noj yrunajeM NAO uHaekca BUIIe
Hero o yruuajem ENSO-a (Sensoy et al, 2011).

TTOJIALIA U METOJIE

HajHoBUju momamy o MHAEKCY CjeBEpHO-
arnanTcke ocianyje (NAO unaekc) (Ha OCHOBY
nojaraka U3 cranuua) npeysetu cy ca NCAR/
UCAR, HammonanHor neHTpa 3a arMocgepcka
uctpaxubamwa (URL 2). Mjeceune cpenme
MaKcUMajHe TemmepaType u Opoj MpazHHX
JaHa Cy UW3padyyHaTH Ha OCHOBY IOJaTaka
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More studies have been carried out on relations
NAO index and Turkey’s precipitation and mean
temperature (Tiirkoglu et. al, 2006, Tiirkes and
Erlat, 2003). Due to luck of study on effect of
NAO on number of frost days and maximum
and mean maximum temperature, in this study
we investigated this relationship.Teleconnection
parameters are more or less affecting world climate
differentiating by the regions. Turkey is far away
from the oceans. Turkey climate is more affected
by NAO rather than ENSO (Sensoy et al, 2011).

DATA AND METHODS

Latest Hurrell North Atlantic Oscillation
(NAO) Index (station-based) data have been
downloaded from NCAR/UCAR, The National
Center for Atmospheric Research (URL 2).
Monthly mean maximum temperature and frost
days have been calculated from the data of TSMS
(URL 1). Only greater than 0.5 NAO Index has



O/ITHOC U3MEDBY NAO MHAEKCA, MPABHUX JIAHA 1 EKCTPEMHUX U CPEIIBUX MAKCUMAJIHUX
BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ
RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE
IN TURKEY

TSMS-a (URL 1). V 063up je y3er camo NAO
uHeKc BpujeaHocta Behux ox +0.5 kako 6ucMo
SJIMMUHHCATIN HEYTpasHy (hazy WHAEKca.

MPA3HU IAH (FDO)
Hexka je Tnij MUHMMaIHa JHEBHA TEMIIEPATypa
Ha JlaH | y nepuony j. W3pauynahemo Opoj nana
[IpU YeMmy je:

(1) Tny<0°C

Koedunuujent kopenaumje je wu3padyyHar
kopuiheweM [lepconoBe dopmyre:

been taken in order to eliminate neutral phase of
the NAO index.

FROST DAY (FDO0)

Let 7Tnij be the daily minimum temperature
on day I in period j . Count the number of days
where:

(1) Tny<0°C

Correlation coefficient has been calculated by
using below Pearson formula:

Tabena 1. Esanyayuja xoegpuyujenma xopenayuje (Cohen, 1988).
Table 1. Evaluation of correlation coefficient (Cohen, 1988).

Kopenaiuja HeraTuBHa MO3UTHUBHA

cnaba -0,29 to -0,10 0,10 to 0,29
yMjepeHa -0,49 to0 -0,30 0,30 to 0,49
jaka -0,50 to -1,00 0,50 to 1,00

[IpernocraBuMO /12 je Kopenamnuja cinabda ako je
BpujenHoct r uzmehy +£0.10-0.29, 3a Bpujennoct
+0.30-0.49 oHa je yMjepeHa, a 3a BPHjeIHOCT
0.50-1.00 je Bucoka. 3anpaBo, + npuKazyje
cMjep kopenanuje (MO3UTHBAH WU HETaTHBAH)
(URL 3).

3HAYAJ TECTA 3A KOEOUITUIJEHT
KOPEJIAITJE

It assumes that if r is in between +0.10-0.29
correlation is weak, £0.30-0.49 it’s moderate
and 0.50-1.00 its high. + shows the direction of
correlation (positive or negative), (URL 3).

SIGNIFICANCE TEST FOR
CORRELATION COEFFICIENT

Where r = correlation coefficient, n-2= degree of freedom
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AKO je u3padyHara TECTHa CTAaTHCTHYKa
BpujenHoct (t) Beha ox omabpane TabenapHe
BPHUjeIHOCTH (IIpeMa CTereHy ClI000/e U HUBOY
3Ha4aja), XUII0Te3a HUjEe OJP)KUBA T€ MOCTOjH
3Ha4YajHa Kopeianuja. Y HameMm pany, CTeIeH
ciobozie je 56-2=54 a m3zpadyyHaTH mpar U3HOCH
+0.273a 00=0,05u £0.343a 0 =0,01.

If calculated Test statistic (t) value,
greater than selected table value (according
to degree of freedom and significance level)
Ho hypotesis will refused, there is signifcant
correlation. In this study degree of freedom
is 56-2=54 and threshold has been calculated
as £0.27 for o = 0,05 and +0.34 for o = 0,01.

