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PREFACE

In today's world, remote sensing is an important tool used in many fields. Atmospheric Sciences is the
main field in which remote sensing is used 24/7 operationally. This technology makes important
contributions to detect, understand and solve meteorological, climatological, hydrological problems and
to detect and track ordinary or extreme weather events. In addition, remote sensing has undeniable
contributions to forecasters and decision makers in terms of very short-term weather forecasting and
early warning. Considering that our country's studies on Meteorological Remote Sensing are not
sufficient in number and level, it is aimed to increase the studies on this subject throughout the country
with the International Symposium on Remote Sensing in Meteorology - METEO IRS 2021. The interest
shown in the first METEO IRS, with a total of 9 invited speakers from the United States, Finland, Italy
and Turkey, is encouraging. I would like to express my gratitude to all the participants for their
contributions, and I wish to be together again in METEO IRS 2023.

Dr. Ahmet Oztopal
Chair of METEO IRS 2021

ONSOZ

Giliniimiiz diinyasinda uzaktan algilama bir¢ok alanda kullanilan 6nemli bir aragtir. Uzaktan algilamanin
operasyonel olarak 7 giin 24 saat kullanildig1 baglica alan ise Atmosfer Bilimleri’dir. Bu teknoloji;
meteorolojik, klimatolojik ve hidrolojik sorunlarin saptanmasinda, anlagilmasinda ve ¢dziilmesinde;
olagan ya da asir1 hava olaylarinin tespit ve takibinde onemli katkilar sunmaktadir. Ayrica, uzaktan
algilamanin ¢ok kisa siireli hava tahmini ve erken uyar1 anlaminda da tahmincilere ve karar vericilere
yadsimamaz Kkatkilar1 bulunmaktadir. Ulkemiz c¢alismalarmin Meteorolojik Uzaktan Algilama
konusunda yeterli sayida ve diizeyde bulunmadig: diisiiniilerek, International Symposium on Remote
Sensing in Meteorology - METEO IRS 2021 ile birlikte bu konudaki caligmalarin artirilmasi
hedeflenmistir. Amerika Birlesik Devletleri, Finlandiya, Italya ve Tiirkiye’den toplamda 9 cagrili
konugmaciin yer aldigi ilk METEO IRS’ye gdsterilen ilgi, gelecek agisindan iimit verici olmustur.
Katkilarindan dolayi tiim katilimeilara siikranlarimi sunar, METEO IRS 2023’te yeniden birlikte olmay1
dilerim.

Dr. Ahmet Oztopal
METEO IRS 2021 Bagkani
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Remote Sensing Activities Focusing on Cryosphere Applications at the Finnish
Meteorological Institute

Ali Nadir ARSLAN
Invited Speaker

Finnish Meteorological Institute
ali.nadir.arslan@fmi.fi

ABSTRACT

The Finnish Meteorological Institute (FMI) is a research and service organization under the Ministry of
Transport and Communications of Finland. It provides operational and research information related to
weather and climate for the needs of the public and decision-makers. This includes the production of
numerical weather predictions. FMI is the largest research institute in Finland related to space activities
(Earth Observation and space research).

The FMI is organisation consists of six divisions. This talk will focus on remote sensing activities of the
FMI Space and Earth Observation Centre (FMI-SPACE, see https://space.fmi.fi).

Units of FMI-SPACE perform research focusing on remote sensing of the Earth’s surface and
atmosphere. This includes world-leading work concerning the monitoring/analyses of atmospheric
pollution and greenhouse gases as well as processes of cryosphere by satellite sensors. FMI-SPACE is
actively involved in EU Copernicus research and services (e.g. long-term climate data records for
climate research and near-real time services).

Keywords: Earth observation, space, weather and climate.
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ABSTRACT

Developments in remote sensing technology bring the use of new and alternative products to the agenda
day by day, and these technologies are increasingly used as a complementary information source for on-
site monitoring networks. Satellites can make direct and indirect measurements of almost all components
of the hydrological cycle. In recent years, it has been possible to obtain data on hydrological state
variables such as precipitation, soil moisture, snow, water levels, evapotranspiration through satellite
technology. These satellite products can be used in integrated hydrodynamic or hydrological models to
simulate and evaluate river flows and enhance model performances, which greatly supports the
improvement of water resource management. This contribution is very important especially in remote
regions where measurements are not possible or can be carried out in very difficult conditions and at
high costs.

Although some of the satellite remote sensing products are operationally under development and their
use in the field of water resources has significant limitations and challenges, they can provide near-
global information in near real-time with their large spatial coverage and high temporal resolution. In
this study, the use of precipitation, snow and soil moisture data based on satellite technology in water
resources planning and management through hydrological model applications will be evaluated with
examples of studies carried out in our country.

Keywords: Water resources, satellite products, precipitation, snow, soil moisture.

Uydu Uriinlerinin Su Kaynaklar1 Planlamasi ve Yonetiminde Kullanimi

OZET

Uzaktan algilama teknolojisindeki geligmeler her gecen giin yeni ve alternatif iiriinlerin kullanimini
giindeme getirmekte ve bu teknolojiler yerinde izleme aglarimi tamamlayici bir bilgi kaynagi olarak
giderek daha fazla kullanilmaktadir. Uydular, hidrolojik dongiiniin neredeyse tiim bilesenlerinin
dogrudan ve dolayli 6l¢limlerini yapabilmektedir. Son yillarda, yagis, toprak nemi, kar, su seviyeleri,
evapotranspirasyon gibi hidrolojik durum degiskenleri hakkinda uydu teknolojisi yoluyla veri elde
etmek miimkiin olmustur. Bu uydu {iriinlerinin, su kaynaklar1 yonetiminin gelistirilmesini biiyiik 6l¢iide
destekleyen nehir akimlarini simiile etmek ve degerlendirmek i¢in entegre hidrodinamik veya hidrolojik
modellerde kullanilmas1 ve model performanslarini iyilestirmesi s6z konusudur. Ozellikle 6l¢iimlerin
miimkiin olmadig1 veya ¢ok zor kosullarda ve yiiksek maliyetlerle gerceklestirilebildigi uzak bolgelerde
bu katki ¢ok 6nemli olmaktadir.

Uydu uzaktan algilama iirlinlerinden bazilar1 operasyonel olarak gelisme asamasinda olmasina ve su
kaynaklari alaninda kullanimlarinda 6nemli sinirlamalar ve zorluklar olmasina ragmen, genis uzamsal
kapsama alanlar ve yiiksek zamansal ¢6ziiniirliikleri ile neredeyse gercek zamanli olarak kiiresele yakin
bilgi saglayabilmektedirler. Bu calismada uydu teknolojisine dayali yagis, kar ve toprak nemi
verilerinin, hidrolojik model uygulamalar yoluyla, su kaynaklari planlamasi ve yonetiminde kullanim1
ozellikle iilkemizde gergeklestirilen uygulama ornekleriyle degerlendirilecektir.

Anahtar Kelimeler: Su kaynaklari, uydu iiriinii, yagis, kar, toprak nemi.
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Su kaynaklarinin planlanmas1 ve yonetimindeki en biiyiikk zorluk yagisin alansal ve zamansal
dagilimindaki farkliliktir. Dagilimdaki bu farklilik kiiresel iklim degisiminin de etkisiyle tagkin ve
kuraklik tiiri olaylarin gézlenmesine sebep olabilmektedir. Genis bir cografi alana ve ¢esitli iklim
kusaklarina sahip olan tilkemizde taskin ve kuraklik gibi ug¢ olaylart ayni anda yasadigimiz durumlar da

olabilmektedir. Gerek suyun kontrolii gerekse de suyun kullanimi konularinda ¢aligsmalar yapmanin
onemi her gegen giin artmaktadir.

Su kaynaklarinin etkin ve giivenli yonetimi i¢in havzanin membadan mansaba kadar ayrilmaz bir biitiin
olarak izlenmesi, modellenmesi, akim tahmini yapilmasi, amaca uygun ydnetim stratejileri
gelistirilmesi, yonetim planlarinin ortaya konulmasi, takip ve giincelleme ¢alismalarinin yiiriitiilmesi
gerekmektedir. Bu hedefe wvarabilmek ig¢in disiplinleraras1 ve ¢ok disiplinli ¢aligmalarin
gerceklestirilmesi, 6zellikle uygulayici ve arastirmacilarin birlikte calismasi dnemlidir.

Hidrolojik modelleme ¢alismalarinin, taskin ve kuraklik yonetim planlarinin 6nemli bir pargasi oldugu
bilinmektedir. Ayrica, baraj igletmesi, tahsisler, su kalitesi, iklim degisimi etki ¢aligmalarinda da 6nemli
bir rol oynadig1 goriilmektedir. Hidroloji alanindaki model uygulamalarinda da diger alanlarda oldugu
gibi girdi degiskenleri ve baslangi¢c ve/veya siir kosullar saglanmaktadir. Uydu iiriinleri bu modellerin
girdilerini olusturmak, modelin baslangi¢c ya da durum degiskenlerini belirlemek, modelin
performansin1 ve/veya giivenilirligini artirmak amaciyla kullanilabilmektedir. Uydu verileri yer
gozlemleri ile birlikte kullanilabilmekte, ayrica model durum degiskenlerini ya da model ¢iktilarin
tyilestirmek iizere veri asimilasyonu ¢alismalarinda da kullanilabilmektedirler (Dong, 2018).

Su kaynaklarinin planlanmasi ve yonetiminde kullanilan uydu tabanli degiskenler arasinda yagis, karla
kapli alan, kar su esdegeri, toprak nemi, albedo, buharlasma, yiizey sicakligi, arazi kullanimi, bitki
oOrtiisti, su seviyesi, taskin alani sayilabilir. Uygulamalarda 6zellikle uydu firiinii olarak yagis, toprak
nemi ve kar iiriinlerinin 6n plana ¢iktig1 goriilmektedir. Uriinlerin su kaynaklarinda kullanimindan énce
yer gozlemlerine dayali olan dogrulamalar1 gergeklestirilmektedir. Uriin dogruluk analizlerinden sonra
hidrolojik uygulamalarda etki degerlendirmesi ya da hidrolojik dogrulama olarak kullanilmasi séz
konusu olmaktadir. Ozellikle gézlem agmin yetersiz ya da kisith oldugu havzalarda uydu iiriinlerinin
kullanim1 6nemli bir katki saglamaktadir. Noktasal temsiliyetin yeterli olmadig1 zorlu topografik
kosullarda iyi bir alansal ve zamansal ¢oziiniirliige sahip uydu {iriinlerinin gézlenen degiskeni daha iyi
temsil edebildigi gorlilmektedir. Yer ve uydu gozlemleri ¢ogu zaman birlikte kullanilmakta, model
caligmalarinda dogrulama ve veri asimilasyonu yoluyla akim tahminleri gerceklestirilmekte ve bu da
haznelerin kontroliinii de igeren karar destek sistemlerinin gelistirilmesini saglamaktadir.

Bu calismada, su kaynaklarinin planlanmasi ve yonetiminde kullanilmakta olan uydu {iriinlerine, bu
konuda ozellikle tilkemizde yapilmakta olan calisma ve uygulama Orneklerine yer verilmesi
planlanilmistir. Farkli ¢alisma bdolgelerinden ornekler sunulmus olmakla birlikte, uydu iiriinleri ile
model uygulamalariin biitlinlestirilip akim tahmini i¢in yiiriitiilen ¢alismalarin ¢gogu bir¢ok ulusal ve
uluslararasi projede pilot havza olarak kullanilan Yukar Firat (Karasu) Havzasinda (38° 58” D - 41039’
D ve 39923’ K - 4025” K, 10 250 km?) gerceklestirilmistir. Havzadaki ¢alisma &rneklerine Web-1
adresinden de ulagilabilmektedir.

UYDU YAGIS URUNLERI VE KULLANIM ORNEKLERI

Su kaynaklar1 alanlarindaki ¢alismalarda kullanilan degiskenlerden en Onemlisi yagistir. Tagkin,
kuraklik, barajlarin tasarimi, isletmesi, hidroelektrik enerji iiretimi, sulama, iklim degisimi gibi farkl
caligmalarin temel bileseni hi¢ kuskusuz yagistir. Tiim bu uygulamalarda kullanilmak iizere, yagis akis
iligkisini tahmin etmek i¢in ¢esitli kavramsal, fiziksel veya veriye dayali yaklagimlar ve modeller
gelistirilmis ve uygulanmaktadir. Olgiilen bilgilere dayanan alansal ortalama yagis verileri, hidrolojik
model performanslari tizerinde en biiyiik etkilerden birine sahiptir (Kidd ve dig., 2017). Gézlemlenen
yagis, alan ve zamandaki yiiksek degiskenligi nedeniyle 6nemli bir belirsizlik kaynagidir (Sun ve dig.,
2018). Bu amagla, yagist 6lgmek icin genellikle istasyon gdzlemleri, meteorolojik radar gozlemleri,
uydu gozlemleri kullanilmaktadir (Liu ve dig., 2017).
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Uzaktan algilama prensibine dayali radar gozlemleri kullanilarak yiiksek ¢oziiniirliikte yagis verisi elde
etmek mimkiindiir. Ancak, radarlarin sayica smirli olmasi, yansitma degerlerinin
sayisallastirilmasindaki zorluklar, topografyanin sinyalleri engellemesi ve radarin taradigi alan ve
zamansal kisitlari, radar verilerinin kiiresel veya genis 6l¢ekli alanlarda kullanimimi siirlamaktadir
(Yimaz ve dig, 2017). Ote yandan, mikrodalga temelli yagis algoritmalar1 gelistirilen mekansal ve
zamansal ¢oziiniirliikleri de dikkate alindiginda giin gectik¢e daha ¢ok uygulama alani bulmaktadir.

Daglik havzalarda kar erimesi akisini tahmin etmek, sinirli yagis dlgiimleri nedeniyle zorlu bir istir.
Tiirkiye'nin dogusundaki oldukca yiliksek ve karmasik arazilerde, o6l¢lim aginin olusturulmasi ve
sirekliliginin saglanilmasinin da zorlugu gozetilerek, yiiksek alansal ve zamansal ¢oziiniirliikte uydu
yagis gozlemlerine ihtiya¢ duyulmaktadir. Gerek Onemli su yapilarinin yer almasi gerekse kar
potansiyelinin yiiksek olmasi nedeniyle buradaki gézlemler ve akim tahmin ¢aligsmalari ayr1 bir Snem
arz etmektedir.

Yakin zamanda bu bdlgede yapilan ¢aligmalarda (Hafizi ve Sorman, 2022, Uysal ve Sorman, 2021)
farkli uydu yagis tiriinlerinin tutarliliklart ve hidrolojik uygulamalardaki faydalar1 degerlendirilmistir.
Hafizi ve Sorman, (2022) on ii¢ tane farkli ve dagilimli yagis veri setini (GPDs) (CPCvl, MSWEPv2.8,
ERA5, CHIRPSv2.0, CHIRPv2.0, IMERGHHFv06, IMERGHHEv06, IMERGHHLv06, TMPA-
3B42v7, TMPA-3B42RTv7, PERSIANNCDR, PERSIANN-CCS, and PERSIANN) giinliikk olarak
degerlendirmis ve 2015-2019 yillar arasinda daglik Karasu Havzasinda kullanmistir. Bunlardan uydu
iiriinleri olanlaryla ilgili kisa bilgi Tablo 1°de yer almaktadir.

Bu ¢alismaya gore, Tiirkiye'nin daglik dogu kesiminde yer alan Karasu nehir havzasinda MSWEPv2.8
ve CHIRP(S)v2.0 iirlinleri diger se¢ilmis uydu tiriinlerine gore daha iyi performans gostermistir.
Diizeltme zaman penceresi ve kullanilan gosterge sayisi, nihai {irliniin giivenilirligini 6nemli 6l¢iide
etkileyen 6nemli faktorlerdir. Bu nedenle, olas1 yiiksek uzaysal ve zamansal ¢oziiniirliiklii yer bilgisi ile
uydu tabanl yagis iiriinlerinde yanlilik diizeltmesi 6nerilmektedir. Genel olarak, secilen iiriinlerin ¢ogu,
giinliik yagisi tespit etmede zaman ve alan agisindan diisiik bir performans gosterse de bazilar akimlar
dogru bir sekilde simiile etmektedir. Ayrica, model parametreleri her veri kiimesi i¢in ayr1 ayr kalibre
edildiginde uydu triinlerinin akis1 daha iyi simiile ettigi tespit edilmistir. Yiiksek alanlarda daha fazla
istasyonla daha uzun siireler i¢in dogruluk testleri yapilabilir ancak ¢alismadaki bulgular, Tiirkiye gibi
karmagik topografyaya sahip bolgeler ve diinyanin diger benzer bolgeleri i¢in mevcut literatiire degerli
bir katki saglamaktadir.

Tablo 1. Kullanilan uydu yagis veri setlerinin 6zellikleri (Hafizi ve Sorman, 2022)

Veri Kiimesi Adi Alansal Zamansal Zamansal

Coziiniirliik | Coziiniirliik | Kapsama
MSWEPv2.8 0.100 3-saatlik 1979-
CHIRPSv2.0 0.05¢° Giinliik 1981-
CHIRPv2.0 0.05¢ Glinlik 1981-
IMERGHHFv06 0.10° 30 dk 2014-
IMERGHHEvV06 0.10e° 30 dk 2014-
IMERGHHLv06 0.10° 30 dk 2014-
TMPA-3B42v7 0.25¢° 3-saatlik 2000-
TMPA-3B42RTv7 0.250 3-saatlik 1998-

PERSIANN-CDR 0.25¢° Giinliik 1983-2016
PERSIANN-CCS 0.04- Saatlik 2003-
PERSIANN 0.25¢° Saatlik 2000-
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Uysal ve Sorman (2021) yine aymi pilot havzada yaptiklar calismada, PERSIANN ve PERSIANN-
CDR'nin ¢esitli zaman c¢oziiniirliiklerinde (mevsimsel ve aylik zaman olcekleri) performanslarin
incelemislerdir. Calismada PERSIANN-CDR, PERSIANN'a kiyasla gézlemlenen yagisla daha iligkili
bulunmustur. Ancak, daglik yukari Firat Nehri Havzasinda kullanilmasi igin PERSIANN-CDR
verilerine yanlilik diizeltmesine ihtiya¢ duyulmaktadir. Her iki iiriin i¢in de karin baskin oldugu bolge
iizerinde uygun bir yanlilik diizeltmesinden sonra giinliik akis simiilasyonu i¢in basarili sonuglar elde
edilmistir.

Ote yandan EUMETSAT tarafindan desteklenen H SAF (Web-2) projesinde de yagis iiriinleri
tiretilmektedir. Bu konuda da Tiirkiye ve Avrupa i¢in gesitli dogrulama ¢aligmalan yiiriitiilmektedir
(Puca ve dig., 2014).

Farkli bir uydu yagis iriinii i¢in ise asagidan yukariya bir algoritma uygulamasi ile elde edilen
SM2RAIN firiinii verilebilir. Bu iiriin toprak neminden Brocca ve dig (2014) tarafindan elde edilen bir
yagis iriiniidiir. SM2RAIN-ASCAT yagss tiriinli, ASCAT uydusu toprak nemi verilerinin SM2RAIN
algoritmast ile ters ¢evrilmesiyle elde edilir. Bu {irlinlin Tiirkiye genelinde dogrulanmasi ve hidrolojik
model uygulamasi Jaber (2020) tarafindan gergeklestirilmigtir. Cografi bolgelere gore yapilan
analizlerde elde edilen sonuglardan bir 6zet Sekil 1°de sunulmaktadir. Toplam 105 istasyonla yapilan
karsilagtirmada, aylik iligskilerde R=0.6-0.8 arasinda sonuglar elde edilmistir. Bu veri ayn1 zamanda
Gediz’deki bir alt havzada hidrolojik model uygulamasinda kullanilmis verinin akim simiilasyonundaki
basaris1 degerlendirilmistir. Kalibrasyon siirecinde (Nash-Sutcliffe Verimlilik) NSE=0.60 degeri elde
edilmis olmakla birlikte sonuclar yanlilik diizeltmesinin geregine isaret etmektedir.

Pearson R
o o O
O~ co

o o
[N I N

(@]

rMarmara ic Anadolu Akdeniz Ege GUneydogdu A. Karadeniz Dogu A.

Sekil 1. SM2RAIN iiriiniiniin yer goézlemleri ile kiyas1 (Jaber, 2020)

UYDU KAR URUNLERIi VE KULLANIM ORNEKLERI

Ortalama ytiksekligi 1140 m ve egimi %20,5 olan iilkemizde kar degerli bir su potansiyeli olarak su
kaynaklar1 planlama ve yonetimi konularimda 6nemli bir yer tutmaktadir. Bu nedenle, farkli uydu
tiriinleri ile farkli kar parametreleri izlenebilmektedir. Kuskusuz en etkili iki kar degiskenleri, karla kaph
alan ve kar su esdegeridir. Her ikisinin de alansal ve zamansal degisiminin takip edilmesi ve hidrolojik
uygulamalarda kullanilarak kar erimesine bagli akimlarin tahmin edilmesi oldukc¢a énemlidir.

Karla kapli alan genellikle optik uydu firiinleri ile tespit edilebilmektedir. Farkli alansal, zamansal ve
tayfsal ¢coziliniirliiklere sahip uydu iiriinleri bulunmaktadir. Bunlara bir 6rnek Sekil 2°de Dogan (2018)
tarafindan Bayburt Havzasi’nde yapilan bir caligmada 24 Mart 2010 tarihi i¢in sunulmaktadir.
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MS
24 Mart 2010

Sekil 2. Karla kapli alan a) SEVIRI (5km) b) IMS (4 km) ¢) MODIS (500 m) (Dogan, 2018)

Karla kapli alan iiriinleri kullanilarak bir havza ya da bolge (iilke) genelinde kar birikme ve ¢ekilme
egrileri elde edilebilmektedir. Ozellikle maksimum, minimum ve ortalama olarak ¢ikartilabilen bu
egriler havzanin kar ortiisiine dair 6nemli bir karakteristik sunmaktadir. Bu haritalar kullanilarak elde
edilen olasilik haritalar1 gerek olasi kar potansiyeli ile ilgili bilgi vermekte gerekse hidrolojik
uygulamalarda bir 6ngorii ya da gruplandirilmig veri (ensemble) sunabilmektedir (Sekil 3). Ayrica kar
kenar ¢izgisinin elde edilmesi konusunda da belirleyici olmaktadirlar.
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Sekil 3. MODIS’ten iiretilen olasilikli kar ¢ekilme egrisi (Sorman ve dig., 2019)

SWAT modeli ile yapilan dagilimli bir model uygulamasinda (Peker ve Sorman, 2021), akim tahminleri
gerceklestirilmis ve gézlenen akimlarla kiyaslanmistir. Bir bagka model ¢iktis1 olan karla kapl alanlar
gozlenen uydu goriintiileri (MODIS) ile kiyaslanmistir (Sekil 4).
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Sekil 4. SWAT ve MODIS karsilagtirmasi (8 Nisan 2004) Yukar: Murat ve Yukari1 Karasu Havzalari
(Peker ve Sorman, 2021)

MODIS karla kapli alan tirtinleri farkli model yaklasimlar1 kullanilarak akimlarin tahmin edilmesinde
kullanilmistir. Bu model yaklagimlarindan bir tanesi veri giidiimlii olan Yapay Sinir Ag1 model
yaklagimidir. Model yapisi kurgulanirken karla kapali alan verisi yagis ve sicaklik gibi temel girdi
degiskenlerinden birisi olarak sunulmustur. Bu girdinin akim tahminlerini iyilestirdigi gosterilmistir
(Uysal ve dig., 2016).

Hidrolojik uygulamalarda kullanilmak {izere Avrupa uydularindan yeni iiriinlerin elde edilmesi amacini
tastyan  EUMETSAT destekli H SAF (Web-2) projesinde farkli kar friinleri iretilmektedir.
Diiz/ormanlik ve daglik alanlar gozetilerek iiretilen ve sonunda birlestirilerek sunulan bu iiriinlerden en
¢ok kullanilan iki tanesi kar belirleme (SE-E-SEVIRI(H10) ve kar su esdegeri (SW E-E-(H13))
irlinleridir (Sekil 5).

Projeden {iretilen karla kapli alan iirtinleri farkli modellerde kullanilarak hem etki ¢aligmalari hem de
hidrolojik dogrulama analizlerinde kullanilmaktadir. Uriiniin alansal ¢oziiniirliigii calisma bolgesi icin
5 km ve zamansal ¢oziiniirliigii bir glindiir. 15 dakikada bir goriintii elde edilebildigi i¢cin zamansal
degisimden yararlanilarak bulut problemi en aza indirgenmektedir.

Kar su esdegeri tiriinleri karla kapli alandan farkli olarak karin su muhtevasina dair bilgi saglamaktadir.
Bu nedenle hidrolojik ¢aligmalarda 6nemli bir yeri bulunmaktadir. Uzaktan algilamadaki kar su esdegeri
Olciimleri mikrodalga sensorlerle yapilmaktadir. Algoritma, karda farkli penetrasyona sahip
frekanslardaki kanallarin mikrodalga parlaklik sicakliklarinin kullanimima dayanir. Karin kuru veya
1slak olmasina bagli olarak penetrasyon degisir (kuru kar daha seffaftir). H SAF projesinde de elde edilen
kar su esdegeri iiriinlerinde diiz/ormanlik alanlar ve daglik bdlgeler i¢in yontem ve performans farkli
olabilmektedir. Daglik bdlgeler i¢in yontemde kar yogunlugunun ve kar &zelliklerinin tane boyutuna
gore yiikseklik ve zaman 6lcegine gore degisimi dikkate alinmaktadir.
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Sekil 5. H SAF Kar iirtinleri a) SE-E-SEVIRI(H10) ve Karasu karla kapli alan haritas1 b) SWE-E-H13
ve Karasu SWE haritasi (25 Subat 2017)

Hidrolojik model uygulamalarinda SRM (Martinec, 1975), HBV (Bergstrom, 1976) ve HEC-HMS
(USACE, 2018) gibi kavramsal modeller tercih edilmektedir. Kavramsal modellerde genellikle derece
giin metodu ile kar erimesi hesaplanmakta, ayrica sicaklik ve yagis degisimlerini daha iyi temsil
edebilmek i¢in havza yiikseklik araliklara boliinerek ¢alisilmaktadir. SRM modeli diger kavramsal
modellerden farkli olarak karla kapli alan1 ana girdilerden biri olarak almaktadir ve giinliik akimlarin
simiilasyonunda ve tahmininde kullanmaktadir. Sekil 6’da 2013-2015 yillar1 igin yapilan model
¢aligmasinda kullanilan, SE-E-SEVIRI(H10) {irtiniinden farkl yiikseklik araliklari (zonlar1) igin elde
edilen karla kapli alan degisimleri goriilmektedir. Bu sekilde A-E zonlar1 1125-3487 m araligini temsil
etmektedir. A zonu en diisiik, E zonu ise en yliksek kotlu yiikseklik araligindadir. Bu nedenle kar en
erken A zonunda en geg ise E zonunda ¢ekilmektedir. Bu veriler kullanilarak Yukar1 Firat Havzasinda
yapilan akim simiilasyonlar1 ise Sekil 7°de goriilmektedir. Bu sekilde, en kurak yillardan biri olan 2014
yilindaki diisiik akimlar ve ozellikle 2015 yilindaki tahminde edilen yiiksek tutarlilik dikkat
¢ekmektedir. Model kalibrasyonu sonucunda (Kling Gupta Verimlilik) KGE=0,91 oraninda bir model
performansi elde edilmistir.
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Sekil 6. Karla kapli alan degisimi (2013-2015), Karasu Havzas yiikseklik zonlar1

Kar erimesi konusunda diinyada en yaygin kullanilan modellerden bir tanesi de HBV’dir. Modelin temel
girdi degiskenleri giinliik toplam yagis, ortalama sicaklik ve evapotranpirasyondur. Bu model
uygulamasi ile hem model ¢iktisi olarak akimlar hem de durum degiskeni olarak kar su esdegeri (ve ona
bagh olarak karla kapl alan) ve toprak nemi simiile edilebilmektedir. Bu model degiskenlerinin de
bagimsiz 6lglimler olarak uydu tabanl karla kapli alan ve/veya toprak nemi tiriinleri ile karsilagtirilmasi
modelin i¢ tutarliligini ve buna bagli olarak da giivenilirligini arttirmaktadir. Sekil 8’de 2019 su yil1 i¢in
model uygulama sonuglar1 gozlenmis degerlerle kiyaslanmis halde goriilebilir.

