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EFFECTS OF ATMOSPHERIC BLOCKING OVER TURKEY:
CLIMATOLOGICAL ANALYSIS

SUMMARY

The relationship between atmospheric blocking and meteorological parameters has not
been studied in depth for Turkey. The scope of this dissertation is to put forth the
relationship between atmospheric blocking and temperature anomalies, mean
precipitation frequency and extreme temperatures for Turkey. In this dissertation,
these relationships are investigated for the period 1977 — 2016 using 77 stations that
have complete meteorological data for the aforementioned period from Turkish State
Meteorological Service. The 500 hPa geopotential height data from National Center
for Environmental Protection (NCEP) — National Center for Atmospheric Research
(NCAR) Reanalysis 1 data set was used in order to detect blocking and compute
blocking characteristics.

The statistical characteristics of atmospheric blocking events with respect to seasons
in the study domain are calculated. The maximum value for mean block duration
occurs during the winter and spring seasons at 9.2 days. The fall season has the
minimum block duration at 8.1 days, while the overall value for the mean duration is
8.8 days.

The mean occurrence for atmospheric blocking events is nearly the same during
winter, summer and fall at 2.7, 2.5 and 2.6 events, respectively. In contrast, spring has
more blocking occurrences than any other season (3.9 events).

The mean seasonal values for blocking intensity (BI) range between 1.91 and 2.65 in
the study area. The most intense blocking events are observed in winter (2.65), while
the weakest blocking events are observed in summer (1.91). Spring and fall have
nearly the same values for BI, 2.31 and 2.36, respectively. The overall mean Bl is 2.41
in the study domain.

The last blocking characteristic examined here is the longitudinal extent as measured
by degrees longitude. The seasonal longitudinal extent fluctuates between 25 and 29
degrees longitude. The longitudinal extent of atmospheric blocking is the largest in
winter (29 degrees longitude), while spring (27 degrees longitude) had the second
largest extent, and summer and fall had a nearly the same longitudinal extent (25
degrees longitude).

The first meteorological parameter, the temperature is investigated according to its
relationship with atmospheric blocking in terms of anomalies. The temperature
anomalies of any station were calculated by using the seasonal mean temperature
observations. The seasonal mean temperature anomalies at all stations during blocked
days varies between -2.1° C and 0.8° C. There are four main patterns representing the
mean seasonal anomaly curve of all stations. The anomaly difference between blocked
and non-blocked days' curve follows the anomaly during blocked days' curve in almost
all instances. This indicates the impact of blocking on observed temperature, since
blocked days comprised 30% of the study period. When focusing on the spatial
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distribution of mean seasonal anomalies, winter (DJF) and fall (SON), almost all
stations show negative temperature anomalies although anomalies are close to zero
during warm seasons. The composite analysis shows that the western part of the
country is strongly affected by cold air advection during cold blocking events and the
eastern part of the country is affected by warm temperature advection during warm
blocking events. There is a statistically significant (95% confidence level) negative
correlation between blocking intensity and temperature anomalies in all seasons except
spring (MAM). There is no relationship between both blocking duration and the
longitudinal extent and the seasonal mean temperature anomaly except during winter,
which has a negative correlation. The temperature anomaly distribution stratified by
season shows that strong positive anomalies are rarely observed in all seasons. Even
the summer and fall had no stations in which a very strong positive anomaly was
observed. The analysis of coldest and warmest blocking event shows that Rex-type
atmospheric blocking events are observed during the period of not only the maximum
temperature anomaly but also for minimum anomalies. However, the location of the
blocking differs.

The second meteorological parameter investigated according to its relationship with
atmospheric blocking is precipitation. It was investigated in terms of mean
precipitation frequency (MPF). Precipitation frequency of an event is the ratio of rainy
days during the event to the total duration of the event. The overall MPF for the
examined stations during blocked days (non-blocked days) fluctuated between 0.15
and 0.43 (0.12 and 0.38). The ratio of MPF during the blocked days to non-blocked
days ranges between 12% and 38%. During the winter season, the country has higher
MPF values during blocked days. The greatest ratio of MPF values during blocked
days to non-blocked days are observed in summer due to smaller values of MPF
occurring during this season overall. Higher MPF occurs when the event center was
located between 0° — 30° E (mean: 0.27, range: 0.17 — 0.51). There is no relationship
between blocking duration and MPF for all seasons. There is a positive relationship
between Bl and MPF during the summer (Correlation Coefficient (CC) = 0.35,
significant at 95% level) and fall (CC = 0.43, significant at 95% level). The
relationship between blocking longitudinal extent and MPF is significant at the 95%
confidence level during the summer and fall season with the CC of 0.29 and 0.25,
respectively. A composite of the 10 blocking events associated with the largest MPF
demonstrated there is moist advection via westerly flow into Turkey in all seasons. For
the blocking case study (31 October to 5 November 2009) associated with the largest
MPF, the mean value across the country was 0.73. The mean total precipitation during
this period was 63.4 mm.

Lastly, extreme maximum (Tx) and extreme minimum temperature (Tn) frequency
distributions during summer and winter for blocked conditions were analyzed for
Turkey for the period from 1977 to 2016 by using observational data. Both Tx and Tn
are defined by using threshold value. Tx is the maximum temperature that is greater
than the 99" percentile. Similarly, Tn is the minimum temperature that is smaller than
the 1% percentile. The Tx (0.5 - 0.8 percent) and Tn (0.4 - 2.0 percent) frequency vary
between these values for the entire period during summer. However, Tx varies between
0.0 and 1.0 whilst Tn varies between 0.8 and 2.4 during winter. It is quite clear that
atmospheric blocking has a greater cooling effect during winter. The maximum values
for Tx and Tn are observed when the block center located within the easternmost sector
for summer. The maximum Tx frequency is observed in association with blocking in
the westernmost sector and the maximum Tn frequency is observed with blocking in
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the easternmost sector during the winter season. Bl has almost no impact on Tx
frequency although it has an enhancing effect on Tn frequency during the summer. For
winter, Bl has a decreasing effect on maximum Tn and decreasing effect on maximum
Tx. The maximum Tx and Tn values increase with the blocking longitudinal extent for
the summer. During the winter, the maximum Tx frequency decreases with the
increase in the blocking longitudinal extent however, the greatest Tn frequency is
observed within the second sector and lowest within the third sector. The block
duration has an enhancing influence on the maximum Tx value whilst maximum Tn is
observed during short duration events and a minimum is observed during moderate
duration events during the summer season. For the winter season, the block duration
has a decreasing effect for Tx frequencies and increasing effect for Tn.,
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ATMOSFERIK ENGELLEMENIN TURKIYE UZERINE ETKILERI:
KLIMATOLOJIK ANALIZ

OZET

Bir bolgede goriilen meteorolojik kosullarin belirli bir siireden daha fazla
gbzlemlenmesine sebep olan olaya engelleme denir. Atmosferik engelleme eger kis
aylarinda meydana gelirse, ¢cok diisiik sicakliklara, kuvvetli kar yagisina sebep olurken
ilkbahar ya da yaz aylarinda goriiliirse yiiksek sicakliklara ve kurakliga sebep olabilir.

Engelleme olaymma bu ismin verilmesinin sebebi yukari seviyede olusan jeti
engellemesidir. 300 mb. ve daha yukar1 seviyedeki 60 knot veya daha fazla siddete
sahip riizgarlara jet denir. Jetler kuzey yarimkiirede ve giiney yarimkiirede batidan
doguya dogru eserler kisaca yukari seviye riizgarlart batilidir. Fakat herhangi bir
bolgede, yer seviyesinde bir yiiksek basing merkezinin bulunmasi durumunda yukari
seviyedeki riizgarlar yliksek basing merkezinin bulundugu bu boélgeye girememekte,
zonal (bati1 dogu dogrultusunda) olan yukari seviye riizgarlari meridyonel (kuzey —
giney dogrultusunda) hale gelmekte bazen de dogudan batiya dogru (retrograt
hareket) esmektedirler. Yiiksek basing sisteminin belirli bir yerde uzun siire (5 giin ve
daha fazla) kalmasi durumuna engelleme olay1 denilmektedir. Engelleme olayinin
secilmesinin sebebi, olayin hem hava sartlarina hem de insanlar, canlilar ve gevre
lizerine etkilerinin kuvvetli olmasidir. Ornek vermek gerekirse 2010 yili Haziran ve
Agustos aylar1 arasinda Rusya’yr etkileyen engelleme olayinda, orman yanginlari
artmis, hava kalitesinin diisgmesinden ve yiiksek sicakliklardan dolayr Moskova’da
6lim oranlart 700 kisi/giin ile ortalama degerinin iki katina ¢ikmistir Yine aym
donemde, Moskova’da son 130 yilin en yiiksek sicaklik degeri (37.8 °C) olgtilmiistiir.

Engelleme ile ilgili ilk ¢alisma, 19001i yillarin baginda yapilmis olup, 1940’11 yillarda
engellemenin bolgesel iklimler lizerine etkileri ile ilgili birka¢ calisma yapilmistir.
Ikinci Diinya Savasi sonrasinda yukar seviye verilerinin temininin artmasi ile yukari
seviye haritalar1 ¢izilmeye baslamistir ve engelleme ile ilgili ¢alismalarin sayisi
artmistir. Ik calismalarda, 6znel olarak yapilan engelleme tanimlari, sonralari
engelleme tespitini bilgisayarlar ile kolaylikla yapabilmek icin daha nesnel hale
getirilmeye ¢aligilmistir.

Engelleme olay1, arastirmacilar tarafindan farkl yaklagimlarla (dinamik, klimatolojik)
hem olustugu bolgedeki etkilerini hem de uzaktaki bolgelerdeki etkilerini gézoniinde
bulunduracak sekilde incelenmistir. Bu c¢alismalardan bir kismi engellemenin
klimatolojik &zellikleri, engelleme tespit yontemleri, engellemenin tahmin edilmesi
gibi konulara yogunlasirken bir kismi da engellemenin meteorolojik degiskenler
lizerine etkisi lizerine aragtirmalar yapmustir.

Atmosferik engelleme ile meteorolojik degiskenler arasindaki iligki Tiirkiye igin
simdiye kadar detayl bir sekilde incelenmemistir. Bu c¢alismanin amaci atmosferik
engelleme olay1 ile sicaklik anomalisi, ortalama yagis sikligi ve uc¢ sicaklik
degiskenleri arasindaki iliskiyi ortaya koymaktir. Bu ¢aligmada 1977 ve 2016 yillar
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arasindaki donem i¢in atmosferik engelleme olay1 ile meteorolojik degiskenler
arasindaki iliski incelenmistir. Kullanilan sicaklik, yagis, maksimum ve minimum
sicaklik verileri Meteoroloji Genel Miidiirliigii’nden belirtilen periyot i¢in alinmistir.
Calismada sadece belirtilen aralik ig¢in tam veri sayisina sahip olan 77 istasyon
kullanilmustir.

Atmosferik engelleme olayinin tespit edilmesi igin gerekli olan 500 hPa jeopotansiyel
yiikseklik verisi ise National Center for Environmental Protection (NCEP) — National
Center for Atmospheric Research (NCAR) Reanalysis 1 veri setinden alinmistir. Bu
veri seti 2.5° x 2.5° mekansal (enlem - boylam) ¢6ziiniirliige sahiptir. NCEP — NCAR
Reanalysis 1 veri seti hem yer seviyesi i¢in hem de ¢esitli basing seviyeleri i¢in ¢ok
sayida degiskeni icermektedir. NCEP — NCAR 500 hPa verisi arastirmacilar tarafindan
engelleme tespitinde siklikla kullanilan bir veri setidir. Engelleme tespiti icin
kullanilan bolge 20° Bat1 - 90° Dogu boylamlar1 ve 30° Kuzey - 90° Kuzey enlemleri
arasinda kalan bolgedir. Bu bolgede olusan engelleme olaylar1 Tiirkiye’yi
etkileyebilecegi icin bu bolge secilmistir.

Incelenen zaman diliminde atmosferik engellemenin 6zellikleri ¢alisma alani igin
hesaplanmistir. Buna gore ortalama engelleme siddeti mevsimlere gore ayri ayri
degerlendirildiginde minimum deger 1.91 ile yaz mevsimine ait iken, maksimum
deger 2.65 ile ki mevsimine aittir. ilkbahar ve sonbahar igin ortalama engelleme
siddeti degerleri ise sirasi ile 2.31 ve 2.36’dir. Biitiin engelleme olaylarinin ortalama
siddeti ise, 2.41°dir. Engelleme olaylarinin ortalama siiresinin en yiliksek oldugu
mevsimler 9.2 giin ile ki ve ilkbahar mevsimleridir. Yaz ve sonbahar mevsimlerinde
gbzlemlenen engelleme olaylarinin ortalama siiresi ise sirasiyla 8.4 ve 8.1 olup, bu
deger tiim veri i¢in 8.8 giindiir. Calisma bolgesindeki ortalama engelleme sayis1 3.9 ile
en yliksek ilkbahar mevsiminde iken kis, yaz ve sonbahar mevsimlerindeki ortalama
engelleme sayist, sirastyla 2.7, 2.5 ve 2.6°dir. Yillik ortalama engelleme sayisiise 11.7
olarak hesaplanmistir. Engelleme olaylarinin boylamsal uzunlugu incelendiginde kis
mevsiminin ortalama 29 boylam ile en yiiksek degere sahip oldugu goriilmiistiir. En
kiigiik deger ise 25 boylam ile yaz ve sonbaharda goriilmiistiir. ilkbahar mevsimindeki
engelleme olaylarinin ortalama boylamsal uzunlugu 27 boylam olup, bu deger tiim veri
i¢in 28 glindiir.

Sicaklik anomalisi incelenen ilk parametre olup, her bir istasyon i¢in kendisine ait
verilerden, bulundugu mevsimdeki verilerin ortalamasi ¢ikarilacak hesaplanmistir.
Mevsimsel ortalama sicaklik anomalisi degerleri biitiin istasyonlar g6z Oniine
alindiginda, -2.1° C ile 0.8° C degerleri arasinda degismektedir.

Biitliin istasyonlarin mevsimsel degisimi incelendiginde 4 tane temel Oriintii
goriilmektedir. Birinci Oriintli, ki mevsiminde minimum anomali degeri (negatif
degerlerde), ilkbaharda artarak 0’a yaklasan anomali, yazin ilkbahara gére hafifce
artan ya da azalan anomali degeri ve son olarak ani bir sekilde negatif degerlere diisen
anomali olarak tanimlanabilir. Bu orilintii daha ¢ok Karadeniz, Marmara ve Ege
kiyilarinda gériilmiistiir. Ikinci 6riintii, soguk mevsimlerde neredeyse ayni negatif
anomali degerleri, sicak mevsimlerde ise 0 °C civarinda anomali ile ifade edilebilir.
Bu 6riintii, i¢ Anadolu Bélgesi’nde ve Karadeniz Bolgesi’nin i¢ kesimlerinde daha ¢ok
goriilmektedir. Ugiincii oriintii, kis mevsiminde negatif anomali, ilkbaharda +0.5 °C’ye
yiikselen pozitif anomali ve yaz ile sonbaharda tekrar negatife diisen anomali degerleri
ile tarif edilebilir. Bu Oriintii, daha ¢ok Giineydogu Anadolu Bolgesi’nin giineyindeki
sehirlerde goriilmektedir. Son oriintii ise ilkbaharda 0 °C civarinda pozitif anomali,
diger mevsimlerde ise ayni biiylikliige sahip negatif anomali degerleri ile ifade
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edilebilir. Bu oriintii ise daha ¢gok Marmara Bolgesi’nde ve Ege Bolgesi’nin glineyinde
goriilmektedir.

Engelleme olan giinler ile engelleme olmayan giinlerdeki sicaklik anomalisi degerleri
arasindaki fark egrisi biitiin durumlarda engellemeli giinlere ait egriye benzer bir
durum sergilemektedir. Bu ise engelleme olaylarinin incelenen dénemin sadece
%30’unda goriilmesine ragmen ylizey sicakliklari tizerindeki etkisini gostermektedir.

Ortalama mevsimsel anomalilerin engelleme olan giinlerdeki yersel dagilimin
inceledigimiz zaman kig (Aralik, Ocak ve Subat aylar1) ve sonbahar (Eyliil, Ekim ve
Kasim aylar1) mevsiminde nerede ise biitiin istasyonlarin negatif anomali degerlerine
sahip oldugu goriilmektedir. ilkbahar (Mart, Nisan ve Mays aylari) ve yaz (Haziran,
Temmuz ve Agustos aylarl) mevsimlerinde engellemeli giinlerdeki ortalama
mevsimsel anomali degerleri ise °0 civarindadir. Kuvvetli anomali olan giinlerdeki
birlesik (kompozit) 500 hPa ve 850 hPa haritalar1 incelendiginde, negatif anomaliye
sahip engelleme olaylarinda Tiirkiye’nin bati bdlgelerinin kuvvetli soguk hava
adveksiyonundan etkilendigi goriilirken, pozitif anomaliye sahip engelleme
olaylarinda Tiirkiye’nin dogu bolgelerinin kuvvetli sicak hava adveksiyonundan
etkilendigi goriilmektedir.