Tabena 2. Taberapmne épujeOHocmu 3a mecm-cmamucmuxy
Table 2. Table values for Test Statistics

VY pany, crenen ciodose uznocu 56-2 =54, 3a a = 0,05 t54=2,0. 3a o = 0,01 t54=2,68.
In this study, degree of freedom is 56-2 =54. For a = 0,05 t54= 2,0. For a = 0,01 t54=2,68.
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IN TURKEY
TPEHJIOBU NAO MHIAEKCA 1 CPEJIBE TRENDS IN NAO INDEX AND MEAN
TEMIIEPATYPE TEMPERATURE
North Atlantic Oscillation (NAO) Index in DIFM y =-0.046x + 1 BB0B

Anaornaly
= P2 =
= = =

-0

-6.0

2002
2003
2004
2005
2006
2007
2008

a2}
O = — — — — —
=
ol

2001

Cnuxa 1. Unoexc cjesepno-amnanmcke ocyunrayuje (NAO), DJFM, me mwuxosu mpenoosu
Figure 1. North Atlantic Oscillation (NAO) Index in DJFM and its trend

Mana ce umHM ga cy ce mojaBmie 24 Although it’s appearing that 24 positive 11
Mo3uTHBHE M 11 HeraTMBHMX HEMPAaBWIHOCTH, negative anomalies occurred in the time series,
€BUJICHTHO je 1a mocToju omanajyhu tpera NAO  it’s noticible that there is decreasing trend in the
WHJIEKCA. NAO index.

Cnuxa 2. Henpasunnocmu cpeore memnepamype me woer mpeno y DJFM
Figure 2. Mean temperature anomaly and its trend in DJFM

Cruxa 3. Henpasunnocmu cpeore coouuirbe memnepamype u reH mpeHo
Figure 3. Annual Mean temperature anomaly and its trend
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VY nepuony ox 1981. no 2015. rogune, cpeame Mean temperatures has increasing trends
Temrieparype cy umaine pactyhu tpeaauy DJFM  both in DJFM and annually in Turkey from
u Ha rogumeM HUBOY Y Typckoj. Hacynpor tome, 1981 to 2015. In contrast, there is decreasing
noctoju onanajyhu tperg NAO unzpekcay uctom  trend in the NAO index in the same period.
nepuomay. OBo yka3yje Ha HeraruBaH onHoc oBa isBa  This shows negative relationship between two

napamerpa. parameters.
XY JUJATPAM PACUTIABA HEKHX XY SCATTER PLOTS OF
METEOPOJIOHIKNX CTAHULIA SOME STATIONS

Cnuka 4. XY oujacpam pacunarwa NAO unoexca u makcumanne memnepamype y Mcmamoyny
Figure 4. XY Scatter Plot of NAO Index and Maximum temperature in Istanbul

[TocToju HeraTuBaH ogHOC u3Mehy There is negative relation between NAO
NAO wunaekca m mMakcuMaiiHe Temmneparype. Index and maximum temperature. Correlation
Koeduuujent xopenamuje je cnab (-0.24), re auje  coefficient has been found as weak (-0.24) and it’s
CTaTUCTUYKU 3HAYajaH. not statistically significant.

Cnuxa 5. XY oujacpam pacunarwa NAO unoexca u 6poj mpaznux oana y Aukapu
Figure 5. XY Scatter Plot of NAO Index and Number of Frost Day in Ankara

138



O/ITHOC U3MEDBY NAO MHAEKCA, MPABHUX JIAHA 1 EKCTPEMHUX U CPEIIBUX MAKCUMAJIHUX

BPUIEAHOCTU TEMIIEPATYPE YV TYPCKOJ

RELATIONSHIP BETWEEN NAO INDEX, FROST DAYS, EXTREME AND MEAN MAXIMUM TEMPERATURE
IN TURKEY

[Tocroju mo3utuBan omgHoc u3mehy NAO
WHJEeKca U Opoja MpasHux nana. KoeduiujeHt
kopenanuje je Bucok (0.58) Te je cTaTUCTHUYKH

3HayajaH.

There is positive relationship between NAO

Tabena 3. Koegpuyujenm rxopenayuje uzmehy NAO unoexca u makcumanine memnepamype

Table 3. Correlation coefficient between NAO Index and Maximum Temperature

Index and Number of Frost Days. Correlation
coefficient has been found high (0.58) and it’s
statistically significant.