Modelleme c¢aligmalarinda, sonuglarin dogrudan kar su esdegeri olarak alindigi ve akimlarin
hesaplanmadig1 kar modelleri de kullanilabilmektedir. Bu ¢alismalarda da derece giin yaklasimi, kiitle
ve enerji dengesi metodu ya da hibrit olarak ikisi birlikte kullanilabilmektedir. Bu model yaklagimlari
bir noktada ya da dagilimli olarak tiim havzada sonug liretebilmektedir. Sekil 9°da SNOW 17 modeli ile
yapilan bir uygulamada elde edilen kar su esdegeri sicaklik, yagis ve akim iligkisi i¢inde sunulmustur
(Ertas, 2020).
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Sekil 7. Gozlenen ve modellenen akim, SRM model sonuglar1 (2013-2015), Karasu Havzasi
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Sekil 8. HBV model sonuglari a) akim b) karla kapli alan, (2013-2015), Karasu Havzasi
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Sekil 9. SNOW17 model, kar su esdegeri sonucu (Ertas, 2020)
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SONUCLAR

Su kaynaklarinin planlanmasi ve yonetiminde kullanilan degiskenlerin 6nemli bir kismi1 uydu iiriinleri
ile de elde edilebilmektedir. Noktada yapilan yer gézlemlerine kiyasla bu uydu iiriinlerinin alansal ve
zamansal degisikligi tespit etmek konusunda avantajlar sagladigi goriilmektedir. Bu durum yer
gozlemlerinin degerini azaltmamaktadir, 6zellikle uydu iiriinlerinin ilk kullaniminda dogrulama amach
olarak yer gozlemlerinden yararlanilmaktadir. Yer gozlemlerinin kisitlh oldugu karmasik
topografyalarda uydu iirlinlerinin varligi uygulamalarda 6nemli katkilar saglamaktadir. Her tiirli
hidrolojik uygulamada gerek duyulan temel degisken olan yagisin radarlar ve uydularla yakin gercek
zamanli tespit edilmesi miimkiindiir. Bu c¢alismada, ¢esitli uydu yagis tiriinlerinin yer gézlemleri ile
kiyasi ve modellerde kullanimi iizerine ornekler sunulmustur. Son dénemde dogrudan uydu yagis
iiriinlerinin yan sira uydu toprak neminden iiretilen yagis iiriinleri de uygulama alani bulmaktadir.

Ulkemizin ortalama kotu ve 6zellikle Dogu Anadolu Bélgesinin daglik kesimleri kar potansiyelini
onemli kilmaktadir. Iklim ve topografik sartlar nedeniyle yer gdzlem agmmin kurulmasinin ve
isletilmesinin zor oldugu bu bodlgelerde uydu iiriinlerinden elde edilen karla kapli alan ve kar su esdegeri
verileri modellerde farkli sekillerde kullanilabilmektedir. Bu ¢alismada, diger gdzlem verilerine kiyasla
sonuglara etkisini gérmek adina etki analizi sonuglaria 6rnek verilmistir. Ayrica, bu iirlinler modellerin
i¢gsel dogrulugunu tespit etmek i¢in de kullanilabilmektedir, HBV modeli sonuglar1 buna 6rnek olarak
sunulmustur. Yer kisiti nedeniyle sunulamayan diger 6rneklerde bu veriler coklu model kalibrasyonu
yapmak tizere kullanilabilmektedir. Model giivenilirligini artirmak ve belirsizlikleri azaltmak i¢in bu
uygulama cesitli avantajlar sunabilmektedir. Diger taraftan, veri asimilasyonu ile tahminlerin
iyilestirilmesi asamasinda da bu iirlinlerden yararlanilabilmektedir.

Farkli uydulardan elde edilen iiriinlerin ¢esitli avantaj ve dezavantajlari olmaktadir. Bu nedenle,
hidrolojik caligmalarda yeni tirlinlerin denenmesinin ozellikle algoritma fireticilere fikir vermesi
bakimindan faydasi oldugu gibi isletimsel hidrolojide alternatif iirlinlerin kullanilma sansi da
dogmaktadir.

TESEKKUR

Bu ¢aligma konferansta davetli konugma olarak sunulmustur, bir birikime dayali olarak ortaya konulan
caligmalarin arka planinda 6nemli bir ekip c¢alismasi yer almaktadir. Bu vesile ile uydu {irtinleri ile
tanismamiz1 saglayan degerli hocam Prof. Dr. A. Unal Sorman’a, ¢alisma arkadaslarim Dr. A. Arda
Sorman ve Dr. Gokcen Uysal ile ¢aligmalarda emegi gecen tiim Ogrencilerime tesekkiirlerimi ve
saygilarimi sunuyorum. Calismalar EUMETSAT H SAF, COST 1404, TUBITAK ve BAP projeleri
destekleri ile yiritilmiistiir. Su kaynaklan ile ilgili her tiirli ¢caligmada veri destegini saglayan
kurumlarimiz MGM ve DSI’ye ve katki saglayan degerli personeline tesekkiir ederim.
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ABSTRACT

The remote sensing of precipitation from satellite was challenging since the ‘60s. The availability of
satellite radar measurements from the TRMM, GPM and CloudSat missions, and the optimal coverage
provided by the constellation of passive microwave radiometers, paved the way through a golden era
for remote sensing of precipitation. The quantity and the quality of the satellite data, that are currently
available, allow the exploitation of artificial intelligence techniques, which are showing their full
potential in remote sensing applications. Still, the scientific community is facing some challenges; the
measure of snowfall from space is one of them. The advanced machine learning techniques (e.g. deep
learning convolutional neural network) are suitable to tackle the complex issues related with the remote
sensing of snowfall, such as the complex radiative effects of snowflakes and the extremely variable
surface emissions of snow covered backgrounds and sea ice. The presentation will introduce the
fundamental aspects of the MW-based remote sensing of precipitation, and will focus on the most recent
advances in the use of artificial intelligence for the detection and estimate of rainfall and snowfall with
MW radiometers.

Keywords: Neural networks, deep learning, machine learning, convolutional neural networks, MW,
satellite precipitation retrieval, snowfall.
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ABSTRACT

This study investigates the impact of the spatio-temporal accuracy of four different sea surface
temperature (SST) datasets on the accuracy of the Weather Research and Forecasting (WRF)-Hydro
system to simulate hydrological response during two catastrophic flood events over the Eastern Black
Sea (EBS) and the Mediterranean (MED) regions of Turkey. Three daily-updated and high spatial
resolution external SST products (GHRSST, Medspiration, and NCEP-SST) and one coarse-resolution
and time-invariant SST product (ERAS- and GFS-SST for EBS and MED regions, respectively) already
embedded in the initial and the boundary conditions datasets of WRF model are used in deriving near-
surface atmospheric variables through WRF. Event-based calibration is performed to the WRF-Hydro
system using hourly and daily streamflow data in both regions. The uncoupled model simulations for
independent SST events are conducted to assess the impact of SST-triggered precipitation on simulated
extreme runoff. Some localized and temporal differences in the occurrence of the flood events with
respect to observations depending on the SST representation are noticeable. SST products represented
with higher cross-correlations (GHRSST and Medspiration) revealed significant improvement in flood
hydrographs for both regions. The GHRSST dataset shows a substantial improvement in NSE (~70%)
and KGE (from 0.06 to 0.3) with respect to the invariable SST (ERAS5) in simulated runoffs over the
EBS region. Reduction in RMSE up to 20% and an increase in correlation from 0.3 to 0.8 is observed
for the same region. The use of both GHRSST and Medspiration SST data characterized with high
spatio-temporal correlation resulted in runoff simulations exactly matching the observed runoff peak of
300 m3/s by reducing the overestimation seen in invariable SST (GFS) in the MED region.

Keywords: WRF, WRF-Hydro, SST, runoff prediction, precipitation.

Yiiksek Coziiniirliiklii Uydu Tabanh Deniz Seviye Sicakliklarinmin Ekstrem Yagis ve
Akis Tahminlerine Etkisi

OZET

Bu ¢alisma, dort farkli deniz yiizeyi sicakligi (SST) veri setinin uzaysal-zamansal dogrulugunun, Dogu
Karadeniz (EBS) ve Akdeniz (MED) Bolgeleri iizerindeki iki oOnemli sel olay1 sirasinda
hidrometeorolojik tepkiyi simiile etmek i¢in Hava Arastirmasi ve Tahmini (WRF)-Hidro sisteminin
dogrulugu iizerindeki etkisini arastirmaktadir. Ug zaman degiskenli ve yiiksek uzamsal ¢oziiniirliiklii
harici SST iiriini (GHRSST, Medspiration ve NCEP-SST) ve WRF modelinin baslangic ve sinir
kosullar1 veri kiimeleri iginde bulunan bir kaba ¢oziiniirliiklii SST {iriinii (sirasiyla EBS ve MED
bolgeleri igin ERAS5 ve GFS-SST) kullanilarak yiizeye yakin atmosferik degiskenler WRF ile
tiiretilmistir. Her iki bolgede de saatlik ve giinliik akis verileri kullanilarak WRF-Hidro sistemine uygun
olay tabanli kalibrasyon gerceklestirildikten sonra, SST ile tetiklenen yagisin simiile edilmis asir1 akis
tizerindeki etkisini degerlendirmek i¢in SST olaylar1 kalibre edilmis model ile kosturulmustur. SST
temsiline bagl olarak gdézlemlere gore taskin olaylarinin meydana gelmesinde bazi yerel ve zamansal
farkliliklar olugsmustur. Daha yiiksek ¢apraz korelasyonlarla (GHRSST ve Medspiration) temsil edilen
SST iiriinleri, her iki bolge i¢in sel hidrograflarinda énemli bir gelisme oldugunu ortaya ¢ikarmustir.
GHRSST veri seti, EBS bolgesi tizerinde simiile edilmis akiglarda NSE'de 6nemli bir gelisme (~%70),
RMSE'de %20'ye varan azalma ve ERAS SST'ye gore korelasyonda 0,3'ten 0,8'e bir artis gosterir.
Yiiksek uzaysal-zamansal korelasyon ile karakterize edilen hem GHRSST hem de Medspiration SST
verilerinin kullanimi1, MED bdlgesindeki GFS SST'de goriilen fazla tahmini azaltarak, gdzlemlenen 300
m3/s'lik akig tepe noktasiyla tam olarak eslesen akis simiilasyonlart vermistir. Ayrintili SST gosterimi
ile  WRF modelinin gelistirilmis yagis simiilasyon becerileri, GHRSST ve Medspiration
simiilasyonlariin hidrograflarinin, gézlemlenen yagis ile simiile edilmis hidrograflara kiyasla daha iyi
performans gosterdigini gostermektedir.

Anahtar Kelimeler: Akis tahmini, SST, WRF, WRF-Hydro, yags.
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ABSTRACT

National weather radar networks are often designed to cover an entire country. However, practical
constraints can mean that the distribution may be uneven, and some areas will have poorer coverage
than others. In the US, despite the deployment of more than 160 radars, the state of Missouri has some
of the largest gaps in National Weather Service coverage outside of the mountainous areas of the western
US. The MZZU X-band dual-polarization radar was installed in 2015 and covers a well-populated area
of Central Missouri more than 120 km from the nearest NWS radar.

This paper discusses the characteristics of the MZZU radar and the data processing needed to ensure
data quality. It will examine some cases during which the MZZU radar added information to that
available from the NWS radars and demonstrate how small radars, such as MZZU, can be used to fill
critical gaps in national network coverage.

Keywords: Radar meteorology, gap-filling radar, X-band.

INTRODUCTION

Many countries around the world have installed national weather radar networks in the last two decades.
Such networks are designed to provide critical meteorological information such as storm and flood
warnings, as well as data for meteorological models. For the warning application, the aim of such
networks is to cover the entire population. However practical considerations, such as siting limitations
and cost, sometimes mean that some areas are not adequately covered.

The US National Weather Service (NWS) completed development of the Nexrad network in the mid-
1990s and although the radars and data processing have been significantly upgraded since that time,
there have been no additional sites added to the network in the continental US. Figure 1 shows the
locations of the NWS radars in the continental United States with shading showing areas where the
lowest beam is below 900 m (3000 ft), 1800 m (6000 ft), and 3000 m (10000 ft). While the vast majority
of the population is well-covered by the radar network there are some notable areas where coverage is
less than optimal. This is seen in areas where the lowest beam is above 1800 m. Most of these areas lie
in the mountainous west where there are obvious siting issues and low population density. Other regions
that are not well served include low population density areas in the northern US and in the desert
southwest. However, there are also a number of places in which a significant population reside, but have
poor radar coverage. This includes large sections of the northeast and southeast of Missouri.

It has been proposed that smaller, cheaper weather radars could be used to cover the gaps in coverage
(Uccellini and Jacobs 2017). Some radars have been installed in areas such as southeast Colorado,
northern Louisiana, and central Missouri. While methodologies have been developed for improve the
spatial coverage of radar-based precipitation fields, these are limited by the alternative observations in
the poorly served area, and still underperform compared to areas closer to a radar (Martinaitis et al.,
2020). The areas of Missouri that have imperfect radar coverage also suffer from a lack of surface
observation sites.

In this paper we describe the MZZU radar that has been situated in central Missouri for more than five
years, and is operated by the University of Missouri. We will then provide examples of its use for
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supplementing the NWS radar network in wintertime situations, where storms are confined to levels
below the NWS radar coverage; warm season convective storms where distance from the NWS radars
means that storm structure is poorly resolved; and rainfall observations which benefit from radar
observations at higher resolutions and closer to the surface than those available from the more distant
NWS radars.

VCP 12 Coverage N

3,000 t above ground level®

-
-

10.000 ft above ground Wrvel”
375 750
miles

“Center of beam height (assuming Standard Atmospheric Refraction)
Terrain Blockage Indicated where 50% or more of beam blocked

Figure 1: Coverage of Nexrad radars below about 900 m, 1800 m and 3000 m above ground level.
Missouri is circled in red. (https://www.roc.noaa.gov/WSR88D/Maps.aspx)

THE MZZU RADAR

The MZZU radar (Fig. 2) was installed in July 2015 outside of Columbia, Missouri as part of a project
funded by the National Science Foundation. The radar is an X-band, dual-polarization with a beamwidth
of 1.26°. It is operated with a maximum range of about 80 km, a lowest elevation angle of 0.9°, with a
regular volume scan using 10 elevations up to a maximum of 19°. Volume scans are completed in less
than 4 minutes. As a research radar, the location was not optimized to fill the gaps in the network, but
its domain does cover Columbia (home of the University of Missouri) and Jefferson City (the state
capital), as well as a number of other towns. In total the population residing within the domain is in
excess of 500,000. As can be seen from Figure 3, there is a large area serviced by MZZU coverage
below 1200 m, whereas the beams from NWS radars are above 2000 m.
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Figure 2: The MZZU radar.

+  Gauge Sites
@ Radar Sites
[] um Radar: Range Ring Every 25 km

NWS Radar. Range Ring Every 25 km

Figure 3: Left panel: illustration of the coverage of Missouri, by the NWS radars (cyan area showing
beam height below 1200 m, green areas show coverage below 2000 m) and MZZU (yellow area
showing beam height below 1200 m, red areas show coverage below 2000 m). Right panel: location of
MZZU with 25 km range rings, with NWS MO radars (St. Louis — KLSX; Pleasant Hill - KEAX;
Springfield — KSGF).

The radar records reflectivity (Z), differential reflectivity (ZDR), cross-correlation coefficient (puv),
differential phase shift (ppp), and specific differential phase shift (Kpp). As the radar operates at X-band
there is significant attenuation of signal power in moderate and heavy rain, resulting in inaccurate
observations of Z and ZDR. An attenuation correction scheme based on the procedures recommended
by Bringi et al. (1990), and tested by a number of groups (e.g., Koffi et al., 2014, Matrosov et al., 2005;
2014), has been implemented based on a novel retrieval of Kpp (Wen et al., 2019, 2020).

The novel Kpp retrieval scheme of Wen et al. (2019) utilizes a Gaussian mixture model (GMM) to assess
the gradient in @pp, rather than a linear fitting method. The advantages of the GMM are that it does a
better job of identifying localized, high Kpp areas characterized by rapid changes in opp gradient. It also
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provides a measure of uncertainty in the retrieval that can then be propagated through the attenuation
correction to give a realistic estimate of the uncertainty in the reflectivity observation (Wen et al., 2020).

Figure 4 shows an example of the quality control and attenuation correction process from 9 June 2020.
In the raw reflectivity field (top left) a general decrease in reflectivity with range from the radar is
evident. The Kpp field produced using the GMM method (bottom left) is used to generate the attenuation
correction, and also provides an indication of heavier rain, illustrated by the north-south line of higher
Kpp values to the west of the radar. After attenuation correction (top right), the reflectivity field appears
more realistic, without the drop-off with range, and with the line of heavier rain more evident. The
accuracy of the retrieved fields is tested through comparisons of quantitative precipitation estimates with
rain gauge observations. Also shown in Figure 4 is the accompanying field of reflectivity uncertainty
which is calculated using the error estimation of the GMM process for deriving Kpp. In this case the
uncertainty field appears uniform, but this is not always the case. When there are sharp gradients in Kpp,
such as when there are isolated storms, greater uncertainties are observed.

Comucted Raflectivily 20209603 12:45:42

GMM Srmocthed KOP 20200608 12:16:42

Figure 4: Example of raw reflectivity (dBZ) (top left), KDP (° km™) (bottom left) and attenuation
corrected reflectivity (dBZ) (bottom right) from the MZZU radar. The estimated uncertainty in
reflectivity (dBZ) is also shown (bottom right).

Cool Season event

During winter precipitation systems can be confined in vertical extent to shallow layers. For a radar at
a range of 100 km with a lowest elevation angle of about 0.5° from a storm, the centre of the beam is
more than 1500 m above radar height, and by the time the range reaches 125 km this increases to more
than 2000 m. This increase in beam height grows rapidly beyond this range, such that shallow winter-
time systems are either not captured by the distant radar, or their strength is underestimated as the radar
beam is only partially filled by hydrometeors (small ice crystals) at the top of the cloud.

Figure 5 illustrates two examples of how a gap-filling radar can improve coverage of a widespread cool
season event. In each case the combined reflectivity field from the two NWS radars in St. Louis and
Pleasant Hill is shown in the top panel, while the middle row shows the result of adding data from
MZZU, situated between the two.

In the case from 27 November 2015 (left hand panels) it appears from the NWS radars alone that the
precipitation has mostly exited the central Missouri region surrounding MZZU. This could give the
impression that precipitation was ending in the area, and total precipitation was lower than it was. Once
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the data from MZZU is incorporated, it can be seen that precipitation is ongoing and will continue. This
information can help with travel advisories and effective deployment of road clearing resources in the
case of snow.

A more common situation was seen on 16 February 2016 (right hand panels). In this case both the NWS
radars (EAX and LSX) overshoot the shallow precipitation in the centre of the state, providing an
artificial view of the conditions in that area. As can be seen from the difference field in the bottom panel,
the reflectivity observed by the MZZU radar, close to the surface, indicated the presence of significant
precipitation. The line to the northwest of the radar showing underestimates in reflectivity on the order
of 35 dBZ, in reality represented an approaching freezing line ahead of where rain was transitioning to
snow. This high-reflectivity feature located the descending melting layer as it traversed the area. This
was associated with significant freezing rain and icing. This icing resulted in significant disruption and
the accurate identification of the progression of features such as this is critical for effective management
of transportation, utilities, and emergency services.
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Figure 5: Two examples of cold season events. The left side shows reflectivity from 27 November
2015 at 0422 UTC. The right side is from 16 February 2016 at 1420 UTC. In each case the top panel
shows the merged (composite) reflectivity (dBZ) from the St. Louis (LSX) and Pleasant Hill (EAX)
radars. The middle panels show the merged (composite) reflectivity from the LSX, EAX, and MZZU

radars. The bottom panel shows the difference in the reflectivity fields. The + symbols show the
locations of EAX (west), MZZU (centre), and LSX (east), and the axes are in km.

Isolated Convective storms

Cases involving isolated convection can benefit from the enhanced observations of a radar sited closer
to the storms. One aspect of this is the increased resolution offered by the local radar. As the range
increases the width of the radar beam does so as well, such that a beam with a width of 1° will have a
diameter of more than 2 km at a range of 125 km. This considerably limits the distant radar’s ability to
identify small-scale features of a storm that may be critical to identifying its behaviour and severity. In
addition to this problem, the altitude of the beam above the surface can restrict the ability to track
important low-level features.
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Figure 6 shows an example of storms that occurred on 10 August 2016 that caused street flooding in
downtown Columbia, MO. Here, the comparison is made between the reflectivity observed using the
St. Louis radar (LSX) and the MZZU radar. LSX records lower reflectivities, and the storms appear to
have a larger spatial extent. When observed from MZZU the data shows much more localized rainfall
with higher reflectivities, allowing the identification of heavy rain cores over the urban area.

Also clear in the image from MZZU is the presence of a radar fine line moving east to west across the
area. This shows the progress of the outflow boundary created by the convective storms, and represents
a line along which further convection may develop or existing storms can be strengthened. The location
of the line allows for short-period forecasts of convective development and enhancement. This is a low-
level feature confined to the boundary layer, and is therefore not observable using the LSX data as the
height of its beam would be well above the targets producing the reflectivity.

Figure 6: Reflectivity images from the LSX radar (left) and MZZU (right) from 10 August 2016 at
2209 UTC. The MZZU data is not corrected for attenuation.

Rainfall Observations

As a consequence of the demonstrable advantages of the proximity of the radar seen in the previously
presented examples, it is reasonable to expect that quantitative precipitation estimates would also be
improved by using data from the nearby radar. This has the advantages of both higher resolution and
observations closer to the surface which, in turn, reduces errors in observation caused by changes in the
rainfall as it falls from the height of the radar beam to the ground below.

Figure 7 shows an example of one hour of rainfall accumulation estimated from the observations of the
three radars that cover Mid-Missouri. In each case the rainfall is calculated using the standard convective
R(Z) relationship of Z = 300R"“*. Even though the fields are gridded at the same scale, it can be seen
that the MZZU data captures far greater detail and much higher rainfall amounts than the other two
radars. The MZZU data has been attenuation corrected, but there still appears to be evidence of
attenuation in the systematic reduction in rainfall totals with distance from the MZZU radar. The rainfall
totals retrieved from the KLSX data are substantially lower and have a more even distribution, and this
is even clearer in the KEAX field, due to the greater distance of that radar.

The point values displayed in the figures are those obtained from the radar data for locations at which a
raingauge was situated. In all cases the actual gauge observations were significantly higher than those
retrieved from the radars, but the totals from the MZZU measurements were closer to the gauge amounts.
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Figure 7: Rainfall accumulations for 21-22 UTC on 15 July 2021 from simple R(Z) relationships for
the three individual radars MZZU (top), KLSX (middle), and KEAX (bottom). Point values for
locations corresponding to gauges are shown.

CONCLUSION

It is clear that there are substantial benefits available through the use of a short-wavelength
meteorological radar in a region with sub-optimal coverage from a national network. However, more
analysis is required to determine quantitatively the improvements gained. At present the MZZU radar
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operates as an independent instrument and options for integration of the data into a comprehensive radar
product are being explored. Data is automatically delivered to the National Severe Storms Laboratory
(NSSL) for incorporation into the research and development version of the Multi-Radar Multi-Sensor
(MRMS) (Zhang et al. 2011), as well as publicly available repositories. Meanwhile the NWS Forecast
Office in St. Louis, MO accesses the data from MZZU on an ad-hoc basis. Columbia, MO is at the
western edge of this office’s coverage warning area, and storm systems passing over MZZU tend to
propagate toward the St. Louis area. Therefore, there is potential for improved observations to contribute
to both warnings in Mid-Missouri and the major metropolitan area of St. Louis. Yet, to date, a systematic
study of the value of MZZU data to the warning operations of the Forecast Office has not been attempted.

There is work ongoing to compare retrieved rainfall rates from MZZU to those calculated using KLSX,
as well as satellite observations, such as those using the Integrated Multi-satellitE Retrievals for GPM
(IMERG) algorithm (Skofronick—Jackson et al., 2017). The qualitative assessment presented here only
utilizes the base reflectivity in the rainfall calculation, but exploitation of the full capacity of the dual-
polarization products should improve retrievals greatly.
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ABSTRACT

The origins of weather radar can be traced back to the basic physics of EMR, developed by European
scientists in the middle of the 19™ Century; the early engineering work in wireless communications
and remote sensing of the early 20™ Century; and of course, the intensive efforts on all sides of
World War Two to develop practical radar. Radar meteorology began shortly after the war, when
surplus radar equipment became available for experimentation by meteorologists. Since then, many
improvements have been made, with the solid-state electronics and computer revolutions resulting
in some of the most important ones. Currently the United States maintains two primary operational
weather radar networks: The WSR-88D system, and the TDWR system. Canada operates its own
network of operational weather radar sites, arrayed along the southern tier of the country. Canada
is in the midst of a major project to upgrade and expand their network of weather radars, replacing
older C-band systems with S-band systems that are quite similar to the WSR-88D design. Both U.S.
networks are approaching the end of their design life and are scheduled to be replaced with a new
network of phased array installations within the next decade. The new system will also replace two
aviation radar systems, reducing the total number of combined sites from about 550 to about 335.
The speed of the new phased array radars also opens up new possibilities for Warn-On-Forecast in
severe weather scenarios.

Keywords: Operational weather radar, WSR-88D, TDWR, United States, Canada.

The Past. The origins of radar can be traced back at least as far as the 19™ Century. In 1842, Christian
Andreas Doppler first described the observed frequency shift of light (and sound) that results when a
source is moving with respect to the observer, which is the physical basis by which modern weather
radar determines if a target is inbound or outbound (Rinehart 2004). This was independently discovered
by H. Louis Fizeau, who also formalized the mathematical theorem for the effect (Houdas 1991).

In 1865, James Clerk Maxwell showed that electrical and magnetic fields travel through space as
“waves,” moving at the speed of light. This was his classical theory of electromagnetic radiation,
unifying electricity, magnetism, and radiation as different manifestations of the same thing (Maxwell
1864). In 1886, Heinrich Rudolf Hertz determined that an electric current swinging rapidly back and
forth in a conducting wire would cause the wire to emit electromagnetic radiation (EMR). He is also
known for proving the existence of electromagnetic waves, which had been proposed by Maxwell
(O’Connor and Robertson 2007).

