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Abstract:

Climate change, in other word global warming, is one of the most serious environmental, economic, and social
threats that this world faces. A change in the Earth’s surface temperature also leads to increase in extreme events
as well as extreme temperatures. Increasing in magnitude, severity and duration of extreme temperature events are
harmful to both as the ecosystem and on human health. Human influence has also led to significant regional
temperature increases at the continental and subcontinental levels. Humans cannot realise heatwaves impact which
occurs in spring and autumn as much as ecosystems and habitats. Warming continued in 2016, setting a new
temperature record of approximately 1.1 °C above the pre-industrial period. Heat wave is a period of abnormally
hot weather. Heat wave is daily maximum temperature on more than five consecutive days exceeding the average
maximum temperature by 5°C. Heat waves effected most of the Turkey in February 2016 and they were very
intense between 15 and 19 February in 2016. In this study we investigate these extreme events and used mean
maximum, maximum and mean temperature values of Turkish State Meteorological Service’s 130 stations. During
the period, extreme maximum temperatures were exceed their long term February’s extreme maximum
temperature records in 65 stations. Heat waves were seen in 123 stations and repeated in 36 of these stations again
and continued until mid of March in some stations.
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INTRODUCTION

Climate change, in other word global warming, is one of the most serious environmental, economic, and social
threats that this world faces. There are many assessments to monitor climate and to estimate climate variability
over many regions and also globally by national and international institutions. A change in the Earth’s surface
temperature also leads to increase in extreme events as well as extreme temperatures. Increasing in magnitude,
severity and duration of extreme temperature events are harmful to both as the ecosystem and on human health.

Human influence has also led to significant regional temperature increases at the continental and subcontinental
levels. Warming continued in 2016, setting a new temperature record of approximately 1.1 °C above the pre-
industrial period (WMO, 2016)

According to WMO’s Meteoterm vocabulary, a heat wave is an extreme weather event with marked warming of
the air, or the invasion of very warm air, over a large area; it usually lasts from a few days to a few weeks (TT-
DEWCE, 2015). Heat wave (also referred to as extreme heat event) is a period of abnormally hot weather. Heat
waves and warm spells have various and in some cases overlapping definitions (IPCC, 2012). Changes in many
extreme weather and climate events have been observed since about 1950. It is very likely that the number of cold
days and nights has decreased and the number of warm days and nights has increased on the global scale. It is
likely that the frequency of heat waves has increased in large parts of Europe, Asia and Australia (IPCC, 2013).

Heat or hot weather that lasts for several days, often referred to as a “heatwave”, is a pervasive natural hazard that
can exact a heavy toll on human systems, affecting health, livelihoods and infrastructure. Natural systems can also
be severely affected by the impacts sustained beyond the duration of a heatwave. Although there is no universally
acceptable definition of heatwaves (Perkins and Alexander, 2013; Robinson, 2001), they are understood to be
periods of unusually hot and dry or hot and humid weather that have a subtle onset and cessation, a duration of at
least two to three days and a discernible impact on human activities (WMO-No0:1142, 2015).
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TT-DEWCE recommended 4 metrics for standard characterization of a heat wave to quantitatively reflect a heat
wave event. The definition of heat wave should be complemented by characterization with magnitude, duration,
severity and extend (TT-DEWCE, 2015). Magnitude should be computed based on an index or a set of indices of
thermal condition(s) exceeding certain threshold(s). Duration will lead to the computation of the persistence of a
heat wave and should be based on recording the starting time and the ending time of the event. Severity is a
measure which integrates two aspects of the event, its magnitude, and its persistence. Extent is computed to inform
on the geographical area affected and the widespread aspect of the heat wave.

Heat wave is daily maximum temperature on more than five consecutive days exceeding the average maximum
temperature by 5°C. Cold wave is daily minimum temperature on more than five consecutive days below the
average minimum temperature by 5°C (Frich et al., 2002; Coskun et al., 2017).

200 stations had heat waves in 2016. Total number of heat wave is 561 (some of the stations had more than once)
(based on 1971-2000 normals). There was no cold wave in 2016. Highest number of heat wave occurred in 2010
which was the warmest year in Turkey. Highest number of cold wave occurred in 1992 which was the coldest year
in Turkey after Pinatubo Volcano eruption (Coskun et al., 2017) (Fig. 1).
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Figure 1. Annual Number of Heat & Cold Waves in Turkey (Coskun et al., 2017).

Unal et al. (2013) had a results confirm that the number of excessive hot days, heat waves, and their durations have
increased through the 2000s, especially on the southern part of the western Turkey.