Station Jan. | Feb. | March | April | May | June | July | August | Sept. | Octob. | Nov. | Dec. | DIFM
Adana -0.06 [-0.08 | -0.15 |-0.04|-0.34(-0.13| 0.11 | 0.12 |-0.01| -0.09 | 0.01 |-0.25|-0.23
Afyon -0.20 (-0.25| -0.05 |-0.12|-0.48 |-0.14 |-0.12| -0.24 | 0.08 | -0.15 | 0.03 |-0.31|-0.33
Agri -0.23(-0.24| -0.14 |-0.12|-0.34| 0.12 |-0.01| -0.10 |-0.05| -0.06 | 0.03 |[-0.31|-0.26
Ankara -0.19 (-0.14| 0.02 |-0.08|-0.45|-0.21| 0.02 | -0.19 | 0.02 | -0.22 | 0.00 |-0.21|-0.26
Antakya -0.03|-0.06| -0.04 | 0.05 |-0.29|-0.21| 0.00 | 0.04 |-0.10| -0.14 | 0.07 |-0.17|-0.11
Antalya -0.22|-0.07| 0.03 | 0.18 |-0.36|-0.07| 0.12 | 0.14 | 0.10 | 0.01 | 0.24 | 0.09 | -0.09
Artvin -0.21 (-0.24| -0.01 |-0.11|-0.21| 0.04 |-0.08| 0.01 |-0.04| -0.05 |-0.02|-0.22|-0.33
Balikesir -0.17 (-0.27 | -0.01 | 0.11 |-0.61 (-0.15| 0.11 | -0.29 | 0.01 | -0.08 | 0.02 |-0.24 | -0.20
Bursa -0.23(-0.38 | -0.11 | 0.04 |-0.44 (-0.31|-0.08 | -0.15 |-0.09| -0.28 |-0.02 |-0.46 | -0.44
Canakkale |-0.28|-0.30| -0.19 |-0.13 |-0.25|-0.18|-0.16 | 0.06 | 0.27 | -0.05 |-0.02|-0.29 | -0.39
Cankirn -0.18 [-0.10| 0.12 |-0.07|-0.41|-0.26 |-0.03| -0.13 |-0.03| -0.27 | 0.20 |-0.11|-0.17
Corum -0.26 [-0.12 | -0.08 |-0.12|-0.47 |-0.16 | -0.07 | -0.08 | 0.05 | -0.31 | 0.04 |-0.30 | -0.40
Diyarbakir |-0.33|-0.06| -0.12 |-0.09 |-0.47 |-0.23|-0.13| -0.14 | 0.15 | -0.21 | 0.09 |-0.07 | -0.21
Edirne 0.04 |-0.20| 0.15 |-0.14|-0.35|-0.28 |-0.27 | -0.16 | 0.21 | -0.11 |-0.02 |-0.18 | -0.04
Elazig -0.08 [-0.04 | -0.09 |-0.03|-0.31(-0.13|-0.13| -0.18 | 0.06 | -0.31 | 0.05 |-0.24 | -0.14
Erzincan -0.14 |-0.10| -0.15 |-0.07 |-0.45| 0.01 |-0.05| -0.21 |-0.05| -0.23 | 0.10 |-0.16 | -0.30
Erzurum -0.26 [-0.28 | -0.17 |-0.06 |-0.42 (-0.10|-0.16| -0.03 |-0.05| -0.08 | 0.16 |-0.08 | -0.16
Eskisehir -0.32 (-0.23 | 0.08 |-0.02|-0.42(-0.30| 0.06 | -0.22 |-0.08| -0.19 | 0.21 |-0.41|-0.39
Gaziantep | 0.15 | 0.00 | -0.03 |-0.02 |-0.39|-0.23|-0.15| -0.24 | 0.09 | -0.19 | 0.01 |-0.14 | -0.03
Hakkari -0.23|-0.20| -0.23 | 0.09 |-0.08|-0.07 | 0.04 | -0.17 |-0.14| -0.19 | 0.01 |-0.17 | -0.22
istanbul -0.30|-0.21| -0.21 | 0.02 |-0.26| 0.27 |-0.13| 0.01 | 0.02 | -0.25 | 0.19 |-0.09 | -0.24
izmir -0.31|-0.27| -0.29 |-0.01(-0.34|-0.22 | 0.04 | -0.08 |-0.12 | -0.17 | 0.00 |-0.33 | -0.37
Kars -0.15(-0.22 | -0.27 |-0.11|-0.32| 0.11 |-0.07| -0.33 |-0.06| -0.11 | 0.11 |[-0.30| -0.26
Kastamonu |-0.15|-0.16 | 0.06 |-0.12|-0.34|-0.25|-0.04| -0.14 |-0.05| -0.17 | 0.04 |-0.30 | -0.31
Kayseri -0.31|-0.25| -0.23 |-0.15(-0.32|-0.09 | -0.15| -0.26 | 0.07 | -0.12 |-0.09|-0.35 | -0.50
Konya -0.41|-0.18| -0.25 | 0.08 (-0.59| 0.01 |-0.19| -0.17 | 0.09 | -0.12 | 0.06 |-0.15 | -0.39
Kiitahya -0.29 |-0.19| -0.05 |-0.09 |-0.40|-0.23 | 0.06 | -0.18 | 0.07 | -0.16 |-0.01|-0.24 |-0.34
Manisa -0.35|-0.40 | -0.16 |-0.03 [-0.54 | -0.24 |-0.09 | -0.17 | 0.10 | -0.04 |-0.07|-0.37 | -0.51
Mersin -0.241-0.19| -0.32 | 0.05 |-0.12|-0.26 |-0.06 | 0.02 | 0.13 | -0.13 | 0.09 |-0.18 | -0.35
Mugla -0.06 |-0.07 | -0.09 |-0.02|-0.52(-0.35|-0.05| -0.13 | 0.25 | -0.05 | 0.11 |[-0.01|-0.01
Ordu -0.06 [-0.09 | -0.25 | 0.02 |-0.28 | 0.12 | 0.15 | 0.04 |-0.09| -0.25 |-0.03|-0.28 | -0.30
Rize -0.21 (-0.11| -0.26 |-0.05|-0.33 | 0.09 | 0.06 | 0.02 |-0.20| -0.27 |-0.07 |-0.24 | -0.35
Samsun -0.15(-0.17| -0.29 | 0.06 |-0.10 (-0.17 | 0.08 | -0.11 |-0.21| -0.24 | 0.02 |-0.27 | -0.37
Sivas -0.23 (-0.09 | -0.09 |-0.16|-0.24 (-0.03 | 0.01 | -0.13 |-0.01| -0.26 | 0.00 |-0.30 | -0.29
Sanliurfa -0.06 [-0.06 | -0.13 | 0.01 |-0.30 |-0.19|-0.20 | -0.25 |-0.01| -0.33 | 0.06 |-0.24 | -0.13
Tekirdag -0.22 (-0.31| 0.11 |-0.01|-0.26 (-0.28|-0.20| 0.04 |-0.31| -0.32 |-0.21|-0.40 | -0.29
Tokat -0.25|-0.15| -0.14 |-0.07|-0.28|-0.09 | -0.05| -0.17 |-0.08 | -0.21 |-0.03 |-0.22 | -0.46
Trabzon -0.19 (-0.17| -0.26 | 0.19 |-0.24 | 0.13 | 0.03 | 0.04 |-0.20| -0.24 |-0.23 |-0.09 | -0.31
Van -0.28 | -0.27 | -0.28 | 0.04 |(-0.22 | 0.08 |-0.01| -0.12 | 0.04 | -0.15 |-0.10|-0.26 | -0.32
Yozgat -0.29 |-0.11| -0.04 |-0.05 |-0.37|-0.13|-0.05| -0.13 | 0.06 | -0.28 | 0.01 |-0.26 | -0.33
Zonguldak |-0.35|-0.37| -0.32 | 0.02 {-0.31|-0.05 |-0.07 | -0.22 |-0.19| -0.33 |-0.08 |-0.38 | -0.50
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[InaBa mpuka3yje HEraTUBHY, a LPBEHA
NpuKasyje NO3UTHUBHY Kopenanujy. bouaa
MpeJICTaBIba 3HAUYAJHY KOpEJIaIujy.