In the early 1890s, Gugielmo Marconi developed a system for the practical transmission and reception
of radio waves, or “wireless” systems. By the end of the decade, he was able to transmit and receive
EMR signals over a distance of more than 60 nautical miles, and by 1902 he was able to transmit and
receive signals over more than 1,500 miles.

The first radar-like device was patented by Christian Hiilsmeyer in 1904, based on the published work
of Hertz. Hiilsmeyer’s device, called a “telemobiloscope,” transmitted pulses of EMR generated using
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a spark gap, and listened for its own back-scattered radiation, but was unable to directly measure the
range to a given target (e.g. Wiesbeck et al. 2015).
Eighteen years later, electrical engineers Albert Taylor and Leo Young were testing wireless radio for
the U.S. Navy, with the transmitter and receiver on opposite sides of the Potomac River. A wooden
steamship, the Dorchester, sailed up the river, temporarily attenuating the signal strength at the receiver.
Realizing that such a system could be used to remotely detect the presence of enemy vessels, they
proposed establishing an “electromagnetic curtain” in the nation’s coastal rivers and seaports (Rinehart
2004; Parry 2010).
The next year the Naval Research Laboratory was established with Taylor appointed the head of the
radio division. In the early 1930s, Taylor and Young realized that a single antenna could be used as
both transmitter and receiver, provided a “duplexer” (switch) was added to toggle the system between
modes. (The same idea had also occurred to German and Russian engineers working on the same
problem.) In 1934, they constructed a system that was able to detect the location of an aircraft at a
distance of one mile. By 1937, Taylor, Young, and their team had developed a practical system for
detecting aircraft from naval vessels (Parry 2010).
The term RADAR was first coined by the U.S. Navy in 1940 as an acronym for RAdio Detection And
Ranging or Radio Direction And Ranging. The word “radar” has since entered English and other
languages as a common noun, losing its capitalization_(Lapedes 1976).
Prior to and during World War Two, radar was simultaneously under development in several countries
(Rinehart 2004; Wiesbeck et al. 2015)". These countries fell into several categories:

o The Western Allies, consisting of the United States, the United Kingdom, France, and Holland

(although the latter two dropped out of the effort early in the war)

e The Axis Powers, consisting of Germany, Italy, and Japan.
e  Other countries, including the Soviet Union, Australia, Canada, New Zealand, South Africa
and Hungary.

In 1940, John Randall and Henry Boot, at the University of Birmingham (U.K.), invented the
cavity magnetron transmitter tube (an improvement on an earlier design), making it possible to construct
relatively light-weight radar devices, which could be mounted on trucks and operated at higher
microwave frequencies, making them more accurate (Rinehart 2004). It also significantly increased the
transmitted power of the radar at 10 cm wavelengths. Another type of transmitter tube, called a klystron,
was invented in 1937 by Russell and Sigurd Varian (Pond 2004).

Also in 1940, J.W. Ryde of the General Electric Corporation Research Laboratory, in Wembly, England,
investigated returned power from clouds and precipitation in radar displays, when backscattered EMR
from weather targets was considered “clutter” (noise) that obscured the targets of interest (aircraft)
(Rinehart 2004; Whiten et al. 1998). Weather clutter is visible in the right-hand image in Figure 1.

In 1944, the APQ-13 radar system was jointly developed by Bell Telephone Laboratories and the
Massachusetts Institute of Technology (MIT), to help guide bombing and assist with aircraft navigation
(Whiten et al. 1998). It was an X-band (~3 cm wavelength) radar, and highly sensitive to precipitation
echoes. It was later adapted as an early ground-based weather radar, and a network of these systems
was fielded as the first system for storm detection (Whiten et al. 1998; Swingle 1990). While it was
replaced by the U.S. National Weather Service (then called the Weather Bureau) in 1946, it remained
one of the U.S. Air Force’s base weather radar systems until the AN/FPS-77 system was deployed in
the 1960s. The last of these remained in operation until October, 1977 (Small 2005; Whiten et al. 1998).
(See Figure 1.)

" A highly entertaining (and detailed) insider’s story of radar development during the last years of WWII, written by
J. Fletcher (a pilot and radar researcher of the period), can be found in Atlas (1990).
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Figure 1. APQ-13 radar. Left: Display/control console. Right: Image from screen, recorded over Osaka,
Japan, in 1945. (Credits: Small 2005.)

After World War Two, surplus radar equipment became available for experimentation by civilians.
Studies conducted during the last three years of the war at MIT’s Radiation Laboratory had determined
that “weather” could be detected by C- and S-band radars out to a range of 150 miles (Whiten et al.
1998; Katz and Henry 1990). Work began to examine the kinds of information that could be extracted
from what had previously been thought of as noise. (Meteorological radar bands and their associated
wavelengths are summarized in Table 1.)

Table 1. Meteorological radars by band, wavelength, and frequency. Wavelength is often used by
meteorologists, for easy size comparison to hydrometeors. Frequency is more commonly used by radar
engineers. The lettered band designations (column 1) for these ranges of wavelength and frequency were
originally created during WW II, and standardized by the Institute of Electrical and Electronics Engineers
(IEEE) in the mid-1980s (Whiten ef al. 1998).

Band Range of Wavelengths Central Frequency
[em] |GHz]
S 7.5-15 2.8
C 3.7-75 5.5
X 2.5-3.7 9.4

In 1946, the U.S. National Weather Service obtained 25 S-band AN/APS-2F radars from the U.S. Navy,
and began modifying them for meteorological use. Modifications included equipping them with larger
antennas, and adding a converter that allowed them to run on conventional power systems. The modified
radars (the first of which was installed at Washington National Airport in 1947) were renamed WSR-1,
WSR-1A, WSR-3, and WSR-4, depending on the year of deployment and minor variations in design
(Whiten et al. 1998).

The first radar system specifically designed for weather purposes was the AN/CPS-9, in 1954, designed
by the U.S. Army Signal Corp and built by Raytheon (which would later build the WSR-57 and the
Federal Aviation Administration’s Terminal Doppler Weather Radar). It was an X-band (3 cm
wavelength) system, with a beamwidth of 1°, and transmitted pulses of both 5 ps and 0.5 ps in duration.
The choice to make it an X-band, rather than an S-band (which is less prone to attenuation by
precipitation), was made to make the overall system reasonably portable and to contain costs. The first
was installed at Maxwell AFB, Alabama, in 1954, and the last remained in operation until 1984 (Small
2005; Whiten et al. 1998). (See Figure 2.)
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Figure 2. CPS-9 radar. Left: Display/control console. Right: Image from screen. (Credits: Small 2005;

Whiten et al. 1998.)
A later generation of operational weather radar was called Weather Surveillance Radar 1957 (WSR-57),
originally built by Raytheon in 1957 to track hurricanes for the U.S. National Hurricane Center in
Miami, Florida. It remained the primary civilian weather radar system in the United States for more
than 35 years. It was an S-band (10.3 cm wavelength) system, and had a beamwidth of 2°. It also had
a backup power system, and a “repeater PPI display.” The acronym PPI means Plan Position Indicator,
which is the name given to a “plan view” display of reflectivity. The repeater was used for Polaroid or
35-mm photographs of the radar display. (Thousands of feet of film of these displays are available at
the National Centers for Environmental Information.) The first of these systems was installed in Miami
in June, 1959, and the last remained in use until December, 1996 (Small 2005; Whiten et al. 1998). (See
Figure 3.)

Figure 3. WSR-57 radar. Left: Display/control console. Right: Image from screen, showing Hurricane Carla,
recorded by the WSR-57 in Galveston, Texas. The small arrow on the upper right shows the location of a
tornado. (Credits: Small 2005.)

In the early days, the cost of purchasing a radar system made it prohibitively expensive for all except

government agencies, but remote displays (such as the WSR-57’s repeater PPI display) which showed
output from an existing radar site were more affordable, and installed in airline weather centers (Whiten
et al. 1998). By the 1960s, improvements in the manufacturing of all components of radar (transmitters,
receivers, control systems and information displays), and the use of semiconductors, made them
lightweight and affordable enough to be installed in non-government aircraft, such as commercial
airliners. By the late 1960s, commercial television stations in different parts of the United States were
purchasing their own small X-band radar systems, for use in weather broadcasts (Whiten ef al. 1998).

The U.S. Air Force developed its own radar system in 1964, called the AN/FPS-77, to replace the aging
fleet of AN/APQ-13s and CPS-9s. This system was a C-band radar (wavelength 5.4 cm), and remained
in use through the 1980s. The first unit was installed at Griffiss AFB in New York State, in 1964, and
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by 1969, the network of more than 100 sites was nearly complete. Like all previous radar systems, it
was analog and manually operated. Images were “painted” on a screen, and archived using a Polaroid
camera (Small 2005; Whiten et al. 1998). (See Figure 4.)

Figure 4. FPS-77 Radar. Left: Control/Display console. Right: Antenna. This radar was entirely manually
operated and contained more than 200 vacuum tubes. The round screen at the bottom was used for creating
plan-view images of reflectivity, called Plan-Position Indicator (PPI) images. The smaller screen to the upper
left was used to create profile-view cross-sections of a reflectivity center, called Range Height Indicator (RHI)
images. (Photo credit http://www.radartutorial.eu/19.kartei/11.ancient/karte166.en.html)

By the late 1970s, the United States weather radar network had become an uneven patchwork of several
legacy systems. Some were quite old and unreliable, although the NWS had added a handful of newer
systems (such as the WSR-74C and WSR-74S) to fill in the coverage gaps in the existing network. All
required manual operation by a human technician, and none took advantage of advances in computer
technology. Then, a spectacular series of unwarned convective events occurred during radar outages,
resulting in loss of life and property damage, which motivated the U.S. government to commission an
entirely new system.

The Present. In 1981, the Next-Generation Radar (NEXRAD) program office was established, and
began coordination for the development and construction of the new Weather Surveillance Radar — 1988
Doppler (WSR-88D) network. In 1988, the first WSR-88D was delivered to Norman, OK, and by 1996,
the network was fully installed (WDTB 2005). The WSR-88D system continues to be the primary
operational weather radar network in the United States. A general description of the system includes:
e Jtis an S-band system, with a wavelength of 10.3 cm, and a transmitted power of 750 kW. It
uses a klystron transmitter tube. The beam width is approximately 1°. The antenna operates
in several “Volume Control Patterns” that systematically scan the three-dimensional volume
of atmosphere around the radar site, out to a maximum distance of 252 nautical miles (about
465 kilometers). Its radial spatial resolution is about 250 meters.
o It is natively Doppler-capable, enabling the system to detect the radial velocity of a
meteorological target. Previous systems did not have this ability.
e tis entirely digital and computer controlled. Human beings can send the radar system special
commands, but these are still interpreted and carried out by computers.
e Data produced by the system are archived as digital data on computer storage media, and can
be easily recalled using many different platforms.

35



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Figure 5. WSR-88D Radar. Left: Typical computer-screen display (photo credit:
https://www.researchgate.net/publication/267381624). Right: Antenna (photo credit: NOAA). This radar
system is computer operated and consists mostly of solid-state components.

There are about 160 WSR-88D installations in the country and outlying U.S. territories (WDTB 2005).
There are more than 135 in the CONUS alone. Locations of these installations are shown in Figures 6
and 7. The network is operated jointly by the U.S. National Weather Service (NWS), Federal Aviation
Administration (FAA), and Department of Defense (DoD). Single- and composite-radar data are
disseminated to users by the NEXRAD Imagery Dissemination System (NIDS), as well as via the
Internet (Whiten et al. 1998).
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Figure 6. WSR-88D installations in the CONUS. Note that the station identified as “JUA” is located in San

Juan, Puerto Rico,
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Figure 7. WSR-88D installations in Alaska and Hawai’i. The station indicated as “GUA” is Guam,
not shown on the map. (Image credit: Plymouth State University).
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In 2013, the entire WSR-88D network was retrofitted with linear-diagonal dual-polarization capability,
enabling improved rainfall-rate estimates as well as better estimates of the #ype of hydrometeors inside
a storm cell (rain, snow, graupel, etc.). The network is currently undergoing a Service Life Extension
Program (SLEP) that will extend its lifetime through at least 2030 (ROC 2019).

The FAA Terminal Doppler Weather Radar (TDWR) is another U.S. operational weather radar system.
Low-level wind shear near airports has caused or significantly contributed to the deaths of more than
1400 people worldwide. More than 400 fatalities in the United States resulting from this hazard occurred
between 1973 and 1985 (NCAR 2019). In the late 1970s, research found that microbursts (intense
downdrafts from the bases of thunderstorms) were responsible for the most hazardous forms of wind
shear near airports (Figure 8). The radial spreading of cold air descending from the base of the
thunderstorms causes sharp changes in airflow around aircraft wings. This work eventually led to the
development of several wind shear detection systems, among them, the TDWR (NCAR 2019).
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Figure 8. Schematic of thunderstorm downdraft (microburst) resulting in wind shear near an airport. (Credit:
Sabzehparvar 2018.)

The TDWR network is a C-band (~5 cm), Doppler-capable radar system originally operated by the U.S.
Federal Aviation Administration (FAA). Its primary purpose is detection of hazardous weather
conditions within about 73 nautical miles (135 km) of airports, in locations where wind shear or
thunderstorms are a regular threat to aviation. It was initially developed in the 1990s at MIT’s Lincoln
Laboratory for the purpose of real-time detection of wind shear. There were 45 TDWR installations
operating in the United States in 2014 (NCEI 2019). These are shown in Figure 9.
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Figure 9. TDWR locations in the CONUS. (Credit:
https://en.wikipedia.org/wiki/Terminal Doppler Weather Radar#media/File:Map TDWR.svg)
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The TDWR transmits at 250 kW (compared to the WSR-88D’s peak of 750 kW) and has a beamwidth
of 2 degree (compared to the WSR’s 1-degree beamwidth). Its range resolution is 150 meters within
135 km of the antenna, and 300 meters between 135 km and 460 km from the antenna (compared to the
WSR’s 250-meter resolution). It uses two different Volume Control Patterns: One for routine
surveillance and one for hazardous weather (Istok er a/. ND; NCEI 2019).

In 2005, the U.S. National Weather Service began working with the FAA to combine the data produced
by the TDWR network with the WSR-88D network. This included processing TDWR data into derived
products very similar to those routinely produced by the WSRs, such as a Mesocyclone Detection
Algorithm. The deployment of this upgrade to all 45 TDWRs was completed in 2008.

The Canadian operational weather radar network. The Canadian operational weather radar network
currently consists of 31 installations stretching from the Pacific to Atlantic oceans, and located mostly
in the southern half of its geographic area (Environment and Climate Change Canada 2019b). (See
Figure 10.) The network provides radar coverage for more than 98 percent of the country’s population
(Meteorological Service of Canada 2019a). Until recently, most were C-band radars, with a maximum
range of about 70 nautical miles (128 kilometers) for radial velocity, and 140 nautical miles (240 km)
for reflectivity”. In 2011, following original approval in 1998, Environment and Climate Change
Canada began a project to initially upgrade the existing C-band radars, and then replace all of them
(while adding 12 more) with longer-range S-band radars similar to the WSR-88D. The project is
expected to be complete by 2023. The new radars will all be natively dual-pol (Canadian Weather Radar
Network 2019).

Figure 10. Canadian Weather Radar Network. (Image credit: Pierre cb,
https://commons.wikimedia.org/w/index.php?curid=16128391)

The original C-band radars utilized two different scan strategies: A “conventional cycle” (for
reflectivity) consisting of 24 tilts completed in five minutes, and a “Doppler cycle” (for radial velocity)
consisting of four tilt angles (Joe and Lapczak 2002).

The new S-band systems operate at a frequency of 2.7 to 2.9 GHz (about 10 cm), with a peak transmitted
power of 750 kW. The PRF is between 250 and 2000 pulses per second, consisting of both short (0.4
us) and long (4.5 us) Pulse Lengths. The beamwidth is on the order of 1°. The antenna rotates at a
maximum speed of 6 revolutions per minute, and is 8.5 meters in diameter. The Volume Control Pattern

2 The exception was a Doppler-enabled, dual-pol S-band system at McGill University, in Montreal,
Quebec, that was used both operationally and for research (McGill JS Marshall Observatory 2019). A
newer system has since replaced the original McGill system, in Blainville, outside Montreal.
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includes 17 tilts, scanned in six minutes. The maximum range for reflectivity volume scans is 162
nautical miles (300 km), and for radial velocity volume scans is 130 nautical miles (240 km). All of
these specifications are nearly identical to those of the WSR-88D system. Figure 11 shows an example
of one of the new S-band systems, in Blainville, Quebec (Canadian Weather Radar Network 2019).

Figure 11. S-band weather radar in Blainville, Quebec. (Credit: Canadian Weather Radar Network 2019

The Future. The next major development in radar technology is called phased array. The concept of
array antennas was invented during World War II. There are several methods for steering these antennas
without using mechanical turntables and tilt mechanisms, and the first electronically-steered radar was
the FUMG 41/42 Mammut-1, built in Germany in 1944 (Fenn et al. 2000; Wiesback et al. 2015). In the
1950s, a method called “phasing” was introduced, vastly increasing the speed with which the beam
could be pointed.

In 1958, MIT’s Lincoln Laboratory began working on phased array radars. The initial motivation was
for tracking satellites, inspired by the successful launch of the world’s first artificial satellite, Sputnik 1,
by the Soviet Union the previous year. Early MIT designs used a combination of mechanical and
electronic beam-steering, but the U.S. Air Force insisted on fully electronic steering to maximize the
ability to track ballistic missiles (Fenn et al. 2000). In 1959, the President’s Science Advisory
Committee determined that a credible ballistic missile defense required the ability to track a large
number of objects moving at high velocity. The Defense Advanced Research Projects Agency (DARPA,
an agency of the United States Department of Defense) funded research for the design and construction
of two-dimensional, entirely solid-state radar array steered by computer. DARPA called this the
Electronically-Steered Array Radar (ESAR) program, which, in 1960, resulted in the construction of
ground-based radar system by Bendix Corporation (Figure 12). Additional military phased array radars
were built throughout the 1960s and 1970s by Bendix, Raytheon and others, including the AN/FPS-85,
which could detect and track ballistic missiles and Earth-orbiting objects at ranges of several thousand
miles. Some of these systems are still in service today (DARPA 2019; Fenn et al. 2000).
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Figure 12. ESAR ground-based phased array radar. This system was originally developed by the U.S.
government for military use. Phased array radar was initially a stationary ground-based system, but some types
were also deployed on naval vessels beginning in 1973. (Credit: DARPA 2019.)

In the 1980s, Lincoln Laboratories worked with the U.S. Air Force and the U.S. Navy to develop fully-
integrated, low-cost, compact Receiver-Transmitter Modules (RTMs), based on gallium arsenide digital
circuitry. An RTM is a small printed circuit board in a chassis. To create an array, several of these are
mounted on a flat panel. Both General Electric and Raytheon produced several versions of these RTMs

(Fenn et al. 2000).

Civilian meteorological applications of phased array radar in the United States began when the Navy
loaned one of its older, ship-mounted systems, called a SPY-1A, to NOAA for research into non-military
uses of the device (see Figure 13). The SPY-1A antenna had 4352 receiver-transmitter elements, and
rested on a turntable (Heinselman et al. 2008; Heinselman and Torres 2011). It was capable of scanning
a 90-degree wide azimuthal range in one minute or less without moving the turntable (Heinselman et al.
2008; Heinselman and Torres 2011). The research into its civilian uses was accomplished at the
National Weather Radar Testbed (NWRT) in Norman, Oklahoma, which began operations in 2003.
Because it was capable of performing several functions at the same time, it was called Multi-function
Phased Array Radar (MPAR).

A descendant of this original antenna is still being used to develop the physical components of the
system and the computer algorithms that will enable it, at the NWRT. And the United States is not the
only country developing civil MPAR technology. For example, Wada et al. (2016) and Mizutani et al.
(2018) describe the development and fielding of MPAR systems in Japan. Meischner et al. (1997)
describe European research into phased array and other advanced weather radar systems.

Figure 13. Phased array radar antennas. Left: Original MPAR installation at NSSL (Photo credit: Dr. Sebastian
Torres, NOAA/NSSL). Right: ATD flat panel antenna (Photo credit: NOAA/NSSL).
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Simultaneous functions include rapid updates to developing weather systems (such as severe convective
storms) — resulting in greater warning lead times, conventional volume scans that can be completed in
less than a minute — with improved clutter cancellation, and air traffic monitoring (Forsyth et al. N.D.).
This means that descendants of the NWRT’s MPAR can replace not only the current network of WSR-
88Ds, but the TDWR, Air Surveillance Radar (ASR), and (long-range) Air Route Surveillance Radar
(ARSR) networks as well (NOAA/NSSL 2014). In total, this is about 550 radar installations, and each
of the four member systems has its own management, maintenance, training, and supply logistics
programs. MPAR will replace them all with only about 335 installations, which is projected to result in
a cost savings of close to five billion USD over 30 years (OFCM 2006; Weber et al. 2007).

The design concept for the completed system is described in Weber et al. (2005) and Weber et al. (2007):
The final version of the phased array will consist of four planar active arrays (a cube), with each face
containing 20,000 RTMs in a circular area 8 meters in diameter. There are no magnetron or klystron
transmitter tubes, nor are there turntables or tilt-angle mechanisms to point the antenna. Pointing the
radar beam is accomplished by selective use of phase shifting. The current to each RTM passes through
a phase shifter controlled by a computer. The individual electromagnetic wavefronts from each RTM
are spherical, but they combine in front of the antenna array to create a plane wave — a beam of radio
waves travelling in a specific direction. The phase shifters delay the emission of radio waves
progressively along a line of RTMs so that each one emits its wavefront later than the one before it.
This causes the resulting plane wave to be directed at an angle to the antenna's axis. By changing the
phase shifts, the computer can instantly change the angle of the beam.

Each RTM has a peak transmitted power of 10 watts. With 20,000 RTMs on a side, this is 200 kW on
each face of the installation, or 800 kW over all four faces of the cube, comparable to the WSR-88D’s
750 kW peak transmitted power. If one RTM fails, it can be easily replaced without shutting down the
entire system (OFCM 2006; Weber et al. 2008). Pulse Length varies between 1 and 10 us. The
beamwidth varies between 0.7°, along a line perpendicular to one face of the array, widening to 1°, at a
45-degree angle from the same line (Weber et al. 2007).

The system operates in the S-band range, transmitting at three different wavelengths (channels), all near
10 cm. One channel is devoted to aircraft surveillance, one to routine weather volume scans, and the
last for “features of special interest,” such as unidentified aircraft and severe weather. Up to 160 beams
can be formed from ensembles of RTMs at the same time, by allocating small groups of RTMs to carry
out each individual task (Figure 14). For example, one set of RTMs may be designated to monitor
aircraft arrivals and departures at a nearby airport, while another may be carrying out routine weather
surveillance of the entire region. A third set may be continuously monitoring a severe thunderstorm cell
more than a hundred kilometers away (OFCM 2006; Weber et al. 2007; Weber et al. 2008).
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Figure 14. Notional beam patterns for multifunction radar surveillance modes. Cellular objects are RTMs.
(Image credit: Weber et al. 2008.)

In 2016, the original Navy SPY-1A antenna was replaced by the dual-pol capable Advanced Technology
Demonstrator (ATD), a newer phased array flat panel antenna developed by the MIT Lincoln Laboratory
(NSSL 2005; Conway et al. 2018). Recall that the WSR-88D was retrofitted to transmit linearly-
polarized pulses along a diagonal; the final version of the phased array radar may generate dual-pol
products by the same means, or it may include a switch that alternates back and forth between
horizontally- and vertically-polarized pulses. The former is less expensive, but the latter opens up
possibilities for a wider range of dual-pol derived products.

Incorporating phased array radar observations into operational meteorology. When this author first
entered the weather career field, while serving in the U.S. Air Force in the early 1980s, one of the main
limiting factors to forecasting was the shortage of high-resolution, rapidly-updated data. Radar data, for
example, were manually updated about once each hour, transmitted by remote terminal to a central
computer, combined with other data from radar stations, and transmitted back out to the field as a
“summary” via facsimile. Observations were typically recorded at 35 minutes past the hour, and the
corresponding graphical summary would arrive in a weather office about 20 minutes later. Often, there
wasn’t enough base radar information to maintain a comfortable level of “situational awareness.”
Today, the opposite is true. Satellite data are available in 16 channels (rather than the three that were
available in 1982), updated as often as once every five minutes. Radar data update once every four or
five minutes and now consist of many more datatypes that the simple reflectivity that was available 35
years ago. There are far more surface observations with higher temporal frequency, and the numerical
models (of which there are more now) are far more sophisticated and varied, and update more often.
Our problem now is not a lack of sufficient data, but data overload. To an operational forecaster working
in the field today, the challenge is often deciding what to leave out, rather than the scramble to find more
information. Already, the workload in an NWS Weather Forecast Office can push an individual’s
cognitive load right up to the point of exhaustion. As phased array radar transitions from research to
operational meteorology, we will have to cope with denser volume updates (containing scans at more
tilt angles), arriving as often as once every minute.

Wilson et al. (2017) considered the impacts of MPAR on operational weather forecasters and their
warning decision process, when using 1-, 2-, and 5-min volume updates. Thirty NWS forecasters with
an average of 12 years experience, from 25 forecast offices in the U.S. Great Plains region, spent a week
working with simulations of rapidly updating volume scan data during the 2015 Phased Array Radar
Innovative Sensing Experiment (PARISE). The work was spread out over six weeks, with a subset of
the forecasters working a given week based on their availability.
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During the week, forecasters worked with data from a series of nine different events: Three were “null”
events, three were severe hail and/or wind events, and three were potentially tornadic events. The length
of the simulations varied from 19 minutes to slightly longer than an hour. The forecasters were asked
to independently interrogate base moments generated by the MPAR in simulated real-time, and issue
warnings as they considered necessary. For each of the nine simulations, some forecasters received the
I-minute updates, some the 2-minute updates, and some the 5-minute updates. At the end of the
experiment, participants were interviewed in open discussion groups, where they discussed their
experiences and made several suggestions (Wilson et al. 2017).

Focusing on the 1-min data, the forecasters made positive comments about being able to view storm-
scale evolution at a resolution not possible with the WSR-88D. They also stated that they became
accustomed to the rapid updates very quickly, although about a third reported initially feeling
overwhelmed by the volume of data. This feeling resulted from trying to view all base data types at all
tilts as each of the 1-min updates was received, and they quickly realized that they had to begin limiting
the types of information they took in with each update. This “mental filter” was applied differently,
depending on the type of event, but was most necessary during a potentially tornadic event, when some
of the forecasters settled into closely monitoring the radial velocity reported on the 4 degree elevation
angle (Wilson et al. 2017).

The consensus among the forecasters participating in PARISE was that the 1-minute data was preferable
to the 2-minute and 5-minute MPAR data, in spite of the increased workload. Several of the participants
suggested the development of new algorithms that could perform some basic calculations with each
update, such as changes in reflectivity cores. Wilson et al. (2017) also state that the increased amount
of volume data will require the staff of NWS Weather Forecast Offices to redistribute responsibilities
during severe weather events — particularly tornadic events — with more individuals involved in
evaluating the incoming radar data.

Impact of high-temporal resolution radar updates on warnings and short-term modeling. Computer
algorithms can be developed to assist with some of the data evaluation, and help reduce the cognitive
load on human weather forecasters. This is the motivation behind derived products, such as the
Mesocyclone Detection Algorithm, which identifies rotation in thunderstorms, and alerts the forecaster
with overlaid graphical symbols. The forecaster is still responsible for acting on the information, but
the computer program has helped by identifying the potential trouble areas. Another tool that could be
helpful is a system that ingests radar data, and uses it (along with output from large-scale models) to
make short-term, storm-scale forecasts.