Engelleme olaymin cesitli 6zellikleri ile Tirkiye i¢in ortalama sicaklik anomalisi
arasindaki iliski de incelenmistir. Engelleme siddeti ile ortalama sicaklik anomalisi
arasinda ilkbahar hari¢ %95 anlamlilik seviyesinde negatif iliski bulunmustur.
Engelleme siiresi ve engellemenin boylamsal genisligi ile ortalama sicaklik arasinda
kis mevsimi hari¢ anlamli bir iligki bulunamamuistir. Kis aylarinda bu iki parametre ile
ortalama sicaklik anomalisi arasinda %95 anlamlilik seviyesinde zayif negatif bir iliski
bulunmustur.

Istasyonlarin engelleme olan giinlerdeki ortalama sicaklik anomalisi mevsimsel olarak
incelendiginde, ¢ok kuvvetli pozitif sicaklik anomalilerinin ¢ok nadir gdzlendigi
goriilmiistiir. Hatta yaz ve sonbahar mevsimlerinde hi¢ bir istasyonda c¢ok kuvvetli
pozitif anomaliler gozlemlenmemistir. Tiirkiye’nin kuzey bolgelerinde kuvvetli ve ¢ok
kuvvetli negatif sicaklik anomalileri biitlin mevsimlerde goézlenmistir. Bu bolge
engellemenin antisiklonik kisminin sag kanadinda bulunmakta olup soguk hava
adveksiyonundan en ¢ok etkilenen bolgedir. Ulkenin bat1 bdlgelerinde, ¢ok kuvvetli,
kuvvetli ve mutedil negatif sicaklik anomalileri gézlemlenirken, orta kesimlerde daha
cok mutedil negatif anomaliler gdzlemlenmektedir. Ulkenin dogu béliimiinde ise
mutedil sicaklik anomalileri gozlemlenmektedir.

Cok kuvvetli pozitif ve negatif anomaliye sahip engelleme olaylarmin 500 hPa
haritalarinin analizi sonucu, her iki olayda da Rex tipi engelleme olaymnin
gozlemlendigi goriilmiistiir. Bununla birlikte iki engelleme olaymin konumlar
birbirinden farklidir.

Incelenen ikinci meteorolojik parametre ise yagistir. Yagis ile atmosferik engelleme
arasindaki iliski, ortalama yagis sikligi ile ifade edilmistir. Yagis sikligi belirtilen bir
olaymm kapsadigi zamanda, yagish giinlerin toplam giinlere olan orani seklinde
tanimlanmistir. Ortalama yagis sikligi ise, yagis sikligmin belirtilen dénem igin
ortalamasi aliarak elde edilmistir.

Ortalama yagis siklig1 biitiin veri i¢in engelleme olan giinlerde 0.15 ile 0.43 arasinda
degisirken, engelleme olmayan giinlerde 0.12 ile 0.38 arasinda degismektedir. Biitiin
veri i¢in engelleme olan giinlerdeki ortalama yagis sikligi, engelleme olmayan
giinlerdeki yagis sikligina gore %12 ile %38 arasindaki degerlerde artis
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gostermektedir. Ortalama yagis sikligit mevsimsel olarak incelendiginde, kis
mevsiminde, engellemeli giinlerde iilkemizdeki istasyonlarin daha biiyiik ortalama
yagis sikligi degerlerine sahip oldugu goriilmiistiir. Engelleme olan giinlerdeki
ortalama yagis sikligi, engelleme olmayan gilinlerdeki yagis sikligina gore her
mevsimde artis gostermektedir. Bu artis en fazla yaz mevsiminde olmaktadir. Bunun
sebebi ise yaz mevsiminde hem engelleme olan giinlerdeki hem de olmayan giinlerdeki
ortalama yagis siklig1 degerlerinin kiigiik olmasidir.

Engelleme olaymin 0Ozellikleri ile ortalama yagis sikligi arasindaki iliski
incelendiginde, en biiyiik ortalama yagis sikligi1 degerlerinin, engelleme olay1 0° — 30°
Dogu boylamlar1 arasindaki bolgede gerceklestigi zaman elde edildigi sonucuna
varilmistir. Engelleme olaymnin bu bolgede gergeklestigi durumlarda ortalama yagis
siklig1 degerinin ortalamasi 0.27 olup en kiigiik ve en biiyilik degerler sirasiile 0.17 ve
0.51°dir. Engelleme siddeti ile ortalama yagis sikligi arasinda yaz ve sonbahar
mevsimlerinde pozitif bir iligki vardir. Her iki mevsimdeki iliski %95 anlamlilik
seviyesinde olup yaz icin korelasyon katsayisi 0.35, sonbahar i¢in ise 0.43’tiir.
Engellemenin boylamsal uzunlugu ile ortalama yagis sikligi arasinda yine yaz ve
sonbahar mevsimlerinde %95 seviyesinde pozitif bir iliski olup korelasyon katsayisi
degerleri sirasi ile 0.29 ve 0.25°tir. Engelleme siiresi ile ortalama yagis siklig1 arasinda
hi¢ bir mevsimde bir iliski bulunamamustir.

Her bir mevsimdeki en yiiksek ve en diisiik ortalama yagis sikligina sahip engelleme
olaylar1 incelendiginde, en yiiksek ortalama yagis sikligina sahip olaylarda batili
akislar sayesinde Tiirkiye’ye nem adveksiyonu oldugu goriilmektedir. Yagis siklig
icin son olarak bir durum c¢alismasi yapilmis ve en yiiksek ortalama yagis sikligina
sahip olan olay incelenmistir. Bu engelleme olay1 31 Ekim ile 5 Kasim 2009 tarihleri
arasinda gerceklesmis ve bu zaman diliminde ortalama yagis sikligi 0.73 olarak
hesaplanmis, ortalama toplam yagis ise 63.4 mm. olarak 6l¢iilmiistiir.

Incelelenen son parametre ise ug sicaklik degerleri olmustur. Her iki ug sicaklik degeri
yaz ve kis mevsimi i¢in degelendirilmistir. Ug sicakliklar hesaplanirken, esik degeri
yaklagimi kullanilmistir. Buna gére bir maksimum sicaklik degerinin u¢ maksimum
sicaklik (Tx) olabilmesi i¢in, 99. persentildeki maksimum sicaklik degerinden biiyiik
olmast gerekir. Benzer yaklagimla, bir minimum sicaklik degerinin u¢ minimum
sicaklik (Tn) olabilmesi igin, 1. persentile karsilik gelen minimum sicaklik degerinden
kiiclik olmasi gerekir.

Yaz aylarinda biitiin istasyonlar i¢in Tx goriilme siklig1 %0.5 ile %0.8 arasinda
degisirken Tn goriilme siklig1 %0.4 ile %2.0 arasinda degisim gostermektedir. Kig
aylarinda ise, Tx goriilme siklig1 %0.0 ile %1.0 arasinda degisirken Tn goriilme siklig
9%0.8 ile %?2.4 arasinda degisim gostermektedir. Atmosferik engelleme olayinin kis
aylarinda daha fazla sogutucu etkiye sahip oldugu agikca goriilmektedir.

Yaz mevsiminde, engelleme olay1 en dogudaki sektorde (60° — 90 ° Dogu boylamlari
arasinda) konumlandigi zaman Tx ve Tn degerlerinin goriilme siklig1 en yiiksek
degerde olmaktadir. Kis mevsiminde ise Tx en yiiksek goriilme siklig1 degerine
engellemenin ortalama konumu en batidaki sektorde (20° Bati — 0 ° boylamlari
arasinda) iken, Tn ise en dogudaki sektorde (60° — 90 ° Dogu) iken sahip olmustur.
Engelleme siddeti, yaz aylarinda Tx goriilme sikligini etkilemez iken Tn goriilme
sikligin1 artirmaktadir. Kis i¢in ise, engelleme siddetinin artmasi, en yiiksek Tx ve Tn
degerlerini azaltmaktadir. Yaz mevsiminde en biiyiik Tx ve Tn degerleri engellemenin
boylamsal uzunlugu biiyiidiik¢e artmaktadir. Kis mevsiminde ise, en biiylik Tx degeri
engellemenin boylamsal uzunlugu arttik¢a azalirken, en biiyiik Tn degeri artmaktadir.
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Engelleme siiresi yaz aylarinda en biiyiik Tx degerini artirirken Tn icin bu sekilde
dogrusal bir iligki s6z konusu degildir. Yaz aylarinda en biiyiik Tn degeri kisa siireli
olaylarda goriiliirken en kiiclik Tn degeri ortalama stireli olaylarda goriilmektedir. Kis
mevsiminde, engelleme siiresi Tx goriilme sikliklarinda azalmaya sebep olurken Tn
goriilme sikliklarinda artmaya sebep olmaktadir.
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1. INTRODUCTION

1.1 Atmospheric Blocking

The partial or full interruption of westerly flow in the mid-latitudes can be described
as atmospheric blocking. If it is observed during winter, it can be the cause of cold
spells and great amounts of snow for certain locations. For example, in March 1987
the snow depth reached 1 meter in many parts of the city (Tayang et al. 1998) and it is
the second coldest blocking event associated with very cold temperature anomalies.
However, it can lead to the heatwaves or drought if it is observed in the warm season.
During summer 2010 blocking event, western Russia impacted by a severe drought
and Moscow recorded 37.8 oC for the first time in over 130 years (Lupo et al., 2014).
Two major types of atmospheric blocking are Rex — type, named after the researcher
who made the first definition of atmospheric blocking and omega-type named because
of its shape. The Rex type blocking event observed in the study area can be seen in

Figure 1.1. Rex type blocking events are more frequent in the Euro — Atlantic Region.
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Figure 1.1 : Example of Rex — type blocking event.



The second blocking type is the omega — type blocking event that is more frequent in
the Pacific Region. The example of an omega — type blocking event can be seen in

Figure 1.2.
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Figure 1.2 : Example of omega — type blocking event.

The annual average number of block onset by longitude is seen in Figure 1.3. As seen
in Figure 1.3 there are two preferred blocking onset locations in the northern
hemisphere. One of them is in the area covers North Atlantic and Europe, the other
one is Pacific Ocean. Turkey is located in the area influenced by North Atlantic

blocking events.

Number of Block Cnsets

)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

00-
20
Longitudes

Figure 1.3 : The number of block onsets per year versus longitude (calculated
by the University of Missouri blocking archive).



The first study related to the atmospheric blocking was introduced by Garriott (1904).
During the 1940s some authors mentioned the effects of atmospheric blocking on local
climates (e.g. Berggren et al., 1949; Elliott and Smith, 1949). After the second world
war, the improvement of upper-level data coverage induced plotting upper-level maps

and the number of studies related to the atmospheric blocking increased.

Rex (1950), made the first definition of atmospheric blocking as; the basic westerly
flow must split into two branches that transport appreciable mass, a 45° longitude
extension of the double jet system, a change of zonal to meridional flow and the

continuity of the pattern at least 10 days.

Treidl et al. (1981), stated that atmospheric blocking should exist north of 30° N and
persist at least 5 days. They also identified dipole structure of positive height anomaly
around 60° N and negative height anomaly around 40° N. Lejenas and @kland (1983,
hereafter LO83), developed a blocking index based on the results of Treidl et al.
(1981). The LO83 index considers the dipole structure and an event should satisfy this

structure for at least 30° longitudes.

Tibaldi and Molteni (1990, hereafter TM90) modified the LO index by introducing
northward and southward gradients of 500 hPa geopotential height gradients. The
southward gradient is considered to include the conversion of 500 hPa geopotential
height by atmospheric blocking. The northward gradient also considered to satisfy the
requirement that the average wind is westerly poleward of the block. Details on TM90

may be found in Section 2.2.1.

There are also some other 1-D and 2-D blocking indices that use 500 hPa geopotential

height maxima or gradients.

Pelly and Hoskins (2003), introduced a new blocking index based on the potential
vorticity field. As shown by Pelly and Hoskins (2003), atmospheric blocking can be

identified by the breaking of upper — level Rossby waves on the dynamical tropopause.

So the blocking detecting algorithms can be divided into two main branches: use of

the 500 hPa geopotential height data or potential vorticity data.



1.2 Literature Review

The influence of atmospheric blocking on observed regional surface temperature is
widely investigated because the temperature is a variable of interest to the general
public. Diao et al. (2015) demonstrated that Eastern Atlantic blocking accompanies
frequent cold extremes in Europe. Diao et al. (2015) argue that not only does local
cooling occur upstream and downstream of the blocking event, but also increased
surface air temperatures are the result of atmospheric blocking where they reside. The
composite maps examined in this study demonstrated that from 4 days to one day
before block onset, positive anomalies of geopotential height are located over northern

Europe when negative anomalies are located over southern Europe.

Antokhina et al. (2018) investigated the effect of atmospheric blocking on surface
temperature anomalies for western Siberia during the period from 2004 to 2016. They
detected 14 events located over western Siberia and divided these blocking events into
two groups. For the first group (10 events), the surface temperature anomalies show a
dipole pattern: north(south) of the domain observed positive (negative) anomalies or

no temperature anomalies. The second group (four events) was non-dipole.

Sillmann et al. (2011) investigated the influence of North Atlantic Blocking on 2 m
minimum temperatures, not only in the re-analysis data (ERA (ECMWEF Re-Analysis)
- 40) but also for 20" century and future simulations (ECHAMS5/MP1-OM (developed
at the Max Planck Institute for Meteorology in Hamburg, Germany). According to the
distribution of ERA — 40 and 20" Century data, the Baltic Sea coastline is a primary
area that is influenced by atmospheric blocking. During the winter season, long —
lasting atmospheric blocking events are correlated with lower minimum temperatures

for the vast majority of Europe.

The linkage between atmospheric blocking and precipitation is also investigated by
many researchers due to the impacts of precipitation on daily activities. Rabinowitz et
al. (2018) investigated the relationship between heavy rainfall events associated with
atmospheric rivers in the midwest United States of America (USA) and Pacific Region
blocking events during different EI Nino Southern Oscillation (ENSO) phases. They
found 16 heavy rainfall events were observed during the 2000-2015 period, and seven
of these events were observed in La Nina (LN) years even though only three LN events

occurred during this time. Also, four and five of the 16 events were observed during



El Nino (EN) and Neutral (NEU) years, respectively, although there were five and nine
EN and NEU years, respectively. There was no statistical relationship between rainfall

amounts and blocking characteristics due to the small sample size.

Rimbu et al. (2015) explored the linkage between summer precipitation extremes and
atmospheric blocking events over Romania during the period 1962 — 2010. The R90p
(90" percentile is used as the threshold) index is used to determine extreme rainfall
events. Rimbu et al. (2015) determined that blocking events in the sectors (0° — 40° E
and 50°— 70° E) are associated with a significant portion of the extreme precipitation

variability during summer over Romania.

Sousa et al. (2016), examined the relationship between blocking locations and
European precipitation regimes on both the seasonal and annual time scale. In the
regions directly under the influence of blocking, there was a decreased frequency of
moderate rainfall events resulting in a reduction of total precipitation. On the other
hand, there was an increase in the frequency of extreme rainfall events on the southern

flank of blocking events, causing an overall precipitation increase in these regions.

Nunes et al. (2017) investigated the monthly precipitation extremes for two global
regions (the central USA and southwest Russia). Nunes et al. (2017) used the
meteorological data from Columbia, Missouri during the period of 1889 — 2014 within
the central USA and from Belgorod surface weather station from 1944 to 2014 for
southwest Russia. Monthly departures greater than three standard deviations from
mean seasonal temperature and the three wettest and driest months for precipitation
were used as the criterion to define an extreme event. In the central USA, extreme wet
and dry years were associated with NEU years, whereas in southwest Russia EN and

NEU years was responsible for most of the precipitation extremes.

Sousa et al. (2017) investigated the maximum temperature (Tmax) and minimum
temperature (Tmin) variations in Europe during the period 1948 — 2012 for both
blocking and transient ridge situations. The composite Tmax, Tmin anomalies during
winter and summer for both blocking and ridge conditions with respect to European
regions were obtained. In winter it was shown that during blocking episodes negative
anomalies were observed for both Tmax and Tmin, but not for ridge events. In contrast,
positive Tmax and Tmin anomalies observed during ridge situations. During the

summer, there was not the opposite signature for blocking and ridge conditions.



Whan et al. (2016) studied the impacts of upstream atmospheric blocking on
wintertime minimum extreme temperatures in North America using numerous data
sets. They used the blocking frequency (BF) in the northern Pacific Ocean as a
covariate when investigating the variation in minimum extreme temperatures by
utilizing generalized extreme value theory (GEV). Whan et al. (2016) determined that
blocking has different impacts on local temperature regimes depending on the location

and scale of the event and the location parameters of GEV.

Rimbu et al. (2014) examined the relationship between not only a blocking index but
also other large — scale general circulation patterns in association with large winter
temperature extremes in Romania. High blocking activity is related to cold air
advection and low blocking activity is related to warm air advection in Romania.
Brunner et al. (2017) examined the linkage between atmospheric blocking events and
European extreme temperatures during the spring season by using E — Obs temperature
data set. They found that blocking occurring over central Europe is correlated with
warmer conditions while blocking located over the Atlantic and Scandinavia is

associated with the cold spells.

Luo et al. (2015) investigated the December 2013 snowstorm that affected the vast
majority of the Middle East, including Turkey. Luo et al. (2015) related cold air
advection into the Middle East that produced snowfall to an omega-shaped European
blocking event, which is the ideal location for the transport cold air into the Middle
East. Yao et al. (2016) examined the impacts of the North Atlantic Jet on Middle East
snowstorms associated with downstream blocking and a positive North Atlantic
Oscillation (NAO) index. Yao et al. (2016) concluded that the strength of the North
Atlantic Jet changes the tilt of the block axis in association with a positive NAO during

European dipole blocking events.