Yonmreno yseBmu, onHoc usmehy NAO
MHJICKCA U MaKCUMaJTHE TeMIIEPaType je HeraTHBaH,
IITO 3Ha4YM Kako HeratnBaH NAO HHIEKC TOBOIH
no mnoBehawma MakcuMaiaHe TeMmIlepaType.
YMjepeHa/jaka U 3Ha4ajHa HEraTUBHA KOpeJaluja
j€ ycTaHoBJbeHA y Majy, neremopy, 1 DJFM nHa
Behunu cranuna. [loctoju cmaba mo3uTHBHA
KopeJiaryja MoYeTKOM U KpajeM jeceHu (cernrembap
1 HOBeMOap).

Blue shows negative, red shows positive
correlation. Bold represent significant
correlation.

Generally the relation between NAO
Index and maximum temperature is negative.
It means that negative NAO Index causing
an increase in the maximum temperature.
Moderate/higher and significant negative
correlations has been found in May, December
and DJFM in most of the stations. There are
weak positive correlation when starting and
ending autumn (September and November).

Tabena 4. Koepuyujenm rxopenayuje uzmehy NAO unoekca u cpedre makcumaine memnepamype
Table 4. Correlation coefficient between NAO Index and Mean Maximum Temperature

Station Jan. | Feb. | March | April | May | June | July | Aug. | Sept. | Octob. | Nov. | Dec. | DJFM
Adana 0.00 |-0.07| -0.10 | 0.08 |-0.04 |-0.04 |-0.02| 0.06 | 0.11 | -0.21 | 0.04 | 0.12 | -0.13
Afyon -0.19(-0.18 | -0.09 | 0.02 |-0.10|-0.38|-0.08 | 0.00 |-0.01| -0.26 |-0.10|-0.08 | -0.31
Agri -0.37|-0.32| -0.18 |-0.13|-0.32|-0.10|-0.13|-0.18|-0.30| -0.11 [-0.02|-0.34 | -0.38
Ankara -0.20|-0.05| 0.00 |-0.02[-0.04|-0.40|-0.02| 0.03 |-0.10| -0.25 [-0.02]-0.01|-0.27
Antakya -0.12]0.02 | -0.09 | 0.11 |-0.11|-0.23|-0.09] 0.04 | 0.13 | -0.22 |-0.05|-0.03|-0.11
Antalya -0.141-0.05| -0.15 | 0.13 [-0.12|-0.14|-0.06| 0.04 | 0.27 | -0.03 | 0.23 | 0.13 | -0.26
Artvin -0.25|-0.25| -0.16 |-0.15|-0.16|-0.32| 0.15 |-0.03|-0.26| -0.36 |-0.18|-0.22|-0.39
Balikesir 0.00 [-0.10]| -0.13 | 0.07 | 0.02 | 0.07 | 0.09 |-0.02|-0.26| -0.17 |-0.17 |-0.07 | -0.27
Bursa -0.03|-0.13| -0.05 | 0.01 [-0.05|-0.37|-0.13| 0.04 | 0.11 | -0.35 |-0.10|-0.05 | -0.19
Canakkale | 0.13 |-0.10| -0.01 |-0.03| 0.05 |-0.19]-0.06| 0.12 | 0.26 | -0.28 |-0.10| 0.10 | -0.06
Cankiri -0.18 | 0.01 | 0.02 | 0.03 |-0.10|-0.36|-0.02| 0.05 |-0.10| -0.23 | 0.14 | 0.02 | -0.24
Corum -0.191-0.08 | -0.11 | 0.03 |-0.22|-0.37|-0.01| 0.02 |-0.14| -0.29 |-0.06|-0.10|-0.34
Diyarbakir |[-0.23]-0.06| -0.17 |-0.20|-0.27 |-0.35|-0.08 | -0.03|-0.22 | -0.32 |-0.01|-0.23 |-0.31
Edirne 0.44 |1 0.16 | 0.24 |-0.04| 0.05 [-0.31|-0.23| 0.07 | 0.24 | -0.25 | 0.01 | 0.20 | 0.29
Elazig -0.241-0.09| -0.12 |-0.06|-0.20|-0.36|-0.13 | 0.00 |-0.28 | -0.30 |-0.01|-0.10]-0.25