Supinie et al. (2017) discuss the use of rapid-scan MPAR data in storm-scale numerical weather
prediction (NWP), and how this supports the National Weather Service’s Warn-on-Forecast (WoF)
program, which is working toward including storm-scale NWP in the warning decision process.

In simulations, Yussouf and Stensrud (2010), and Xue et al. (2006) showed that fifteen minutes worth
of 1-min radar volume scans incorporated into a storm-scale NWP model is enough to significantly
shorten the time required to obtain a good analysis of a particular convective storm, and, therefore,
increase the lead-time of a severe weather warning.

3 Currently, the National Weather Service does not issue warnings for severe weather (such as
tornadoes and severe thunderstorms) until there is a clear radar image of the phenomenon, or the
hazard is seen by a spotter. This provides an average of about 13 minutes lead time before a tornado
strikes. This is often not enough to reduce loss of life. The Warn-on-Forecast program is working to
combine surface, satellite, and radar data into an ideal set of initial conditions for high-resolution (local-
scale) computer models that will predict severe weather up to an hour in advance. For more, see
https://www.nssl.noaa.gov/news/factsheets/WoF_2015.pdf.
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Supinie et al. (2017) set out to evaluate and compare the impact of assimilating (1) rapid-scan MPAR
reflectivity and radial velocity data, and (2) conventional WSR-88D scans of the same datatypes for a
tornadic supercell in Oklahoma, during May, 2011. The radar data from the two types of installations
were assimilated into separate storm-scale NWP models once every five minutes, for a 45-minute
assimilation period, and 1-hr ensemble forecasts were started after 15, 30, and 45 minutes of radar data
assimilation. Root-Mean Square Error (RMSE) and other bulk statistics were then computed by
comparing model forecasts of the storm cell with observations of the cell corresponding to the same
point in time. Their results indicate that the model forecasts using the MPAR data showed improved
skill over those based on the WSR-88D data, particularly for the ensembles started after 15 and 30
minutes of data assimilation. And they attribute the improvement to (1) the greater number of elevation
angles possible with the MPAR system, and (2) the MPAR’s greater temporal resolution.

Within the context of WoF, a hypothetical real-time prediction system would require 12 or more volume
scans that include the storm of interest. For the WSR-88D, this implies nearly an hour’s worth of data,
but with the MPAR, this could be reduced to as little as 15 minutes. This in turn implies adding at least
30 minutes to lead-times for warnings of severe convective events (Supinie et al. 2017).
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ABSTRACT

The detection of hail clouds from space is one of the key topics of the satellite remote sensing. This is
due to the high difficulty in recognising hail-bearing convection and distinguishing hail clusters from
other ice particles usually forming during deep convections. In this invited speech, a new method for
hail detection from the GPM Constellation will be presented. Recently published, the probability-based
model (MWCC-H) originally designed for AMSU-B/MHS (Laviola et al, 2020a-b) has been fitted to
the observations of all MHS-like radiometers onboard the satellites of the GPM constellation. All MHS-
like frequency channels in the 150-170 GHz frequency range were adjusted on the MHS channel 2 (157
GHz) in order to account for the instrumental differences and tune the original model on the MHS-like
technical characteristics. The novelty of this approach offers the potential of retrieving a uniform and
homogeneous hail dataset on the global scale. The application of the hail detection model to the entire
GPM constellation demonstrates the high potential of this generalized model to map the evolution of
hail-bearing systems at very high temporal rate. This currently offers a useful tool for nowcasting
application of severe convections. Further ongoing experiments are also demonstrating the potentiality
of the MWCC-H to the future generation of microwave sensors developed in the EUMETSAT Polar
System-Second Generation (EPS-SG) programme. Our tests on the MWS data allowed to calculate a
primary dataset of level 2 products in terms of instantaneous precipitation through the 183-WSL
algorithm (Laviola et al., 2011; 2013) and cloud and hail products using the MWCC-H.

Keywords: AMSU, hail, PMW, remote sensing.
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Landsat Uydu Verileri ile Su Kalitesi Arastirmasi: “Minnesota (ABD) Gélleri Ornegi”
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OZET

Bu calisma Amerika’nin “Goller Bolgesi” olarak bilinen Minnesota Eyaletindeki sulak alanlardaki su
kalitesinin ¢ok spektrumlu Landsat-5 TM uydu goriintiileri ve yersel olgmeler ile belirlenmesini
icermektedir. Calismada, 20 adet tam c¢ergeve Landsat-5 uydu goriintiisii ve uydunun iist gecisiyle es-
zamanli olarak elde edilmis yaklasik 23500 adet yersel veri kullanilmistir. Uydu goriintiileri USGS
(United States Geological Survey) veri arsivinden elde edilmistir. Yersel olgmeler ise goniilliiler
tarafindan eyalet genelinde siirekli olarak yapilan 6lgme sonuglarindan alinmistir. GOriintii isleme
asamasinda, geometrik diizeltme, goriintli mozaikleme, gorintii siniflandirma, otomatik sayisallastirma
ve maskeleme islemleri uygulanmistir. Calismanin goriintii isleme, modelleme ve gorsellestirme
asamalarinda ERDAS ve ArcGIS yazilimlar1 kullanilmigtir. Su kalitesi parametresi (Seki disk derinligi)
ve radyometik olarak diizeltilmis Landsat-5 TM uydu goriintii verisi arasindaki iligkinin belirlenmesi
icin ¢ok regresyon teknigi kullanilmistir. Elde edilen ve dogrulanan sonuglar, su kalitesi derinligine ait
dlciilen ve tahmin edilen degerlerin yiiksek derecede iliskili oldugunu gostermektedir (R>>0.80). Cok
spektrumlu Landsat-5 TM uydu goriintiilerinden elde edilen tematik sonug goriintiileri (su kalitesi
haritalar1), su kalitesi parametresinin uzaysal dagilimmi gostermektedir. Sonuglar, su kalitesinin
Eyaletin giiney bolgelerinde daha diigiik oldugunu gostermektedir. Landsat verilerinin genis kaplama
(yaklasik 180x180km?) alan1 6nemli bir avantaj saglamistir. Elde edilen bir diger sonug ise sulak alanin
cografi dokusunun su kalitesini dogrudan etkiledigi seklindedir.

Anahtar Kelimeler: Landsat, su kalitesi, uzaktan algilama.
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Advances in Determining Snow Parameters from Satellite to Unmanned Aerial Vehicles (UAV)
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OZET

[Ikbahar akimlar1 enerji {iretimi, igme suyu temini ve tarimsal sulama gibi suya bagli faaliyetlere 5Snemli
bir su kaynagi olarak katki sunmaktadir. Bu akimlarinin 6nemli bir kismi1 mevsimsel karin erimesi ile
ortaya ¢ikmaktadir. Kar kapli alanlar hava tahmin modelleri i¢in de 6nemli bir sinir kosuludur. Bu
nedenle kar parametrelerinin izlenmesi ve dlglilmesi erime sezonundaki akim tahmini, hava tahmin
modellerinin basarisi i¢in dnem tagimaktadir. Kar kapl alan ve karsu esdegeri kar erimesi ile olusacak
akimin belirlenmesinde 6nemli iki parametredir. Geleneksel yontemler ile nokta bazinda elde edilen kar
derinligi ve karsu esdegeri Ol¢iimleri karn katmanlagsmasindan ve zorlu arazi kosullarindan dolay1
zaman alic1 ve kisitlayict olmaktadir. Uydu goriintiileri ile kar parametrelerinin belirlenmesi ve
izlenmesi mimkiindiir. Kar 6zellikle goriiniir ve yakin kizil 6tesi dalga boyunda yiiksek yansima
(albedo) ozelligine sahiptir. Gerek yerduragan, gerekse kutup yoriingeli uydularin 6zelliklerindeki
gelismeler, operasyonel yakin ger¢ek zamanli kar kapl {iriinlerin servis edilmesini saglamaktadir.
Uydulardan alinan verinin mekansal, zamansal ve spektral 6zellikleri dikkate alinarak elde edilen kar
kapl alan ve karsu esdeger bilgisinin 6zellikleri degismektedir. Kar kiitlesinin tutabildigi su miktarini
gosteren karsu esdegerinin pasif mikrodalga uydu goriintiilerinden elde edilmesi miimkiindiir. Ancak bu
yontemin diisitk mekansal ¢6ziiniirliik ve hava kosullarina baglilik gibi kisitlart mevcuttur. Bu ¢calismada
kar parametrelerinin uzaktan algilama yontemleri ile elde edilmesi konularindaki gelismeler
sunulmaktadir. MSG-SEVIRI, Metop/AVHRR, MODIS-Terra/Aqua, Landsat TM, Sentinel 2 gibi
uydulardan elde edilen kar kapli alan bilgisi yaninda insansiz hava araglari ile elde edilen kar kapli alan
ve kar derinlik bilgisinin sagladig1 6zellikler tartisilmaktadir. Biiyiikk 6lgekli ¢aligmalar igin karsu
esdegerinin elde edilmesinde yer radarinin kullanimi konusundaki gelismeler sunulmaktadir.

Anahtar Kelimeler: Kar kaplh alan, karsu esdegeri, optic uzaktan algilama, mikrodalga, IHA.
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Analysis of Mugla Radar Rainfall Estimate Errors with L> ve L., Norms
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ABSTRACT

With the developing technology, due to their great coverage in real-time and high spatio-temporal
resolution, weather radar-based rainfall datasets are frequently used in hydrological models that predict
floods. However, many factors can affect the radar prediction quality and cause errors in rainfall values
obtained from reflection models. Therefore, it is significant to apply error adjustments in these datasets.
In this study, the analysis of multiplicative and additive error correction methods for 16 flood events
observed in Mugla province between 2015-2019 was performed using two different vector norms
(Euclidean norm (L2) and Maximum norm (L)). Then, the correction coefficient of the both method
and norm that gave accurate result was analyzed considering season and station height. In the study
performed with 11 meteorological stations, it was seen that the norm and method that best expresses the
improvement in the mean error value is the multiplicative error correction method using the L2 norm.
The multiplication factor, on the other hand, differed significantly according to the seasons, not the
station altitude; It was calculated that the lowest and highest coefficients were in the spring and summer
seasons, respectively, and the coefficients closest to 1 were in the autumn and winter seasons. It has
been seen that converting radar data reflectance values to rainfall depth by using seasonally varying
coefficients instead of fixed coefficients will reduce the error in radar rainfall forecasts.

Keywords: Mugla weather radar, vector norm, flood.
Mugla Radan Yagis Tahmin Hatalarinmin L ve L. Normlariyla Analizi
OZET

Gelisen teknoloji ile birlikte hava radarlarindan elde edilen yagis verileri gerek ger¢ek zamanli genis bir
alandan temin edilmesi gerekse zamansal ve mekansal ¢oziiniirliigiiniin yiiksek olmas1 sebepleriyle ani
selleri tahmin eden hidrolojik modellerde siklikla kullanilmaktadir. Fakat birgok etmen radar tahmin
kalitesini etkilemekte ve yansima modellerinden elde edilen yagis degerlerinde hataya sebebiyet
vermektedir. Dolayisiyla bu verilerde hata diizeltmelerinin yapilmasi elzemdir. Bu ¢alismada 2015-2019
yillar1 arasinda Mugla ilinde gozlenen 16 taskin olay1 i¢in carpimsal ve toplamsal hata diizeltme
metotlarinin analizi iki farkli vektdr normu (Oklid normu (L,), ve Maksimum normu (L.,)) kullanilarak
yapilmigtir. Calismanin devaminda uygun sonug veren metot ve normun diizeltme katsayist mevsim ve
istasyon yiiksekligine gore incelenmistir. 11 yagis istasyonu kullanilarak yapilan ¢alismada ortalama
hata degerindeki diizelmeyi en iyi ifade eden normun ve metodun L, normu kullanilarak yapilan
carpimsal hata diizeltme metodu oldugu goriilmiistiir. Carpim faktoriiniin ise istasyon yiiksekligine degil
mevsimlere gore belirgin farklilik gdsterdigi; en diisiik ve en yiiksek katsayilarin sirasiyla ilkbahar ve
yaz mevsimlerinde oldugu, 1 degerine en yakin katsayilarin ise sonbahar ve kis mevsimlerinde oldugu
hesaplanmigtir. Radar verisi yansima degerlerinin sabit katsayilar yerine mevsime gore degisen
katsayilar kullanilarak yagis derinligine doniistiiriilmesi radar yagis tahminlerindeki hatayi azaltacagi
gorilmiistiir.

Anahtar Kelimeler: Mugla hava radari, vektor norm, tagkin.

GIiRiS
Radar tabanli yagis verileri, yagist mekansal ve zamansal olarak temsil etmede 6zellikle ulagilmasi zor
daglik bolgelerde basarili oldugundan hidrolojik ve meteorolojik uygulamalarda yaygin olarak
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kullanilmaktadir. Ozellikle taskin modellemelerinde kritik Sneme sahip olan dagitiml1 yagis verisi, yer
gdzlem istasyonlariin sinirlt bir alani temsil etmesi ve daglik bolgelerdeki kurulum, bakim ve veri
temin islemlerinin zor olmasi sebepleriyle hava radarlarimi degerli kilmaktadir. Ancak hava
radarlarindan temin edilen tahmin verisi radar sistemlerinin dolayli {riiniidiir. Radar sistemleri
tarafindan Olgiilen yansima miktart denklemler kullanilarak yagis miktarma dondstiirilmektedir.
Niceliksel yagis tahminlerinde giiniimiizde siklikla Marshall-Palmer (Marshall and Palmer 1948)
formiilii kullanilmaktadir (Sokol et al. 2021). Dolayli elde edilen bu veriler sistematik ve rasgele hatalar
icerebilmektedir. Bu hatalarin diizeltilerek yagis tahmin verilerinin dogrulugu artirilabilmektedir ve bu
amaca yonelik literatlirde cok sayida calisma bulunmaktadir (Borga and Tonelli 2000; Bech et al. 2003;
Chumchean et al. 2004; Oztiirk and Yilmazer 2007; Anagnostou et al. 2010; Kim et al. 2018; Ozkaya
and Akyurek 2019; Yousefi 2020; Kaveh). Diizeltme algoritmalart genel olarak ikiye ayrilmaktadir:
yansima miktarmin diizeltilmesi ve yagis degerinin diizeltilmesi. Fakat her ¢aligmanin kendine 6zgii
caligma alani, yagis paterni ve radar ¢esidi oldugundan elde edilen sonuglar o bdlgeye 6zgii olmaktadir.
Bu durum bu konudaki ¢alismalarin derinligini artirmaktadir.

Son yillarda kentsel alanlarda meydana gelen taskinlar artis gdstermekte ve bu tagkinlar maddi hasarlara
ve can kayiplarina yol agmaktadir. Bu ¢alismada amag taskin modellemelerinde kritik bir 6neme sahip
olan yagis verisinin hata analizini hava radar1 i¢in istasyon gozlemleri kullanarak yapmaktir. 2015-2019
yillar1 arasinda Mugla ilinde gdzlenen 16 taskin olay: icin iki farkli metot; Oklid norm (Ly) ve
Maksimum norm (L) kullanilarak radar yagis tahminlerindeki diizeltme analiz edilmistir.

CALISMA ALANI VE VERI SETLERI

Caligma alani, Mugla ilini kapsamaktadir (Sekil 1). Koppen-Geiger siniflandirmasina gére Mugla ilinde
Akdeniz iklimi hakimdir. Il genelinde kis mevsimi soguk ve yagisl, yaz mevsimi ise sicak ve kurudur
(Durdu 2010). Uzun doénem (1928 - 2020) yillik toplam yagis miktarinin ortalamasi Tirkiye
ortalamasinin iizerinde olup 1208 mm’dir. Gozlenen en yiiksek sicaklik Temmuz ayinda (42°C), en
diisilk sicaklik ise (-12.6°C) Ocak aymda gozlenmistir (kaynak: https://www.mgm.gov.tr/
veridegerlendirme/il-ve-ilceler-istatistik.aspx?’m=MUGLA#sfB). Bolge turizm acisindan kritik bir
oneme sahip olmasi nedeniyle yliksek niifus artis1 ve sehirlesme goriilmektedir. Bodrum'da ait uydu
goriintiileri kullanilarak yapilan bir c¢alismada arazi kullanimindaki degisim, kentsel gelismedeki
biliyiime ve niifus biiyiikl{igliniin birlikte arttigini1 ortaya koymustur (Bayazit et al. 2021). Bu durum
yetersiz drenaj altyapisina ve risk altindaki tagkin alanlarinin artmasina neden olmustur.
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Sekil 1. Calisma alani, tagkin gézlenen yerler ile radar ve yer yagis istasyonlarinin sayisal yiikseklik
modeli lizerindeki yerlesimi

2015 -2019 yillar1 arasinda Mugla ilinde gozlenen (Sekil 1) 16 taskin olay1 i¢in Meteoroloji Genel
Midiirligii'nden (MGM) hava radar1 yagis tahmin verileri ve istasyon yagis verileri temin edilmistir.
Caligmada kullanilan istasyon verileri ve olay tarihleri sirasiyla Tablo 1 ve Tablo 2’de sunulmustur.
Tagkin zaman bilgileri dikkatle incelendiginde gozlenen taskin olaylarinin biiyiik bir kisminin soguk
sezonda (kis ve sonbahar mevsimlerinde) gerceklestigi goriilmektedir.

Calismada kullanilan meteoroloji radar1 C-bant Doppler hava durumu radaridir ve Tiirkiye'nin giineybati
kesiminde hizmet vermektedir. Radar deniz seviyesinden 950 m yiikseklikte olup 36° 53.1'K,
28°19.9'D koordinatlarinda yer almaktadir (Sekil 1). Radarin menzili 120 km olup mekénsal
¢oziiniirliigii 333.33 m’dir. Radar saatlik toplam yagis verisini (RAIN 1 iiriinii) Agustos 2011'den bu
yana saglamaktadir. Radar yansitma -yagis derinligi donilisiimi Marshall-Palmer denklemiyle
saglanmakta olup sabit katsayilar kullanilmaktadir (a =200 ve b = 1.6). Caligma alan1 daglik oldugundan
radar menzil mesafesinde bulunan bazi yer yagis gozlem istasyonlar1 (Milas ve Kavaklidere
ilcelerindeki) 151n blokaj1 sebebiyle kullanilamamaistir. Kullanilabilen istasyon sayisi 11 olup konumlari
Sekil 1’de sunulmustur.

Tablo 1. Calismada kullanilan istasyonlarin bilgileri

No Ist?\?gon Istasyon Ad1 Boylam | Enlem Yﬁlzrsg)k lik
1 17290 Bodrum 27.440 | 37.033 26
2 17292 Mugla 28.367 | 37.210 646
3 17294 Dalaman 28.799 | 36.772 12
4 17296 Fethiye 29.124 | 36.627 3
5 17297 Datga 27.692 | 36.708 28
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Tablo 2. Gozlenmis tagkin olaylarinin zaman ve konum bilgisi

No Taskin Tarihi Taskin Konumu
1 11/5/2015 Mugla
2 21/09/2015 Bodrum
3 21/10/2015 Bodrum
4 16/01/2017 Marmaris
5 7/2/2017 Bodrum
6 7/3/2017 Marmaris
7 10/3/2017 Ortaca
8 23/10/2017 Mugla
9 13/11/2017 Datga
10 28/12/2017 Fethiye
11 16/11/2018 Bodrum
12 16/07/2019 Mugla
13 23/09/2019 Bodrum
14 4/10/2019 Fethiye
15 3/11/2019 Marmaris
16 24/11/2019 Marmaris

METOT

Literatiirde radar yagis verisi hata diizeltmelerinde kullanilan birgok metot yer almaktadir. Uygulama
kolaylig1 sebebiyle carpimsal ve toplamsal hata diizeltme metotlar1 da bu metotlarin arasinda yer
almaktadir. Bu calismada iki farkli metot carpimsal diizeltme metodu ile ¢arpimsal ve toplamsal
diizeltme metotlar1 Oklid normu ve maksimum norm kullanilarak analiz edilmistir. k vektdr boyutundaki
radar verileri ve istasyon verileri su sekilde ifade edilebilir:

Yradar = (yradar [I’l - k + ll’yradar [I’l - k + 2]""’ymdar [I’l - 1]’ yradar [n]) (1)

Yistasyon = (yistasyon [n - k + l]’ yistasyon [n - k + 2]""’ yislasynn [n - 1]’ yistasyon [n]) (2)

Burada Yiadar V€ Yisasyon radar ve istasyon yagis verilerini temsil etmektedir. Diizeltilmis radar yagis
verisi (Y ’radar) ¢arpimsal ve toplamsal diizeltme katsayilari kullanilarak su sekilde yazilabilir:

Y'radar = ((kcyradar [l’l - k + 1]+ kt )’ (kcymdar [n - k + 2]+ kt )""’ (kcyradar [l’l - 1] + kt )’ (kcyradar [l’l]+ kt ))
3)

Burada k. ve k; carpimsal ve toplamsal katsayilar1 ifade etmektedir. Amag¢ bu katsayilar1 kullanarak
diizeltilmis radar verisi ve istasyon verisi arasindaki farki minimum yapmaktir:
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radar istasyon (4)

gl

Benzer analiz sadece carpimsal katsayi kullanilarak da yapilabilir ve diizeltilmis radar yagis verisi
(Y radar) su sekilde ifade edilebilir:

Y”radar = (kcyradar [n - k + 1]’ kcyradar [I’l - k + 2]""’ kcyradar [}’l - 1]’ kcyradar [I’l]) (5)

rr]gn“Y" Y, (6)

radar istasyon

Hata minimizasyonu yukar1 verilen denklemler i¢in su seklinde ifade edilebilir:

k 1/2
L =[Zf] )

. =max( £, ) ®)

u

u

Burada f yagis degerleri arasindaki farki, L, Oklid normu, L. ise maksimum normu ifade etmektedir.

ANALIZLER VE DEGERLENDIRME

Iki farkli metot iki farkli norm kullanilarak analiz edildiginden genel gergevede dort farkli sonug elde
edilmistir. Analizler yapilirken hata kaynaklarini azaltmak igin istasyonlarin olay bazinda (72 saatlik
zaman dilim icerisinde) 20 mm ve {izeri toplam yagis degerini saglamis olmalarina dikkat edilmistir.
Sonug degerlendirmesi ti¢ farkli 6lgekte yapilmistir: ortalama hata farklari (), ortalama karekdk hatasi
(RMSE) ve hata degerlerin iyilestirme oranlarinin ortalamasi (i).

f, = Yistasyon - Yr*adar ©
. _y* 2
RMSE — \/E(Ytstasyo‘)r; Yradar) (10)
, bid
—1_1I 11
i=1-L (1)

Y * metoda gore diizeltilmis radar verisini (Y’ yada Y’’), f ham verilerin farkini, f” ise diizeltme yapilmis
verilerin farkini ifade etmektedir.

Degerlendirme kistaslarma gore elde edilen sonuglar Tablo 3, Tablo 4 ve Tablo 5’de sunulmustur.
Ortalama hata farklari tablosuna bakildiginda biitiin olaylar géz oniinde bulunduruldugunda en iyi
sonucun garpimsal hata diizeltme metodu kullanilarak yapilan Oklid normuyla oldugu goriilmektedir
(Tablo 3). ikinci basarili sonucu veren analizin ise ayn1 normla analizi yapilan ¢arpimsal ve toplamsal
metottur. Bu kistasta Oklid normu maksimum norma gore daha basarilidir.

Tablo 3. Ortalama hata farklarinin olay bazindaki sonuglari

Olay Ham veri Y'L, Y'"L, Y'L., Y'"L.
1 0.50 0.71 0.50 5.20 0.72
2 0.81 1.08 0.80 5.85 1.07
3 1.41 1.74 1.32 8.02 2.14
4 1.13 1.07 0.79 6.09 1.07
5 0.75 0.79 0.47 7.02 0.93
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6 1.01 1.09 0.91 3.59 1.08
7 0.83 0.71 0.58 2.22 0.72
8 0.48 0.42 0.37 1.74 0.46
9 0.23 0.27 0.20 1.95 0.29
10 0.53 0.47 0.43 1.75 0.51
11 0.64 0.51 0.47 0.57 0.53
12 0.28 0.15 0.14 2.09 0.15
13 0.36 0.25 0.20 1.04 0.22
14 1.44 0.14 0.11 0.08 0.13
15 0.71 0.84 0.59 3.04 0.90
16 0.60 0.54 0.50 1.39 0.52

Tablo 4. Olay bazinda ortalama RMSE sonuglari

Olay Ham veri Y'L, Y'"L, Y'Lo Y'"Lo
1 2.07 1.95 1.97 5.29 2.41
2 2.49 2.28 2.34 6.02 2.78
3 4.24 3.71 3.77 8.77 4.90
4 2.99 2.12 2.20 6.22 2.63
5 2.69 2.06 2.10 7.08 3.12
6 2.09 1.78 1.83 3.77 2.01
7 1.57 1.12 1.16 2.32 1.34
8 1.73 1.07 1.08 2.05 1.26
9 1.20 0.84 0.85 2.23 1.07
10 1.40 0.90 0.92 1.97 0.98
11 1.76 1.03 1.04 1.10 1.11
12 1.46 0.61 0.61 2.10 0.64
13 2.21 0.83 0.84 1.47 0.90
14 6.53 0.31 0.32 0.27 0.36
15 2.98 2.14 2.17 3.39 2.80
16 1.90 1.06 1.08 1.75 1.12

Olay bazinda ortalama RMSE degerlerine bakildiginda ise basarili sonuglarm yine Oklid normu ile
yapilan analizlerde oldugu goriilmiistiir (Tablo 4). Bu kistasta, maksimum norm ile yapilan analizlerde
carpimsal metodun carpimsal ve toplamsal metoda gore daha iyi sonug verdigi goriilmiistiir.

Hata iyilestirme oranlarinin ortalamasi ise diger kistaslarla benzer sonuglar vermis ve en basarili
sonucun Oklid normunun uygulanarak yapildig1 carpimsal metot oldugu gériilmiistiir (Tablo 5).

Ortalama hata degerlerinin daha basarili sonug verdigi Oklid normu analizleri mevsimler ve istasyon
yiiksekligi bazinda incelenmis ve bu etmenlere karst degisim Sekil 2’de sunulmustur. Carpimsal ve
toplamsal katsayilar mevsimlere ve ylikseklige gore sirastyla Sekil 2 (a), (b), (¢) ve (d)’de sunulmustur.
Sadece carpimsal metotla yapilan sonuglar ise Sekil (e) ve (f)’de gosterilmistir. Istasyon yiikseklik
dagilimi homojen olmadigindan esik degeri 100 m alti ve lstii olacak sekilde iki kategoride
incelenmistir. Fakat bu gruplamada her iki metot ic¢in Ozellikle medyan degerlerde farklilik
gbzlenmemistir. Bu gruplamaya gore, carpimsal (k) degerlerin 1°den yliksek oldugu, radar verilerinin
istasyon yiiksekliginden bagimsiz olarak yagis degerlerini daha az tahmin ettigi anlagilmistir.
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Tablo 5. Ortalama hata degerleri iyilesme oranlarinin sonuglari

Olay Y'L, Y"L, Y'L Y"Lo
1 -0.38 0.05 -9.82 -0.37
2 -0.27 0.02 -7.41 -0.42
3 -0.24 0.06 -5.80 -0.54
4 0.03 0.26 -4.84 0.02
5 -0.02 0.39 -8.88 -0.28
6 -0.09 0.08 -2.66 -0.08
7 0.13 0.27 -1.65 0.10
8 0.11 0.22 -2.38 0.06
9 -0.10 0.15 -6.93 -0.19
10 0.09 0.15 -2.58 0.02
11 0.20 0.26 -0.14 0.20
12 0.46 0.51 -7.06 0.47
13 0.27 0.41 -2.60 0.35
14 0.91 0.93 0.95 0.91
15 0.05 0.29 -2.48 0.05
16 0.12 0.19 -1.36 0.13

Mevsimlere gore katsayilarin degisimine bakildiginda ise farkliliklar géze carpmaktadir. Her iki metotta
ilkbahar ve yaz mevsimlerine ait carpimsal medyan degerleri sirasiyla en diisik ve en yiiksek
degerlerdir. Soguk mevsimler olarak adlandirilabilen sonbahar ve kis mevsimlerindeki medyan degerler
ise 1 degerine daha yakindir. Burada Marshall-Palmer doniistiirme denkleminde kullanilan katsayilarin
bu mevsimlere daha uygun oldugu ve diizeltme degerlerinin de bunu yansittig1 gériilmiistiir.