There are some studies about the influences of synoptic scale and large scale patterns
on meteorological parameters over Turkey. Tiirkes and Erlat (2009) investigated the
relationship between winter mean temperatures and the NAO during the period 1950
- 2003 within Turkey. Cold temperatures were observed over almost all of the 70
surface stations during the positive phase of NAO, and northeasterly flow dominated
the period during cold weather. Conversely, during the negative phase of the NAO,
westerly flow persists over Turkey and warm temperature anomalies were observed

over the vast majority of the country.



Baltaci et al. (2017) investigated the relationship between teleconnection patterns and
Turkish extreme events for the period 1965 — 2014. Above normal precipitation in the
western part of Turkey was linked to the positive phase of Arctic Oscillation
(correlation coefficient (CC) around -0.5). In contrast, positive precipitation anomalies
were observed over the Black Sea and Aegean Regions during the positive phase of
the East Atlantic - Western Russia pattern.

Some researchers focused on the extreme events over Turkey. Yesilirmak and Atatanir
(2016) examined the precipitation concentration in western Turkey by using several
indices and concluded that mostly non-significant decreasing trends were observed for
all indices. Komiis¢ii and Celik (2012) studied the Marmara flood took place in 2009.
They emphasized that, besides the favorable meteorological conditions, urbanization

played a major role in the worst flood occurred in the region in recent decades.

Unal et al. (2013) investigated the summer heat waves over western Turkey from 1965
to 2006. They concluded that the number of hot days, heat waves and heat wave
duration increased within this period. Deniz and Gonencgil (2015) examined the trends
in summer daily maximum temperatures for Turkey 1970 — 2006. They demonstrated
that 59 percent of the stations have an increasing trend in the frequency of warm, hot
and extremely hot days at the 0.05 confidence level or greater. On the other hand, 34
percent of the stations have a significant decreasing trend in the frequency of cool,

cold and extremely cold days.

Toros (2012) analyzed the Tmax and Tmin during winter as well as summer. He
summarized that there is significant warming in both annual maximum and minimum
temperature observations with trends in summer, which are stronger than those during

the winter.

On the other hand, the effects of blocking on Turkey has not been studied widely.
Tayang et al. (1998) is the first study that mentions blocking in association with a
blizzard event, investigating one of the most famous blizzards that occurred in
Istanbul, Turkey. This event lasted from 3 - 10 March 1987. The cause of the blizzard
was a persistent cyclone associated with the block that was located over the Balkan
region of Europe. Demirtas (2017) examined the 2012 winter season which was
associated with prolonged cold spells in Europe (including Turkey) due to an omega-

shaped blocking event centered over Siberia. The European cold waves persisted for



time periods of 2 to 22 days, and in Turkey anywhere from 4 to 18 days, depending on
the location within the country.

In addition, atmospheric blocking was observed to be associated with several extreme
events in Turkey, including a flash flood event during 7 — 10 September 2009, during
which 31 people died (Komiiscii and Celik, 2013). Also, blocking was associated with
a devastating cyclone that caused strong winds (>80 kts) and fatal incidents, including
forest fires during the period of 18 — 22 April 2012 (Sirdas et al., 2017). One of the
wettest winters in the history of Turkey occurred in 1985 (Tiirkes and Erlat, 2005).
However, blocking was not the focus of these studies which investigated the severe

weather phenomena.

1.3 Purpose of the Thesis

Atmospheric blocking effects the regions not only it was located but also distant
regions, since it disrupts the westerly flow in high levels and split the flow into two
meridional branches. Turkey is located over the same latitudes as the cyclonic part of
the Rex-type blocking event or the flanks of the omega-type blocking event. So, it is
under the influence of blocking when blocking occurs at the longitudes close enough
to Turkey. The scope of this thesis is to put forth the effects of the atmospheric
blocking on surface temperature, precipitation and extreme temperature parameters in

a climatological perspective for Turkey.

The thesis is organized as follows: The data and methodology used in this work are
introduced in Chapter 2. This includes the data for blocking detection and
meteorological parameters, the definition of blocking and its characteristics and
institution of the variables to represent the meteorological parameters. Then, the results
for atmospheric blocking were explained in Chapter 3. Results for temperature
anomalies, mean precipitation frequency and extreme temperature are presented in

Chapter 4, 5 and 6. Finally, the work is summarised in Chapter 7.



2. DATA AND METHODOLOGY

2.1 Data

2.1.1 Blocking data

The 500 hPa geopotential height data are provided by the National Centers for
Environmental Prediction (NCEP) and National Center for Atmospheric Research
(NCAR) Reanalysis-1 dataset (Kalnay et. al. 1996), and these were used to detect
atmospheric blocking events. The data are available for 1948 to present with 6-h
temporal resolution and 2.5° x 2.5° spatial (latitude-longitude) resolution. There are
numerous data types available for both the surface and pressure levels. The NCEP —
NCAR Reanalysis 500 hPa data set is used in several studies to detect blocking (e.g.
de Vries et al., 2013; Mokhov et al., 2014; Sitnov et al., 2014). The daily geopotential
data (0000 UTC) were used in this study for the period 1 January 1977 — 31 December
2016. The zonal and meridional boundaries of the study region are 20° W - 90° E and
30° N —90° N, respectively. The domain is shown in Figure 2.1.
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Figure 2.1 : Study domain for blocking detection.



2.1.2 Meteorological data

Turkey is located on both Europe and Asia continents and has complex topography.
The largest portion of the country is in southwest Asia. The northern portion is in
extreme southeast Europe. The daily mean, maximum and minimum temperature and
precipitation data were provided by Turkish State Meteorological Services at 77
stations distributed across the country for the aforementioned period. The location of
the stations is presented in Figure 2.2 and the information about the stations is

presented in Table 2.1.
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Figure 2.2 : The location of the stations used for the study.

Table 2.1 : The information about the stations.

Latitude Longitude | Altitude

No Name (oN) (0 E) (m)
17020 | BARTIN 41.6248 32.3569 33
17022 | ZONGULDAK 41.4492 31.7779 135
17026 | SINOP 42.0299 35.1545 32
17030 | SAMSUN BOLGE 41.3441 36.2563 4
17033 | ORDU 40.9838 37.8858 5
17034 | GIRESUN 40.9227 38.3878 38
17040 | RIZE 41.0400 40.5013 3
17045 | ARTVIN 41.1752 41.8187 613
17046 | ARDAHAN 41.1061 42,7055 1827
17050 | EDIRNE 41.6767 26.5508 51
17052 | KIRKLARELI 41.7382 27.2178 232
17056 | TEKIRDAG 40.9585 27.4965 4
17066 | KOCAELI 40.7663 29.9173 74
17069 | SAKARYA 40.7676 30.3934 30
17070 | BOLU 40.7329 31.6022 743
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Table 2.1 (continued): The information about the stations.

Latitude Longitude | Altitude
No Name (oN) (0 E) (m)
17072 | DUZCE 40.8437 31.1488 146
17074 | KASTAMONU 41.3710 33.7756 800
17080 | CANKIRI 40.6082 33.6102 755
17084 | CORUM 40.5461 34.9362 776
17085 | AMASYA 40.6668 35.8353 409
17086 | TOKAT 40.3312 36.5577 611
17088 | GUMUSHANE 40.4598 39.4653 1216
17089 | BAYBURT 40.2547 40.2207 1584
17090 | SIVAS 39.7437 37.0020 1294
17094 | ERZINCAN 39.7523 39.4868 1216
17096 | ERZURUM HAVALIMANI 39.9529 41.1897 1758
17097 | KARS 40.6042 43.1073 1777
17099 | AGRI 39.7253 43.0522 1646
17100 | IGDIR 39.9227 44.0523 856
17112 | CANAKKALE 40.1410 26.3993 6
17116 | BURSA 40.2308 29.0133 100
17119 | YALOVA 40.6589 29.2796 4
17120 | BILECIK 40.1414 29.9772 539
17135 | KIRIKKALE 39.8433 33.5181 751
17140 | YOZGAT 39.8243 34.8159 1301
17160 | KIRSEHIR 39.1639 34.1561 1007
17165 | TUNCELI 39.1058 39.5408 981
17186 | MANISA 38.6153 27.4049 71
17188 | USAK 38.6712 29.4040 919
17190 | AFYONKARAHISAR BOLGE 38.7380 30.5604 1034
17192 | AKSARAY 38.3705 33.9987 970
17193 | NEVSEHIR 38.6163 34.7025 1260
17196 | KAYSERI BOLGE 38.6870 35.5000 1094
17199 | MALATYA 38.3367 38.2173 950
17201 | ELAZIG BOLGE 38.6443 39.2561 989
17203 | BINGOL 38.8847 40.5007 1139
17204 | MUS 38.7509 41.5023 1322
17210 | SIIRT 37.9319 41.9354 895
17037 | TRABZON BOLGE 40.9985 39.7649 25
17220 | iZMIR BOLGE 38.3949 27.0819 29
17234 | AYDIN 37.8402 27.8379 56
17237 | DENiZLI 37.7620 29.0921 425
17238 | BURDUR 37.7220 30.2940 957
17240 | ISPARTA 37.7848 30.5679 997
17244 | KONYA HAVALIMANI 37.9837 32.5740 1031
17246 | KARAMAN 37.1932 33.2202 1018
17250 | NIGDE 37.9587 34.6795 1211
17255 | KAHRAMANMARAS 37.5760 36.9150 572
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Table 2.1 (continued): The information about the stations.

Latitude Longitude | Altitude
No Name (oN) (0 E) (m)
17261 | GAZIANTEP 37.0585 37.3510 854
17262 | KILIS 36.7085 37.1123 640
17265 | ADIYAMAN 37.7553 38.2775 672
17270 | SANLIURFA 37.1608 38.7863 550
17275 | MARDIN 37.3103 40.7284 1040
17280 | DIYARBAKIR HAVALIMANI 37.8973 40.2027 674
17282 | BATMAN 37.8636 41.1562 610
17285 | HAKKARI 37.5745 43.7388 1727
17292 | MUGLA 37.2095 28.3668 646
17300 | ANTALYA HAVALIMANI 36.9063 30.7990 64
17340 | MERSIN 36.7808 34.6031 7
17351 | ADANA BOLGE 37.0041 35.3443 23
17355 | OSMANIYE 37.1021 36.2539 94
17372 | ANTAKYA 36.2048 36.1513 104
17636 | FLORYA 40.9758 28.7865 37
17130 | ANKARA BOLGE 39.9727 32.8637 891
17155 | KUTAHYA 39.4171 29.9891 969
17172 | VAN BOLGE 38.4693 43.3460 1675
17638 | KARTAL (ISTANBUL) 40.9100 29.1600 27

2.2 Methodology

2.2.1 Detection of blocking and blocking index

The blocking detection method used in this study was described in TM90, which is
based on the original objective criterion published by LO83. For the TM90 method,
two 500 hPa geopotential gradients are computed for each longitude and every day as

in expression (2.1);

ZA!(»DO - ZA'(pS

GHGS =
Po — Ps
PN — Po

Qs =40°+ A, @,=60°+A, @y =775°+Aand A=-5°-25° 0, 2.5° 5°, (2.2)

where Z, , is the geopotential height at the longitude A and latitude @. The GHGS
(Geopotential Height Gradient in Southern part of ¢,) is proportional to the zonal
component of the geostrophic wind and GHGN (Geopotential Height Gradient in
Northern part of ¢, ) is included to exclude non-blocked flows. This modified version
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of TM90 is based on the availability of the NCEP - NCAR data with 2.5 x 2.5-degree
resolution. An arbitrary longitude is accepted as blocked when both GHGS and GNGN
verify the condition expressed by (2.3) for at least one of the five A values and
simultaneously the geopotential height gradient at ¢, is positive. By allowing five A
values, this criterion provides for more blocking opportunities and better spatial

resolution instead of three A proposed by TM90;
GHGS >0
GHGN < -10 gpm / °lat
Z(A, ¢0) - Z(A, 9o) >0 (2.3)

A pattern can be assumed as blocked when a considerable number of adjacent
longitudes are simultaneously blocked since blocking patterns are large-scale
phenomena. In this dissertation, consistent with (Barriopedro et al., 2006) five or more
adjacent grid points (12.5°) is required to confirm that a blocking pattern exists, with

the allowance of one non-blocked longitude between the blocked longitudes.

2.2.2 Blocking center detection

Before the description of the blocking center, a latitude-longitude box is defined in the
blocking region. The longitude limits of this box are 5° west of the first blocked
longitude and 5° east of the last blocked longitude. Latitude limits are the northward
of the maximum value of ¢ and the southward of the minimum value of ¢,. Now,
the blocking center can be described. The longitude of the blocking can be described
as that longitude within the box with maximum latitudinally averaged geopotential
height. Similarly, the latitude of the blocking can be described as that latitude within

the box with maximum longitudinally averaged geopotential height.

2.2.3 Blocking intensity

The methodology introduced in Lupo and Smith (1995, hereafter LS95) and
Wiedenmann et al. (2002, hereafter W102) was also followed in order to compute a
blocking intensity (BI) index. LS95 obtained this index by proportioning the local
maxima of geopotential height to the reference contour line that can be described as
the contour that covers upstream and downstream troughs. The slightly modified
version done by WI102 can be described as in (2.4)
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where Zg is the geopotential height value of the blocking center and RC is the
reference contour that is calculated by the averaging the geopotential height value of
the lowest trough axis upstream Z(4,,¢) and downstream Z(A4,4, ¢p)located at the
same latitude as the blocking center. The position of 4,, was fixed 10° westward of the
half-extension of from the blocking center and A were fixed 10° eastward of the half-
extension from the blocking center in longitude in order to ensure that they are located
in the blocking region.

% gets the value between 1 and 1.1 so the Bl is limited between 0 and 10. LS95

classified the blocking events as weak (Bl < 2.55), moderate (2.55 < Bl < 4.55) and
strong (4.55 < BI).

2.2.4 Minimum duration for blocking

There is no temporal persistence criterion accepted by all blocking studies, even
though duration is one of the most important characteristics of blocking event. Most
authors use five days as the minimum duration criteria (Treidl et al., 1981; LS95;
Shabbar et al., 2001; Scherrer et al., 2006), and this is used for our study as well.

2.2.5 Temporal tracking of blocking

The temporal algorithm was executed for tracking blocking events (except step two)
as was described in (Barriopedro et al., 2006). According to this algorithm, the
blocking event must last at least five days, a non-blocked day between two blocked
days considered as blocked and it is considered as the same blocking event if the area
blocked at day i intersects the area blocked at day i+1.

2.2.6 Blocking characteristics classification

The study domain is divided into four sectors; 20° W — 0° E (hereafter S1), 0 — 30°E
(hereafter S2), 30 — 60° E (hereafter S3), 60 — 90° E (hereafter S4), respectively to be
consistent with Efe et al. (2019). Also, sectors two, three, and four are consistent with
those defined in Sousa et al. (2016). The block intensity (BI) is divided into three sub-
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categories, weak, moderate and strong as described in LS95. The block duration and
block size are divided into three sub-categories by using percentiles: short-term (small)
for the values smaller than the 25" percentile, moderate (moderate) for the values
between 25" and 75" percentile and persistent (large) for the values greater than the

75" percentile.

2.2.7 Temperature anomalies

The anomalies during blocked days were stratified by season (December, January, and
February for winter; March, April, and May for spring; June, July, and August for
summer and September, October and November for fall). The seasonal temperature
anomalies for all stations are categorized into five classes: Very Strong Negative
(anomaly < p-20), Strong negative (1-26 < anomaly < p-c), Moderate (j1-c < anomaly
< p+ ), Strong Positive (u+o < anomaly < p+2c) and Very Strong Positive (u+2c6 <
anomaly) where p and o represents the seasonal mean and standard deviation of the

temperature anomaly, respectively.

2.2.8 Precipitation frequency

The precipitation frequency value is calculated as the ratio between the number of days
with precipitation to the total number of days. Mean precipitation frequency represents
the overall average of precipitation frequency.

2.2.9 Extreme temperature definition

The extreme cold temperature (Tn) for each season is defined as the minimum
temperature that is lower than the first percentile of all minimum temperature values
during winter and summer. The extreme warm temperature (Tx) for each season is
defined as the maximum temperature that is greater than the 99" percentile of all
maximum temperature values. The frequency of extreme events during blocking is
calculated as the proportion of the number of days with extreme events to the total

number of blocking days.

2.2.10 Statistical relationships

The Pearson correlation coefficient (Pearson, 1896) is used to determine the

relationship between blocking properties and temperature anomalies and MPF. The
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significance of the relationship was tested by using the t-distribution with N — 2
degrees of freedom where N is the length of data.

All uncredited figures are illustrated via ggplot2 R-package (Wickham, 2019). All
calculations are performed using R-programming (R Core Team 2019; Wickham et al.
2019)
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3. BLOCKING CLIMATOLOGY

In this section, the statistical characteristics of atmospheric blocking events will be
introduced. The statistical characteristics of atmospheric blocking events with respect

to seasons in the study domain are calculated and shown in Table 3.1.

Table 3.1 : The characteristics of the blocking events in the domain.