Erzincan -0.25|-0.13 | -0.19 |-0.08|-0.30|-0.28 |-0.09 |-0.09 |-0.29 | -0.28 |-0.01[-0.09 | -0.31
Erzurum -0.39|-0.30| -0.25 |-0.05|-0.43|-0.30|-0.19|-0.03|-0.29| -0.18 |-0.07|-0.03 | -0.34
Eskisehir  |-0.27 |-0.07 | -0.02 | 0.03 |-0.19]-0.47 |-0.03| 0.02 | 0.03 | -0.24 | 0.02 |-0.06 | -0.30
Gaziantep [-0.01]0.01 | -0.03 |-0.05|-0.21]-0.45|-0.05| 0.03 |-0.15| -0.20 [-0.04| 0.02 | -0.05
Hakkari 0.12 |-0.16| -0.13 | 0.10 |-0.08 |-0.33 |-0.23 |-0.07 |-0.22| -0.26 |[-0.01| 0.18 | -0.02
istanbul 0.19 | 0.03 | -0.08 |-0.05| 0.06 |-0.45|-0.08| 0.07 | 0.15 | -0.38 | 0.07 | 0.07 | 0.00
izmir -0.12(-0.09| -0.09 | 0.07 |-0.03|-0.30|-0.11] 0.01 | 0.11 | -0.29 | 0.00 |-0.12 | -0.25
Kars -0.191-0.02| -0.17 |-0.15|-0.35|-0.26|-0.10|-0.19|-0.37 | -0.30 |[-0.14|-0.25|-0.15
Kastamonu |-0.12 |-0.06 | 0.00 |-0.01|-0.06|-0.47 |-0.02| 0.07 |-0.08 | -0.31 | 0.00 |-0.08 | -0.27
Kayseri -0.29|-0.25| -0.23 |-0.01|-0.03|-0.38|-0.03 | 0.00 |-0.24 | -0.25 [-0.13|-0.15|-0.42
Konya -0.33|-0.27 | -0.22 | 0.07 |-0.26|-0.23|-0.06 | -0.04 |-0.26 | -0.19 |-0.02| 0.07 | -0.44
Kitahya -0.18-0.09| -0.03 | 0.02 |-0.04|-0.47 |-0.07 | 0.09 |-0.04 | -0.23 |-0.03|-0.05 | -0.27
Manisa -0.29|-0.06| 0.02 |-0.01|-0.05| 0.11 | 0.04 |-0.02|-0.07| -0.06 [-0.14|-0.13|-0.13
Mersin -0.06 |-0.04 | -0.23 | 0.09 | 0.04 |-0.38|-0.05| 0.02 | 0.22 | -0.27 | 0.07 | 0.02 | -0.21
Mugla -0.03|0.02 | -0.03 | 0.07 |-0.06|-0.30|-0.02]| 0.03 | 0.28 | -0.17 | 0.16 | 0.03 | -0.11
Ordu -0.02|-0.17| -0.14 | 0.02 |-0.04|-0.34| 0.17 | 0.10 |-0.02| -0.34 |-0.22|-0.19|-0.25
Rize -0.18|-0.22 | -0.22 |-0.08|-0.09|-0.36| 0.04 | 0.11 |-0.20| -0.43 |-0.18|-0.25|-0.37
Samsun -0.09 [-0.24| -0.22 |-0.03|-0.01|-0.22| 0.08 | 0.03 |-0.09| -0.44 |-0.20|-0.11|-0.35
Sivas -0.23]-0.13| -0.18 |-0.04|-0.13|-0.39|-0.05| 0.03 |-0.26| -0.32 |-0.13|-0.16|-0.31
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Sanlurfa -0.06|-0.02 | -0.05 |-0.05|-0.21|-0.45|-0.03 | 0.06 |-0.19| -0.28 |-0.04[-0.02 | -0.12
Tekirdag 0.22 |-0.03| 0.07 | 0.03 |-0.16|-0.20| 0.04 | 0.08 | 0.16 | -0.35 |-0.04| 0.09 | 0.05
Tokat -0.23|-0.23| -0.21 |-0.02|-0.17|-0.42| 0.05 | 0.01 |-0.30| -0.24 |-0.23|-0.19| -0.46
Trabzon -0.20(-0.22| -0.29 | 0.11 |-0.23|-0.03| 0.02 | 0.06 |-0.16| -0.42 |-0.26|-0.04 | -0.36
Van 0.06 |-0.12] -0.21 | 0.06 |-0.13|-0.37 |-0.12| 0.01 | 0.12 | -0.30 | 0.02 | 0.00 | -0.08
Yozgat -0.17]-0.18| -0.16 |-0.01|-0.09|-0.34|-0.05|-0.03|-0.24| -0.29 |-0.07|-0.07 | -0.33
Zonguldak |-0.05|-0.29| -0.17 |-0.06|-0.16|-0.15|-0.06|-0.04 |-0.01| -0.39 |-0.15|-0.05] -0.27