SONUCLAR VE ONERILER

Bu calismada Mugla ilinde gozlenen 16 taskin olayr i¢in carpimsal ve toplamsal hata diizeltme
metotlarinin analizi iki farkli vektdr normu (Oklid normu (L;), ve Maksimum normu (L)) kullanilarak
11 yer yagis istasyonu ve meteoroloji radari verileriyle yapilmistir. Caligmada ortalama hata degerindeki
diizelmeyi en iyi ifade eden Oklid normu icin diizeltme katsayilarinin degisimi mevsim ve istasyon
yiiksekligine gore incelenmistir.

Caligmada 20 mm fizeri yagis gdzlenen istasyon verileri kullanilmigtir. Caligma uygulanirken, istasyon
ve meteoroloji radar verilerinin birbirinden bagimsiz veriler oldugu ve istasyon verilerindeki hatanin
Oonemsiz oldugu varsayilmistir.

Sonuglart kisaca 6zetlemek gerekirse:

1. Olaylarin genelinde radar verisi yagis degerlerini daha az tahmin etmistir. Radar verisi
gbzlenen yagis degerlerini takip etmede basarili olmasina karsin, maksimum yagisin
gozlendigi zamanlarda basaris1 diigmiistiir.
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Sekil 2. Carpimsal ve toplamsal katsayilarin Oklid normu analizine gore mevsimsel ve yiikseklige
bagh degisimi

2. Ortalama hata degerleri ve hata oranlarindaki iyilesme sonuglar1 géz oniinde
bulunduruldugunda Oklid normunun maksimum norma gore basarili oldugu gériilmiistiir.
Ancak, maksimum akim degerlerinin 6nemli oldugu kosullarda (taskinlarda maksimum akim
degeri genellikle maksimum yagis degeri ile iligkilidir) L., normun sonuglar dikkate

alinmalidir.

3. Oklid normuyla yapilan her iki metodun sonucu birebirine yakindir. Toplamsal katsay1
kullanilmasi ¢aligmada 6nemli bir sonug degisikligi yaratmamaistir.
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4. Meteoroloji radar lokasyonu daglik bolgeler i¢in avantaj yaratmaktadir. Ancak bu bolgelerde
gozlenen 151n blokaji kullanilabilecek istasyon sayisini azaltmistir.

5. Bu calismada Oklid normuyla yapilan analizlerde katsayilarin degisiminin istasyon
yiiksekliginden bagimsiz oldugu gériilmiistiir. Istasyon sayisinin az olmasi ve yiikseklik
dagilimin homojen olmamasi bu konuda genelleme yapmay1 zorlagtirmaktadir.

6. Radar verilerinde kullanilan Z-R doniisiimii biitiin zamanlar i¢in sabit katsayilar igermektedir.
Bu katsayilar (a =200 and b = 1.6) kararsiz hava kosullarinin oldugu (konvektif yagis) yaz ve
ilkbahar mevsimlerinde basarili sonu¢ verememektedir. Bu ¢calismada bulunan katsayilar da bu
durumu desteklemekte, soguk mevsimlerde gozlenen taskinlardaki medyan degerleri 1
degerine daha yakisamaktadir. [lkbahar mevsiminde radar verisinin fazla yagis tahmini
verdigi, yaz mevsiminde (diger mevsimlere oranla) en az yagis tahmin degeri verdigi
gorilmiistiir.

Temin edilen verilerde taskin zamanlarinin daha ¢cok kis mevsiminde gerceklestigi goriillmektedir. Yaz
mevsiminde 1 olay gdzlendiginden daha fazla olay bulunmasi ya da galigma alaninin genisletilmesi
(belirtilen zaman araliginda) genelleme yapabilmede fayda saglayacaktir. Tagkin verileri yiiksek yagis
degerleri igerdiginden normal dagilima uyum gostermemektedir. Bu sebeple diger bir norm olan ve ug
degerlerden c¢ok etkilenmeyen L; normunun analizlerde kullanilmasi ileriki c¢aligmalarda fayda
saglayabilir. Mevsim ve istasyon yiiksekliginden farkli olarak, istasyon konumunun (radar mesafesinden
uzaklig1) ve yagis yliksekliginin katsayilara etkisinin ¢alisilmasi da ileriki hedeflerden biridir.

TESEKKUR

Yazarlar calismada kullanilan radar ve istasyon yagis verileri icin Meteoroloji Isleri Genel
Miidiirliigii’ne ve kurum ¢alisanlarina tesekkiir ederler.
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ABSTRACT

Determining the precipitation events that occur at points where there are no meteorological observation
stations; is significant for many risk studies such as floods and droughts. By using spatial interpolation
methods, e.g., kriging and inverse distance weighting, researchers can predict the spatial distributions
of precipitation at non-observation points. In addition, with the help of projects where precipitation is
observed by satellites, precipitation sizes can be determined at a certain resolution and over a certain
area. In this study, the “GPM_3IMERG 06” precipitation observation data from the Global
Precipitation Measurement (GPM) mission, initiated by NASA (National Aeronautics and Space
Administration) and JAXA (Japan Aerospace Exploration Agency), and precipitation observation data
from automatic meteorological observation stations (OMGI), obtained from Turkish State
Meteorological Service, have been compared in a sample application. The average monthly precipitation
in 2016 in the Central Anatolia and the Black Sea Regions of Turkey, which received the least and the
highest precipitation throughout the country, have been examined on a sample application. According
to the findings obtained, mean precipitation observation differences is +15.55 mm in the Central
Anatolia Region and £32.67 mm in the Black Sea Region have been determined between the
GPM_3IMERG 06 and OMGI data. As a result of the study, the differences between the data from
GPM and OMGI stations have been examined on a sample data set and maps of these differences were
produced.

Keywords: GPM, map, meteorology, precipitation.

Ornek Bir Veri Seti Uzerinde Kiiresel Yagis Ol¢iimii (GPM) Gérevi ve Meteoroloji
Istasyonlar Verilerinin Degerlendirilmesi

OZET

Meteoroloji gbzlem istasyonlar1 bulunmayan noktalarda meydana gelen yagis olaylarinin bilinmesi; sel,
tagkin, kuraklik gibi birgok risk aragtirmalari i¢in dnemlidir. Arastirmacilar, kriging, mesafenin tersine
gore agirliklandirma gibi mekansal enterpolasyon yontemleri kullanarak, gézlem istasyonlarindan elde
edilen yagis biiyiikliiklerinin, goézlem olmayan noktalardaki mekansal dagilimlarini tahmin
edebilmektedirler. Ayrica, uydular yardimiyla yagislarin gézlendigi projeler ile belirli ¢oziintirliikte ve
belirli bir alan boyunca yagis biylkliikleri belirlenebilmektedir. Bu ¢aligmada NASA (National
Aeronautics and Space Administration) ve JAXA (Japan Aerospace Exploration Agency) tarafindan
baslatilan Kiiresel Yagis Olciimii (Global Precipitation Measurement, GPM) gorevine ait
“GPM _3IMERG 06” yagis gozlem verileri ile Meteoroloji Genel Miidiirliigiine ait Otomatik
Meteoroloji Gozlem Istasyonlarindan (OMGI) elde edilen yagis gozlemi biiyiikliikleri, 6rnek bir
uygulama ile degerlendirilmistir. Uygulama kapsaminda iilke genelinde en az ve en gok yagis alan, Ig
Anadolu ve Karadeniz Bolgeleri’nde 2016 yilinda goriilen aylik ortalama yagislar incelenmistir. Elde
edilen bulgulara gére GPM_3IMERG 06 ve OMGI verileri arasinda I¢ Anadolu Bélgesi’nde ortalama
+15.55 mm ve Karadeniz Bolgesi’nde £32.67 mm yagis gdzlem farkliliklar1 belirlenmistir. Caligmanin
sonucunda GPM kaynakli veriler ve OMGI istasyonlar1 verileri arasindaki farkliliklar rnek bir veri seti
iizerinde incelenmis ve bu farkliliklarin haritalari tiretilmistir.

Anahtar Kelimeler: GPM, harita, meteoroloji, yagis.
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Yagislara bagli cesitli afetler ve su yonetimi gibi konular hakkinda karar vericilerin uygun sekilde dnlem
alma ve planlamalar gerceklestirmesi i¢in yagislarin mekansal dagiliminin bilinmesi 6nem arz
etmektedir. Bu amagla yagis haritalar1 tek basina veya diger konular ile birlikte degerlendirilerek
kullanilmaktadir. Meteoroloji istasyonlar1 gozlemlerine dayali yapilan arastirmalarda, meteoroloji
gozlem istasyonlarmin belirli bir bolgede kisith sayida mevcut olabilmesi nedeniyle gozlem
yapilamayan konumlardaki yagisin belirlenmesi i¢cin mekansal tahmin ydntemleri kullanilmaktadir.
Yagislarin mekansal dagilimmin belirlenmesinde, arastirmacilar yaygin olarak kriging, spline
yontemleri ve mesafenin tersine gore agirliklandirma (Inverse Distance Weighting, IDW) gibi mekénsal
tahmin yontemlerini kullanmaktadirlar (Adhikary ve dig., 2017; Aydin, 2018; Bostan, 2013; Chen ve
dig., 2017; Citakoglu ve dig., 2017; Guan ve dig., 2005; Gundogdu, 2017; Gundogdu & Husrevoglu,
2018; Giiler & Kara, 2014; Hiisrevoglu, 2018; icaga & Tas, 2018; ilker, 2012; Javari, 2017; Kale, 2018;
Kumari ve dig., 2016; Sun ve dig., 2015; Taylan & Damgayiri, 2016). Ayrica uydu teknolojileri kaynakli
ve iklim modellerine ait yagis verileri ile kiiresel ya da bir bolge boyunca yagis verileri mevcuttur (Sun
ve dig., 2018; Yilmaz ve dig., 2017). Uydular yardimiyla kiiresel l¢ekte yagis gozlemi elde edilen veri
kaynaklarindan birisi de NASA (National Aeronautics and Space Administration) ve JAXA (Japan
Aerospace Exploration Agency) tarafindan baslatilan Kiiresel Yagis Olgiimii (Global Precipitation
Measurement, GPM) gorevidir. GPM gorevi ile kiiresel olarak yagis 6l¢limiiniin gerceklestirilmesi,
istasyon bulunmayan veya ¢ok az siklikta istasyon bulunan bolgelerde gerceklesen yagislarin bilinmesi
icin olduk¢a 6nemlidir. Ayrica bu gorev kapsaminda elde edilecek yagis verisi belirli bir ¢oziiniirliikte
ve siirekli oldugundan, meteoroloji gdzlem istasyonlar1 biiyiiklikleri ile mekéansal tahmin
gerceklestirilmesi gibi bir isleme gerek duyulmadan veriler dogrudan kullanilabilmektedir. Bu noktada
bir aragtirmaci, meteorolojik gdzlem istasyonu verisini temin edip, tahmin yontemleri ve yaklagimlara
gore dogrulugu etkilenen haritalar elde etmek yerine, dogrudan ve kolayca uydu kaynakli bir veri setine
ait gdzlemleri kullanmay1 tercih edebilir. Kullanilan bu veriler arastirmacinin yiiriittiigii tagkin, heyelan
gibi bir arastirmanin sonuglarini etkileyebilecegi gibi bir bagka arastirmaciya sunacagi altlik veri
bakimindan da diger aragtirmalari etkileyebilecektir. Arastirmacilar model, uydu kaynakli ya da gézlem
istasyonu verileri ile elde ettikleri yagis dagilimlarini diger konular ile birlikte degerlendirerek bindirme
analizi gibi yaklagimlar ile yagislara bagli farkli konulari da arastirmaktadir. Bu bakimdan uydu verileri
ile yagislarin gozlendigi kaynaklar ile gozlem istasyonlarinin biiyiikliiklerinin karsilagtirilarak
degerlendirilmesi 6nemlidir (Amjad ve dig., 2019, 2020; Derin & Yilmaz, 2014; Ozcan ve dig., 2013;

Popovych & Dunaieva, 2021; Ramsauer & Marzahn, 2018; Sun ve dig., 2018; Yilmaz ve dig., 2017).

Bu ¢aligmada 6rnek bir veri seti yardimiyla, Tiirkiye iizerinde en az yagis alan I¢ Anadolu Bolgesi ve
en ¢ok yagis alan bolgelerden olan Karadeniz Bolgesi’nde yer alan Otomatik Meteoroloji Gozlem
Istasyonlarma (OMGH) ait 2016 y1l1 aylik ortalama yagis biiyiikliikleri ile uydular yardimiyla yagislarin
gozlendigi GPM’ ¢ ait GPM_3IMERG 06 (The Integrated Multi-satellitE Retrievals for GPM) (Final
Run) (Huffman ve dig., 2019), aylik ortalama yagis gozlem verileri arasindaki biiyiikliik farklar
incelenmistir.

Caligmanin sonraki boliimlerinden Materyal ve Metot boliimiinde kullanilan veri setlerinin istatistiksel
ozellikleri, caligma bolgesi ve kullanilan yazilim hakkinda bilgiler verilmistir. Arastirma Bulgular ve
Tartisma boliimiinde ise OMGI’lerden elde edilen gdzlem biiyiikliikleri ile GPM_3IMERG 06
arasindaki farklar yorumlanmis ve haritalanmistir. Sonug bdliimiinde incelenen konu hakkinda ¢ikarim
ve tavsiyelere yer verilmistir.

MATERYAL VE METOT

Calisma kapsaminda I¢ Anadolu Bolgesi ve Karadeniz Bolgesi iizerinde yer alan, Meteoroloji Genel
Miidiirliigiine ait OMGI’ler ile gbzlenen, 2016 yili aylik ortalama yagis verileri ve incelenen bolgelerde
meteoroloji gozlem istasyonlarina isabet eden GPM_3IMERG 06 veri setine ait aylik ortalama yagis
bityiikliikleri karsilastirilmistir. OMGI verileri Meteoroloji Genel Miidiirliigiinden, GPM_3IMERG 06
veri seti ise NASA’dan temin edilmistir. Karsilastirmalar igin i¢ Anadolu Bélgesi’nde 193, Karadeniz
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Bolgesi'nde ise 262 OMGI istasyonu gozlemleri kullanilmustir. Istasyonlara isabet eden
GPM _3IMERG 06 veri seti biiyiikliikleri QGIS cografi bilgi sistemleri yazilimi ve bu yazilima ait
eklentiler havuzunda yer alan “Point Sampling Tool” eklentisi ile gergeklestirilmistir.
GPM_3IMERG 06 veri setinin mekansal ¢oziintirliigii 0.1° X 0.1° olup, yaklasik 10 km X 10 km’dir.
2016 yil1 aylik ortalama yagis biiyiikleri icin GPM_3IMERG 06 veri setinin Tiirkiye boyunca yagis
biiyiikliikleri ve calisma alanlar1 Sekil 1 ile gdsterilmistir. Tiirkiye topografyasi ile birlikte g¢aligma
alanlar ise Sekil 2 ile gosterilmistir. Kullanilan veriler ait dzet istatistikler I¢ Anadolu Bolgesi i¢in Tablo
1, Karadeniz Bolgesi i¢in Tablo 2 ile verilmistir.

Tablo 1. i¢ Anadolu Bolgesi i¢in Ozet Istatistikler

IgiAna.dolu Bolgesi GPM _3IMERG 06 OMGi (mm)
Ozet Istatistikler (mm)

En kiiciik yagis degeri 30.06 9.22
Ortalama yagis degeri 44.43 30.01
En biiylik yagis degeri 72.22 85.38
Standart Sapma 8.01 10.66
Medyan 42.65 29.50
Carpiklik 0.84 0.83
Basiklik 3.56 5.82

Tablo 2. Karadeniz Bélgesi i¢in Ozet Istatistikler

Karadeniz Bolgesi

GPM_3IMERG_06

.. OMGI (mm)
Ozet Istatistikler (mm)
En kiiciik yagis degeri 49.49 7.21
Ortalama yagis degeri 97.31 76.03
En biiyiik yagis degeri 222.42 276.98
Standart Sapma 33.06 52.48
Medyan 91.91 57.38
Carpiklik 1.32 1.52
Basiklik 4.79 5.10
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Sekil 1. Tiirkiye tizerinde GPM_3IMERG_06 yagis gdzlemi biiyiikliikleri (Huffman ve dig., 2019).
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Sekil 2. Tiirkiye topografyasi ve ¢alisma alanlar

I¢ Anadolu Bélgesi ve Karadeniz Bélgesi'nde yer alan OMGI yagis biiyiikliikleri sirasiyla Sekil 3 ve
Sekil 4 ile gosterilmistir.
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Sekil 3. ¢ Anadolu Bélgesi, OMGI yagis biiyiikliikleri
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Sekil 4. Karadeniz Bolgesi, OMGI yagis biiyiikliikleri
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ARASTIRMA BULGULARI VE TARTISMA

I¢ Anadolu ve Karadeniz Bdlgelerinde OMGI’ler ile gdzlemlenen yagis biiyiikliikleri ve bu istasyonlara
isabet eden GPM_3IMERG_06 yagis biiyiikliikleri arasindaki farklar incelenmistir. OMGI noktalarinda
goriilen farklar i¢ Anadolu ve Karadeniz Bolgesi icin Tablo 3 ile verilmistir. Yagis gozlemleri
farkliliklar1 i¢ Anadolu ve Karadeniz Bolgesi icin sirasiyla Sekil 5 ve 6 ile gdsterilmistir. Ayrica istasyon
konumlari ile gézlem farklar1 haritalar iizerinde Sekil 7 ve 8 ile gdsterilmistir.

Tablo 3. GPM_3IMERG_06 ve OMGI Biiyiikliikleri Fark1

. Karadeniz i¢c Anadolu
(GPM_3IMERG_06) - (OMGI) Bolgesi (mm) | Bolgesi (mm)
En kii¢iik mutlak deger fark +1.74 +0.05
En biiyiik mutlak deger fark +141.78 +60.27
Ortalama mutlak deger fark +32.67 +15.55
Negatif yonde en biiyiik fark -141.48 -45.77
Pozitif yonde en biiyiik fark 99.78 60.27
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Sekil 5. i¢ Anadolu Bélgesi, OMGI yagis biiyiikliiklerinin kargilastirilmasi
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Sekil 6. Karadeniz Bolgesi, OMGI yagis biiyiikliiklerinin karsilastirilmasi
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Sekil 7. i¢ Anadolu Bélgesi, GPM_3IMERG_06 ve OMGI biiyiikliikleri farki
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Sekil 8. Karadeniz Bolgesi, GPM_3IMERG_06 ve OMGI biiyiikliikleri fark1

Istasyonlar iizerinde goriilen farklar IDW yontemi ile haritalanarak ve ¢alisma alanlar1 boyunca temsil
edilerek, Sekil 9 ve 10 ile gosterilmistir.
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Sekil 9. ic Anadolu Bolgesi, GPM_3IMERG 06 ve OMGI biiyiikliikleri farklarmin mekéansal dagilimi
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Sekil 10. Karadeniz Bélgesi, GPM_3IMERG_06 ve OMGI biiyiikliikleri farklarinin mekansal dagilimi

Elde edilen bulgular 1s131nda 2016 y1li aylik ortalama yags i¢in i¢ Anadolu Bélgesi’ne gore Karadeniz
Bolgesi'nde GPM 3IMERG 06 gozlemleri ile OMGI gozlemleri arasinda daha cok farklilik
gorilmiistiir. Farkliliklarin her iki bolge icinde Kuzeydogu yoniinde daha fazla oldugu gézlemlenmistir.
Karadeniz Bélgesinin Kuzeydogu kiy1 kesimlerinde GPM _3IMERG 06 gézlemleri OMGI
gbzlemlerinin biiyiik 6lgiide altinda kalmustir. I¢ Anadolu Bélgesi’nde ise Kuzeydogu yéniinde
GPM _3IMERG 06 gdzlemlerinin OMGI gozlemlerinin iistiinde oldugu goériilmektedir. Tablo 3 ve
Sekil 5 ve 6 da goriildiigii iizere her iki veri kaynagi arasinda énemli 6l¢iide farkliliklarin bulundugu
istasyon konumlart mevcuttur. Bu tiir farkliliklar yagislara bagl yapilacak diger analizler i¢in kullanilan
veri setine gore farkli sonuglarin elde edilmesine neden olabilir.

SONUC

Calisma sonucunda 2016 yili, aylik ortalama yagis biiyiikliikleri i¢in OMGI biiyiikliikleri ile
GPM_3IMERG 06 biiyiikliikleri arasinda onemli farkliliklarin goriilebilecegi ortaya konmustur.
Bolgelere gore veri setleri arasindaki farklhiliklarin biiyiikliigii degisiklik gostermistir. i¢ Anadolu
Bolgesi i¢in GPM verileri OMGI verilerine daha yakin iken Karadeniz Bolgesi’nde oldukea yiiksek
farkliliklar gozlemlenmistir. Arastirmacilarin yagis verilerine bagh olarak elde edecekleri haritalar ve
analizler i¢in hem OMGI gibi meteoroloji gdzlem istasyonu verilerini hem de GPM verisi gibi uydular
yardimiyla elde edilen verile birlikte degerlendirerek ¢alismalarini gerceklestirmesi 6nemli olabilir.
Kriging yontemi gibi mekénsal tahmin yontemleri ile elde edilecek yagis haritalarinda GPM verilerinin
ikincil veri olarak kullanimi arastirilabilir. Goriilen 6nemli farkliliklarin her boélgenin cografi
Ozelliklerine gore karakteristik olarak belirlenmesi ile farkli veri setleri arasindaki iliskinin
degerlendirilmesi arastirmacilar i¢in 6nem arz edecektir.
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ABSTRACT

In this paper, the METRAD X-Band Meteorology Radar system developed with the support of
TUBITAK (The Scientific and Technological Research Council of Turkey), the successor METRAD II
project, in which meteorology algorithms were enhanced, and the METRAD III project, which is aimed
to develop new capabilities, are described.

METRAD System provides the user with raw moments of meteorology regime such as reflectivity and
velocity which are produced from digital I/Q data produced by Signal Processing Unit from the received
x-band radar signal reflections. National meteorological regime products are produced from these raw
moments.

METRAD II project helped develop the main meteorological products;

e CAPPI (Horizontal cross section meteorological regime for a selected elevation and azimuth in
the radar range from the radar reflectivity hemisphere matrix)

e PCAPPI (When horizontal cross-section of volumetric data is taken, if some radar reflectivity
values are not available due to beam blocking or lack of volumetric data, interpolation of these
data non-available sections on the map due to synthetically producing data close to real content
by approximation and similar techniques)

e VIL (the total amount of precipitation between the two heights),

e MAXD (Determination of the regions with the most precipitation on the vertical axis for each
position on the surface from a bird's eye view angle)

o RHI (speed and reflectivity information of meteorological regime at all elevation values of
volumetric data obtained scanning by the elevation axis between the starting and ending values)

and in this paper the validation results of these algorithms are given, in comparison to C-band national
weather service radars.

RST also has a Ka-band 35 GHz Portable Polarimetric Weather Radar for meteorological analysis,
prediction and early warning system of possible natural catastrophic events. This radar has detection
capabilities very similar to a LIDAR (Laser Imaging Detection and Ranging) system as used by
international airports, as Ka band offers very high resolution of cross polarized detection. RST is
currently working on the transfer of current X-bant radar software capabilities also to this Ka band radar
for early fire and flood hazard detection in short to medium range.

For future work, RST METRAD roadmap from the beginning of first METRAD project up to 2022 is
given in the conclusion part. Last section also includes the General Directorate of Meteorology (MGM)
and the Disaster and Emergency Management Directorate (AFAD) suggestions on the current
METRAD system.

Keywords: Meteorology, radar, METRAD, CAPPI, PCAPPI, MAXD, VIL, RHI, MGM, AFAD.
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INTRODUCTION

RST Inc, established in 2012 is a technology developer company for radar, RF and electronic warfare
systems. Company specializes in system, hardware and software engineering for system and sub-system
design, test equipment and consultancy.

METRAD System is the X band polarimetric weather radar developed under TUBITAK support and
named as national weather radar in related documentation.
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Figure 1: Transportable METRAD System

METRAD System software continued to develop in scope of TUBITAK supported METRAD II Project
between 2017 and 2021. Most of the meteorological products detailed in this paper are added to system
during METRAD 11 Project.

METRAD SYSTEM
RF Front End
I Antenna motor, slip ring and rotary joint I
Signal Processing RF Transmitter and Power Distribution
Receiver
Data Processing Operator Interface Power Distribution
I Trailer I

Figure 2: METRAD System Components
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METRAD System components are listed below as shown in Figure 2

Antenna Unit

Pedestal Unit (Antenna motor, slip ring and rotary joint)
RF Front End Unit

RF Receiver and Transmitter Units

Signal Processing Unit

Data Processing Unit

Control and Interface Unit

Power Distribution Unit

Trailer

METRAD System technical properties are also given below:

e Frequency : 9325MHz

e PRF :0.2-3KHz

e PW :0.33 -4 uss

e Peak Power : 20 KW

e Antenna Diameter :1.5m

e Antenna Beam Width :1.5°

e Antenna Coverage : 360 Less, -2/+90 El
e Routing Sensitivity :0.1°

e Angular Speed : 6 rpm max

e Working Range :>75 km

The hardware supplies the signals to custom developed signal processor cards shown in Figure , which
transform the signals to base meteorological moments as listed in table below.

Table 1: Calculated Meteorological Base Moments after Signal Processing

Base Moment Moment Description

Z Reflectivity (clutter corrected)

T Total Reflectivity (not clutter corrected)
ZDR Differential Reflectivity

Vel Radial Velocity

Width Spectral Width

ODP Differential Phase Shift

KDP Specific Differential Phase

TV/ZV (Total) Reflectivity in vertical channel

These base moments are used in the following meteorological products currently %100 validated and
running on METRAD System, developed under METRAD II Project with TUBITAK Support according
to [1], [2] and [3]. Wind products micro burst, wind shear and gust front are also planned for
development in METRAD III Project according to [4] and [5], in cooperation with ITU [Web-1].
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Table 2: Validated Meteorological Products in METRAD System

Meteorological Product | Product description

PPI The rate and amount of precipitation received by horizontal
scanning (reflectivity)

CAPPI The amount of precipitation at a certain height

PCAPPI The amount of precipitation at a certain height
(with interpolation for regions with no signal)

MAX The height with the heaviest precipitation, on the vertical axis for
each coordinate

VIL The total amount of precipitation between the two heights

RHI The rate and amount of precipitation of all elevation levels, received by
a vertical scan

Figure 3: METRAD Signal and RF Processor Cards
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ADVANCED METRAD SOFTWARE VALIDATION RESULTS

For validation of METRAD algorithms, we have performed many tests in the field, especially near the
General Directorate of Meteorology (MGM) site in Elmadag, Ankara.