Winter | Spring | Summer | Fall Annual
Mean Duration (Days) 9.2 9.2 8.4 8.1 8.8
Count 2.7 3.9 2.5 2.6 11.7
Intensity 2.65 2.31 1.91 2.36 2.41
Longitudinal Extent 29 27 25 25 28
(Longitudes)

3.1 Blocking Numbers

The annual blocking numbers in the study area is shown in Figure 3.1. The mean
number is 11.7 events per year (Table 3.1). The lowest annual blocking number is seen

in several years with the value of 9. The highest annual blocking number is 18 in 1996.

1980 1900 2000 2010

Year

Number of Blockings

Figure 3.1 : Annual blocking numbers.

The blocking occurrence stratified by season is seen in Figure 3.2. In the winter, the
lowest occurrence is once a year in some years when the maximum number is 6 in
1984 (Figure 3.2a) and the mean number is 2.7 (Table 3.1). In the spring, the lowest
occurrence is once a year in 1997 when the maximum number is 7 in 1991 (Figure
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3.2b) with a mean of 3.9 events (Table 3.1). In the summer, no blocking was observed
in 1985 and 1993 while 5 events were observed in 1983, 1988 and 1997 (Figure 3.2c)
and the seasonal average is 2.5 events (Table 3.1). In the fall, 1983 and 2012 years
have no blocking events. On the other hand, 5 events were observed in 1993, 1996 and
2003 (Figure 3.2d). The mean occurrence for fall is 2.6 events (Table 3.1).
Summarizing, the mean occurrence for atmospheric blocking events is nearly the same
during winter, summer and fall at 2.7, 2.5 and 2.6 events, respectively. In contrast,

spring has more blocking occurrences than any other season (3.9 events).

a) b)
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Figure 3.2 : Seasonal blocking numbers in (a) winter, (b) spring, (c) summer,
and (d) fall.

3.2 Blocking Intensity

The annual mean blocking intensity of atmospheric blocking for the study area is
shown in Figure 3.3. The annual mean intensity is 2.41 (Table 3.1) with the minimum
and maximum values of 1.89 (2010) and 3.04 (in 1979), respectively.

3
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Year

Mean Intensity

Figure 3.3 : The annual average of mean blocking intensity.
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The mean intensity stratified by season is seen in Figure 3.4. The minimum, mean and
maximum mean intensity values observed in winter is 1.51 (in 2011), 2.65 and 4.36
(in 1994), respectively (Figure 3.4a and Table 3.1). In the spring, the mean intensity is
2.31 while the minimum and maximum values are 1.56 (observed in 2008) and 3.27
(1997), respectively (Figure 3.4b and Table 3.1). In the summer, 2012 observed the
minimum mean intensity with the value of 0.89 while the maximum mean intensity is
observed in 2001 with the value of 2.75. The summer season average for mean
intensity is 1.91 (Figure 3.4c and Table 3.1). Lastly, the fall season was associated
with the minimum mean intensity of 1.37 (in 2014), an average of 2.36 and the
maximum of 4.41 (in 1979) (Figure 3.4d and Table 3.1). The mean seasonal values for
Bl range between 1.91 and 2.65 in the study area. The most intense blocking events
are observed in winter (2.65), while the weakest blocking events are observed in
summer (1.91). This is consistent with the results of WI02 and others for the entire
NH. Spring and fall have nearly the same values for Bl, 2.31 and 2.36, respectively.

The overall mean Bl is 2.41 in the study domain.

I‘IIII|II||I||III‘||||\||||I|I|II||I||II |||||I|||I||I|||I|I||I||I|I||II||||||II|
C)
|I||I||| el II‘III ‘||I|I|||||III||I|II|II||||‘ il

Year
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Figure 3.4 : Same as Figure 3.2 but for mean blocking intensity.
3.3 Mean Duration

The annual mean duration of atmospheric blocking for the study area is shown in
Figure 3.5. The annual mean duration is 8.8 (Table 3.1) days with the minimum and
maximum values of 6.7 (2009) days and 14.1 (in 2010) days, respectively.
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Figure 3.5 : The annual average of blocking duration.

The mean duration stratified by season is seen in Figure 3.6. The minimum, the mean
and maximum mean duration values in winter are 3.0 (observed in 2014), 9.2 and 29.0
(observed in 1991) days, respectively (Figure 3.6a and Table 3.1). In the spring, the
mean duration is 9.2 days while the minimum and maximum values are 5.8 (observed
in 2012 ) and 19.5 (in 1979) days, respectively (Figure 3.6b and Table 3.1). In the
summer, the years 1978 and 1992 have minimum mean duration with a value of 5 days
while the maximum mean duration is seen in 2010 with a value of 21.5 days. The
summer season average for the mean duration is 8.4 days (Figure 3.6¢ and Table 3.1).
Lastly, the fall season has a minimum mean duration of 5 days (in 1979), an average
of 8.1 days and a maximum of 15 days (in 1977 and 1987) (Figure 3.6d and Table 3.1.
The maximum value for mean block duration occurs during the winter and spring
seasons at 9.2 days. The fall season has the minimum block duration at 8.1 days, while

the overall value for the mean duration is 8.8 days.

) b)

20-

nllluliln I||I|||||II|||I||||I|I.II II||I|I|I|III|I||I||||||I||I|||I|||||III
d)

c)

Mean Duration (Days)

1960 100 2000 980 010

2010 950 2000 2

Year

Figure 3.6 : Same as Figure 3.2 but for the mean duration.
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3.4 Longitudinal Extent

The annual average longitudinal extent of atmospheric blocking for the study area is
shown in Figure 3.3. The observed annual mean longitudinal extent is 28 longitudes
(Table 3.7) with the minimum and maximum values of 22.59 (in 2004) and 31.32 (in
1993), respectively.

1980 1900 2000 2010

Year

Mean Size (Longitudes)

Figure 3.7 : The annual average of blocking extent.

The mean longitudinal extent stratified by season is seen in Figure 3.8. The minimum,
mean and maximum mean longitudinal extent values in winter is 19.72 (observed in
2000), 29 and 47 (observed in 1986) longitudes, respectively (Figure 3.8a and Table
3.1). In the spring, the mean duration is 27 longitudes while the minimum and
maximum values are 20.11 (observed in 1983) and 39.19 (in 1995) longitudes,
respectively (Figure 3.8b and Table 3.1). In the summer, 1987 had the minimum mean
longitudinal extent with the value of 17.90 longitudes while the maximum mean extent
was seen in 2010 with the value of 37.18 longitudes. The summer season average for
the mean longitudinal extent is 25 longitudes (Figure 3.8c and Table 3.1). According
to Figure 3.8d and Table 3.1, the fall season has the minimum mean longitudinal extent
of 15 longitudes (in 1981), an average of 25 longitudes and the maximum of 33.43
longitudes (in 1984). The seasonal longitudinal extent fluctuates between 25 and 29
degrees longitude. Summarizing, the longitudinal extent of atmospheric blocking is
the largest in winter (29 degrees longitude), while spring (27 degrees longitude) had
the second largest extent, and summer and fall had a nearly the same longitudinal
extent (25 degrees longitude). The overall mean extent for atmospheric blocking is 28

degrees longitude.
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Figure 3.8 : Same as Figure 3.2 but for blocking longitudinal extent.
3.5 Relationship Between Blocking Parameters

The block longitudinal extent and duration (CC = 0.30, 0.30, 0.18 (Not Statistically
Significant(NSS)), 0.40 for winter, spring, summer and fall, respectively) as well as
block size and intensity (CC = 0.50, 0.56, 0.54, 0.65 for winter, spring, summer and
fall, respectively) were positively correlated here with the statistical significance at the
95% confidence level except block size and duration in summer , and these results are
consistent with LS95, especially for the winter season. LS95 showed these

relationships were strongest in the Atlantic sector as well.

3.6 Sample Blocking Events in Different Sectors

Examples of blocking events that are located in different sectors are shown in the 500
hPa height field (Figure 3.9). These events are also the most intense (BI) events
observed within those sectors. The representative blocking event located in S1 is a
Rex-type event (Figure 3.9a). Turkey is under the influence of the flow associated with
the cyclone located over southeast Europe. The height gradient around the blocking
high is relatively weak. The flow is westerly over the entire country, transporting more
humid air from the Aegean and Mediterranean Sea into Turkey. The blocking event
located in S2 is an omega type event (Figure 3.9b). Turkey is located on the
downstream flank of the blocking high. There is dry air transport from Europe into the
northern part of the country and humid air transport from the Mediterranean into the
southern part. The geopotential height gradient is the strongest compared to the other
three events indicating stronger flow. The blocking event located in S3 is also an
omega type event (Figure 3.9¢). It has the weakest geopotential height gradient over
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Turkey and the flow is nearly zonal. The sample for S4 is also an omega-type blocking
event (Figure 3.9d). Turkey is located on the upstream flank of the blocking high. The
geopotential height gradient is weak over the northern part of the country but stronger

over the southern part.

Individual Obs hgl m
L -

NCEP Reannly:

Figure 3.9 : The 500 hPa height (m) field showing sample blocking events with
the blocking center located in (a) S1, (b) S2, (c) S3 and (d) S4. Height contour
interval is 60 m.
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4. TEMPERATURE

4.1 General Pattern of Temperature Anomalies

In this section, the mean seasonal temperature anomalies during blocked and non-
blocked days are examined. Then, the difference between these seasonal anomalies is
studied to emphasize the difference in regional weather between blocking and non-
blocking conditions.

4.1.1 Temperature anomaly during blocked days

The seasonal mean temperature anomalies during blocked days vary between -2.1° C
and 0.8° C (Figure 4.1). The Kirklareli station in the Marmara Region of Turkey had
the highest negative temperature anomaly in winter with -2.1° C, although the Agr1
station in the East Anatolia Region has the highest positive temperature anomaly
during spring with 0.8° C. The stations in Trakya sub-region of Marmara Region have

the negative temperature anomalies around -2.0° C in winter.

As seen in Figure 4.1 there are mainly four temporal patterns for the mean seasonal
temperature anomalies. The first pattern (P1b) can be characterized with the minimum
temperature anomaly in winter, increasing towards 0.0° C or above during spring,
slightly increasing or decreasing during the summer with respect to spring, and then a
sharp decrease toward negative values in fall. For this pattern, the highest negative
temperature anomaly was observed during the winter. This pattern is usually observed
for the cities that are on the shore of the Black Sea, Marmara Sea, and the northern
part of the Aegean Sea. The same pattern is observed for the Kutahya, Tokat, Nevsehir,
Kayseri and Yozgat stations even though they are located in the continental inner part

of Turkey.

The second pattern (P2b) is characterized by the cold seasons (winter and fall)
observing negative temperature anomalies with nearly the same magnitude. During the
warm seasons (spring and summer), the temperature anomalies were close to 0.0° C.
This pattern is observed within Central Anatolia and the inner part of the Aegean

Region and the Black Sea Region. For a majority of the cities that have this pattern,
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the temperature anomaly during the summer season was about 0.2° C lower than that
for the spring season. For the other stations with this pattern, the warm season

temperature anomalies are of similar magnitude.
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Figure 4.1 : Mean seasonal temperature anomaly during blocked days (blue line),
non-blocked days (black line), temperature anomaly difference between blocked and
non-blocked days (red line).

The third pattern (P3b) can be described as negative temperature anomalies in winter,
then anomalies increasing up to +0.5° C in spring, and finally decreasing towards
negative values in both summer and fall. This pattern is observed within the Eastern
and Southeast Anatolia Regions. This pattern, however, can be split into two sub-
categories. The first sub-category is associated primarily with northern cities and has
lower temperature anomalies during the winter than in the summer. For the other sub-
category, the pattern has nearly identical anomalies for both winter and summer or
even lower summer season temperature anomalies, and this pattern is observed

primarily within the southernmost part of Southeast Anatolia Region.

The fourth pattern (P4b) is observed within the cities of the Mediterranean Sea Region
and south of the Aegean Region. For this pattern, the spring season was associated
with the warmest temperature anomalies just around 0° C and the other seasons have

nearly the same negative anomalies.
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4.1.2 Temperature anomaly during non-blocked days

Temperature anomalies during non-blocked days varied between -0.5° C (Agr1 in
spring) and 0.8° C (Edirne in fall). Similarly, the temperature anomaly during non-
blocked days can be categorized as four similar groups with different behavior (Figure
4.1).

The first pattern (P1n) can be described as follows; the highest positive temperature
anomalies were observed during the winter season, then decreasing values for
temperature anomalies in the warm seasons and increasing values in the fall. This
pattern is observed within the cities of the coastal region of the Black Sea, Marmara
Sea, and northern Aegean Region. The mean seasonal anomalies are all positive in this
pattern except at Rize and Ordu. This region has nearly the same type of pattern as that

for P1b blocked days, but of opposite sign in character.

The second pattern (P2n) is characterized by positive temperature anomalies with the
same magnitudes in cold seasons and anomalies around 0.0° C in warm seasons, but
of opposite sign as P2b. Analogous to the P2b, this pattern is observed within the
Central Anatolia Region and inner parts of the Aegean Region and Black Sea Region.
The northern cities have lower anomalies in the spring than in the summer (0.2° C
lower). However, the southern cities have nearly equal anomalies around 0.0° C.

The third pattern (P3n) is observed within the Eastern and Southeastern Anatolia
Regions. This pattern is associated with a positive temperature anomaly in the winter,
a negative minimum during spring, and then a linear increase for the summer and fall
seasons. The fall season has the greatest positive temperature anomaly for most of the

stations. Only Erzincan and Sivas have the greatest temperature anomalies in winter.

Finally, the fourth pattern (P4n) is observed along the shore of the Mediterranean Sea
and the southern part of the Aegean Sea. For this pattern, the temperature anomalies
within all seasons are close to 0.0° C. Spring is associated with a negative anomaly,

and the other seasons have positive anomalies of almost the same magnitude.

4.1.3 Temperature anomaly difference between blocked and non-blocked days

In this sub-section, the temperature anomaly difference between blocked and non-
blocked days are examined to emphasize the effect of blocking (Figure 4.1) and the
patterns described previously are more evident. The first pattern(P1d) can be described
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as having minimum differences for the winter season values, increasing for the spring
and then with similar values for the summer, and finally decreasing in fall. All the
differences for this pattern are negative for nearly all stations. For northern stations,
the magnitudes of the differences in the winter are greater than the magnitudes of the
differences in fall, obviously. However, for the southern stations, these differences are

not evident.

For the second pattern (P2d), almost the same negative temperature anomaly
differences are observed during the winter and fall seasons. For the spring and summer,
the temperature anomaly differences are near 0.0° C. Similar to the situation for
blocked days, for the majority of the stations that have this pattern, the anomaly in the
summer is lower than the anomaly in the spring. The rest of the stations have nearly

the same anomalies during the spring and summer.

The third pattern (P3d) is characterized by negative temperature anomaly differences
of approximately -1.0° C during the winter season and then increased during the spring
season. During the spring season, the anomalies vary between 0.5° C — 1.0° C. During
the summer season, the anomaly difference is similar to the winter season, while for

the fall the temperature anomaly difference reaches a minimum value.

In the last pattern (P4d), the differences are largest during the spring season, however,
the other seasons have nearly the same differences. As seen in Figure 4.1, the seasonal
anomaly difference curve has the same behavior with the seasonal anomaly curve
during blocked days. These situations demonstrate the impact of blocking events on
temperature anomalies although the blocking days are observed only approximately
30% of the study period.

4.2 500 hPa Conditions and 850 hPa Temperature Advection for the 10

Strongest Warm / Cold Anomalies

In this sub-section, the composite map of 500 hPa geopotential height for the ten events
associated with the coldest and warmest conditions as well as representative
temperature advection maps for these events are also investigated to explain the
dynamics contributing to these temperature anomalies. The mean 500 hPa geopotential
height during the blocking events associated with the ten coldest and the ten warmest
surface temperature anomalies were stratified by seasons (Figure 4.2). Turkey is on
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the downstream flank of the blocking ridge and exposed to cold air advection during
these events (Figure 4.3). This is a similar configuration for eastern Pacific blocking
events during cold conditions in the central USA (e.g., Nunes et al. 2017). On the other
hand, Turkey is exposed to warm air advection during blocking events that are located
east of the study region (Figure 4.3). As seen in Figure 4.3, the magnitude of the
advection in upstream blocking events is greater than the magnitude of the advection

in downstream blocking events in all seasons.

) Latituﬂde

Lonénudeh

Figure 4.2 : The average 500 hPa value during (a) 10 coldest winter, (b) 10 warmest
winter, (¢) 10 coldest spring, (d) 10 warmest spring, (e) 10 coldest summer, (f) 10
warmest summer, (g) 10 coldest fall ,and (h) 10 warmest fall events.
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Figure 4.3 : The representative 850 hPa temperature advection for (a) 10 coldest
winter, (b) 10 warmest winter, (c) 10 coldest spring, (d) 10 warmest spring, (e) 10
coldest summer, (f) 10 warmest summer, (g) 10 coldest fall, and (h) 10 warmest fall

events.
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Winter is the season during which negative temperature anomalies are observed across
much of the country, while the northwest part of the country is most affected by cold
air advection during cold events for all seasons (Figure 4.2 and 4.3). During the spring
season, much of the country observes positive temperature anomalies, especially the
central and eastern regions. The eastern part of the country experiences the strongest
positive anomalies due to warm air advection (Figure 4.2 and Figure 4.3).

4.3 Temperature Anomaly Distribution During Blocked Days Stratified to

Seasons

In this section, the average temperature anomaly for stations in certain regions of

Turkey during the blocked days is stratified by seasons.