DATA AND METHODS

Heat waves effected most of the Turkey in February 2016 and they were very intense between 15 and 19 February
in 2016. In this study we investigate these extreme events and use mean maximum, maximum and mean
temperature values of Turkish State Meteorological Service’s 130 stations.

In line with the definition of Frich et al., (2002); we used daily maximum temperature which were exceeding their
average maximum temperature by 5°C and continue at least 5 days to calculate heat wave events for every stations.

Mean temperatures were higher than normal (1981-2010) between the January and the May in 2016. The average
temperature of Turkey in February 2016 was 8.2 ° C and it was 4.7°C above 1981-2010 normal (3.5° C). With
this figure, it was the hottest February since 1971 (Figure 1). In February 2016, extreme maximum temperatures
were exceed their long term February’s extreme maximum temperature records in 65 stations (Figure 2). Heat
waves were seen in 123 stations and repeated in 36 of these stations again and continued until mid of March in
some stations.
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Figure 1. February mean temperature anomalies (TSMS, 2016-a)
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Figure 2. New maximum temperature occurred between 15 and 19
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February in 2016 (TSMS, 2016-b)

In the Marmara Region: Maximum temperatures set a new record at 10 meteorological stations, including
Balikesir, Bandirma, Edirne, Sariyer, Kirklareli, Kocaeli, Kumkdy, Sakarya, Sile and Uzunkdprii in February (Fig.

3; 4).
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Figure 3. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in

2016 and their differences in the Marmara Region (TSMS, 2016-b).
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February Feb!’uary
ey 15 Feb. 2016 | 16 Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 Maximum
Maximum | T ZERON | ramperature | Temperature | Temperature | Temperature | after 1518 Feb
Temperature 2016
BALIKESIR 24,8 25,0 25,6 25,6
BANDIRMA 23,4 24,9 24,9
BILECIK 24,6 24,6
BURSA 26,9 26,9
CANAKKALE |21,3 21,3
= EDIRNE 23,2 23,3 23.3
o FLORYA 21,0 21,0
= |sarivEr 23,2 23,3 23,3
2 KIRKLARELI 21,0 22,0 23,1 23,1
g KOCAELI 26,0 26,1 26,7 26,7
=] KUMKOY 23,6 25,0 25,0
= |LoLEBURGAZ | 24,7 24,7
SAKARYA 27,1 28,7 28,7
SILE 25,6 26,5 26,5
TEKIRDAG 24,7 24,7
UZUNKOPRU | 20,8 21,5 22,0 22,0
YALOVA 27,2 27,2

Figure 4. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in
2016 and their values by stations in the Marmara Region (TSMS, 2016-b).

In the Aegean Region: Maximum temperatures set a new record at 16 meteorological stations, including
Afyonkarahisar, Akhisar, Aydin, Ayvalik, Bodrum, Cesme, Dikili, Edremit, Izmir, Kusadasi, Kiitahya, Milas,
Mugla, Salihli, Simav and Usak in February. Denizli, Emirdag and Manisa stations repeated their long term values.

(Fig. 5; 6).
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Figure 5. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in
2016 and their differences in the Aegean Region (TSMS, 2016-b).

Fesmy =l 16 Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 523.'.‘:1?.
e Lo e Maxirnum Maximum Maxirmurm Maxirnum Temperature
Maximum Maximum P
Temperature | Temperature Temperature | Temperature | Temperature | Temperature after ;3—1169 Feb
AFYONKARAHISAR | 20,2 21,6
AKHISAR 24,7 26,6 ]
AYDIN 25,2 25,9 26,9
AYVALIK 22,4 23,9
BODRUM 24,0
CESME 22,4 24,9
DENIZLI 25,9
= DiKiLi 24,2 24,6
@ EDREMIT 23,5
g EMIRDAS 22,5
A |l1ZzMIR 23,9 24,7
g KUSADASI 23,6 25,9
= | kOTAHYA 21,0
MANISA 26,4
MARMARIS 24,0
MILAS 24,9 26,0
MUGLA 21,2
SALIHLI 26,5 27,4
siMAV 21,3
USAK 20,1 20,4
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Figure 6. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in
2016 and their values by stations in the Aegean Region (TSMS, 2016-b).

In the Mediterranean Region: Maximum temperatures set a new record at 9 meteorological stations, including
Adana, Antakya, Burdur, Finike, Isparta, Islahiye, Kahramanmaras, Osmaniye and Silifke in February. Anamur
station repeated their long term value (Fig. 7; 8).
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Figure 7. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in
2016 and their differences in the Mediterranean Region (TSMS, 2016-b).