Transportable METRAD system if left for operation for months at Elmadag radar site, and the data
obtained is compared with MGM live radar data on the web. Results from MGM radars and METRAD
are similar, with METRAD giving much more in depth meteorological information as METRAD is
operating at a higher frequency band, namely x-band.

Below Figure 4 to FigurelO show the validation results of X-band METRAD system meteorological
products compared with C band MGM system output.

Reflectivity Velocity

Figure 4: METRAD Reflectivity and Doppler Velocity Output (26/09/2017 15:20)

Range: 75 km Range: 135 km

Figure 5: METRAD and MGM C-band Output Comparison (18/05/2018 11:54)
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Height : 5 km Height: 10 km

Figure 6: METRAD CAPPI Output (06/06/2018 16:40)

T

CAPPI @ 8 Km height Rainfall Display (live) PCAPPI supported CAPPI @ 8 Km height

Figure 7: METRAD PCAPPI Output (06/06/2018 16:40)
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Figure 8: METRAD VIL Display (Vertically Integrated Liquid)

78



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

el R o s

= ";...'F rﬂ.ﬁ}i:r*lﬁ@"" = :

METRAD MGM

Figure 9: METRAD and MGM Max-D Capability Comparison (21/06.2018 14:30)
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Figure 10: METRAD RHI Display (Elevation-based precipitation density obtained by vertical scanning of
precipitation at a certain range and angle)

Ka-BAND METRAD SYSTEM

RST also has a Ka-band 35 GHz Portable Polarimetric Weather Radar for meteorological analysis,
prediction and early warning system of possible natural catastrophic events.

The system itself and the user interface is shown in Figure . RST is planning to add current x-band
METRAD software capabilities to this Ka-band hardware and result will be very valuable for early
warning of natural disasters and fire hazards such as forest and agricultural field fires.
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Ka band METRAD System capabilities are listed below:

2 KW cold cathode magnetron

1Q and Base Moment Data logging facility

High range and Doppler Resolution (<< 1m/sec)

Portable, easy installation

Extensible software

Compatible with existing meteorological products

Capable of adding new precipitation, wind, fire, flood products

Figure 11: Ka-band METRAD System

Ka band METRAD System technical properties are also given below:

e  Operating Frequency : Ka Band

e Maximum Range :20 km

e Antenna diameter :20 cm

e  Radar angular resolution : 30

e Radar range resolution :50m

e Antenna scan speed : 90 %sec

e Antenna rotation angles 1 £45°

e System dimensions :40 cm x 40 cm
e Receiver noise factor :3dB

e Antenna gain :36dB

Kaband METRAD System has very unique capabilities compared to weather radars on market due to its very high
working frequency. The main advantages of having a Ka band weather radar are listed below:

e High reflectivity and VIL: Calculation of rain/flood probability for a given region, taking into account
temperature, pressure and humidity information

e High horizontal de-polarization rate: Determination of the layer where the rain starts, determination of the
drop size and shape

e Detailed doppler velocity distribution: Allows determination of up/down wind/rain movements in vertical
polarization. Thanks to the double polarization, the wind speed and direction in the higher layers are
calculated.
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Detailed average width of Doppler velocity distribution: Explains pressure change, droplet distribution and
properties within the scope of micro-physics movements of clouds.

CONCLUSION

RST has performed years of hard work on developing the transportable meteorological solution. In the
first TUBITAK project, system hardware and meteorological baseline is established. METRAD II
Project added advanced software capabilities to METRAD System, most of which was a success. These
advanced software algorithms are now operational in X-band METRAD System, as of 2022.

The targeted METRAD I1I capabilities are listed below and the METRAD Roadmap from the beginning
to the future is shown in Figure 12.

<

Wind products (micro burst, wind shear and gust front)

\

Early warning and emergency detection algorithms

o Forest and agricultural fires early warning (smoke detection)

o Flood prediction and early warning (algorithm design suppresses noise where rain starts/ends)
Detection of biological objects (birds and vermin)

Representation of all algorithm outputs on real land and sea maps

Inter-changeable hydrometeor classification parameters

Remote control of the system with standard software

N N N NN

Ability to save screenshots according to customer requirements

)

Dry snow
Snow crystals
Water filled snow

Meteorological reflections and doppler

Light to moderate rain —
Big drop rain v In operational use @ X and Ka-Band METRADs
Heavy rain

Hail rain mix

\

)

Ground/Sea clutter Geographical reflections and doppler

B (started in METRAD II, validation in METRAD III targets)

Abnormal spreads

\

, — Biological reflections and doppler
Biological reflectors (Birds, vermin)
— (METRAD I1I targets)
Smoke Cloud . .
_ Air Traffic Control related wind refl. / doppler
Wind Products } (METRAD III targets)

Figure 12: RST METRAD Roadmap
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ABSTRACT

Theoretically meaning, a wildfire is an unplanned fire that burns in a natural area such as a forest,
grassland, or prairie. Wildfires are often caused by human activity or a natural weather phenomenon
such as lightning, so they can happen at any time or anywhere. Additionally, the risk of wildfires in a
region increases in extremely dry conditions, such as drought, and during high winds. All these factors
have strong direct or indirect ties to climate variability and climate change which can be mentioned as
the reason for the growing size and frequency of wildfires. As a result, transportation, communications,
power and gas services, and water supply can disrupt by wildfires. Furthermore, they also lead to a
deterioration of the air quality, and loss of property, crops, resources, animals, and people. In this study,
the forest fires that took place on July 28, 2021, in Manavgat, Antalya, will be analyzed under the scope
of climate change to understand the effects of wildfires on nature by using Meteosat Second Generation
(MSG) images and Copernicus the European Forest Fire Information System (EFFIS) applications.

Keywords: Wildfire, forrest fire, climate change, Meteosat, remote sensing.

Orman Yanginlarimin Uzaktan Algilama Uriinleri ve Copernicus Effis Uygulamalari ile
Analizi Uzerine Bir Cahisma: 2021 Manavgat, Antalya Yanginlar

OZET

Teorik olarak orman yangini, orman, otlak veya ¢ayir gibi dogal bir alanda yanan plansiz bir yangindir.
Orman yanginlaria genellikle insan faaliyeti veya simsek gibi dogal bir hava olay1 neden olabilecegi
icin herhangi bir zamanda veya herhangi bir yerde olabilirler. Ek olarak, kuraklik gibi asir1 kuru
kosullarda ve siddetli riizgarlar sirasinda bir bdlgede orman yangim riski artar. Tiim bu faktorlerin,
orman yanginlarinin artan boyutunun ve sikliginin nedeni olarak belirtilebilecek iklim degiskenligi ve
kiiresel 1sinma ile dogrudan veya dolayl baglar1 vardir. Sonug olarak, orman yanginlari esnasinda
ulagim, iletisim, elektrik ve gaz hizmetleri ve su temini orman yanginlari nedeniyle kesintiye ugrayabilir.
Ayrica, orman yanginlar1 hava kalitesinin bozulmasina ve mal, mahsul, kaynak, hayvan ve insan kaybina
da yol agar. Bu ¢alismada, Antalya ili Manavgat ilgesinde 28 Temmuz 2021 tarihinde meydana gelen
orman yanginlari, orman yanginlarinin doga iizerindeki etkilerini anlamak i¢in Meteosat Ikinci Nesil
(MSGQG) uydu goriintiileri ve Copernicus Avrupa Orman Yangin Bilgi Sistemi (EFFIS) uygulamalari
kullanilarak analiz edilecektir.

Anahtar Kelimeler: Orman yanginlari, iklim degisikligi, Meteosat, uzaktan algilama.

GIRIS

Ormanlar 6nemli bir dogal kaynaktir ve ¢evresel dengenin korunmasinda 6nemli bir rol oynarlar.
Herhangi bir alandaki bir ormanin sagligi, o bolgede hiikiim siiren ekolojik kosullarin gercek bir

gostergesidir. Dogal veya insan kaynakli hadiseler ile baglayan orman yanginlari, ¢evre, insan sagligi
(genellikle can kaybryla sonuglanan hadiseler) ve miilk tizerinde 6nemli bir etkiye sahiptir. (Sekil 1).
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Sekil 1: 1990-2018 yillar1 arasinda gergeklesen orman yangininda yanan alan miktar1 ve yangin sayisi
(listte) 1997 — 2018 yillart arasinda ¢ikig nedenlerine gore yangin sayilari
(altta)(®https://cevreselgostergeler.csb.gov.tr/)

Yanginlar, Avrupa peyzajlarinda ekosistem dinamiklerinin ayrilmaz bir bilesenidir. Ancak kontrolsiiz
yanginlar 6zellikle Akdeniz bolgesinde biiyiik ¢evresel ve ekonomik zararlara neden olmaktadir.
Ortalama olarak, Avrupa'da her y1l yaklagik 65000 yangin meydana gelmekte ve yaklagik yarim milyon
hektarlik vahsi arazi ve ormanlik alanlar yanmaktadir; yanan alanin ¢ogu, % 85'in lizerinde, Avrupa
Akdeniz bolgesinde bulunmaktadir (Ayanz vd., 2012). Bu ihtiyaglar dogrultusunda Copernicus
programi catisi altinda calisan EFFIS, orman yangini O6nleme ve hazirliktan yangin sonrasi hasar
analizine kadar tiim orman yangini yonetimi dongiisiinii kapsayan kapsamli bir sistemdir(Ayanz vd.,
2012). Sistem, Avrupa ve Akdeniz bolgesindeki 43 iilkeye bilgi saglamakta ve 22 Avrupa iilkesinden
orman yangini olaylar1 hakkinda detayl bilgi almaktadir. Orman yanginlar1 hakkinda zamaninda ve
giivenilir bilgi saglayarak Avrupa'da orman yangini 6nleme ve orman yangini ile miicadeleyi destekler
(McInerney vd., 2013).

Avrupa Orman Yangini Bilgi Sistemi (EFFIS), Avrupa Komisyonu (EC) hizmetleri (Genel Cevre ve
Ortak Arastirma Merkezi) ve iilkelerdeki ilgili yangin hizmetleri (orman yanginlar1 ve sivil koruma
hizmetleri) tarafindan Sivil Koruma izleme ve Bilgi Merkezi, Avrupa Komisyonu Hizmetleri ve Avrupa
Parlamentosu gibi Avrupa kurumlarinin ihtiyaglarini kargilamak tizere gelistirilmistir(Ayanz vd., 2012).
EFFIS, modiiler bir cografi bilgi sistemi olarak tasarlanmistir. Orman yangi bilgilerini pan-Avrupa
Olceginde depolayan, isleyen ve yayan Web tabanli modiiller, bir veri isleme zinciri ve mekansal
veritabanlarindan olusur. Temel sistem, yangin tehlikesi tahmini ve yanmig alanlarin ¢evreleri hakkinda
bilgi iiretmek icin giinliik olarak meteorolojik ve optik uydu goriintiisii verilerini isleyen yazilim araglari
tarafindan yonlendirilir. EFFIS ayrica, bilim adamlarinin ve politika yapicilarin geriye doniik analiz i¢in
kullanabilecekleri, Avrupa'daki orman yangini bilgilerinin tarihsel bir mekansal veri tabanina erigim
saglar(Ayanz vd., 2003).

Orman yanginlarinin tespiti ve gdzlemlenmesi, aktif yanginlarin gelisiminin takip edilmesi dogru ve en
erken bir sekilde yapilmasi gereken bir gorevdir. Meteorolojik uzaktan algilama iiriinleri ve de 6zellikle
uydu teknolojileri, bu konuda ilgili mercilere yardimci olan 6nemli bir ara¢ olarak diigiiniilmektedir.
Zamansal ve mekansal ¢ozilinlirliigiiniin yiiksek olmasi neticesinde sik ve siirekli bir sekilde goriintii
almabilen sabit yoriingeli uydular, yanginlarin erken tespiti ve takibi konusunda uydu tabanli ¢éziimler
icerisinde On siralarda yer almaktadir. Sabit yorlingeli uydulardan alinan verilerin dogruluk ve tutarliligi,
kullanilan uydunun o bdlgedeki ¢oziiniirliigiine ve kullanilan tespit metodunda kullanilan algoritma ve
kanallarin ne derece hassas olduguna baglidir. Bununla birlikte, uzaktan algilama iirlinlerinin orman
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yanginlarinin tespit edilmesinde yer gozlem istasyonlari ve insan goézlemlerine ek olarak, sistematik ve
tutarli bir veri seti olacag diistiniilmektedir.

2002'de Meteosat Ikinci Nesil'in piyasaya siiriilmesi, Avrupa'nin yangindan en ¢ok etkilenen bdlgesi
olan Akdeniz'de jeostatik aktif yangin algilama yontemlerini uygulamak i¢in yeni bir olanak sundu.
Meteosat uydulari, aktif olarak yanan yanginlari igeren pikselleri tespit etmek ve bir dizi spektral bantta
1s1ma enerjisi emisyon oranlarini Slgmek ic¢in kullanilabilen uydulardir. 15 dakikalik zamansal
¢Oziiniirliige sahip bir goriintileme radyometresi olan Donen Gelismis Goriiniir ve KizilGtesi
Goriintiileyici (SEVIRI) cihazini tasir. Yangin tespitinde ise 3,9 pm spektral bant, yangin bolgesi
algilamasinda en 6nemli banttir.

Teoride, sabit yoriingeli uydu verilerinin kullanilmasi kisa siireli yanginlari, yeni baslayan yanginlari ve
giiclii bir giinliilk dongiiye sahip yanginlari tespit etme sans1 verebilir. Ornegin, Avrupa'daki orman
yanginlart GMT ile 14.00 ile 17.00 arasinda zirve yapar ve cogunlugu 13.00 ile 19.00 arasinda baglar
(Catry vd., 2010). Ozellikle yeni baslayan yangmlarin zamaninda tespiti, Orman Yangini ve Sivil
Koruma Hizmetlerinin kars1 eylemlerini daha iyi yonetmesine, miidahale siiresinin yani sira yangin
heniiz ilk asamasindayken miicadele etmek i¢in gereken arag¢ ve insan kaynaklarini en aza indirmesine
olanak saglayabilir.

2021 y1l1 yaz déneminde ise Tiirkiye'de gerceklesen orman yanginlari, 28 Temmuz 2021'de Antalya'nin
Manavgat ilgesinde baglamig ve Tiirkiye'nin birgok sehrine yayilmistir. 12 Agustos 2021 tarihi itibariyla
bir cogunlugu Akdeniz bdlgesinde olmak iizere, Ege, Marmara, Bat1 Karadeniz ve Giineydogu Anadolu
Bolgelerindeki 49 ilde ¢ikan 299 orman yangininda resmi kaynaklara gore 8 kisi hayatim kaybederken,
binlerce hektar orman, kdy ve yerlesim yeri kiile donmiis, binlerce hayvan can vermistir. 12 Agustos
2021 tarihinde ise Mugla'nin K&ycegiz ilgesindeki yangimin da sondiiriilmesi ile yanginlar tamamen
kontrol altina alinmaistir.

Bu ¢alisma kapsaminda, 28 Temmuz 2021 tarihinde Manavgat’ta baslayan orman yanginlari en yogun
oldugu ilk gilinlerde uydu, radar goriintiileri ile incelenmis, bu incelenen goriintiilere ek olarak
Copernicus EFFIS uygulamalari sonuglari da analiz edilmistir.

YONTEM

Bu calisma kapsamda incelenen ilk analiz yontemi olan EFFIS ¢ekirdek uygulamalari, uzaktan algilama
ve cografi bilgi sistemlerinin kullanimina dayanmaktadir. Yangin tehlikesi tahmini, Fransiz Météo-
France(10 km) ve ECMWEF (8km) modeli ve bir ECMWEF(18 km) olasilik modeli tarafindan ele alinan
iki deterministik tahmin modelinden hesaplanir. Bu veriler, Kanada Yangin Hava Durumu Endeksine
(FWI) dayal1 ortak bir Avrupa yangin tehlikesi endeksini hesaplamak i¢in kullanilir(Ayanz vd., 2003).
Sekil 2°de Kanada Orman yangin indeksi (FWI) sistemi ¢aligma gemasi gosterilmistir.

Fire Temperature Wind Temperature Temperature
weather Relative humidity Relative humidity Rain

observations Wind Rain
Rain
TTTT " Nesterdays | TTTTTT7C Yesterday's 1' T 7 Yesterday's |
FFMC N DMC\ DC Sy
Fuel Fine Fuel Duff Moisture Drought
moisture Moisture Code Code Code
codes (FFMC) (DMC) (DC)

Initial Spread Buildup
Structure Of the Index Index
Canadian Forest asn (BUI)

re l l
Fire Weather Index L
FWI A
( ) Behavior Fire Weather
System Indices Index
(FWI) e

Sekil 2: Kanada Orman yangin indeksi (FWI) sistemi ¢aligma semast
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Tablo 1°de ise Yangin tehlike smiflar1 ve bu smiflar i¢cin tahmin edilen degerlerin araliklar
gosterilmistir. Tabloda yer alan ifadeler;

e FFMC : (Fine Fuel Moisture Code) : Yanmaya Elverisli Alan Nem Kodu
e DMC (Duff Moisture Code) : Olii Ortii Nem Kodu
e DC (Drought Code) : Kuraklik Kodu
e ISI (Initial Spread Index) : Baslangic Yayilma Indeksi
e  BUI (Buildup Index) : Gelistirme indeksi
Yangn Tehlike Smflan FWl FFMC DMC (1] 151 BUI
Cok Dosuk F1=5.2 FFMC=B2.7 DMC=15.7 DC=<256.1 15132 BUl<24 2
Disak E.2»=FWl<112 B2.7>=FFMC=BE6.1 15.7>=DMC=<27.9 256.1>=DC <3341 3.2== |5 =5 24 2x= BUI =20.7
Orta 11.2>=PWk213 B6.1>=FFMC<832 27.9>=DMC=<53.1 334.1>=DC<a50.6 Bx= 151 <75 40.7== BUI =73.3
Yiksek 21.3==FW38 B9.27= FFMC <33 52 1>=DMC<140.7 450.6>=DC <7344 75==|5<134 73.3>= BUI <178.1
Cok yiksek 38==FWI=50 S3>»= FFMC 140.7== DMC TR4 4x= 00 13 4== |5] 178.1== BUI
Ekstrem P 1==50

Tablo 1: Yangin tehlike siniflar1 ve deger araliklari

EFFIS uygulamasi teknik altyapisi icerisinde bulunan Avrupa Yangin Veritabani (European Fire
Database), Avrupa'daki miinferit yangin olaylar1 hakkinda en biiytik bilgi deposudur. Avrupa tilkeleri
ile Avrupa Komisyonu arasinda orman yanginlart konusunda uzun bir isbirliginin nihai {iriiniidiir. Bugiin
veri tabani, diizenli olarak yangin verileri saglayan 22 {ilkenin katkilarim1 sunmaktadir. Avrupa Yangin
Veritabani, her bir yanginim, tiimii iilkeler tarafindan saglanabilecek, ortak olarak toplanan bir dizi
0zelligini icerir. Toplanan dort ana bilgi tiirii; yangin zamani, yanginin yeri, yanginin boyutu ve yanginin
nedeni olarak siralanabilir.

EFFIS uygulamalarina erisim https://effis.jrc.ec.europa.eu/ web sitesi araciligiyla saglanir ve orman
yanginlarina dair cesitli analizler yapmaya imkan veren meniileri bulunmaktadir.

Mevcut Durum Goériintiileyici

Avrupa ve Akdeniz bolgesindeki mevcut yangin mevsimi hakkinda en giincel bilgilerin sunuldugu
uygulamadir. Buna, bugiiniin meteorolojik yangin tehlike haritalar1 ve 6 giine kadar tahminler, giinliik
olarak giincellenen sicak noktalar ve yangin g¢evreleri haritalar1 dahildir. Uygulamada haritalama
acisinda ii¢ farkli secenek sunulmaktadir: Human Settlement Layer, Protected Areas Layer, CCI
Landcover. Tahmin kisminda ise kaynak olarak ECMWF ve Meteo-France kaynaklar1 arasindan se¢im
yapilabilmektedir. Mevcut yanginlarin ve yanmig alanlarin gosterimi MODIS ve VIIRS verileri ile
saglanabilmektedir. (Sekil 3)

Sekil 3: EFFIS Meveut Durum Gériintiileyici Meniisii
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NASA/NOAA Suomi Ulusal Kutup Yoriingeli Ortakligi (SNPP) gemisinde bulunan VIIRS (Goriiniir
Kizil6tesi Goriintiilleme Radyometresi Paketi), aktif yanginlari tespit etmek i¢in MODIS tarafindan
kullanilanlara benzer algoritmalar kullanmaktadir. VIIRS aktif yangin {irinleri, MODIS aktif yangin
algilamay1 tamamlayarak MODIS'e kiyasla daha iyi bir uzaysal ¢oziiniirliik saglamaktadir. VIIRS i¢in
aktif yangin algilama pikselinin uzamsal ¢oziiniirliigii 375 m'dir. Bu uzamasal ¢oziiniirliik sayesinde
VIIRS daha kiiglik yanginlari algilayabilmekte ve devam eden biiylik yanginlarin ¢evresini belirlemeye
yardimc1 olmaktadir.

Mevcut Istatistik Portah
Istatistikler ulusal diizeyde ve ayrica 3 grup iilke, AB, AB dis1 Avrupa lilkeleri ve Orta Dogu ve Kuzey
Afrika iilkeleri i¢in saglanmaktadir. (Sekil 4)

Seasanal Trend for Spain

Sekil 4: EFFIS Mevcut Istatistik Portali Meniisii

Portal, asagidakilerin saglanmasi yoluyla mevcut yangin mevsiminin gelisimi hakkinda bilgi saglar:

e Son 14 yilin ortalamasi ile karsilastirildiginda, yanan alanlarin ve yanginlarin sayisinin mevcut
istatistikleri. Mevcut yilin istatistikleri, tek bir y1l veya gegmisteki bir donemle karsilastirilabilir.

e Son 14 yilin ortalamasina gore yanan alanlardaki mevsimsel kiimiilatif egilim ve yangin sayist.

e Son 10 yilda (2012-2021) termal anormalliklerin ortalamasina kiyasla VIIRS sensdrii tarafindan
algilanan termal anormalliklerin sayisi.

e Son 10 yildaki (2012-2021) termal anormalliklerin ortalamasina kiyasla MODIS sensorii
tarafindan algilanan termal anormalliklerin sayisi.

Yangin Haberleri

Yangin haberleri, tim AB ve diger dillerde internette yayinlanan yangin haberlerini toplayan, cografi
konumlarini belirleyen ve bir veritabaninda saklayan, kullanicinin haberleri cografi kapsam, anahtar
kelimeler vb. bazinda filtrelemesine olanak taniyan bir uygulamadir. (Sekil 5)

Sekil 5: EFFIS Yangm Haberleri Meniisii
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Uzun Déonem Yangin Hava Tahmini

Avrupa ve Akdeniz bolgelerine hakim olmasi beklenen aylik ve mevsimlik sicaklik ve yagis anomalileri
tahminini sunan uygulamadir. Aktif yangin algilama ve hizli hasar degerlendirmesi gibi neredeyse
gercek zamanli uygulamalar, sicak noktalarin (aktif yanginlar) tespiti ve yanmig alanlarin haritalanmasi
icin NASA TERRA ve AQUA uydularinda bulunan MODIS sensorii tarafindan saglanan verileri
kullanir. Avrupa'nin iki tam mozaigi giinliik olarak islenmekte ve bilyilk yanginlarin (40 hektarin
tizerinde) iirettigi yanmis alanlar hakkinda bilgi vermektedir. (Sekil 6)

& > S
vy
i o
| =

Sekil 6: EFFIS Mevcut Durum Gérﬁntﬁleyici Mendisii

Ayrica EFFIS {izerinden veri talep formu olugturarak istenilen bolgedeki saglanan verilere ulasmak ve
veri ve servisler boliimiinden de {ilkelerin her yil i¢in toplam yanginlarina erisim saglayabilmek
miimkiindiir.

Bu servislere ek olarak, EFFIS, NASA FIRMS tarafindan saglanan aktif yangin algilama sistemini
kullanir (https:/firms.modaps.eosdis.nasa.gov/). Kaynak Yonetim Sistemi i¢in Yangin Bilgileri
(FIRMS - Fire Information for Resource Management System), Aqua ve Terra uydularindaki Orta
Coziintirlikli  gortintiileme spektrometresinden (MODIS) ve goriinlir kizildtesi goriintiileme
radyometresinden (VIIRS) 3 saatlik uydu gozlemi iginde S-NPP ve NOAA 20'deki Ger¢ek Zamana
Yakin (NRT) aktif yangin verilerini dagitir.

Calismanin ikinci kisminda EUMETSAT MSG uydusu ¢esitli kanallarina ait goriintiiler ile EFFIS
tahminleri kiyaslanmistir. Goriliniir ve yakin kizilétesi araligindaki kanallariyla MSG, yanginlarin yeri
ve duman bulutlarinin boyutu hakkinda ger¢cek zamanliya yakin bilgi saglamaktadir. Hangi kanal ile
yanginlarin daha yi gdzlemlenebilecegi konusunda ise, Wien'in yer degistirme yasasi goz Oniinde
bulundurulur. Wien'in yer degistirme yasasi, siyah bir cismin emisyonunun zirvesinin dalga boyu ile
sicakligi arasinda ters bir iligki oldugunu belirtir. Daha 6z bir ifadeyle, Wien'in yer degistirme yasasi,
bir nesne ne kadar sicaksa, radyasyonunun ¢ogunu yayacagi dalga boyunun o kadar kisa oldugunu
gosterir.
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Sekil 7: Giines (5777K), Diinya yiizeyi (300K) ve Orman Yanginlart (600 ila 1000K) i¢in en yiiksek emisyona
karsilik gelen dalga boyu.

10 100

Sekil 7°de de goriilecegi tizere, kesikli ¢izgi 3,9 um bandini temsil eder ve Wien yasasindan 3.9 um'nin
743 K'da bir kara cismin tepe noktasina ulastig1 dalga boyu oldugu goriilebilir. Bu sicaklik bir yangiin
sicakligina karsilik gelmektedir. Bu, IR3.9 kanalinin orman yanginlarini tespit etmek ve izlemek i¢in
uygun olmasinin bir nedenidir.

IR 3,9 um bandina ek olarak, Dogal Renk RGB, Yiiksek ¢oziiniirlikli goriiniir kanal ile iiretilen
Gelistirilmis Gortintii RGB {irtinii ve MODIS iiriinlerinin yer aldig1 goriintiiler, olaymn baslangici olan
28-29 Temmuz 2021 tarihleri i¢in incelenmistir.