[InaBa mpukasyje HeraTHMBHY, a LpBEHa
NpUKasyje NO3UTHUBHY Kopenanujy. bouaa
MIPECTaBJba 3HAYAJHY KOpPEIaIlHjy.

[Tocroju c1ab nerarnsan ogHOC M3Mehy NAO
WHJIEKCA U CpElihe MaKCUMaJlHE TeMIIepaTrype,
aau y jyHy ¥ OKTOOpYy ce jaBJhba yMjepeHa W
CTAaTHCTUYKU 3Ha4YajHa HEraTMBHA KOpeaiuja
Jep cy y mMTamy InpenasHu Mjeceuu. Jpyrum
pujeunma, HeratuBaH NAQO HMHJIEKC JOBOAM 10
noBehama cpeame MakCUMallHe TeMIepaType.
Cna0a no3utuBHA Kopenalyja je 3a0usbexeHa y

aBryCTYy.

Blue shows negative, red shows positive
correlation. Bold represent significant correlation.

Generally there are weak negative
relationship between NAO Index and mean
maximum temperature. But in June and October
there are moderate and statistically significant
negative correlations due to they are transition
months. It means that negative NAO Index
causing an increase in the mean maximum
temperature. There is weak positive correlation
in August.

Tabena 5. Koeguyujenm xopenayuje usmely NAO unoexca u 6poja mpasnux oana
Table 5. Correlation coefficient between NAO Index and Number of Frost Days