4.3.1 Winter

The mean temperature anomalies during the winter season are shown in Figure 4.4a.
The spatial mean anomaly is -0.86° C during the winter season with a standard
deviation of 0.48° C. As seen in Figure 4.4a, the whole country has negative anomalies
except four cities in the eastern part of the country. Very strong negative temperature
anomalies are observed in the north-western part of Turkey and strong negative
anomalies are observed in the Marmara region and in some cities of Black Sea Region
due to the strength of cold temperature advection during upstream blocking events and
the weakness of warm temperature advection during downstream blocking events in

this region (Figure 4.3a and b).

In the southeast part of the country, strong positive anomalies are observed in most
places and a very strong positive anomaly was observed in only Mus. This situation is
due to weak cold air advection in upstream blocking events and strong warm air
advection in downstream blocking events (Fig. 4.3a and b). Moderate temperature
anomalies were observed in the Central Anatolia Region, Mediterranean Region,
Aegean Region and several cities from Black Sea Region due to moderate values of

temperature advection during upstream and downstream blocking events.
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Figure 4.4 : Mean temperature anomalies in stations in (a) winter, (b) spring, (c)
summer, and (d) fall during blocked days

4.3.2 Spring

The mean temperature anomalies during the spring season are shown in Figure 4.4b.
The spatial average of the seasonal temperature anomaly is 0.11° C with the standard
deviation of 0.28° C. During this season, it is shown that the western portion of the
country has strong negative and moderate anomalies, the central region has moderate
anomalies, and the eastern part has the moderate, strong positive and very strong
positive anomalies. Similarly, the western area is strongly affected by cold air
advection, the eastern region is strongly affected by warm air advection, and the central
area is moderately affected by both advection types (Figure 4.3c and d). No very strong
negative anomalies are observed during this season (Figure 4.4b) likely because the
cold air advection in this season is not strong as the cold air advection the winter
(Figure 4.3c). In detail, the continental region of northwest Anatolia, the eastern region
of the Marmara Region, the western part of the Black Sea Region, and several of the
stations in the Aegean Region have strong negative temperature anomalies. The
remaining stations in the Marmara and Aegean Region have moderate anomalies.
Almost the entire Central Anatolia Region, Black Sea coastline except for the western
part, the Mediterranean coastline, and the Southern Anatolian Region have moderate

temperature anomalies. Bayburt, Erzincan, Elazig, Bingol, Kars, Van and Hakkari
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stations from East Anatolian Region has strong positive temperature anomalies.

Lastly, Ardahan, Agri, Erzurum, and Mus have very strong positive anomalies.

4.3.3 Summer

The spatial average of temperature anomalies within Turkey during the summer season
is -0.27° C and the standard deviation is 0.24° C (Figure 4.4c). The summer season
temperature anomalies in Turkey did not show any district pattern. Only Mugla station
from the Aegean Region and Kilis from the Southeast Anatolia Region have very
strong negative anomalies due to the location of both of cities on the downstream flank
of the ridge during cold air advection (Figure 4.2e and 4.3e). The southwest part of the
country, Edirne from the Marmara Region, and Kahramanmaras from the
Mediterranean Region have strong negative temperature anomalies during the summer
(Figure 4.4¢). Similarly, these stations are located on the downstream flank of the ridge

during cold air advection (Figure 4.2e and 4.3e).

The eastern cities of the Central Anatolia Region, several cities east of the Black Sea
Region, Zonguldak from west Black Sea Region, and Igdir from East Anatolia Region
have strong positive temperature anomalies (Figure 4.4c). These regions are not
typically exposed to cold temperature advection during upstream blocking events but
are impacted by warm advection during downstream blocking events (Figure 4.2e, f,
and 4.3 e,f). The rest of the country has moderate temperature anomalies, and very

strong positive anomalies are not observed in any station.

4.3.4 Fall

The fall season temperature anomalies are negative throughout nearly the entire
country. The spatial average of the anomaly is -0.75° C, with 0.16° C standard
deviation. The distribution of temperature anomalies during the fall is complex (Figure
4.4d), and there is no prominent or coherent pattern. Edirne and Kirklareli have very
strong negative temperature anomalies. The southwest part of the Marmara Region,
the southeast Aegean Region, and the east of the South East Region have strong
negative temperature anomalies. These regions are located on the downstream flank
of the ridge during the cold blocking events and weakly affected from the warm

temperature advection during downstream blocking events (Figure 4.3g and h).
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Antalya, Mersin, Osmaniye from the Mediterranean Region, Kayseri from the Central
Anatolia Region, Bartin from west of the Black Sea Region, east of the Black Sea
Region and Agr1, Van from the East Anatolia Region have strong positive temperature
anomalies. These regions are located within the area where the height contours are
zonally aligned during the cold events and more often affected by warm air advection
during upstream blocking events (Figure 4.2 h and g). The rest of the country has
moderate anomalies, while none of the stations observed very strong positive

anomalies.

4.4 Relationship Between Blocking Parameters and Temperature Anomaly

Here the Pearson correlation coefficients are calculated and tested using the t-test in
order to establish a statistical relationship. Additionally, we chose 28 representative
situations and investigated the relationship between blocking parameters and
temperature anomalies in order to test for pseudo-replication. However, this test did
not significantly alter the conclusions below.

4.4.1 Blocking intensity vs. temperature anomaly

The relationship between Bl and temperature anomaly is shown in Figure 4.5. The CC
ranges between -0.31 and -0.18. The fall has a value of -0.31, the winter and summer
have a value of -0.27 and the spring has a value of -0.18. As inferred from the CC
values, there is a negative relationship between mean Bl and mean temperature
anomalies during blocking events during every season, in other words, stronger
blocking events are associated with cooler surface temperatures. All these results are
statistically significant at the 95% confidence level except during spring.
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Figure 4.5 : The relation between blocking intensity and mean temperature anomaly
during (a) winter, (b) spring, (c) summer, and (d) fall

4.4.2 Blocking duration vs. temperature anomaly

As seen in Figure 4.6, the CC varies between the -0.31 and 0.12. Only the winter season
has a negative CC with the value of -0.31. This result indicates a negative relationship
between mean blocking duration and mean temperature anomaly during blocking
events in the winter. In the other seasons, there is no statistically significant
relationship between blocking duration and the temperature anomalies. In the winter
season, more persistent blocking events indicate colder temperatures (Figure 4.2).
WI02 found a significant correlation between block duration and B, especially in the
winter. Thus, these results are consistent with W102 and the Bl results here. The colder
anomalies are associated with stronger more persistent blocks located upstream of

Turkey.

4.4.3 The longitudinal extent of blocking vs. temperature anomaly

The CC between the mean longitudinal extent of blocking and the mean temperature
anomaly stratified to seasons varies between -0.24 and -0.10 (Figure 4.7). The winter
and spring seasons were associated with values of -0.24 and -0.23, respectively, that
means there is a relationship between the longitudinal extent of blocking and
temperature anomaly. Larger blocks are associated with colder anomalies and stronger
blocks are associated also with colder anomalies. LS95 found a relationship between

larger blocks and stronger blocks, especially in the Atlantic region. The summer and
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fall seasons were associated with correlation values of -0.10 and -0.14 that means there
is no relationship between the longitudinal extent and temperature anomaly. The CCs

are statistically significant at the 95% confidence level in all seasons
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Figure 4.6 : The relation between blocking duration and mean temperature anomaly
during (a) winter, (b) spring, (c) summer, and (d) fall. The size of the points indicates
the different blocking intensity values.
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Figure 4.7 : The relation between blocking longitudinal extent in a number of
longitudes and mean temperature anomaly during (a) winter, (b) spring, (c) summer,
and (d) fall. The size of the points indicates the different blocking intensity values.
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4.5 500 hPa Conditions During Strongest Temperature Anomalies

In this section, the average 500 hPa geopotential height conditions for two case studies

representing the maximum and minimum temperature anomalies were examined.

4.5.1 Maximum positive anomaly

The average temperature anomaly for the region of Turkey during 8 — 13 September
2015 is 10.4° C. The average geopotential height at 500 hPa level during this period
are shown in Figure 4.8a. As seen in Figure 4.8a, there was a dipole blocking (Rex-
type blocking) event centered at approximately 65° N and 10° E. The accompanying
low center is located around 53° N and 15° E. Turkey is located in the southeastern
part of the low-pressure center. Thus, there is warm air temperature advection carrying
in the air from the Mediterranean and Sahara region west of Turkey. This blocking
event dominated the weather of early September 2015 over Europe as well, and the Bl
for this event was 3.56; a value typical for the fall season over the Atlantic Region (see
University of Missouri Blocking Archive: http://weather.missouri.edu/gcc). The result
was generally cooler than normal conditions for northwest Europe and warmer than
normal conditions over central and Eastern Europe, including Turkey (Weather Log,
2015).

a) b)
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Figure 4.8 : The average 500 hPa geopotential height for the period of (a) 8 — 13
September 2015 (the blocking event with greatest temperature anomaly), and (b) 3 —
11 March 1985 (the blocking event with lowest temperature anomaly).
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4.5.2 Maximum negative anomaly

The average 500-hPa geopotential heights during the period 3 — 11 March 1985 are
shown in Figure 4.8b. During this period, the average temperature anomaly for Turkey
was -13.7° C. As seen in Figure 4.8b, the blocking event was located northeast of
Turkey. The block center was located at approximately 60° N and 60° E. Similarly,
this event is a Rex-type blocking event. The low center is located around 45° N and
60° E. During this period, cold air originating from the North Atlantic and possibly
also from Russia was transported into Turkey. This blocking event was tilted positively
(from southwest to northeast) and, thus, colder air was drawn from the polar regions
directly towards the study region implying less modification of the surface airmass.
This is consistent with Luo et al. (2015) and Yao et al. (2016), who demonstrated that
the tilt of the blocking axis was important for impacting regional weather. The Bl for
this blocking event was also typical of the region and season and persisted for much
of the first part of March 1985 (University of Missouri Blocking Archive). This event
contributed likely to cooler than normal temperatures for this month and was noted by
Radcliffe (1985).
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5. PRECIPITATION

5.1 Annual Mean Precipitation Frequency Distribution

5.1.1 Annual MPF distribution during blocked days

Mean precipitation frequency (MPF) across Turkey during blocked days is shown in
Figure 5.1. The MPF across Turkey for the study period during blocked days varies
between 0.15 and 0.43. The highest precipitation frequencies were observed along the
Black Sea coastline and the northeastern part of the Marmara Region during blocked
events. The lowest MPF were observed in southern Turkey, especially along
Mediterranean coastline and several cities in South Anatolia Region during blocked.
Rize, Giresun, and Ordu are the cities that have the highest precipitation frequencies
with values of 0.43, 0.39 and 0.36 during blocked days, respectively. Mersin,
Karaman, and Osmaniye are the cities that have the lowest precipitation frequencies

with the value of 0.15, 0.16 and 0.16 during blocked days, respectively.

42-

MPF

® 020
® 0.25
® 030
® 035
® 040

Latitude

38

40 45

35
Longitude

Figure 5.1 : MPF distribution during blocked days.
5.1.2 Annual MPF distribution for non-blocked days

The MPF across Turkey during non — blocked days is shown in Figure 5.2. The MPF
across Turkey for the study period during non - blocked days varies between 0.12 and
0.38. The highest MPF values were observed along the Black Sea coastline and the
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northeastern part of the Marmara Region during non-blocked events. The lowest MPF
values were observed in southern Turkey, especially along Mediterranean coastline
and several cities in South Anatolia Region during non-blocked days. Rize, Giresun,
and Ordu are the cities that have the highest MPF with values of 0.38, 0.32 and 0.29
during non — blocked days, respectively. Osmaniye, Mersin, and Karaman are the cities
that have the lowest MPF with the value of 0.12, 0.13 and 0.13 during non-blocked

days, respectively.
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Figure 5.2 : MPF distribution during non — blocked days.
5.1.3 MPF change during blocked days with respect to non-blocked days

The ratio of MPF during blocked days with respect to non — blocked days is shown in
Figure 5.3. Blocking events increase the MPF across the entire country. This increase
in precipitation frequency ranges from 12% to 42% across Turkey. The inner part of
Anatolia observed the higher ratio of MPF values whereas the western Black Sea
region was associated with the lowest values. Konya, Kirklareli, and Canakkale are
the stations that have the highest MPF change with values of 48%, 42%, and 41%,
respectively. Rize, Artvin, and Giresun have lowest MPF change with the values of
13%, 14%, and 18%, respectively. Thus, overall, blocking has an enhancing effect on
the MPF across Turkey.
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Figure 5.3 : Change in MPF (%) during blocked days with respect to non-
blocked days.

5.2 Seasonal MPF Distribution
5.2.1 MPEF distribution during blocked days

5.2.1.1 Winter

MPF during blocked days in all seasons is shown in Figure 5.4. During blocked days,
the winter season has the highest MPF across the country with an average value of
0.31 (Figure 5.4a). During blocked days, the stations have MPF values in the range of
0.15 and 0.54. For blocked days, the inner part of Marmara Region, coastal parts of
Black Sea Region and southwest part of East Anatolia Region have higher MPF values.
During blocked days, Zonguldak, Rize, and Kocaeli have the highest MPF with the
values of 0.54, 0.48 and 0.48, respectively. During blocked days, the vast majority of
the inner part of Aegean Region, Central Anatolia Region, and Mediterranean Region
have lower values. For blocked days, Igdir, Osmaniye, and Erzincan have the lowest
MPF with the values of 0.15, 0.19 and 0.21, respectively.
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Figure 5.4 : MPF distribution during blocked days in (a) winter, (b) spring, (c)
summer, and (d) fall.

5.2.1.2 Spring

During blocked days, the spring season observed an MPF of 0.29 across Turkey, with
a minimum value of 0.13 and the maximum at 0.41 (Figure 5.4b). For blocked days, a
large portion of East Anatolian Region and Black Sea Region have greater values.
During blocked days, Rize, Giresun, and Mus have the highest MPF with the values
of 0.41, 0.40 and 0.40, respectively. For blocked days, the coastal region of Aegean
and Mediterranean Regions and west of the South East Anatolia Regions have the
lower values of MPF. For blocked days, Mersin, Antalya, and Kartal are the stations

with the lowest values of 0.14, 0.17 and 0.18, respectively.

5.2.1.3 Summer

Summer is the driest season across Turkey and MPF decreases sharply even on
blocked days. During blocked days, MPF ranges between a value of 0.02 and a
maximum value of 0.38 with a mean of 0.13 (Figure 5.4c). For blocked days, the cities
in the northern part of the country, particularly along the Black Sea coastline, have
higher MPF. For blocked days, Rize, Ardahan, and Kars have the highest MPF with
the values of 0.38, 0.37 and 0.30, respectively. During blocked days, the Southeast
Anatolia Region, south of East Anatolia Region, coastal line of the Mediterranean and
Aegean Sea have lower MPF. For blocked days, Sanliurfa, Diyarbakir, and Antalya
have the lowest MPF values of 0.02, 0.02 and 0.03, respectively.
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5.2.1.4 Fall

Lastly, during fall season blocked days, MPF fluctuates between 0.12 and 0.45 with
the national average at 0.21 (Figure 5.4d). During blocked days, the coastal region of
Black Sea Region and the eastern part of Marmara Region have higher values. For
blocked days, Rize, Ordu, and Zonguldak have the highest MPF with values of 0.45,
0.39 and 0.38, respectively. During blocked days, the Southeast Anatolia Region and
Mediterranean Region have lower values of MPF. For blocked days, Sanliurfa,

Karaman, and Mardin have the lowest MPF values of 0.12, 0.12 and 0.13, respectively.
5.2.2 MPF distribution during non — blocked days

5.2.2.1 Winter

MPF during non — blocked days in all seasons is shown in Figure 5.5. During non-
blocked days, the winter season has the highest MPF across the country with an
average value of 0.26 (Figure 5.5a). During non-blocked days, the stations have MPF
values in the range of 0.10 and 0.40. For non-blocked days, the west part of the
Marmara Region, the Black Sea coastline and southwest part of East Anatolia Region
have higher MPF values. During non-blocked days, Zonguldak, Bartin, and Rize have
the highest MPF with the values of 0.40, 0.39 and 0.39, respectively. During non-
blocked days, Central Anatolia Region, northeast part of East Anatolia Region and the
inner part of Aegean Region have lower values. For non-blocked days, Igdir, Ardahan,

and Erzurum have the lowest MPF with the values of 0.10, 0.16 and 0.16, respectively.

5.2.2.2 Spring

During non-blocked days, the spring season observed an MPF of 0.24 across Turkey,
with a minimum value of 0.14 and the maximum at 0.36 (Figure 5.5b). For non-
blocked days, the East Anatolia Region and east part of Black Sea Region have greater
values. During non-blocked days, Rize, Giresun, and Agr1 have the highest MPF with
the values of 0.36, 0.35 and 0.35, respectively. For non-blocked days, the European
part of Marmara Region, the coastline of the Aegean and the Mediterranean Sea have
the lower values of MPF. For non-blocked days, Mersin, Kartal, and Antalya are the

stations with the lowest values of 0.13, 0.14 and 0.14, respectively.
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Figure 5.5 : MPF distribution during non-blocked days in (a) winter, (b) spring,
(c) summer, and (d) fall.