February 15 Feb . . FET
Long Term 2016 16 Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 Maximum
e e Maximum Maximum Maximum Maximum Temperature
Temperature | Temperature Temperature | Temperature | Temperature | Temperature a'!teeL: é371169

ADANA 26,7 28,2
ALANYA 25,0
ANAMUR 23,2
ANTAKYA 25,0
ANTALYA 25,9 25,9

— BEYSEHIR 20,4 20,4

8 BURDUR 20,9 23,4 23,4

m ELMALI 23,5 23,5

2 |FETHIVE 27,4 27,4

E FINIKE 24,3 24,9

= GOKSUN 18,1 18,1

ﬁ ISPARTA 21,0 22,5 22,5

% ISLAHIYE 22,2 24,6 24,6
ISKENDERUN | 26,8 26,8
KMARAS  [22,4 24,6 =:—
MANAVGAT 25,6 25,6
MERSIN 26,5 26,5
OSMANIYE 26,2 26,5 28,0 28,0
SILIFKE 26,3 27,8 28,1 28,1

Figure 8. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in
2016 and their values by stations in the Mediterranean Region (TSMS, 2016-b).

In the Central Anatolian Region: Maximum temperatures set a new record at 9 meteorological stations, including
Aksaray, Aksehir, Ankara, Cihanbeyli Nevsehir, Polatli, Sivrihisar, Ulukisla and Yozgat in February. Kirsehir and
Nigde stations repeated their long term values. (Fig. 9; 10).
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Figure 9. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February in
2016 and their differences in the Central Anatolian Region (TSMS, 2016-b).
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St Eollemls 16 Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 i
Maximum Maximum | L Hosmam | iratire | Tomperatire | Tomparature | Tempsrature after
Ten'lgeralure Temperature 15-19 Feb 2016

AKSARAY 21,6
AKSEHIR 20,2 22,3
ANKARA 20,4 20,5 20,6
CIHANBEYLI | 20,0 IEEE 2-.2 22,4
CANKIRI 22,0 22,0
ESKISEHIR |22,3 22,3

ﬁ GEMEREK 19,8 19,8

S | kancaL 15,6 15,6

£ | karAMAN 22,1 22,1

Z |kararPinar [22.3 22,3

o KAYSERI 22,6 22,6

= KIRIKIKALE 21,4 21,4

= | xkirRsEHIR 20,6 [20.6 ]

S | konva 23,8 | 23,8

= NEVSEHIR 18,8 |
NIGDE 20,4
POLATLI 20,0 20,2
sivas 18,1 | 18,1
SIVRIHISAR 19,9 20,8 20,8
ULUKISLA 19,2
YOZGAT 17,3 _ 18,5 | 18,5

Figure 10. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their values by stations in the Central Anatolian Region (TSMS, 2016-b).

In the Blacksea Region: Maximum temperatures set a new record at 5 meteorological stations, including Amasra,
Artvin, Bolu, Duzce and Sinop in February. Corum station repeated their long term value. (Fig. 11; 12).
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Figure 11. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their differences in the Blacksea Region (TSMS, 2016-b).

February 15 Feb. February
Long Term 2016 1('5“Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 Maximum
e e aximum Maximum Maximum Maximum Temperature
Temperature | Temperature Temperature | Temperature | Temperature | Temperature | after 33»1159 Feb

AKCAKOCA 27,2 27,2
AMASRA 25,0 25,1 25,1
AMASYA 24,8 24,8
ARTVIN 21,2 21,5 21,5
BARTIN 27,2 27,2
BAYBURT 13,9 13,9
CORUM 20,4

@ DUZCE 25,6 26,8 26,8

& |cirREsuN 29,5 29,5

& [ GUMUSHANE | 18,0 18,0

£ |HorPa 27,3 27,3

rc?-l; INEBOLU 28,4 28,4

o KASTAMONU | 21,1 21,1

< | orbu 28,3 28,3
RIZE 28,1 28,1
SAMSUN 26,5 26,5
SiNOP 23,7 25,0 25,0
S.KARAHISAR | 16,4 16,4
TOKAT 22,8 22,8
TRABZON 28,2 28,2
UNYE 27,3 27,3
ZONGULDAK 26,7 26,7
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Figure 12. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their values by stations in the Blacksea Region (TSMS, 2016-b).
In the Eastern Anatolia Region: Maximum temperatures set a new record at 3 meteorological stations, including
Elazig, Hakkari and Malatya in February. Sarikamis station repeated their long term value (Fig. 13; 14).
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Figure 13. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their differences in the Eastern Anatolia Region (TSMS, 2016-b).