Station Jan. | Feb. |March | April | May | June |July| Aug. |Sept.| Oct. | Nov. | Dec. | DIFM
Adana -0.02 | 0.15 | 0.31 -0.18 | 0.14
Afyon 0.42 | 0.25 | -0.35 |-0.20 -0.27 | 0.12 | 0.21 | 0.48
Agri 0.44 | 0.33 | 0.29 | 0.08 |0.30 0.21 | 0.26 | 0.21 | 0.19
Ankara 0.36 | 0.35 | 0.26 |-0.05 -0.18 | 0.18 | 0.29 | 0.58
Antakya 0.28 | -0.19 | -0.17 -0.47 | 0.53 | 0.49
Antalya 0.62 | 0.00 0.61 | 0.48
Artvin 0.36 | 0.29 | 0.02 | 0.47 -0.19 | -0.20 | 0.59
Balikesir 0.16 | 0.02 | -0.32 0.30 | 0.06 | 0.23
Bursa 0.27 | 0.22 | 0.08 | 0.06 0.11 | 0.12 | 0.44
Canakkale |-0.16 | 0.08 | -0.18 -0.71 | 0.01 | -0.09
Cankirn 0.29 | 0.33 | 0.00 | 0.28 -0.25 | 0.22 | 0.05 | 0.67
Corum 0.56 | 0.42 | -0.05 | 0.23 | 0.07 -0.19 | 0.20 | 0.04 | 0.68
Diyarbakir | 0.45 | 0.33 | -0.05 | 0.69 0.18 | -0.07 | 0.62
Edirne -0.05 | 0.10 | -0.04 -0.12 | -0.19 | -0.18 | 0.11
Elazig 0.42 | 0.32 | 0.43 |-0.21 0.18 | 0.28 | 0.53
Erzincan 0.48 | 0.30 | 0.21 | 0.35 -0.46 | 0.20 | -0.07 | 0.54
Erzurum 0.53 | 0.46 | 0.36 | 0.15|0.13 0.05| 0.07 | 0.33 | 0.15 | 0.40
Eskisehir 0.45 | 0.31 | -0.27 |-0.27 -0.02 | 0.10 | 0.36 | 0.66
Gaziantep | 0.24 | 0.28 | -0.08 0.01 | -0.03 | 0.40
Hakkari 0.51 | 0.27 | 0.28 | 0.12 0.16 | 0.26
istanbul -0.32 | -0.10 | -0.06 -0.19 | -0.19
izmir -0.13 | -0.16 0.75 | 0.04
Kars 0.53 | 0.32 | 0.18 | 0.19 |0.20 0.13 | -0.11 | -0.03 | 0.30
Kastamonu | 0.40 | 0.28 | -0.03 | 0.28 -0.10 | 0.14 | 0.07 | 0.59
Kayseri 0.49 | 0.35 | 0.15 | 0.10 0.13 | -0.02 | 0.66

141



SERHAT SENSOY, IHSAN CICEK, NECLA TURKOGLU, VOLKAN DARENDE

Konya 0.48 | 0.54 | 0.36 |-0.09 -0.19 | 0.23 | 0.44 | 0.74
Kitahya 0.33 | 0.29 | -0.30 |-0.35 -0.31 | 0.20 | 0.26 | 0.57
Manisa 0.21 | -0.06 | -0.34 -0.08 | 0.35
Mersin -0.04 | -0.34 -0.18
Mugla 0.12 | 0.15 | -0.50 0.14 | 0.14 | 0.47
Ordu -0.10 | -0.12 | -0.43 0.07 | 0.33
Rize 0.30 | 0.17 | 0.03 0.57 | 0.28
Samsun 0.00 | -0.01 | -0.13 -0.10 | 0.22
Sivas 0.42 | 0.30 | 0.24 | 0.21 -0.33 | 0.16 | -0.09 | 0.56
Sanliurfa 0.17 | 0.12 | 0.02 0.14 | 0.31
Tekirdag -0.32 | 0.01 | -0.29 -0.10 | -0.08 | -0.12
Tokat 0.33 | 0.15 | -0.38 |-0.35 0.13 | 0.34 | 0.58
Trabzon -0.07 | 0.02 | 0.15 0.32 | 0.17
Van 0.41 | 0.41 | 0.19 | 0.13 -0.23 | -0.03 | 0.30
Yozgat 0.41 | 0.27 | -0.19 |-0.35 -0.22 | 0.24 | 0.29 | 0.62
Zonguldak | -0.07 | -0.09 | 0.39 | 0.60 0.23 | 0.08

[InaBa mpukasyje HEraTHBHY, a I[PBEHA
npukasyje TO3UTUBHY Kopenamujy. boan
MpeICTaBJba 3HaUajHy KOpeJalmjy.

Onnoc usmehy NAO wunzekca u Opoja
Mpa3HUX JlaHa je MO3UTHUBAH, IITO 3Ha4u Aa he
nosutuBaH NAO uHIEKC A0BECTH 10 nosehama
Opoja Mpa3Hux gaHa Mok he HeraruBan NAO
WHJIEKC JIOBECTU N0 cMamema. Ha Behunu
cTaHuIla yTBpheHa je jaka M CTaTHUCTUYKHU
3Ha4ajHa Mmo3uTuBHa Kopenamuja y DJFM ocum y
UcrtamOyny, Texupaary, Yanakaney u Mepcusy.

Blue shows negative, red shows positive
correlation. Bold represent significant
correlation.