5.2.2.3 Summer

Summer is the driest season across Turkey and MPF decreases sharply similar to the
blocked days. During non-blocked days, MPF ranges between a value of 0.01 and a
maximum value of 0.36 with a mean of 0.09 (Figure 5.5¢). For non-blocked days, the
Black Sea coastline, the northern part of East Anatolia Region and east of Marmara
Region have higher MPF. For non-blocked days, Rize, Kars, and Ardahan have the
highest MPF with the values of 0.36, 0.31 and 0.27, respectively. During non-blocked
days, the Southeast Anatolia Region, the southern part of East Anatolia Region and
coastline of both Aegean and the Mediterranean Sea have lower MPF. For non-blocked
days, Kilis, Sanliurfa and Mardin have the lowest MPF values of 0.01.

5.2.2.4 Fall

Lastly, during fall season non-blocked days, MPF fluctuates between 0.10 and 0.40
with the national average at 0.16 (Figure 5.5d). During non-blocked days, the northern
regions have higher values. For non-blocked days, Rize, Giresun, and Ordu have the
highest MPF with values of 0.40, 0.35 and 0.32, respectively. During non-blocked
days, the southern regions have lower values of MPF. For non-blocked days, Sanliurfa,

Karaman, and Mardin have the lowest MPF values of 0.10.
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5.2.3 MPF change during blocked days with respect to non-blocked days

In this part, the change of MPF during blocked days with respect to non-blocked days
are investigated (Figure 5.6). The change of MPF in blocked days during all seasons
are positive. Thus, we can conclude that blocking causes an increase in the frequency

of rainy days.

5.2.3.1 Winter

In winter, the average change in MPF is 19%, with a minimum value of 1% and a
maximum of 50% (Figure 5.6a). The higher changes occurred in the northeast part of
the country (37% and higher), the southern part of Central Anatolia Region (28% and
higher) and eastern part of the Marmara Region (31% and higher). Igdir, Florya, and
Ardahan observed the greatest changes with values of 50%, 39%, and 38%,
respectively. The Aegean coastline (7% and lower), Mediterranean coastline (8% and
lower), some cities in the northern part of the Central Anatolia Region (8% and lower)
and the vast majority of Southeast Anatolia Region (18% and lower) observed lower
changes. Kirklareli (1%), Adana (2%) and Osmaniye (2%) are the cities that observed

the lowest changes.
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Figure 5.6 : Change in MPF (%) during blocked days with respect to non-
blocked days during (a) winter, (b) spring, (c) summer, and (d) fall.
5.2.3.2 Spring

During the spring season, the minimum, mean and maximum of changes in MPF are
4%, 19% and 48%, respectively (Figure 5.6b). The Thracian part of the Marmara

Region and several cities in the northern part of the Central Anatolia Region observed
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greater changes (higher than 33% and 27%, respectively). Edirne, Kirklareli, and
Canakkale are all located in the Thracian part of the Marmara Region and observed
the highest changes (48%, 41%, and 40%, respectively). The southern part of the East
Anatolia Region, the South East Anatolia Region and the eastern part of the
Mediterranean Region observed the lower changes (lower than 10%, 16%, and 13%,
respectively). Artvin, Kilis, and Trabzon observed the lowest change values at 5%,
6%, and 6%, respectively.

5.2.3.3 Summer

During the summer season, the change in the MPF on the stations fluctuated between
4% and 216% with a mean of 60% (Figure 5.6c¢). This greater value of change in the
summer is due to lower MPF during non-blocked days and blocked days. For example,
the Kilis station has an MPF of approximately 0.01 during non-blocked days and 0.03
during blocked days, thus, the change is 216%. The southern part of the East Anatolia
Region and the eastern part of the Mediterranean Region have higher changes (78%
and 82% or higher, respectively). Kilis, Canakkale, and Mardin observed the greatest
changes with 216%, 135%, and 135%, respectively. The northeast part of the country
observed lower changes (23% and lower). Rize, Mugla, and Kars observed the lowest
changes (4%, 6%, and 12%, respectively).

5.2.3.4 Fall

During the fall season, the mean MPF changes were 28% nationwide with a minimum
of 1% and a maximum of 86% (Figure 5.6d). The northeast part of the Central Anatolia
Region, the Marmara Region and the cities in the neighborhood of the Mediterranean
and the South East Anatolia Region have higher changes (32%, 37%, and 31% or
higher, respectively). Konya, Ankara, and Kocaeli have the greatest changes with 86%,
49%, and 46%, respectively. The eastern part of East Anatolia Region, the eastern of
the Black Sea coastline have smaller changes (23% or lower for both regions).
Erzurum, Bing6l, and Mus have the lowest changes (1%, 7%, and 8%, respectively).
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5.3 The Relationship Between Blocking Parameters and MPF

5.3.1 Blocking center vs. MPF

In this sub-section, the relationship between blocking center and MPF is investigated
(Figure 5.7). The MPF ranges between 0.15 and 0.38 with an average of 0.25 when
the block center is located in S1 (Figure 5.7a). The Black Sea coastline observes
greater values while the southern part of the Central Anatolia Region and
Mediterranean Region observes lower values. Rize (0.38), Zonguldak (0.35) and
Giresun (0.31) have the highest values when the blocking center is located in S1. On
the other hand, Mersin (0.15), Konya (0.17) and Igdir (0.17) have the lowest values.
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Figure 5.7 : MPF distribution for (a) S1, (b) S2, (c) S3 E and (d) S4

When the block center is located in S2, the minimum, mean and maximum MPF values
are 0.17, 0.27 and 0.51, respectively (Figure 5.7b). The Black Sea coastline, the
northeastern of the country have greater MPF values, while the Mediterranean Region,
South East Anatolia Region, and Aegean Sea coastline have lower values. Rize,
Giresun, and Ordu are the cities with the greatest MPF values (0.52, 0.47 and 0.45,

respectively). Mersin, Sanlurfa, and Izmir have the lowest MPF with a value of 0.17.

For S3, the MPF values vary between 0.13 and 0.36 with a mean value of 0.22 (Figure
5.7¢). Generally, the MPF values are related to the latitudinal position of the stations
when blocking center is located in the third sector. Northern stations, for example,
Rize, Giresun, and Zonguldak have the greatest values, 0.36, 0.34 and 0.31,
respectively. Southern stations, for example, Osmaniye (0.13), Sanlhurfa (0.15) and

Mardin (0.15) are the stations with lowest values.
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Lastly, for S4, the nationwide, the minimum, mean and maximum MPF values are
0.10, 0.21 and 0.38 respectively (Figure 5.7d). The eastern part of the Marmara Region
and the western part of the Black Sea Region observe the highest MPF values whilst
the Mediterranean Region and the South Anatolia Region observe the lowest values.
Zonguldak (0.38), Rize (0.36) and Bartin (0.36) have the greatest MPF values, while
Osmaniye (0.10), Karaman (0.11) and Mersin (0.12) have the lowest values.

5.3.2 Blocking intensity vs. MPF

The relationship between blocking intensity and MPF stratified to the seasons is shown
in Figure 5.9. During the winter, the CC between blocking intensity and MPF is 0.18
and is NSS (Figure 5.9a). In spring, the CC is 0.10 and is NSS, also (Figure 5.9b).
During summer, the data set has a weak positive relationship (CC = 0.35, statistically
significant at a 95% confidence level) (Figure 5.9¢). Lastly, during the fall season, data
has statistically significant (at 95% confidence level) positive relationship (CC = 0.43)
(Figure 5.9d).

a) b)

c) d)

Mean Precipitation Frequency

Blocking Intensity

Figure 5.8 : The relationship between Bl and MPF for (a) winter, (b) spring, (c)
summer, and (d) fall.

5.3.3 Blocking duration vs. MPF

The relationship between blocking duration and MPF stratified to the seasons is shown
in Figure 5.10. There is almost no relationship between blocking duration and MPF in

all seasons. During the winter season, the CC is -0.01 (Figure 5.10a). During the
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spring, there is a very weak relationship (CC = 0.10, NSS) between block duration and
MPF for the data set (Figure 5.10b). During the summer, the data set has a CC of 0.03
(Figure 5.10c). Lastly, during the fall season, the CC is 0.02 for the entire data set
(Figure 5.10d).
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Figure 5.9 : The relationship between blocking duration and MPF for (a)
winter, (b) spring, (c) summer and (d) fall.

5.3.4 Blocking longitudinal extent vs. MPF

The relationship between the longitudinal extent of blocking and MPF stratified to the
season is shown in Figure 5.11. There is a positive relationship (CC = 0.15, NSS)
during the winter (Figure 5.11a). In the spring, there is a weak relationship (CC = 0.26,
statistically significant at the 95% level) for the data (Figure 5.11b). During summer,
the CC is 0.29 (statistically significant at 95% level) (Figure 5.11c). Lastly, fall has a
CC of 0.25 (statistically significant at the 95% level) (Figure 5.11d).
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Figure 5.10 : The relationship between blocking longitudinal extent and MPF
for (a) winter, (b) spring, (c) summer, and (d) fall.

5.4 500 hPa Conditions for the 10 Lowest / Highest MPF

The average 500 hPa geopotential height conditions during the 10 blocking events that
have the lowest and the highest MPF values stratified by the season is shown in Figure
5.12. The dates for these events are shown in Table 5.1. The block center is located
near 15° E and 60° N during the winter season for those events with higher MPF
(Figure 5.12a). The mean Bl during these events is 2.81. According to the 850 hPa
charts, there was considerable water vapor advection from the Mediterranean Sea
during the events that have the greatest MPF. The representative 850 hPa map is shown
in (Figure 5.13a). The mean BI for the events with the lowest MPF values during the
winter is 1.87 and the mean center position is located close to 20° E and 60° N (Figure
5.12b). Here, water vapor transport is in a different direction. In the representative 850
hPa map, the specific humidity is transported from the Balkans to Turkey (Figure
5.13Db).

During the spring season, the highest MPF blocking events have a mean block center
position near 20° E and 60° N (Figure 5.12c). The mean Bl is 2.23 during these events.
According to the 850 hPa charts, there was considerable water vapor advection from
the Mediterranean Sea during the events that have the greatest MPF (Figure 5.13c).
The BI during the lowest blocking events is 2.25 with the center location near 23° E
and 55° N (Figure 5.12d). In the representative 850 hPa chart, the air masses are

50



transported from locales that have similar specific humidity to Turkey for the driest

blocking events (Figure 5.13d)

Table 5.1 : The dates for the 10 wettest and driest blocking events.

Dry Wet

Season No Start End Season No
Winter 1 1984-02-23 | 1984-02-27 | 1991-12-01 | 1991-12-13
Winter 2 1984-12-01 | 1984-12-05 | 1994-12-01 | 1994-12-05
Winter 3 1987-01-11 | 1987-01-24 | 1998-12-08 | 1998-12-12
Winter 4 1989-01-24 | 1989-02-01 | 2001-11-30 | 2001-12-04
Winter 5 1992-01-11 | 1992-01-17 | 2001-12-07 | 2001-12-19
Winter 6 1998-01-16 | 1998-01-20 | 2002-01-04 | 2002-01-09
Winter 7 2005-12-10 | 2005-12-15 | 2009-02-19 | 2009-02-24
Winter 8 2006-02-21 | 2006-02-26 | 2009-12-12 | 2009-12-18
Winter 9 2008-01-18 | 2008-01-24 | 2011-01-27 | 2011-02-01
Winter 10 2011-01-15 | 2011-01-23 | 2014-12-29 | 2015-01-02
Spring 1 1980-05-31 | 1980-06-04 | 1977-03-16 | 1977-03-20
Spring 2 1985-03-03 | 1985-03-13 | 1987-03-06 | 1987-03-16
Spring 3 1986-03-09 | 1986-03-17 | 1987-04-12 | 1987-04-16
Spring 4 1986-03-19 | 1986-03-28 | 1988-04-17 | 1988-04-21
Spring 5 1986-04-23 | 1986-04-28 | 1996-02-29 | 1996-03-05
Spring 6 1989-04-02 | 1989-04-06 | 1998-05-13 | 1998-05-19
Spring 7 1993-02-25 | 1993-03-01 | 1999-03-29 | 1999-04-03
Spring 8 1994-04-14 | 1994-04-18 | 2001-05-04 | 2001-05-12
Spring 9 1997-03-08 | 1997-03-13 | 2002-03-23 | 2002-03-31
Spring 10 2004-04-09 | 2004-04-13 | 2002-04-03 | 2002-04-10
Summer 1 1977-07-06 | 1977-07-11 | 1979-06-01 | 1979-06-05
Summer 2 1987-07-13 | 1987-07-17 | 1982-06-01 | 1982-06-05
Summer 3 1987-07-19 | 1987-07-23 | 1984-05-31 | 1984-06-04
Summer 4 1991-07-28 | 1991-08-03 | 1988-06-16 | 1988-06-21
Summer 5 1995-07-29 | 1995-08-03 | 1992-06-01 | 1992-06-21
Summer 6 2000-07-12 | 2000-07-19 | 1995-05-31 | 1995-06-04
Summer 7 2004-07-20 | 2004-07-24 | 1997-06-07 | 1997-06-12
Summer 8 2005-07-09 | 2005-07-13 | 2010-06-23 | 2010-06-27
Summer 9 2006-08-04 | 2006-08-14 | 2011-05-31 | 2011-06-04
Summer 10 2008-07-19 | 2008-07-24 | 2014-06-02 | 2014-06-07
Fall 1 1981-08-28 | 1981-09-02 | 1979-10-24 | 1979-10-25
Fall 2 1986-11-17 | 1986-11-23 | 1985-10-14 | 1985-10-19
Fall 3 1988-09-14 | 1988-09-20 | 1989-11-09 | 1989-11-19
Fall 4 1994-09-18 | 1994-09-22 | 1993-11-10 | 1993-11-16
Fall 5 2000-11-06 | 2000-11-11 | 1996-10-23 | 1996-10-28
Fall 6 2001-09-14 | 2001-09-22 | 1997-11-17 | 1997-11-23
Fall 7 2008-11-01 | 2008-11-07 | 1998-11-29 | 1998-12-05
Fall 8 2010-11-18 | 2010-11-22 | 2005-10-15 | 2005-10-19
Fall 9 2013-09-06 | 2013-09-11 | 2006-10-13 | 2006-10-17
Fall 10 2016-11-20 | 2016-11-24 | 2009-10-31 | 2009-11-05
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Figure 5.11 : The composite map of 500 hPa geopotential height data (m) of the
10 driest (lowest MPF) and wettest (highest MPF) events for the: (a) and (b) winter,
(c) and (d) spring, (e) and (f) summer, and (g) and (h) fall season.

During the summer season, the highest events have a mean Bl value of 2.34 and the
blocking center is located near 35° E and 65° N (Figure 5.12¢). According to the 850
hPa charts, there was considerable water vapor advection from the Mediterranean Sea
during the events that have the greatest MPF (Figure 5.13e). A jet stream was observed
where there were strong pressure gradients over the Mediterranean area (not shown).
The mean BI during blocking events with the lowest MPF is 1.65 and the blocking
center is located approximately at 35° E and 65° N similar to that of the highest MPF
blocking events for this summer (Figure 5.12f). There is weak water vapor advection
during dry events or water vapor transport from Turkey. In the representative 850 hPa

chart, weak specific humidity advection occurred over the western and northern parts
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of the nation while specific humidity transport into Turkey occurred over southeast of
the country (Figure 5.13f).

For the fall season, an omega-shaped blocking event is observed in the average 500
hPa geopotential height map. The mean Bl is 2.81 and the blocking center is located
close to 20° E and 65° N (Figure 5.12¢g). According to the 850 hPa charts, there was
considerable water vapor advection from the Mediterranean Sea region during the
events that have the greatest MPF (Figure 5.13g). For the lowest MPF blocking events,
the Bl and blocking center are 1.87 and 35° E and 60° N, respectively (Figure 5.12h).
There is weak water vapor advection during dry events, or there was water vapor
transport out of the region of Turkey. In the representative 850 hPa chart, weak specific
humidity advection occurred over the western part of the region while specific

humidity divergence occurred over the east part of the country (Figure 5.13h).

5.5 Analysis of the Blocking Case with Greatest MPF

The average 500 hPa height for the blocking event that has the greatest MPF is shown
in Figure 5.14. The blocking event within the study area occurred between 31 October
2009 and 05 November 2009. The omega-shaped blocking event was centered at
approximately 30° E and 65° N. The upper-level downstream trough impacted Turkey
during this blocking event and there was moist air advection from southern Europe,
across the lifetime of this blocking event. The event was associated with BI, duration
and longitudinal extent values of 2.52, 6 days and 20 degrees, respectively. The
nationwide MPF was 0.73 and the mean total precipitation was 63.4 mm during this
blocking event even though the duration was only six days. During this blocking event,
heavy rainfall and flash flood events were observed in the Marmara Region (Gazete
Vatan 2009), Sanliurfa (a city in South Anatolia Region, Takvim 2009), and Trabzon
(NTV 2009).
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Figure 5.12 : The representative 850 hPa charts for (a) dry winter, (b) wet
winter, (c) dry spring, (d) wet spring, (e) dry summer, (f) wet summer, (g) dry fall
and (h) wet fall.
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Figure 5.13 : The composite map of 500 hPa geopotential height (m) for 31
October to 5 November 2009 for the blocking event with the greatest MPF.
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6. EXTREME TEMPERATURE

6.1 Summer Season
6.1.1 Extreme maximum temperature distribution

6.1.1.1 Tx distribution for all data

The mean Tx distribution during summer is seen in Figure 6.1. The Tx values fluctuate
between 0.5 and 1.8 across the country. The most southern part of the country has Tx
values lower than 0.6%. The western part of the country and Black Sea coastline have
Tx values around 1.0%. The northern part of central Anatolia, the inner part of east
Anatolia and some regions in the southern part of the country have Tx values greater
than 1.5%. Blocking has an increasing impact on Tx frequency in the summer. The

central regions have greater Tx distributions.

oot

_Latitude

R ) (

Loﬁgﬂude

Figure 6.1 : The Tx frequency distribution during blocked days in summer.