GOZLEM VE SONUCLAR

28 Temmuz 2021 tarihinde, 18012 nolu Giindogmus Orman Deposu ve 18839 Manavgat Orman sahast
otomatik gdzlem istasyomnundan alinan verilere gore yerel saatle 09.30 civarinda, meteorolojik olarak
yanginin baglamasina elverisli olan;

v" Nem orani %30’un altinda (%13-15),

v' Sicaklik, 30 derece iistiinde (33-34'C)

v Maksimum riizgar hizi, 10 m/s
Ol¢timler yapilmastir.
Ilgili giinlere dair uydu verileri incelendiginde IR3.9 kanalinin ve gelistirilmis gériintii RGB iiriinii 29
Temmuz tarihlerinde en yiiksek sicaklik 6l¢iimii yaptig1 gorsellerden birkac1 Sekil 8’de gosterilmistir
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Sekil 8: Solda, IR 3.9 Kanal1 goriintiisii (yanan alanlar siyah noktalar olarak belirtilmis), Sagda, Yiiksek
Coziiniirliikli Kanal (HRV) ile iiretilen gelistirilmis goriinti RGB {iriinii
(29 Temmuz 2021 03.00-05.00 UTC)
IR 3.9 Kanali goriintiisiinde goriilen siyah noktalar yangin alanlarin1 gostermektedir. Kirmizi ile isaretli
kisim, Manavgat Gilindogmus boélgesindeki yanginlarin sicakliginin yiiksekligini ve yayildigi alani
gostermektedir. Sagdaki gorselde ise yiiksek ¢oziiniirliikli HRV kanali ile yangin dumanlar
gozlemlenebilmektedir. Kiigiik/zay1f orman yanginlarini agagida goriilen MODIS 6rneginde oldugu gibi
bir kutupsal yoriingeli uydular ile tespit etmek daha kolay olsa da, sabit yoriingeli uydularin zamansal
¢coOzlinlirligiiniin yiiksek olmasi , tespit edilen yanginlarin daha kolay takip edilmesini saglar.

.

Sekil 9: NASA FIRMS uygulamasi, 29 Temmuz 2021 tarihli VIIRS, MODIS Aqua — Terra Kompozit goriintiisii
(tistte), Yangin tespit edilen alanlarin 6l¢lim meniisii ile 6l¢iilmesi sonucu elde edilen goriintii (altta)

@
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Sekil 9’da ise kutupsal yoriingeli yiiksek ¢oziiniirliiklii uydulardan NPP - VIIRS ve MODIS, Aqua —
Terra uydularindan 24 saatte elde edilen kompozit goriintii ve 6l¢iim meniisii ile yanan alanlarin hektar
cinsinden secilerek belirlenmesi neticesinde elde edilen goriintii verilmistir. Olgiim meniisii ile el ile
secerek yaptigimiz Slglimlerde Manavgat bolgesinde 3 farkli alanda yaklasik 33 bin hektar alanin
yandig1 uydu Uriinleriyle tespit edilmistir.

(operriows

Sekil 10: Copernicus EFFIS Mevcut Durum Goriintiileyici araciligryla 29 Temmuz 2021°deki aktif yanginlarin
tespit edildigi alanlar

EFFIS Uygulamasi, Mevcut Durum Goriintiileyici araciligiyla 29 Temmuz tarihinde gergeklesen
yanginlar incelendiginde ise NPP - VIIRS ve MODIS, Aqua — Terra uydulari araciliiyla tespit edilen
alanlar her bir uydu i¢in farkli simgelerle gosterilerek belirtilmistir. (Sekil 10) Daha 6nce bahsedilen
MODIS yangm iirtinii, MSG gibi sabit konumlu platformlardan elde edilenlerden daha yiiksek
¢oziliniirlikte sicak noktalarin tespiti i¢in ¢gok uygundur.

EFFIS Mevcut Istatistikler uygulamasina bakildiginda ise iilkemizde son 14 yilda gergeklesen yangin
sayis1 ve bu yanginlarda yanan alanlarin hesaplanmasi sonucu elde edilen veriler grafikle gosterilmistir.
(Sekil 11)
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Sekil 11: EFFIS Mevcut istatistikler — Son 14 yilda Tiirkiye’de gergeklesen yangin sayisi ve yanan alan miktari.

Bu verilere gore 2021 yilinda Tiirkiye’de gergeklesen toplam 291 yanginda 202361 hektar alan
yanmustir. Grafige bakildiginda ise son yillarda orman yangini sayisinin ve yanan alanlarin bilyiikligiin
artis1, Akdeniz Havzasiin iklim degisikliginin olumsuz etkilerini yasadigini gostermektedir.
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Sekil 12°de ise 2021 yilinda toplam yanan alan miktar1 ve yangin sayisinin haftalik olarak degisimi,
2008-2021 yillar arasindaki haftalik bazda ortalamalar ile kiyaslanmistir. Grafiklerden de goriilecegi
iizere yaz doneminde orman yanginlarini tetikleyici meteorolojik kosullar daha sik goriildiigiinden
dolay1 yillik ortalamalarda Haziran ay1 itibariyle artis goriillmeye baslanmaktadir. Ancak 2021 yilinda
28 Temmuz 2021 tarihinde baglayan ve 12 Agustos 2021 tarihine kadar devam eden siddetli yanginlar,
yillik yanan ortalama alanin ¢ok iizerinde gergeklesmistir. 2008 — 2021 arasi Temmuz Agustos ay1 yanan
alan ortalamalar1 yaklasik 15000-20000 hektar iken 2021 yilinda bu rakam 180000-200000 hektar alan
olarak tespit edilmistir ki bu da belirlenen ortalamanin yaklasik 10 katidir.

Year2021 (ha)  — Average from 2008 to 2021 (ha)

Year2021  —— Average from 2008 to 2021

Sekil 12: EFFIS Mevcut Istatistikler — 2021 y1l1 yanan alan miktarinin 2008-2021 yil1 ortalamas ile kiyaslamasi
(iistte), 2021 yilinda gergeklesen yangin sayisinin 2008-2021 yili ortalamasi ile kiyaslamasi (altta)

Yine benzer sekilde orman yangini sayilar1 genel olarak Haziran ay1 itibariyle artis gosterse de, 2021
yili Temmuz sonunda Akdeniz bolgesinde gerceklesen yanginlarin sayisi, 2008-2021 yili ortalamasinin
3 katindan fazla miktardadir.

SONUC

Bu calismamizda yaptigimiz analizler 15181nda; MSG gibi ekvatordan yaklasik ~36000km uzaklikta
yoriingede yer alan bir bagka deyisle sabit yoriingeli uydu iiriinleri, orman yanginlar1 gézleminde etkili
bir yontem olmakla birlikte, her ne kadar zamansal ¢oziiniirliikleri yiiksek olsa da, (~15dk) mekansal
¢ozliniirlikklerinin diigiik olmas1 (~3km) sebebiyle yer gdzlemleri ile desteklenmeden yanginlarin erken
tespitinde maalesef Onemli rol oynayamamaktadir. 2021 yaz doneminde iilkemizde gergeklesen
yanginlarin kisa vadeli sonuglari dogal afet niteliginde degerlendirilmekte olup, uzun wvadeli
sonuclarinin meteorolojik, ekolojik ve iklimsel alanlar dahil bir ¢cok bilimsel alanda analiz edilmesinin
gerekliligini gostermektedir.

TESEKKUR

Bu c¢alismanin ger¢eklesmesinde Meteoroloji Genel Miidiirii Volkan Mutlu COSKUN basta olmak
iizere, Tahminler Daire Baskan1 Tayfun Dalkilig’a, Uzaktan Algilama Subesi miidiirii Dr. Kurtulug
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ABSTRACT

In recent years, we have been faced with drought events, which is one of the main problems of global
climate change, more frequently. It is a very important and difficult process to determine the
characteristics of drought such as frequency, severity, duration and impact area. Furhermore; it is of
vital importance in terms of predicting possible risks that may occur in the future based on past drought
events, establishing an early warning system and taking necessary precautions. Also, drought is an event
that affects large areas and remote sensing data is an important resource for studies to be carried out for
this purpose. Satellite images with different resolutions allow the changes caused by drought to be
determined at different scales and monitored as time series. In this study, the usability of freely
accessible satellite data in drought monitoring and evaluation studies was investigated. In this direction,
the Vegetation Condition Index (VCI) which is the input of the Normalized Difference Vegetation Index
(NDVI) produced from the satellite data and the Standardized Precipitation Evapotranspiration Index
(SPEI) obtained from the in-situ data. The frequency analysis of both satellite-based and meteorological
station-based indices has been done. The relationship of time series with each other was examined. In
the analyzes performed using the Cross Wavelet Transform (XWT) method, it was observed that the
VCI was in phase harmony with the SPEI-3 in general throughout the series, and it had a 12-16 month
resonance in the period from 2007 to 2011.It was concluded that there is a strong consistency between
the time series of these indices.

Keywords: Drought, remote sensing, NDVI, VCI, SPEL
Uzaktan Algilama ve Meteorolojik Verilerden Elde Edilen
Kurakhk Indislerinin Zaman-Frekans Analizi
OZET

Kiiresel iklim degisikliginin baglica sorunlarindan biri olan kuraklik olaylar1 ile son yillarda daha sik
yiizlesmekteyiz. Kurakligin frekans, siddet, siire ve etki alani gibi niteliklerini belirlemek oldukca
onemli ve zor bir siirectir. Bununla birlikte; ge¢cmiste yasanan kuraklik olaylarindan yola g¢ikilarak
gelecekte meydana gelebilecek muhtemel risklerin 6ngoriilmesi, erken uyari sistemi olusturulmasi ve
gerekli tedbirlerin alinmasi bakimindan hayati 6nem tagir. Kuraklik, genis alanlari etkisi altina alan bir
olaydir ve uzaktan algilama verileri bu amacla yapilacak ¢alismalarda 6nemli kaynak olusturur. Farkli
¢Oziiniirliik 6zelliklerine sahip uydu goriintiileri kurakligin neden oldugu degisimlerin farkli 6l¢eklerde
belirlenmesine ve zaman serisi olarak izlenmesine olanak saglar. Bu calismada; iicretsiz olarak
erisilebilen uydu verilerinin kurakligi izleme ve 6ngdrme ¢aligmalarinda kullanilabilirligi aragtirilmistir.
Bu dogrultuda, uydu verilerinden iiretilen Normalize Edilmis Bitki Fark Indisinin (Normalized
Difference Vegetation Index-NDVI) girdi oldugu Bitki Durum Indisi (Vegetation Condition Index-VCI)
ile yersel meteorolojik istasyon verilerinden elde edilen Standartlagtirilmis Yagis Evapotranspirasyon
Indisinin (Standardized Precipitation Evapotranspiration Index-SPEI) zaman serilerinin birbiriyle
iligkisi irdelenmistir. Capraz Dalgacik Doniisiimii (Cross Wavelet Transform-XWT) yontemi
kullanilarak yapilan analizlerde VCI'nin SPEI-3 ile tiim seri icerisinde genel olarak faz uyumu oldugu,
2007'den 2011'e kadarki donem icinde ise 12-16 aylik bir rezonansa sahip oldugu goriilmiis olup, 6nemli
bir tutarliliga sahip oldugu sonucuna ulasiimistir.

Anahtar Kelimeler: Kuraklik, uzaktan algilama, NDVI, VCI, SPEL
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GIRIS

Kuraklik dogasi geregi diger afetlere gore anlagilmasi zor karmagik bir afettir. Sel, firtina, hortum,
heyelan, deprem gibi afetlerden farkli olarak etkileri hemen ortaya ¢ikmaz. Genis alanlar1 kapsayan,
yavas yayilan, sessiz bir afettir. Bu nedenle baglangicini, siiresini, siddetini belirlemek giictiir (Wilhite
vd., 2008). Ote yandan, kurakligin frekans, siddet, siire ve etki alani gibi niteliklerini belirlemek,
gecmiste yasanan kuraklik olaylarindan yola ¢ikilarak gelecekte meydana gelebilecek muhtemel
risklerin Ongoriilmesi, erken uyari sistemi olusturulmasi ve gerekli tedbirlerin alinmasi bakimindan
hayati 6nem tasir.

Kurakligin tespiti i¢in geleneksel olarak kullanilan meteoroloji verilerine dayali istasyon bazli indisler
kullanilmaktir. Ancak, bu indislerin hesaplanmasi i¢in ¢ogunlukla uzun yillar veri seti gerektiginden,
verilerin kesintiye ugramasi (siirekli olmayan), yersel gozlem istasyonlarinin zaman zaman islevsiz
kalmas1 gibi durumlarda veya seyrek istasyon dagilima sahip alanlar i¢in kurak kosullarin bolgesel
olarak kapsamli izlenmesi kisitli hale gelir (Karnieli vd., 2010; Rhee vd.. 2010).

Bununla birlikte, kuraklik ¢ogunlukla genis alanlar tizerinde etkili oldugundan uzaktan algilama verileri
bu amagla yapilacak caligmalarda 6nemli kaynak olusturur. Farkli ¢oziiniirlikk 6zelliklerine sahip uydu
gorintiileri kurakligin neden oldugu degisimlerin farkli 6lgeklerde belirlenmesine ve zaman serisi olarak
izlenmesine olanak saglar (Ozcan vd., 2018, Kocaaslan vd., 2021).

Bu c¢aligsmada; iicretsiz olarak erisilebilen uydu verilerinin kuraklik izleme ve 6ngdrme ¢alismalarinda
kullanilabilirligi arastirilmis, uzaktan algilama ve meteorolojik verilerden elde edilen kuraklik
indislerinin zaman serilerinin frekans analizi yapilmistir. Bu dogrultuda, uydu verilerinden tiretilen
Normalize Edilmis Bitki Fark indisinin (NDVI) girdi parametre oldugu Bitki Durum indisi (VCI) ile
yersel meteorolojik istasyon verilerinden elde edilen Standartlagtirilmis Yagis Evapotranspirasyon
Indisinin (SPEI) zaman serilerinin birbiriyle iliskisi Capraz Dalgacik Doniisiimii (XWT) ydntemi ile
irdelenmistir.

VERIi VE YONTEM

Veri

Calismada uydu veri kaynag olarak, genis alanlar1 tarama kabiliyeti nedeniyle 1-2 giinliik araliklarla
2000’lerden bu yana yiiksek zamansal ve spektral kiiresel veri saglayan MODerate Resolution Imaging
Spectroradiometer (MODIS) uydusu Terra optik sensorii secilmistir. MODIS’in vejetasyon indisleri
(VI'lar), fenolojik degisikliklerin tespiti, bitki Ortiisii biyofiziksel parametrelerinin iiretilmesi,
fotosentetik bitki oOrtiisii aktivitesini izlenmesi gibi uygulamalart miimkiin kilarken kiiresel ve bolgesel
0lcekte mekansal ve zamansal olarak karsilastirilmalarina da olanak saglar (Huete vd., 1999; Didan vd.,
2015). Uzaktan algilamaya dayali kuraklik indisinin hesaplanmasinda girdi parametre olarak Normalize
Edilmis Bitki Fark Indisi (NDVI) ele alinmis olup, MODIS’in vejetasyon indislerini (Vegatation
Indices-VI) i¢eren 2000-2018 yillar1 araliginda 1 km ¢6zlniirliiklii 16 giinlik kompozit MOD13A2
Sirim 6 iirlinii kullanilmigtir. Elektromanyetik spektrumun goriiniir kirmizi ve yakin kizilotesi
bantlarmin bir oran1 olan NDVI asagidaki esitlikle elde edilir;

NDVI = RNIR—RRED (1)

RNIR*TRRED
Rnir kiz1l6tesi band1 ve Rrep kirmizi bandi ifade etmektedir. Bu ¢alismada sirasiyla MODIS’in 1 (620—
670 nm) ve 2 (841-876 nm) bantlarindan elde edilen veriler kullanilmistir (Web-1). Saglikli bitki
oOrtiistiniin varligina gore (-1) ile (+1) araliginda degerler alir. Hesaplanan oran saglikli bitki ortiisiiniin

varligina gore (-1) ile (+1) araliginda degerler alir ve esik degerler belirlenerek arazi hakkinda bilgi
cikartilir.
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Uydu verilerinden elde edilen kuraklik indisleriyle karsilastirmali olarak kullanilacak SPEI uygulamasi
icin uzun yillar veri seti gerektiginden 1980-2018 yillar1 aralifinda ¢aligma alan1 olarak secilen Ege
Bolgesini kapsayan 23 adet meteoroloji gézlem istasyonu secilmistir (Sekil 1). Bu istasyonlara iligkin,
evapotranspirasyonun hesaplanmasinda ve meteorolojik indisin elde edilmesinde gerekli girdi
parametreler olan aylik toplam yagis (mm=kg/m?), aylik ortalama sicaklik verileri (°C), cografi
koordinatlar1 igeren veri seti Meteoroloji Genel Miidiirliigiinden temin edilmistir.
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Sekil 1: Calismada kullanilan meteoroloji istasyonlarinin Ege Bolgesi tizerindeki mekansal dagilima.
Yontem
Bitki Durum Indisi

VCI, NDVI indisinin normalize edilmesi ilkesine dayanan uydu bazli bir kuraklik indisidir (Kogan,
1990). Ogzellikle homojen olmayan alanlarda bitki ortiisii iizerindeki iklimsel farkliliklardan
kaynaklanan etkileri minimize etmek i¢in tasarlanmistir (Kogan vd., 1995; Yage1 vd. 2015). Asagidaki
esitlikle hesaplanir;

NDVI;—NDVIpn
NDVIpax—NDVinin

VCI =100 *

)

NDVI;: her bir pikselin mevcut NDVI degeri,
NDVlInin: periyod i¢indeki (multi-year) minumum deger
NDVlImax: periyod i¢indeki (multi-year) maksimum deger

VCI degerleri 0 ile 1 arasinda degisir, diisiik degerler stresli bitki ortiisii kosullarini, orta degerler uygun
kosullar1 ve yliksek degerler optimal veya normalin {izerindeki kosullar1 temsil eder. 0 ile 1 araligindaki
oransal degerler 100 ¢arpaniyla yiizdelik hale getirilir. 0 ile 100 araliginda degisen bu degerler i¢in 40
simirdeger (threshold) olup, altindaki degerlerde kurakliga egilim s6z konusudur (Kogan, 2001; Yagci
vd., 2013). Cok zamanli NDVI verileri ile elde edilen VCI, bitki ortiistiniin saglik durumuna ve kurak
donemlerde verdigi tepkilere iliskin onemli bilgiler sunar. Indislerin deger aralilarina gére kuraklik
siniflandirmasi Tablo 1°de verilmistir.
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Tablo 1. VCI kuraklik siniflandirmasi (Kogan, 1997).

Kurakhk Sinifi indis Degeri
Asirt Kurak (Extreme Drought ) 0-10
Siddetli Kurak (Severe Drought) 10 - 20
Orta Kurak (Moderate Drought) 20 - 30
Hafif Kurak (Mild Drought) 30-40
Kuraklik Yok (NonDrought) >40

Standartlastirilmis Yagis Evapotranspirasyon Indisi

SPEI, kuraklig1 degerlendirmek i¢in yagis ve potansiyel evapotranspirasyon (PET) arasindaki iklimsel
dengeyi hesaba katarak Vicente-Serrano ve ark. (2010) tarafindan gelistirilmistir. Yaygin olarak
kullanilan Standartlastirilmis Yagis indisinden (SPI) farkli olarak yagisla birlikte sicaklik parametresi
de hesaba katilir.

1,3,6,9, 12,24 ve 48 aylik coklu zaman 6l¢eklerinde hesaplanabilir ve negatif degerler kurak donemleri
gosterir (Begueria vd., 2014). Bitki ortiisiiniin evapotranspirasyonu da géz oniinde bulundurdugundan
tarimsal kuraklik olaylarmin izlenmesi ve karakterize edilmesi bakimindan etkili bir ydntemdir.
Asagidaki esitlikle hesaplanir;

Di:Pi—PETi (3)
Pi; aktiiel aylik yagis miktarini,
PET;; potansiyel evapotranspirasyonu,
D;; aylik yagis miktar ile potansiyel evapotranspirasyon arasindaki farki ifade eder.

PET degeri, genellikle Thornthwaite, Penman-Monteith veya Hargreaves yaklagimlariyla
hesaplanabilir. Bununla birlikte; diger yontemler ilave pek ¢ok veri gerektirdiginden, daha basit ve etkili
olan Thornthwaite yontemi (Thornthwaite,1948) PET degerinin hesaplanmasinda siklikla tercih
edilmektedir (Vicente-Serrano vd., 2017). Bu calisma i¢in de aylik PET degerleri Thornthwaite
yaklagimi ile R yazilimi araciligiyla elde edilmistir.

SPEI, belirli bir (i) ayindaki Di'nin agma olasiligina (Pr) bagli standartlagtirilmis bir degerdir ve esitlikle
elde edilebilir;

Co+CiW+C,W? 4)
1-dW+d,W2+dsW3

W =,-2ln(Pr) pr<05 (5)

Pr=1-F(x) 6)

Co = 2.515517, C; = 0.8022853, C> = 0.010328, d; = 1.432788, d» = 0.189269 ve d; = 0.001308
katsayilar1 ile SPEI elde edilir (Vicente-Serrano vd., 2010). Pr > 0,5 oldugunda, Pr, 1 — Pr olarak

degistirilir ve elde edilen SPEI'nin isareti tersine gevrilir (Danandeh Mehr vd., 2020). SPEI metoduna
gore indis degerlerinin karsilik geldigi kuraklik siniflar1 Tablo 2’de verilmistir.

Tablo 2. SPEI yontemine gore kuraklik siniflandirmasi (Li vd., 2015).

SPEI =W —

Kurakhk Simifi indis Degeri
Agsir1 Nemli (Extremely Wet ) 2.0+
Cok Nemli (Very Wet) 1.5 1ile 1.99
Orta Nemli (Moderately Wet) 1.01le 1.49
Normal Civari (Near Normal) -0.99 ile 0.99
Orta Kurak (Moderately Dry) -1.0ile -1.49
Siddetli Kurak (Severely Dry) -1.51le -1.99
Asir1 Kurak (Extremely Dry) -2 ve daha az

97



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Zaman Frekans Analizleri

Calismada Bitki Durum Indisi ve Standartlastirilmis Yagis Evapotranspirasyon indisi serilerinin zaman
frekans analizi Capraz Dalgacik Doniistimii yontemi ile yapilmustir.

Capraz Dalgacik Doniisiimii

Capraz Dalgacik Doniistimii (Cross Wavelet Transform-XWT) iki zaman serisi arasindaki korelasyonun
degerlendirilmesi saglayan etkili bir analiz yontemidir. Bu yonteminin amaci, ortak yiiksek gii¢ gosteren
zaman serilerinin zamandaki frekans bolgelerini bulmaktir (Grinsted vd., 2004). Bu yontemle faz yapisi
ve ayrintilari, zaman alaninda ve frekans alaninda incelenebilir. X, ve Y, dizilerinin siirekli dalgacik
doniisiimii sirastyla WX (s) ve WY (s) dir. XWT ise soyle tanimlanir;

WY (s) = Wik (W' *(s) (10)

W,XY (s) fonksiyonunun karmasik argiimani olan arg(W,XY (s)) zaman frekans alanindaki WX(s) ve
WY (s) dizisi arasindaki yerel faz bilgisini yansitir. (Xn ve Yn) dizileri ayn1 fazdaysa, faz oklar1 saga
isaret eder, anti-faz ise solu isaret eder, Xn Yn'den 6ndeyse 90 derece asagiy1 gosterir ve Xn, Yn'den
gerideyse 90 derece yukarty1 gosterir (Qin vd., 2014).

SONUC VE ONERILER

Uydu verilerinin temin edilmesi, indisin hesaplanmasi ve tiim diger islem adimlar1 bulut tabanlt Google
Earth Engine (GEE) platformunda Java kodlama dili kullanilarak gergeklestirilmistir. Temsili ¢aligma
alan1 olarak secilen Ege Bolgesi icin GEE platformunda VCI indisinin aragtirma yillar1 (2000-2018)
icerisindeki aylik degerleri hesaplanmistir ve bu indise ait zaman serisi olusturulmustur. Olusturulan
zaman serisi bir sonraki agama ve analiz i¢in Matlab programina aktarilmigtir. VCI indisinin zaman
serisi Tablo 1’e gore yapilan kuraklik siniflandirmasi ile Sekil 2’de verilmistir. Bu smirlara gore,
literatiire gegmis kurak yillar olarak bilenen 2000, 2001, 2007 ve 2008 araliginda orta ve/veya siddetli
kurak yillar olarak one ¢iktig1 goriilmektedir.
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Sekil 2. VCI zaman serisi ve kuraklik siniflari.

Diger yandan, SPEI degerleri, 1-aylik (SPEI-1), 3-aylik (SPEI-3), 6-aylik (SPEI-6), 9-aylik (SPEI-9) ve
12 aylik (SPEI-12) olarak hesaplanmigtir. R yazilimdan elden edilen sonuglar Matlab programina
aktarilip, 23 istasyonun ortalamasi alindiktan sonra, 1980-2018 yillarina ait zaman serileri
olusturulmustur. Hesaplanan SPEI zaman serileri, frekans ve korelasyon analizleri i¢in kullanilmak
tizere hazirlanmigtir. Sekil 3, SPEI-3 i¢in olusturulan zaman serisini gostermektedir. Kuraklik smniflari
Tablo 3’teki sinirlara gore belirtilmistir.
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Sekil 3’te verilen SPEI-3 sonucuna gore; 1989-1990 yillarinin siddetli kurak, VCI sonuglari ile ortiigen
2000-2001, 2007-2008 yillarinin orta ve/veya siddetli kurak yillar olarak, 2012-2013 yillarinin yine

siddetli kurak yillar ve 2016 yilinin ise orta ve/veya siddetli oldugu goriilmektedir.
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Sekil 4. SPEI-3 ve VCI arasindaki Capraz Dalgacik Doniisiim analiz sonucu. (Oklar, seriler
arasindaki faz iliskisini gosterir. Oklarin yoniine gore saga: faz ici; sola: anti-faz; agag1 yonlii: seri-1 90 dereceyle
seri-2’nin Oniinde; yukar1 yonlii: seri-2 90 dereceyle seri-1’in Oniinde anlamina gelmektedir.) (kirmizi: enerji
yiizdesi maksimum oldugunda gézlemlenen durumu, koyu mavi: enerji ylizdesinin minimum oldugu durumu

yansitir.)

SPEI ve VCI zaman serilerinin kesisim donemi olan 2000-2018 yillar1 araliginda yapilan Capraz
Dalgacik Doniisiim analiz sonucu Sekil 3°teki gii¢ spektrumu iizerinde verilmistir. Yapilan analize gore;
SPEI ve VCI zaman serilerinin 2007 ile 2011 yillar1 araliginda yiiksek enerji yogunlugunun bulundugu
(siyah konturla ¢evrili koyu kirmizi alan) alanda 12-16 aylik kayda deger bir rezonans siiresine sahip
oldugu goriismiistiir. Bahsedilen donemde, bu yillarda esas olarak faz iginde olduklar1 ve her iki zaman
serisinin (VCI ve SPEI) genel itibariyle de birbirini tiim periyot i¢inde takip ettigi anlasilmaktadir. Diger
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bir deyisle, bu iki farkli veri kaynagindan tiretilen indisin 6nemli bir tutarliliga sahip oldugu sonucuna
ulagilmustir.

Uydu tabanli kuraklik indisleri, kuraklik olaylarmin alansal ve zamansal olarak izlenmesi ve
degerlendirmesi i¢in énemli araglardir. Bu ¢aligmada ise segilen 6rnek bolge icin uydu verilerinden
iiretilen Bitki Durum Indisi ile yersel meteorolojik istasyon verilerinden elde edilen SPEI zaman
serilerinin gii¢lii bir korelasyon iginde oldugu ortaya konmustur. Bu baglamda, uzaktan algilamaya
dayali yontemler ile Tiirkiyedeki kuraklik izleme sistemi ve yOnetiminin verimliligini artirmak
miimkiindiir.