Generally the relation between NAO Index
and number of frost days are positive. It means
positive NAO index will be increased number
of frost day but negative NAO Index will cause
a decrease in number of frost days. Most of the
stations indicate high and statistically significant
positive correlation in DJFM except Istanbul,
Tekirdag, Canakkale and Mersin.

Cnuka 6. Koeghuyujenm xopenayuje usmelhy NAO unoexca u maxcumante memnepamype moxom DJFM
Figure 6. Correlation coefficient between NAO Index and maximum temperature in DJFM
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Onnoc n3mely NAO uHIeKca U MaKCUMaITHE
TEMIIepaType je HeraTuBaH Ha CBUM CTaHHIIAMA
mro 3Hauu ga HeratuBaH NAO MHIEKC JOBOIU
10 toBehama MakCMMallHe TeMIeparype.

The relationship between NAO Index and

maximum temperature is negative in all stations.
It means that negative NAO Index causing an
increase in the maximum temperature.

Cnuka 7. Koegpuyujenm xopenayuje usmehy NAO unoekca u cpedre maxcumantie memnepanype
mokom DJFM
Figure 7. Correlation coefficient between NAO Index and mean maximum temperature in DJFM

Onnoc m3meh)y NAO wuHzAekca U cpeame
MaKCHUMaJlHe TeMIIepaType je HeraTuBaH OCUM y
Emupny u Texupnary, mTo 3Ha4u J1a HEraTUBaH
NAO wuHAekc A0BOAM OO0 pacTa Cpeame
MaKCHMaJTHe TeMIIeparype.

Generally the relationship between NAO
Index and mean maximum temperature is
negative except Edirne and Tekirdag. It means
that negative NAO Index causing an increase
in the mean maximum temperature.

Cauxa 8. Koeghuyujenm xopenayuje usmehy NAO unoekca u o6poja mpasnux oana moxom DJFM
Figure 8. Correlation coefficient between NAO Index and number of Frost Days in DJFM
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Onnoc u3mel)y NAO wunzmekca u Opoja
Mpa3HHUX JlaHa je T03UTHBaH ocuM y MctamOyy,
Texupnary, Yanakaney u Mepcuny. bynyhu na
on 1981. ronqune nocroju onanajyhu tpeax NAO
nHiaexkca, HeratnuBad NAQO MHIEKC JOBOIHU JIO
cMamema Opoja MpasHuX aaHa y Typckoj.

3AKJBYYHAK

Generally the relation between NAO Index
and number of frost days are positive except
Istanbul, Tekirdag, Canakkale and Mersin. Due
to there is decreasing trends in NAO Index
since 1981, negative NAO Index causing a
decrease in number of frost days in Turkey.

CONCLUSION

Tabena 6. Koegpuyujenm rxopenayuje uzmehy NAO unoexca u Mpasnux 0ana, cpedre MaKkCumaine
memnepamype u maxcumaine memnepamype y Typckoj.
Table 6. Correlation Coefficient between NAO Index and Frost day, mean maximum temperature
and maximum temperature across Turkey.

Teleconnection Climatic Parameters DJFM Correlation
Parameters
Number of Frost Day  (DJFM) 0,62
NAO Index
(DJFM) Mean Max.Temperature (DJFM) -0.34
Maximum Temperature (DJFM) -0.45

YMjepeHo HeraTuBaH OJIHOC je yTBpheH
u3Mel)y cpelnme MakcHUMalHe TeMIeparype U
MakcumaiiHe Temrneparype u 1o -0.34 -0.45. Unak,
CHa)KaH TMO3WTHBAaH OMHOC je yTBpheH u3melhy
NAO wunaekca u 6poja Mpa3HUX JIaHA MIAPOM
Typcke.

Omnanajyhu tpenag NAO wunnekca om 1981.
roJIMHe ce MoayAapa ca nosehameM TeMIieparype
U CMamkeHheM Opoja Mpa3HHX jJaHa y Typckoj.

Pesynratu mokasyjy na NAO, y mamoj
nunu Behoj Mjepu, HETaTUBHO YTHYE Ha CPEIbY
MaKkCHMallHy TeMIeparypy M MaKCHUMallHy
TeMrepaTrypy, T€ Ja YBEIUKO YTHYe Ha Opoj
Mpa3HHUX JaHa mupom Typcke.
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Moderate negative relationship has been
found between mean maximum temperature
and maximum temperature as -0.34 -0.45
respectively. But strong positive relation has
been found between NAO Index and number
of frost days across Turkey.

Decreasing trends in NAO index since 1981,
it’s compatible with increasing temperature and
decreasing number of frost days in Turkey.

The result shows that NAO is more or
less negatively affecting mean maximum
temperature and maximum temperature and
strongly affecting number of frost days across
Turkey.
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