6.1.1.2 Tx distribution for blocking center

In this section, the Tx frequency distribution for the block center location during
summer is examined. The Tx distribution is seen in Figure 6.2. During the summer
season, only one blocking event is located in S1. So, S1 was removed for the summer
season results. When the block center is located in S2, the Tx frequency values have a

minimum and maximum of 0.0 and 1.8. The eastern part of the country, an area from
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the center and the most western part of the country have the greatest Tx frequency
values while the rest of the country have values around 0.0% (Figure 6.2a). The Tx
frequency values have a range of 0.0 and 2.7% when the block center is located in S3.
The area around izmir has the greatest Tx frequency. Minimum Tx frequency values
are observed over a large area in the center, an area in the southeastern part of the
country and an area over the most northern part of the country (Figure 6.2b). For S4,
the Southeastern Anatolia Region has the greatest mean Tx frequency; approximately
2.0% with the maximum value of 6.4% at VVan. Areas in the center of the country and
in the northeastern part of the country have a Tx frequency value around 1.2% while
the rest of the country has a Tx frequency below 0.5% (Figure 6.2c).
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Figure 6.2 : The Tx frequency distribution for (a) S2, (b) S3 and (c) S4 during
summer season blocked days.

6.1.1.3 Tx distribution for blocking intensity

The mean Tx frequency distribution stratified by Bl during summer is seen in Figure
6.3. The Bl is divided into three categories as stated in Chapter 2. However, there was
no summer season blocking event classified as strong. The Tx frequency fluctuates
between 0.0 and 2.5% for blocking event classified as weak. The area in the Marmara
Region, the area around Izmir and the area around Hatay have the greatest Tx
frequency values. The inner parts of the Marmara, Ege and Mediterranean Region have
Tx values below 0.5% (Figure 6.3a). The minimum mean Tx distribution is 0.0% and

the maximum is 2.8% when the block intensity is moderate. The area around Corum
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has the greatest Tx frequency while the areas in the most southern and northern parts
of the country have the lowest frequencies (Figure 6.3b).
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Figure 6.3 : The Tx frequency distribution for (a) weak and (b) moderate Bl during
blocked days in the summer season.

6.1.1.4 Tx distribution for blocking longitudinal extent

The Tx frequency distribution for different blocking longitudinal extent during the
summer is seen in Figure 6.4. The Tx values vary between 0.0% and 3.9% when the
blocks have small longitudinal extent. The area in the eastern part of the country has
the greatest Tx frequency. The eastern half of the Black Sea coastline, an area in the
Marmara Region and an area of the southern Mediterranean have lowest Tx
frequencies (Figure 6.4a). When the blocking longitudinal extent is moderate, the
minimum of Tx frequency is 0.0 whilst the maximum is 2.8%. The zone from north to
the south along the center of the country and an area in the Marmara Region with the
maximum around Gaziantep have greatest Tx values. The southernmost part of the
country has a minimum Tx value of 0.0% (Figure 6.4b). The Tx frequency has a
minimum and maximum of 0.0% and 1.2% respectively, for the blocking events with
large longitudinal extent. The eastern Black Sea coastline and part of the East Anatolia
Region have the greatest Tx values greater than 1.0%. The rest of the country has
values of less than 0.8% of Tx frequency values (Figure 6.4c).
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Figure 6.4 : The Tx frequency distribution for (a)small, (b) moderate, and (c) large
blocks during blocked days in the summer season stratified by the block size.

6.1.1.5 Tx distribution for blocking duration

The Tx frequency distribution stratified by blocking duration during summer is seen
in Figure 6.5. The Tx frequency varies between 0.0% and 2.6% for the short duration
blocking events. The vast majority of the country has Tx values around 0.0% for short
duration events. An area in the Marmara Region has a maximum Tx frequency of
2.6%. There is a zone from the Black Sea to South East Anatolia passing through
Central Anatolia that has a Tx value greater than 1.0%. The Mediterranean Region, the
Aegean Region, and a large part of the East Anatolia Region have the Tx value around
0.0% (Figure 6.5a). For the moderate duration blocking events, Tx frequency has a
minimum and a maximum of 0.0 and 2.2%, respectively. An area in the northern part
of Central Anatolia Region has the maximum Tx frequency values. Areas in the
southernmost and northern parts of the country have a minimum Tx of 0.0%. (Figure
6.5b). The minimum Tx frequency is 0.0% and the maximum is 3.5% for the most
persistent blocking events. An area in the East Anatolia Region has a maximum of
3.5% whilst the area in the southernmost part of the country has a minimum of 0.0%
(Figure 6.5c).
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Figure 6.5 : The Tx frequency distribution for (a) short-lived, (b) moderate, and (c)
most persistent blocks during blocked days in the summer season.

6.1.2 Extreme minimum temperature

6.1.2.1 Tn distribution for all data

The mean Tn distribution during summer is seen in Figure 6.6. The Tn values fluctuate
between 0.4% and 2.0% across the country. The area in the Marmara Region, an area
in the Central Anatolia Region and an area in the northwest of the country have Tn
values lower than 0.7%. The Center Anatolia, Black Sea Region and the inner parts of
all regions have Tn values fluctuates between 0.9% and 1.7%. The Southeast Anatolia
Region and areas in the Aegean Region have Tn values greater than 1.5%. Blocking
has an increasing impact on Tn frequency in the summer. The outer regions have

greater Tn distributions during blocking events.
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Figure 6.6 : The Tn frequency distribution during blocked days in summer.

6.1.2.2 Tn distribution for blocking center

In this section, the Tn frequency distribution for the block center location during
summer is examined. The Tn distribution is seen in Figure 6.7. During the summer
season, only one blocking event is located in S1. So, S1 was removed for the summer
season results. When the block center is located in S2, the Tn frequency values have a
minimum and maximum of 0.0% and 3.3%. The Aegean Region and the Southeast
Anatolia Region have the greatest Tn frequency values while an area includes some
parts of Black Sea, Marmara, and Aegean Region and the rest of the country have
values around 2.0% and below 1.0%, respectively (Figure 6.7a). The Tn frequency
values have a range of 0.3% and 2.4% when the block center is located in S3. The belt
around 38° N latitude bounded between 37 and 40° E longitudes has the greatest Tn
frequency. Minimum Tn frequency values are observed over the area in the northeast
Anatolia and an area in the south East Anatolia Region ( Figure 6.7b). For S4, several
areas (yellow shaded) across the country have the greatest mean Tn frequency;
approximately 2.7% with the maximum value of 6.4% over the inner part of the
Aegean Region. Several areas (green shaded) across the country have a Tn frequency
value around 2.0% while the rest of the country has a Tn frequency below 0.5% (Figure
6.7c).
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Figure 6.7 : The Tn frequency distribution for (a) S2, (b) S3 and (c) S4 during
summer season blocked days.
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6.1.2.3 Tn distribution for blocking intensity

The mean Tn frequency distribution stratified by Bl during summer is seen in Figure
6.8. The Bl is divided into three categories as stated in Chapter 2. However, there was
no summer season blocking events classified as strong. The Tn frequency fluctuates
between 0.0% and 1.2% for blocking events classified as weak. Central Anatolia
Region has the greatest Tn frequency. The inner parts of the Mediterranean Region
and the southeastern part of the country have Tn values below 0.5% (Figure 6.8ab).
The minimum mean Tn frequency is 0.0% and the maximum is 5.0% when the Bl is
moderate. Southwestern part of the country has the greatest Tn frequency while the

rest of the country has the lowest frequencies (Figure 6.8b).
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Figure 6.8 : The Tn frequency distribution for (a) weak and (b) moderate Bl during
blocked days in the summer season.

6.1.2.4 Tn distribution for blocking longitudinal extent

The Tn frequency distribution for different blocking longitudinal extent during the
summer is seen in Figure 6.9. The Tn values vary between 0.0% and 2.4% when the
blocks have small longitudinal extent. The most southeastern part of the country has
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the greatest Tn frequency. The greater part of the East Anatolia Region, the South
Anatolia Region, the vast majority of the Mediterranean Region and a large fraction
of the Aegean Region have lowest Tn frequencies (Figure 6.9a). When the longitudinal
extent is moderate, the minimum of Tn frequency is 0.2% whilst the maximum is 2.0%.
The continental part of the Aegean Region has greatest Tn values. The northwestern
part of the Marmara Region, a great area in the Central Anatolia Region and part of
the East Anatolia Region have the minimum Tn value of 0.2% (Figure 6.9b). The Tn
frequency has a minimum and maximum of 0.0% and 5.6% respectively, for the large
longitudinal extended events. The South Anatolia Region, an area over the East
Anatolia Region and areas over the Aegean Region have the greatest Tn values greater
than 4.0%. Blue shaded areas over the northern part of the country have values less

than 1.0% of Tn frequency values (Figure 6.9c).
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Figure 6.9 : The Tn frequency distribution for (a) small, (b) moderate, and large
extend blocking events in the summer season.

6.1.2.5 Tn distribution for blocking duration

The Tn frequency distribution stratified by block duration during summer is seen in
Figure 6.9. The Tn frequency varies between 0.6% and 6.0% for the short duration
blocking events. Only the northeast part of the country has Tn values below 0.5% for
short duration events. Areas in the southeastern and southernmost parts of the country
have a maximum Tn frequency over 5.8%. The outer areas of the country have a Tn
value greater than 3.0%. The rest of the country have Tn value of less than 2.0%

(Figure 6.10a). For the moderate duration blocking events, Tn frequency has a
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minimum and a maximum of 0.0% and 2.2%, respectively. An area in the southwestern
part of the country has the maximum Tn frequency values. The northern part of the
country, Central Anatolia Region and East Anatolia Region have a minimum Tn of
0.0%. (Figure 6.10b). The minimum Tn frequency is 0.5% and the maximum is 2.7%
for the most persistent blocking events. An area in the southeast Anatolia Region
(yellow shaded) has a maximum of 2.7% whilst several areas (blue shaded) has a

minimum of 0.5% (Figure 6.10c).
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Figure 6.10 : The Tn frequency distribution for (a) short-lived, (b) moderate, and (c)
most persistent blocking events during the summer season.

6.2 Winter Season
6.2.1 Extreme maximum temperature

6.2.1.1 Tx distribution for all data

The mean Tx distribution during the winter season is seen in Figure 6.11. The Tx
values fluctuate between 0.0% and 1.0% across the country. The central Black Sea
Region, areas in the Central Anatolia Region, areas in the Aegean Region and an area
at the northeastern part of the country have the minimum mean Tx values lower than
0.2%. Almost all East Anatolia Region has Tx values of less than 0.7%. A small
portion of southeast Anatolia, East Anatolia, and Mediterranean Region have Tx
values greater than 0.7%. Thus, blocking has a larger impact on Tn distribution

although it has a lesser impact on Tx during the winter season overall.
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Figure 6.11 : The Tx frequency distribution during blocked days in winter.

6.2.1.2 Tx distribution for blocking center

In this section, the Tx frequency distribution for different sectors of blocking activity
during winter is examined. The Tx frequency distribution is seen in Figure 6.12. The
Tx values fluctuate between 0.0% and 5.3% when the block center is located in S1.
Areas in the South East Anatolia Region and the Mediterranean Region have the
maximum Tx frequency with the value of greater than 5.0%. The western part and
some areas across the country have minimum Tx values around 0.0% (Figure 6.12a).
When the block center is located in S2, Tx frequency values have a minimum and
maximum of 0.0% and 1.0% respectively. An area in the East Anatolia Region has the
greatest Tx frequency values whilst the rest of the country has values below 0.7%
(Figure 6.12b). The Tx frequency values have a range of 0.0% and 1.8% when the
block center is located is S3. An area over the eastern part of the country has the
greatest Tx frequency. Minimum Tx frequency values, smaller than 0.5% are observed
over the rest of the country (Figure 6.12c). In S4, a small area in the east of the Black
Sea Region has the greatest mean Tx frequency around 0.8%. The rest of the country

has a minimum Tx frequency value of exactly 0.0% (Figure 6.12d).

6.2.1.3 Tx distribution for blocking intensity

Mean Tx frequency distribution stratified to the block intensity during winter is seen
in Figure 6.13. The Tx frequency fluctuates between 0.0% and 4.9% during the weak
blocking events. Areas in the southwestern part of the country and around Hatay have
the greatest Tx frequency. The rest of the country except southern parts has Tx values

below 1.5% (Figure 6.13a ). The minimum mean Tx frequency is 0.0% and the

66



maximum is 1.5% when the BI is moderate, respectively. The area over the
northeastern part of the country has the greatest Tx frequency whilst the rest of the
country has lower frequencies. (Figure 6.13b). The Tx frequency distribution during

strong blocking events can be seen in Figure 6.13c. The entire country has a value of

0.0%.
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Figure 6.12 : The Tx frequency distribution for (a) S1, (b) S2, (c) S3 and (d) S4
during winter season blocked days.
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Figure 6.13 : The Tx frequency distribution for (a) weak (b) moderate and (c) strong
BI1 during blocked days in the winter season.
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6.2.1.4 Tx distribution for blocking longitudinal extent

The Tx frequency distribution for different blocking longitudinal extent for winter is
seen in Figure 6.14. The Tx values changes between 0.0% and 3.4% when the blocks
have small longitudinal extent. Areas in the eastern and southern parts of the country
have greatest Tx frequencies. The central part of the Black Sea coastline, the Central
Anatolia Region and the Aegean Region have lowest Tx frequencies (Figure 6.14a).
When the blocking longitudinal extent is moderate, the minimum of Tx frequency is
0.0% whilst the maximum is 1.1%. Areas in the East Anatolia Region and in the
southwestern part of the country have greatest Tx values. The rest of the country has a
minimum Tx value of 0.0% (Figure 6.14b). The Tx frequency has the minimum and
maximum of 0.0% and 1.0%, respectively for the large longitudinally extended
blocking events. Several areas in the southern part of the country have the greatest Tx
values greater than 0.8%. The rest of the country has values of less than 0.5% of Tx
distribution (Figure 6.14c).
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Figure 6.14 : The Tx frequency distribution for (a) small, (b) moderate, and (c) large
blocks during blocked days in the winter season stratified by the block size.

6.2.1.5 Tx distribution for blocking duration

The Tx frequency distribution stratified by block duration during winter is seen in
Figure 6.15. The Tx frequency fluctuates between 0.0% and 4.0% for the short lasting
blocking events. An area in East Anatolia Region has a maximum Tx frequency of
4.0%. The rest of the East Anatolia Region and the Mediterranean Region have Tx

values greater than 1.3%. The Aegean Region, the Black Sea Coastline and the vast
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majority of the Marmara Region have the Tx values around 0.0% (Figure 6.15a). For
the moderate lasting blocking events, Tx frequencies have a minimum and a maximum
of 0.0% and 1.4%, respectively. An area in the southernmost part of the Mediterranean
Region has the maximum Tx frequency values. The western part of the country, the
Central Anatolia Region, the Black Sea coastline and an area from southeast Anatolia
Region have a minimum of 0.0%. (Figure 6.15b). The minimum Tx frequency is 0.0%
and the maximum is 0.8% for long-lasting blocking events. Areas in the Aegean and
Marmara Regions have a maximum of 0.8% whilst the rest of the country except

several small areas has a frequency of 0.0% (Figure 6.15c).
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Figure 6.15 : The Tx frequency distribution for (a) short-lived, (b) moderate, and (c)
most persistent blocks during blocked days in the winter season.

6.2.2 Extreme minimum temperature

6.2.2.1 Tn distribution for all data

The mean Tn distribution during the winter season is seen in Figure 6.16. The Tn
values fluctuate between 0.8% and 2.4% across the country. Areas in the most southern
and southeast part of the country have the minimum mean Tn values lower than 1.0%.
Almost all Anatolia has Tn values that fluctuate between 1.0% and 1.8%. The Trace
Region, east Black Sea coastline and a small part of the Central Anatolia have Tn

values greater than 1.8%. Thus, blocking has a larger impact on Tn distribution.

6.2.2.2 Tn distribution for blocking center
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In this section, the Tn frequency distribution for different sectors of blocking activity
during winter is examined. The Tn frequency distribution is seen in Figure 6.17. The
Tn values fluctuate between 0.0% and 1.4% when the block center is located in S1.
An area in the southwest part of the country has a maximum Tn frequency with the
value of around 1.4%. The rest of the country have minimum Tn values smaller than
0.6% (Figure 6.17a).
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Figure 6.16 : The Tn frequency distribution during blocked days in winter.

When the block center is located in S2, Tn frequency values have a minimum and
maximum of 0.1% and 2.5% respectively. The southern and northern parts of the
country except the Marmara Region has the greatest Tn frequency values whilst the
inner parts of the country have values below 1.0% (Figure 6.17b). The Tn frequency
values have a range of 0.4% and 5.9% when the block center is located is S3. Areas in
the Marmara Region and around Sinop has the greatest Tn frequency. Minimum Tn
frequency values, around 0.0% are observed over a small area in the northeast Anatolia
and the Mediterranean Region (Figure 6.17c). In S4, the area in the East Anatolia
Region has the greatest mean Tx frequency around 6.0%. The western part of the
country, an area in the East Anatolia Region and several areas in the Central Anatolia
has the minimum Tn frequency value below 0.5% (Figure 6.17d).