Februa 15 Feb AENEIEEY]
Lon Tel;vm 5016 16 Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 Maximum
M 9 Masi Maximum Maximum Maximum Maximum Temperature
T Sximum XA Temperature | Temperature | Temperature | Temperature | after 15-19 Feb
emperature | Temperature 2016

AGRI 13,0 13,0
ARAPKIR 16,7 16,7
ARDAHAN 11,0 11,0
BINGOL 16,2 16,2
BITLIS 13,2 13,2

o |eazs  [17.4 TP .

4 |ErRzincan  [17,2 17,2

Z | ERZURUM 10,6 10,6

% HAKKARI 11,7 12,2 12,2

=

rQ HINIS 8,4 8,4

% IGDIR 22,2 22,2

ﬁ KARS 12,0 12,0

g MALATYA 18,9 19,0

= MUS 15,0 15,0
SARIKAMIS 9,0
TORTUM 13,9 13,9
TUNCELI 18,6 18,6
VAN 14,3 14,3
YUKSEKOWVA | 16,0 16,0

Figure 14. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their values by stations in the Eastern Anatolia Region (TSMS, 2016-b).

In the Southeast Anatolia Region: Maximum temperatures set a new record at 7 meteorological stations, including
Adiyaman, Diyarbakir, Gaziantep, Kilis, Mardin, Siverek and Sanlwurfa in February (Fig. 15; 16).
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Figure 15. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their differences in the Southeast Anatolia Region (TSMS, 2016-b).

February
LFeb“;Q"V IgUFlei;‘:b 16 Feb 2016 | 17 Feb 2016 | 18 Feb 2016 | 19 Feb 2016 Maximum
R -~ Maximum Maximum Maximum Maximum Temperature
Ten?;ler?;t':‘re Ten?;:anr-‘;lz‘re Temperature | Temperature | Temperature | Temperature after 15-19 Feb
2016

ADIYAMAN 21,7 23,8 23,8
BATMAN 23,5 23,5

8 | CEYLANPINAR | 26,0 26,0

=

g CIZRE 24,5 24,5

w .

;_“ DIYARBAKIR 21,3 22,8 22,8

=

o GAZIANTEP 22,7

| m—

Z | kiLis 22,7 25,0

m

g MARDIN 18,4 19,5 19,5

=
SIIRT 20,6 20,6
SIVEREK 20,0 20,2 21,2
SANLIURFA 22,7 23,3 24

Figure 16. Long term maximum temperature, new maximum temperature occurred between 15 and 19 February
in 2016 and their values by stations in the Southeast Anatolia Region (TSMS, 2016-b).

CONCLUSIONS AND RECOMMENDATIONS

In a line with climate change, global mean temperature continue to rise. Almost every year and every month has
signed a new record especially for two decades. A change in the Earth’s surface temperature also leads to increase
in extreme events as well as extreme temperatures. Increasing in magnitude, severity and duration of extreme
temperature events are harmful to both as the ecosystem and on human health. Human influence has also led to
significant regional temperature increases at the continental and subcontinental levels. Humans cannot realise
heatwaves impact which occurs in winter, spring and autumn as much as ecosystems and habitats. Due to
heatwaves are occurred and continued end of winter or early spring; the nature waking up earlier, trees are
blooming earlier then their blooming time and so on. Then short term cold weather or winter are appearing and
harmful to trees. Other issue is snow layers on mountain are starting to melt earlier with heatwaves.

Turkoglu et al. (2016) conclude that in Turkey, positive temperature anomalies have been observed since 1994
until present days. Negative relationships were found between phenological periods of apple, cherry and wheat
and the average temperatures of February-May period when the plants grow faster. This situation shows that the
plants shift their phenological periods to the earlier times in response to the increasing temperatures.

Demircan et al. (2017) concluded that probability of occurring maximum temperature in certain time interval in a
month may show a pattern in month and also the pattern is inclined to change with increasing temperature trend
due to climate change. Daily maximum temperatures were increasing about 12 to 17 days in February since 1981.
They offered third week of February is possible heatwave occurring time according to the long terms patterns and
heatwave occurred in February 2016 was appropriated with this pattern.
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Figure 3. Monthly pattern of daily extreme maximum temperatures. (According to 1971-2000 term; Red= Warm,
Blue= Cold, Yellow= normal; according to 1981-2015 term; increasing=A, decreasing=V) (Demircan et al.,
2017)
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