6.2.2.3 Tn distribution for blocking intensity

Mean Tn frequency distribution stratified to the block intensity during winter is seen
in Figure 6.18. The Tn frequency fluctuates between 0.0% and 6.1% during the weak
blocking events. Northern part and several areas across the country have the greatest
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Tn frequency. The inner parts of the Mediterranean Region and an area in the

southeastern part of the country have Tn values below 1.0% (Figure 6.18a).
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Figure 6.17 : The Tn frequency distribution for (a) S1, (b) S2, (c) S3 and (d) S4
during winter season blocked days.

The minimum mean Tn frequency is 0.0% and the maximum is 1.8% when the Bl is
moderate, respectively. The southern part of the country has the greatest Tn frequency
whilst the rest of the country has lower frequencies. (Figure 6.18b).The Tn frequency
distribution during strong blocking events can be seen in Fig. 6.18c. Almost the entire
country with a few exceptions has a value of 0.0%. An area around Aydin has a Tn

value of 12.5% and areas in Black Sea coastline and around Canakkale has Tn

frequency value of 6.25%.
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Figure 6.18 : The Tn frequency distribution for (a) weak, (b) moderate, and
(c)strong BI during blocked days in the winter season.
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6.2.2.4 Tn distribution for blocking longitudinal extent

The Tn frequency distribution for different blocking longitudinal extent for winter is
seen in Figure 6.19. The Tn values changes between 0.0% and 2.9% when the blocks
have small longitudinal extent. The eastern part of the country and the Southeast
Anatolia Region have greatest Tn frequencies. The area in the Marmara Region and
the zone from Black Sea Region to the Mediterranean Region have lowest Tn
frequencies (Figure 6.19a). When the longitudinal extent is moderate, the minimum of
Tn frequency is 0.2% whilst the maximum is 3.2%. The area at the intersection of the
Central Anatolia and Mediterranean Region have greatest Tn values. Areas in the
southeastern and southwestern part of the country have the minimum Tn value below
0.5% (Figure 6.19b). The Tn frequency has the minimum and maximum of 0.7% and
2.2%, respectively for the large longitudinally extended block events. The Trace part
of the Marmara Region and part of the continental Mediterranean Region have the
greatest Tn values greater than 2.0%. The southwest part of the Aegean Region, the
south part of the Mediterranean Region and area in the southeast part of the country

have values less than 1.0% of Tn distribution (Figure 6.19c).
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Figure 6.19 : The Tn frequency distribution for (a) small (b) moderate, and c. large
blocks in the summer season.

6.2.2.5 Tn distribution for blocking duration

The Tn frequency distribution stratified by block duration during winter is seen in
Figure 6.19. The Tn frequency fluctuates between 0.0 and 2.0% for the short lasting

blocking events. The area in southeast Anatolia Region has a maximum Tn frequency
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of 2.0%. Several areas across the country have Tn values smaller than 1.0%. The rest
of the country have the Tx value of around 0.0% (Figure 6.20a). For the moderate
lasting blocking events, Tn frequencies have a minimum and a maximum of 0.5% and
2.8%, respectively. Areas in the Marmara Region, in the northern part of the Black Sea
Region and in the Central Anatolia has the maximum Tn frequency values. Areas in
the southern part of East Anatolia Region and the northern part of the Central Anatolia
Region have a minimum of 0.5% (Figure 6.20b). The minimum Tn frequency is 0.5%
and the maximum is 3.8% for long-lasting blocking events. An area in the intersection
of the East Anatolia and Central Anatolia Region has a maximum of 3.8% whilst the

area in the southernmost part of the country has a frequency of 0.0% (Figure 6.20c).
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Figure 6.20 : The Tn frequency distribution for a. short-lived, b. moderate, and c.
most persistent blocks in the winter season.
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7. CONCLUSIONS AND RECOMMENDATIONS

Using the NCEP - NCAR re-analyses and data acquired from the Turkish State
Meteorological Service, the effects of atmospheric blocking on meteorological
parameters investigated for Turkey from 1977 to 2016. An investigation of the impact
of blocking on any meteorological parameter of Turkey has not been done previously.
Thus, the following results are new and will provide an operational community with

forecast guidance under blocking situations.

7.1 Blocking

The main characteristics of blocking in the study region during the study period can
be explained briefly as follows. The mean duration of blocking events impacting
Turkey is 8.8 days, with a maximum of 9.2 days in both winter and spring and the
minimum of 8.1 days in summer. The mean occurrence of blocking is 11.7 events per
year with a maximum of 3.9 events in spring and 2.5 events in summer. This is
consistent with Lupo et al. (2019) for the Atlantic Region and Northern Hemisphere
in recent years. The mean annual value for atmospheric blocking occurrences within
the study region is 11.7. The most intense blocking events are observed in winter (2.50)
and weakest events are observed in summer (1.91). These results including the
seasonal variability are consistent with WI02 or Barriopedro et al. (2006) for their
Atlantic region climatologies. The mean longitudinal extent is 28 degrees longitude
with the maximum in winter (29 degrees longitude) and minimum in summer (25
degrees longitude). Block size and duration, as well as block size and intensity, were
positively correlated here with the statistically significance at 95% confidence level
except for block size and duration in summer, and these results are consistent with
LS95, especially for the winter season. LS95 showed these relationships were

strongest in the Atlantic sector as well.
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7.2 Temperature

Blocking events play a crucial role on the temporal distribution of the mean seasonal
temperature anomaly of all stations even though blocking frequency is around 30%
during the year. There were four main patterns are observed for temperature anomalies
during blocked days, non-blocked days, and the differences between these two
situations. The definition of patterns with respect to blocking events is as follows; P1b
can be described as minimum temperature anomaly in winter, increasing towards 0° C
in the spring season, small increasing or decreasing in the summer and decreasing
during fall. P2b can be characterized as the same magnitudes of negative anomalies in
cold seasons, and anomalies around 0° C during the warm seasons. P3b is associated
with negative anomalies during winter, increasing toward +0.5° C in spring and then
decreasing during both the summer and fall seasons. The last pattern (P4b) is
associated with warmest temperature anomalies approximately 0° C during the spring
and nearly same the negative anomalies in other seasons. The northwest part of Turkey
experiences negative temperature anomalies during all seasons in association with
blocking. This is compatible with the results of Sousa et al. (2017) who showed that
southeast Europe (includes the northwestern part of Turkey) has a negative maximum
temperature anomaly during winter regardless of the domain that blocking occurs.

The spatial distribution of temperature anomalies associated with blocking was
examined as well. The northwest part of Turkey experiences strong or very strong
negative temperature anomalies during blocked days for all seasons. This region is
located on the downstream flank of a ridge during blocking events and is the most
affected by cold air advection. The west part of the country experiences very strong,
strong or moderate negative temperature anomalies; the central part experiences
moderate negative anomalies at most stations. The eastern part of the country has
moderate temperature anomalies which is consistent with the location of blocking.
This situation is not inconsistent with Sillmann et al. (2011), and they noted that the
Baltic Sea coastline is a major region that is influenced by atmospheric blocking.
However, their study focuses on only the North Atlantic Blocking during the winter

months.

Additionally, blocking events that impact Turkey are largest, strongest, and most

persistent during the winter season and there is a statistical relationship between the
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strength of the cold anomalies and block size, duration, and persistence as in LS95.

During the other seasons, these relationships were not as clear.

Lastly, the composite plot of 500 hPa geopotential height shows that both coldest
(March 1985) and warmest temperature anomalies (September 2015) are associated
with a Rex — type block. As seen here, the tilt of the blocking axis plays an important
role as mentioned in Luo et al. (2015) and Yao et al. (2016). March 1985 was one of
the most memorable winter periods in Turkey because of heavy snow that influenced
all of the Istanbul Region as well as the greater northwestern part of the country. All
schools and government institutions were closed because transportation was halted due
to the extreme snow depth. Also, a second atmospheric blocking event associated with
very cold temperature anomalies was observed during March 1987 (not shown).
Again, during that period the schools and government institutions were closed. It was
mentioned in a previous study that the cause of the 1987 cold wave was a blocking
event (see Tayang et al., 1998). The warmest event has no memorable effects due to

the short duration of the event.

Additionally, Nunes et al. (2017) demonstrated that during ten extremely cold months
for the Belgorod Region of Southwest Russia (1944-2015), atmospheric blocking was
observed over Europe, while for extremely warm months, blocking was located over
the region or east of the region. This is true for Turkey as well based on the case studies

here.

7.3 Precipitation

During blocked days, the highest MPF in Turkey were observed in general along the
Black Sea Coastline and the northeastern part of the Marmara Region. The lowest MPF
were observed within southern Turkey especially along the Mediterranean coastline
and in several cities located in the South Anatolia Region. Rize, Giresun, and Ordu are
the cities that observed the highest MPF with values of 0.43, 0.39 and 0.36,
respectively. For non — blocked days, MPF ranges between 0.12 and 0.38 nationwide.
Similar to the blocked days, the Black Sea coastline and northeast part of the Marmara
Region have the highest MPF. Rize, Giresun, and Ordu are the cities that observed the
highest MPF with the values 0.38, 0.32 and 0.29, respectively. These results here
demonstrated that blocking increases the MPF across the country. The change in MPF
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ranges from 12% to 42% in Turkey. The inner part of Anatolia had greater increases
in MPF as opposed to the western Black Sea region that observed the lowest values.

The MPF distribution with respect to season showed that winter had the highest values
across the country and the mean was 0.31 during blocked days. The average MPF
during blocked days was 0.29, 0.13 and 0.21 in spring, summer and fall, respectively.
The Black Sea Region observed the highest MPF values for all seasons, particularly
the city of Rize, which always observed one of the top three MPF values in any
category. During non-blocked days, the mean MPF values show a similar pattern to
the blocked days MPF values, but with lower values. The winter and spring seasons
had similar MPF values, 0.26 and 0.24, respectively. The summer season observed the
minimum MPF value of 0.09. For the fall season, the mean MPF was 0.16. The ratio
of MPF for blocked days to non-blocked days in the entire data set and across Turkey
explicitly showed that MPF increased during the blocked days. The average MPF
change across Turkey was 19%, 19%, 60% and 28% during the winter, spring,
summer, and fall season, respectively. The higher summer season MPF ratios were

due to smaller values of MPF for both blocked and non-blocked days.

S1 and S2 observed the greatest MPF values at 0.25 and 0.27, respectively while the
mean MPF values for the overall country for S3 and S4 are 0.22 and 0.21, respectively.
When blocking was located in the first and second sector, Turkey was located on the
downstream flank of blocking events, whereas it is located on the upstream flank when
blocking was centered in the remaining sectors. Rimbu et al. (2015) found that extreme
precipitation events were related to blocking activity within the 0°— 70° E sector, which
covers the second, third and part of the fourth sector defined here. Huang et al. (2019)
indicated that 77% of extreme precipitation events over China are preceded by

European blocking events.

In Turkey, there was no relationship between blocking duration and MPF or blocking
extent and MPF for the entire data set in any season. Also, there was no relationship
between Bl and MPF during the winter and spring seasons for the entire data set.
However, for the summer season, the CC between Bl and MPF is 0.35 for the entire
data set. Additionally, for the fall season, Bl was correlated (CC = 0.43 — significant
at the 95% level) with MPF in the data set.
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When examining the 10 wettest MPF blocking events during the study period, it was
shown that the blocking center was located in S1 and the S2 during all seasons. Their
mean Bl values were 2.81, 2.23, 2.34 and 2.81 for winter, spring, summer, and fall
seasons events, respectively. Omega-type blocking was observed during cold season
events whereas no particular type of blocking was observed during warm seasons. The
average wind was westerly during 10 wettest events for any season and the wind speed
was larger for the wet events than during driest events as inferred using the geostrophic
relationship. When the 850 hPa charts were examined, there was specific humidity

advection out of the Mediterranean during wet events for all seasons.

The blocking event associated with the greatest MPF was also examined. The event
took place between 31 October 2009 and 5 November 2009. This event was associated
with a nationwide MPF of 0.73 and mean total precipitation of 63.4 mm. The Bl was
2.52 and longitudinal extent was 20 degrees. During this event, heavy rainfall and flash
flood events were observed in some cities located in Turkey. In order to understand
the influence of blocking as related to extreme precipitation events, a detailed study
similar to Nunes et al. (2017) should be performed in the future. Finally, operational
forecasters or policymakers should use the results gained here as guidance when
blocking is anticipated in short-range or long-range forecasts.

7.4 Extreme Temperature

First, the Tx and Tn frequency distribution for whole data were examined. During the
summer season, the distribution for both extremes fluctuates between 0.5 — 1.8 percent
for Tx and 0.4 — 2.0 percent for Tn. Thus, there is a slightly greater spread for the
frequency of Tn than for Tx. However, lower frequency values are observed over
larger areas for Tn when compared to Tx. During the winter, the cooling effect of
blocking is quite evident. The Tx distribution fluctuates between 0 and 1 percent, that
means most of the country observes less Tx events during blocking than normal
conditions. There is a latitudinal pattern, higher the latitude, lower the Tx frequency.
On the other hand, the minimum Tn frequency is 0.8 and the maximum is 2.4. There
is a counter latitudinal pattern in the Tn distribution. The northern part of the country

has greater Tn values whilst the southern part has lower.

Secondly, the impact of blocking center location on Tx and Tn were examined. The

lower and upper boundaries of Tx frequency increases when the mean block center
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moves from west to east. In S4, the maximum value reaches 6.4 percent. However,
large areas with small Tx frequency values in S2 and S4 need to be taken into
consideration. Lower boundaries of Tn frequency also increase with the movement of
the blocking center location, similar to the Tx. However, the maximum Tn value in S1
IS greater than that in S2. Similar to Tx distribution, the spatial distribution of low
frequencies is obvious in S2 and S4. For summer, if the block center moves to the east
the Tx frequency values decreases and the area covered by lower values increases.
When the block center is located on the S1, the maximum Tx value is 5.3 and only less
than half of the country is covered by lower Tx frequencies. However, when the block
center is located in the other three sectors, the maximum Tx value is 1.8 and almost all
of the country is covered with lower values. Even, for the S4, all the country except a
small area over the northeast part of the country has the Tx value of 0 percent. The
eastward-moving of the block center has an almost opposite effect on Tn frequency
distribution. When the blocking center moves eastward, the maximum Tn value
increases. The area covered by the lower Tn values decreases from S1 to S3. However,
it increases in the S4. For S1 almost all the country is covered by the values lower than

0.5 percent. In S3 small areas are covered by lower values.

Thirdly, Tx and Tn were examined when considering the BI. The Tx frequency change
with respect to Bl is not clear during the summer. The Tx frequency boundaries, as
well as area coverage of values, are very similar for blockings with weak and moderate
intensities. However, the impact of Bl is clearer for Tn frequency across the country.
The spatial coverage of the lower Tn frequency values decreases with the Bl increases
from weak to moderate. The maximum frequency reaches 5.0 percent during moderate
intensities. During the winter, the maximum Tx frequency decreases with the class of
Bl. The maximum Tx frequency is almost five percent for weak blockings whilst it is
negligible for strong blocking events. The spatial coverage of lower Tx frequency
values is increasing with increasing Bl. For Tn frequency distribution, the spatial
coverage of lower values is similar to the Tx. The spatial coverage of lower Tn values
increases with an increase in Bl. The maximum Tn frequency decreases in S2 with

respect to S1 and then increases in S3 reaching 12.5 percent.

Then, the effects of the blocking longitudinal extent were investigated for Tx and Tn
for summer. The longitudinal extent has a different impact on Tx and Tn. An increase

in blocking longitudinal extent decreases the maximum frequency of Tx values and
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increases in the area covered by the lower values. However, increasing longitudinal
extent increases the maximum Tn values without a precise influence on the area
covered by the lower values. The observed distribution of Tn during large blocking
events is opposite to that in small events, and this is the noteworthy result from this
section. During the winter, the maximum Tx frequency is around 3.3% and almost half
of the country is covered by the lower Tx frequency values for the blocking events
with small longitudinal extent. When the blocking longitudinal extent becomes
moderate, the maximum Tx frequency reduces to 1.39% and the covered area
increases. For the events with large longitudinal extent, decreasing in frequency
continues and reaches to 0.96% although the area coverage remains the same. For the
Tn frequency, the maximum value increases for the events with moderate longitudinal
extent according to the events with small longitudinal extent but, it covers a smaller
area. For large events, it decreases to 2.2%. The area covered by the lower Tn
frequency values decreases with the increase in blocking longitudinal extent.

Lastly, the impact of the block duration is analyzed. For summer, block duration has
an increasing effect on maximum Tx frequencies and decreasing effect on the spatial
coverage of lower Tx values. The spatial coverage of lower Tn frequencies is minimum
during short-lived events and maximum for moderate duration events. The maximum
Tn frequency value is greatest during short duration events and smallest during
moderate duration events. For winter, block duration has also the same effect as
intensity. The maximum Tx frequency decreases and the area covered by the lower
values increase with the increase of block duration. On the other hand, block duration
has an enhancing effect on Tn frequency values. The area covered by the lower values
decreases and the maximum Tn values increases with the block duration such that there

is almost no area with the lower values during moderate and large blocking events.
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