TESEKKUR

Y azarlar, meteoroloji istasyon verilerinin bilabedel temini konusunda Meteoroloji Genel Miidiirliigline,
uydu verilerine tamamen iicretsiz agik erisime sunan Google Earth Engine platformu saglayicilarina
tesekkiir eder.

KAYNAKLAR

Begueria, S., Vicente-Serrano, S. M., Reig, F., and Latorre, B., 2014. Standardized precipitation
evapotranspiration index (SPEI) revisited: parameter fitting, evapotranspiration models, tools, datasets
and drought monitoring, International Journal of Climatology, vol. 34, no. 10, 3001-3023.

Danandeh Mehr, A., Sorman, A. U., Kahya, E., & Hesami Afshar, M., 2020. Climate change impacts
on meteorological drought using SPI and SPEI: case study of Ankara, Turkey. Hydrological Sciences
Journal, 65(2), 254-268.

Grinsted, A., Moore, J. C., & Jevrejeva, S., 2004. Application of the cross wavelet transform and wavelet
coherence to geophysical time series. Nonlinear processes in geophysics, 11(5/6), 561-566.

Karnieli, A., Agam, N., Pinker, R. T., Anderson, M., Imhoff, M. L., Gutman, G. G., ... & Goldberg, A.,
2010. Use of NDVI and land surface temperature for drought assessment: Merits and limitations.
Journal of Climate, 23(3), 618-633.

Kocaaslan, S., Musaoglu, N., & Karamzadeh, S. (2021). Evaluating Drought Events by Time-Frequency
Analysis: A Case Study in Aegean Region of Turkey. IEEE Access, 9, 125032-125041.

Kogan, F.N., 1990. Remote sensing of weather impacts on vegetation in non-homogeneous areas.
International Journal of Remote Sensing, 11, 1405-1419.

Kogan, F. N., 1995. Application of vegetation index and brightness temperature for drought detection.
Advances in Space Research,15:91-100.

Kogan, F.N., 1997.Global drought watch from space. Bull. Am. Metor. Soc., 78, 621-636.

Kogan, F. N., 2001. Operational space technology for global vegetation assessment. Bulletin of the
American Meteorological Society, 82(9), 1949-1964.

Li, X., He, B., Quan, X., Liao, Z. and Bai, X., 2015. Use of the standardized precipitation
evapotranspiration index (SPEI) to characterize the drying trend in southwest China from 1982-2012.
Remote Sensing, 7(8), pp.10917-10937.

Ozcan, O, Musaoglu, N., Tiirkes, M. 2018. Assessing vulnerability of a forest ecosystem to climate
change and variability in the western Mediterranean sub-region of Turkey, Journal of Forestry
Research, 29(3):709-725.

Qin, X., Cai, F., Dong, X., 2014. Cross wavelet analysis for the time—frequency effects of money supply
and consumption volatility. Int. J. Appl. Math. Stat., 52 (7), 90-98.

Rhee, J., Im, J., & Carbone, G. J., 2010. Monitoring agricultural drought for arid and humid regions
using multi-sensor remote sensing data. Remote Sensing of Environment, 114(12), 2875-2887.

100



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Thornthwaite CW. 1948. An approach toward a rational classification of climate. Geogr. Rev. 38: 55—
94.

Vicente-Serrano, S.M., Begueria, S. and Lopez-Moreno, J.I., 2010. A multiscalar drought index
sensitive to global warming: the standardized precipitation evapotranspiration index. Journal of Climate,
23(7), pp.1696-1718.

Vicente-Serrano, S.M., Tomas-Burguera, M., Begueria, S., Reig, F., Latorre, B., Pefia-Gallardo, M.,
Luna, M.Y., Morata, A. and Gonzalez-Hidalgo, J.C., 2017. A highresolution dataset of drought indices
for Spain. Data, 2(3), p.22.

Web-1: https://doi.org/10.5067/MODIS/MOD11A2.006, erigsim tarihi 15.09.2018.

Wilhite, D.A., 2008. Encyclopedia of Water Science, Second Edition, Volume I-II: Drought, Taylor &
Francis Press, 215-217.

Yagci, A. L., L. Di, and M. Deng, 2013. The Effect of Land-Cover Change on Vegetation Greenness-
Based Satellite Agricultural Drought Indicators: A Case Study in the Southwest Climate Division of
Indiana, USA. International Journal of Remote Sensing 34 (20):6947-6968.

Yagci, A. L., Di, L., & Deng, M., 2015. The effect of corn—soybean rotation on the NDVI-based drought
indicators: a case study in lowa, USA, using Vegetation Condition Index. GIScience & Remote Sensing,
52(3), 290-314.

101



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Crop Water Stress Index Estimation by Remote Sensing in the Mediterranean Region of
Turkey

Mahmut CETIN', Hakan AKSU?, Omar ALSENJAR', Muhammet Said GOLPINAR!,
Mehmet Ali AKGUL?
'Cukurova University, Faculty of Agriculture, Department of Agricultural Structures and Irrigation,
Adana, Turkey
*Samsun University, Faculty of Aeronautics and Astronautics, Department of Meteorological
Engineering, Samsun, Turkey
3The Sixth Regional Directorate of State Hydraulic Works, Adana, Turkey
mcet64@cu.edu.tr; hakan.aksu@samsun.edu.tr; corresponding-author- oalsenjar@student.cu.edu.tr;
sgolpinar@cu.edu.tr; mehmetaliakgul@gmail.com

ABSTRACT

Crop Water Stress Index (CWSI) is a tool for irrigation scheduling and assessment of crop yield response
to crop water stress. Therefore, estimating CWSI rates at the catchment level is of great importance in
order to monitor the congruousness of irrigation water allocation, and estimate crop productivity. This
study aims at generating fully distributed CWSI maps in a sub-catchment of the Lower Seyhan Plain
(LSP) in the Eastern Mediterranean region of Turkey. Remote sensing data (Landsat 7 and 8) with 30 m
by 30 m spatial resolution and meteorological data of the two stations, located in the study area, were
used to estimate energy balance over the irrigated catchment and consequently CWSI in the winter
season of 2020. In turn, “Mapping Evapotranspiration at High Resolution with Internalized
Calibration”, i.e. METRIC methodology, was applied to estimate the energy balance components of
latent heat (LE), net radiation (RN) and soil heat flux (G). Results showed that CWSI maps reflected the
changes in parallel with crop type variations over the study area. A strong correlation (r=0.96) was found
between CWSI and the maximum rooting depths of the crops (wheat, citrus, onion, potatoes) growing
in the winter season. Based on the research findings, it might be concluded that applied CWSI estimation
methodology contributes to improving irrigation water management and estimating crop productivity in
the large-irrigation schemes. Furthermore, the CWSI might be an indicator in mitigating drought
damages.

Keywords: CWSI, METRIC, remote Sensing, Lower Seyhan Plain (LSP).

INTRODUCTION

Crop Water Stress Index (CWSI) is an index that is used to explain the degree of crop water deficiency
based on canopy surface temperature. Many types of research concerning the CWSI have been done for
arranging irrigation water systems in several crops in different areas. Besides its application in irrigation
systems, the CWSI is also known as one of the parameters that can influence crop productivity. For
example, Berni et al. (2009) mentioned that the CWSI is considered the easy and fast way to determine
water stress. Therefore, it is widely used in different scales.

The CWSI can be calculated using the temperature difference between a canopy and ambient air.
Temperature is measured under three conditions: at the field, crop canopy transpiration not limited by
available soil moisture, and non-transpiring crop. It varies from 0.0 to 1.0 depending on the crop-
growing environment. In this context, CWSI of “0.0” indicates no water stress, and a value of “1.0”
represents maximum water stress. There are various methods to determine the CWSI like i) baseline
empirical approach (Idso et al., 1981; Jackson et al., 1981) and ii) natural and artificial wet and dry
reference surfaces (Jones, 1999; Jones et al., 2002). Determination of CWSI based on the baseline
empirical approach by ldso et al. (1981) for monitoring water stress has some difficulties to measure
canopy temperature (Tc) and air temperature (Ta) in the field and the primary calculation to determine
the upper and lower limit of canopy temperature and air temperature (dTU and dTL). Accordingly, Veysi
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et al. (2017) reported that estimating CWSI based on the remote sensing data could help practitioners
overcome these difficulties because it requires almost no ancillary data and complex calculations. In
turn, Yi et al. (2013) mentioned that nowadays, remote sensing techniques have been becoming robust
tools for evaluating the vegetation characteristics, which may help decision-makers to take preventive
measures regarding irrigation water allocation as well as irrigation management. Literature reviews have
shown that the calculation of CWSI based on remote sensing could be the best operational method for
monitoring and assessment of water stress and irrigation scheduling (Veysi et al., 2017). Mapping
Evapotranspiration at high Resolution with Internalized Calibration (METRIC model) is an image-
processing model to calculate actual evapotranspiration (E7a) as a residual of the surface energy balance
equation by using the data obtained from satellite images and meteorological stations.

The objectives of the present study were to: (i) estimate fully distributed CWSI maps in a sub-catchment
of the Lower Seyhan Plain (LSP) in the Eastern Mediterranean region of Turkey and; (ii) try to find a
likely correlation between CWSI and maximum rooting depths of the crops (wheat, citrus, onion,
potatoes) growing in the winter season.

MATERIALS AND METHODS

The study area (A=95 km?), which is substantially flat terrain, is situated in the Lower Seyhan Plain
(LSP) (Figure 1) in the southeastern Mediterranean region of Turkey. The Mediterranean climate type
is dominant in the LSP with minimum and maximum air temperatures of 9.0°C and 31.0°C, respectively.
The annual mean precipitation of the basin is 650 mm (Cetin et al., 2020). Major cultivated crops were
citrus, wheat, onion and potatoes in the winter season of 2020. Hourly and daily climate data, obtained
from the two meteorological stations, were utilized in the study: a) Adana meteorological station of
Turkish State Meteorological Service, b) L8 meteorological station which was established in the
research area (Figure 1). Datasets covered four months in the winter season (January, February, March,
and April). The Landsat image data sets, typically available every 16 days, were provided by the United
States Geological Survey (USGS) Earth Explorer website (www.earthexplorer.usgs.gov). In this study,
four satellite scenes, Landsat 7 (ETM") and Landsat 8 TIRS (Thermal Infrared Sensor) and OLI
(Operational Land Imaginer) (path 175, row 34) with a resolution of 30 m by 30 m were downloaded
from the website. Sunsequently, the ENVI (Environment for Visualizing Images) software program was
applied to perform a cloud mask for two satellite images in January and February. The METRIC model
estimates the energy balance components of latent heat (LE), Net radiation (RN) and Soil heat flux (G).
The model can be applied in both flat and mountainous terrains (Olmedo et al., 2016). The R-METRIC
model which is based on the METRIC model has automatized hot-cold pixel selection that decreases the
possibility of human error (Aksu and Arikan 2017).

The R-METRIC model was applied to estimate latent heat for evaporation (LE) in Eq. (1), hence actual
evapotranspiration (E7a), by using Landsat satellite imagery, primarily based on (Allen et al., 2007a,
2013Db).

LE=Rn-G-H (1)

Where Rn is the net radiation flux at the surface, G is the soil heat flux, and H is the sensible heat flux.
All the fluxes are in the unit of watt per meter square (W m ). Further information concerning METRIC
equations can be found in Allen et al. (2007a). Because the study area is a rather flat terrain, slope
correction was not performed to calculate E7a. Reference evapotranspiration (E70) was estimated by
using the Penman-Monteith model. Sun et al. (2004) has defined crop water stress index (CWSI) as the

following equation:
CWSIZI—( LE J 2)
Rn—-G

The CWSI varies between 0 and 1; “0” and “1” stand for “extremely wet or no water stress condition”
and “extremely dry or no transpiration condition”, respectively.
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Figure 2. Study Area, a sub-catchment of the Lower Seyhan Plain (LSP), in the Eastern
Mediterranean region of Turkey

RESULT AND DISCUSSION

In this study, R-METRIC was applied to estimate CWSI using remote sensing data in the Lower Seyhan
Plain located in the Eastern Mediterranean Region of Turkey. The spatial distribution of CWSI was
mapped in the winter season of 2020. Figure 2 shows the temporal variations of the CWSI values for
some crop types based on the METRIC model. As seen from Figure 2, the values of CWSI retrieved
from Landsat imagery are higher on eight of March than other dates in the winter season. The maximum
value of CWSI was estimated as 0.87 in the potato grown areas. Likewise, CWSI values were calculated
as 0.84, 0.75, and 0.78 for onion, wheat and citrus, respectively. Figure 3 shows CWSI maps reflected
the changes in parallel with crop type variations over the study area on the 8" of March of 2020. Figure 4
shows the relation between CWSI maximum rooting depths. Obviously, the CWSI has a strong
correlation with the maximum rooting depth of the crops, indicating the importance of available water
content in the rooting zone. The correlation coefficient between CWSI and maximum rooting depths of
the crops (wheat, citrus, onion, potatoes) growing in the winter season is 0.96, and the determination
coefficient (R?) is about 0.92. Table 1 shows CWSI values with maximum rooting depth on the eighth
of March of 2020.
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Figure 2. Temporal variations of the CWSI values for crop types over the study area during
overpass satellite images in the winter season of 2020
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Figure 3. CWSI maps reflect the changes in parallel with crop type variations over the study area on
the 8" of March of 2020

Table 1. CWSI values with maximum rooting depth on the 8" of March of 2020

Crop Types Maximum rooting depth (Dr,m) | CWSI
Wheat 1.1 0.753
Citrus 1.2 0.781
Palm 1.75 0.687
Potato 0.9 0.842
Onion 0.6 0.868
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Figure 4. The correlation coefficient between CWSI and maximum rooting depths (Dr) of the crops
growing in the Winter Season

Precipitation events and irrigation practices are expected to cause a decrease in the CWSI
values. Based on the CWSI results regarding crop patterns, CWSI values on the eighth of March
are the highest as compared to the CWSI values of other days. The truth behind those high
values CWSI is that no precipitation occurred on the eighth of March (Figure 5 green coloured
area) over the study area. On the other hand, there is no irrigation application during the satellite
overpass date in the study region. Figure 5 shows the mean daily temperature and precipitation
events observed during the winter season over the study area.
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Figure 5. Mean daily temperature and precipitation data of L8 automated weather station during the
winter season of 2020 over the study area

Generally, CWSI estimation by using the remote sensing data is a promising and appropriate approach

to estimate water-stressed conditions and adapt irrigation scheduling (Veysi et al., 2017). In this regard,
the proposed CWSI calculation procedure in this study, the use of Landsat satellite imagery, primarily
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based on (Allen et al., 2007b) and estimating energy balance components of (LE), (RN) and (G) is a
useful tool to schedule irrigations in the study area. On the other hand, monitoring the CWSI over large-
scale irrigation catchments as in this study might be a remedy in mitigating drought damages and
assessing irrigation water allocation strategies.

CONCLUSIONS

This study presents the progress towards the application of the METRIC model using remote sensing
data to estimate crop water stress index (CWSI) and adapt irrigation scheduling. The R-METRIC
algorithm was applied on Landsat-7 ad Landsat-8 images for mapping actual evapotranspiration (E7a)
and CWSI. Then the results of this study indicated that the CWSI data on the 8" of March have the
highest values for all crop types as compared to the CWSI values of the other days in the winter season.
Also, it was shown that there exists a strong correlation (r=0.96) between CWSI and the maximum
rooting depth of the crops grown in the winter season. On the whole, it can be concluded that the CWSI
estimation methodology employed in this study can be accepted as a useful tool to: a) schedule
irrigations in large scale irrigation schemes located in the arid and semi-arid regions, b) mitigate drought
damages either in irrigated areas or in rain-fed conditions, ¢) assess irrigation water allocation strategies
and irrigation management regime over the catchments. Moreover, results contribute to helping water
authorities improve irrigation water management and estimating crop productivity in the large-irrigation
schemes.
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ABSTRACT

The European Organization for the Exploitation of Meteorological Satellites — EUMETSAT has 8
Satellite Application Facility (SAF) and one of them is NWC SAF, which works for short-term weather
forecasting. Thanks to the NWC/GEO software developed by this center, using the raw data obtained
from the METEOSAT 2™ Generation (MSG) Satellite and the ECMWF NWP numerical analysis data
needed for data assimilation, atmospheric products can be produced in the classes of cloud mask, cloud
type, cloud top temperature and height, precipitation clouds, convective rainfall rate, rapid developing
thunderstorms, humidity and instability products, high resolution wind, satellite image interpolation and
air mass analysis. The aim of this project is to obtain a database of such products and a cloud atlas for
the period covering the years 2004-2019 in an area covering our country and to put it into service of the
sectors (energy, tourism, defense, etc.) that need it, and then this system is to make it a service over the
web. As of today, NWC/GEO software has been installed on a computer system established in ITU
Meteorological Engineering Department, and ECMWF NWP numerical analysis data and MSG raw
data for the period 2004-2021 have been uploaded. In addition, the production of atmospheric products
for the years 2004-2019 was completed.

Keywords: Cloud atlas, MSG, NWC SAF.

Tiirkiye Uydu Kaynakli Bulut Atlasi Projesi
OZET

Avrupa Meteorolojik Uydulari Isletme Teskilati — EUMETSAT, 8 adet Uydu Verisi Uygulama
Merkezine (Satellite Application Facility- SAF ) sahiptir ve bunlardan biri de kisa vadeli hava tahminine
yonelik olarak ¢alismalar yapan NWC SAF’tir. Bu merkezin gelistirmis oldugu NWC/GEO yazilimi
sayesinde, METEOSAT 2. Nesil (MSG) Uydusu’ndan elde edilen ham veriler ile veri asimilasyonu igin
ihtiya¢ duyulan ECMWF NWP sayisal analiz verileri kullanilarak; bulut maskesi, bulut tipi, bulut tepe
sicaklig1 ve yiiksekligi, yagis bulutlari, konvektif yagis orani, hizli gelisen firtinalar, nem ve kararsizlik
iirlinleri, yiliksek ¢oziintirliiklii riizgar, uydu goriintiisli interpolasyonu ve hava kiitlesi analizi siniflarinda
atmosferik iiriinler tretilebilmektedir. Bu projenin amaci, iilkemizi kapsayan bir alanda, 2004-2019
yillarini kapsayan dénem igin bu tiir {irlinlere ait bir veri tabaninin ve bir bulut atlasinin elde edilmesi
ve ihtiya¢ duyan sektdrlerin (enerji, turizm, savunma, vb.) hizmetine sunulmasi, sonrasinda da bu
sistemin web iizerinden hizmet verir bir hale getirilmesidir. Bugiin itibariyle, ITU Meteoroloji
Miihendisligi Boliimii’nde kurulan bir sistem iizerine, NWC/GEO yaziliminin kurulumu tamamlanarak
2004-2021 donemi ECMWF NWP sayisal analiz ve MSG ham verileri yliklenmis durumdadir. Ayrica
2004-2019 yillarina ait atmosferik iirlinlerin tiretimi de tamamlanmustir.

Anahtar Kelimeler: Bulut atlasi, MSG, NWC SAF.
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GIRIS

Yer gozlem sistemlerinin hem yeterli sayida olmamasi hem de diizensiz dagilim sorunu nedeniyle
noktasal Sl¢limlerden alansal bilgi {iretilmesi hatalar igerebilmektedir. Bu yiizden son zamanlarda
uzaktan algilama sistemlerine ilgi her gecen giin daha da artmaktadir. Her ne kadar bazi kisitlart olsa
da, uzaktan algilama sistemlerinin diizenli bir piksel yapisinda hem yiiksek uzaysal hem de yiiksek
zamansal ¢oziiniirliikte bilgi saglayabiliyor olmalar1 onlar1 6ne ¢ikarmaktadir. Uzaktan algilama
yoluyla elde edilen verilerin dogrudan 6l¢iim olmadigi da hatirlanacak olursa, dogrulama anlaminda
yersel verilerin de gerekliligi unutulmamalidir.

Meteorolojik uydu ve radar sistemleri yardimiyla yiiksek uzaysal ve zamansal ¢6ziiniirliikte atmosferin
takibi daha da kolaylagmaktadir ve ani gelisen hava olaylariin tespitinde bu sistemlerin katkilari
yadsinamaz derecede onemlidir.

Bugiin igin yersel veriler i¢in bile olsa iilkemize ait bir bulut atlasi ya da baska bir deyisle bir bulut
klimatolojisi ortaya konulmus degildir. Iste buradan hareketle bu calismada, iilkemizin icinde oldugu
bir alanda, 2004-2019 yillarin1 kapsayan dénem i¢in uydu verileri lizerinden mevsimlik ve yillik bulut
atlaslar1 ortaya konacaktir.

Avrupa Meteorolojik Uydular1 Isletme Teskilati — EUMETSAT, uydudan elde edilen verilerin
kullanim1 ve kalitesini artirmak ve ihtiya¢ duyulan alanlarda uydu iiriinleri gelistirmek gayesiyle
1990’11 yillardan itibaren uydu uygulama merkezleri (Satellite Application Facility - SAF) kurmustur
ve su an bunlarin sayis1 8 adettir. Bunlardan biri de kisa vadeli hava tahminine yonelik ¢aligmalar
yapan NWC SAF’tir. Bu merkezin gelistirdigi NWC/GEO yazilimi sayesinde 10 {iriin paketi altinda
33 adet atmosferik {iriin {retebilmek miimkiindiir. Dolayisiyla bu projedeki bulut atlasi
olusturulmasinin temelinde bu yazilim kullanilmaktadir.

CALISMA ALANI VE VERILER

Sekil 1’den goriilecegi iizere, ¢alisma alan1 20,00°D - 46,50°D boylamlari ile 33,50°K - 44,20°K
enlemleri arasinda kalan bdlgeyi igermektedir.

Sekil 1. Calisma alani

Calisma icin kullanilan ilk veri tiiri, veri asimilasyonu i¢in gerekli olan ECMWF NWP sayisal analiz
verileridir. ikinci veri tiirii ise, EUMETSAT tarafindan isletilen MSG uydusunun 7. segmentine ait ve
15 dakikalik zaman ¢oziiniirliigiindeki ham verileridir. Her 2 veri tiirii i¢in de 2004-2021 donemine ait
veriler, ITU Ugak ve Uzay Bilimleri Fakiiltesi, Meteoroloji Miihendisligi Béliimii’nde kurulan 32
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TB’lik QNAP veri depolama {initesine kopyalanarak, 8 c¢ekirdekli bir is istasyonu {izerinde
islenmektedir. Caligma kapsaminda kullanilacak yersel veriler ise, 3’er saatlik bulut kapalilig1 ve goriis
uzakhigidir.

URETILEN URUNLER

Tablo 1’den goriilecegi lizere, proje kapsaminda bulut maskesi, bulut tipi, bulut tepe sicakligi ve
yiiksekligi, yagis bulutlari, konvektif yagis orani, hizli gelisen firtinalar, nem ve kararsizlik iiriinleri,
yiiksek ¢oziiniirliklii riizgér, uydu goriintiisii interpolasyonu ve hava kiitlesi paketlerine ait atmosferik
irtinler 2004-2019 yillar1 igin iiretilmis olup, diger yillar i¢in {iriin iiretimi devam etmektedir.

Tablo 1. Calisma kapsaminda iiretilen iiriin paketleri ve agiklamalari [1].

U;;;n PalI(J:tuil;mi Paket iiriinleri Uriin agiklamasi
Bulut Uriinleri
1 Bulut maskesi |- Bulut Maskesi Bulutlu alanlarin tespit edilmesi i¢in kullanilir.
- Toz Maskesi Her bir piksel bulutlu, par¢alt bulutlu, acik ve
- Volkanik Kiil Maskesi kar/buz siniflarindan biri ile tanimlanmaktadir.
Ayrica atmosferde bulunan toz ve volkanik kiil
tespitini yapar.
2 Bulut tipi - Bulut Tipi Kiimiiliiform/stratiform ile ¢ok alcak, algak,
- Bulut Su/Buz Faz1 orta, yiiksek ve ¢ok yiiksek temel
siniflandirmalar: kullanilarak bulut tipleri 20
farkli sinifa ayrilir.
3 |Bulut tepe sicakligi |- Bulut Tepe Basinci Tespit edilen buluta ait tepe basinci, yiikseklik,

- Sirt Hatt1

ve yliksekligi |- Bulut Tepe Yiiksekligi sicaklik gibi bilgiler verilir.
- Bulut Tepe Sicaklig1
- Efektif Bulutluluk
Yags ve Konveksiyon Uriinleri
4 Yagis bulutlari |- Yagis Thtimal Yiizdesi 0-100 arasinda degisen yagis olasilik yiizdesini
verir.
5 Konvektif yagis |- Konvektif Yagis Oran Konvektif yagis durumunda, yagis siddetini 11
orani - Konvektif Yagis Saatlik Toplam1 farkli sinif ile ifade eder.
- Veri Kullanim Bayraklari
6 Hizli gelisen - Hizli Gelisen Firtina Tespiti ve Bilgileri Yogun konvektif sistem bulutlarmin
firtalar - Firtina Cografi Sinirlari belirlenmesi ve takip edilmesi ile hizli gelisen
- Firtina Hareket Yonii ve Hizi konvektif hiicrelerin tespitini hedefler.
- Firtina Siddeti
- Firtina Safhasi
Actk Hava Uriinleri (Fiziksel Ctkarim)
7 Uydunem ve |- Toplam Yagisa Gegebilir Su Miktar1 Atmosferik kararlig1 farkli indeks parametreleri
kararsizlik tirtinleri |- Sinir Seviyesi Yagisa Gegebilir Su Miktar1 yardimryla tanimlar ve atmosferin farkli
- Orta Seviye Yagisa Gegebilir Su Miktar1 seviyelerine ait yagisa gegebilecek su miktarini
- Yiiksek Seviye Yagisa Gegebilir Su Miktari verir.
- Lifted Indeksi
- Showalter Indeksi
- K-Indeksi
- Parametre - SHTM Farklar
Kavramsal Model ve Riizgir Uriinleri
8 Yiiksek - Riizgar Vektorii (Yon ve Hiz) Atmosferin farkli seviyelerindeki riizgar
¢cOziintirliklii |- Riizgar Vektorii Enlem ve Boylamu vektorlerini tespit eder ve bunlara ait bilgileri
rlizgar - Riizgar Vektorii Basing Seviyesi ve Sicakligi verir.
- Riizgar Vektori Giivenirligi
9 Uydu goriintiisii |- Otomatik Uydu Goriintiisii Yorumlama Cephesel hatlarin uydu verileri ile tespit
interpolasyonu  |(Kavramsal Model Ciktis1) edilmesini hedefler.
10 |Hava kiitlesi analizi |- Hava Kiitlesi Analizi Siniflandirmasi Hava kiitlelerinin arktik, kutupsal, tropikal,

ekvatoral ile kitasal/denizsel ve kararli/kararsiz
temel simiflandirmalar1 kullanilarak 25 farkli

smifa ayirir.
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Uretilen iiriinlere 6rnek olmasi agisindan Sekil 2°den % olarak tropopoz katmanlari olusum ihtimali
iirlinii, Sekil 3’ten K biriminde bulut tepe sicaklig {iriinii, Sekil 4’ten mm/saat olarak konvektif yagis
yogunlugu iiriinli ve Sekil 5’ten ise mm biriminde toplam yagisa gecebilir su miktari {iriinii goriilebilir.

Sekil 4. Konvektif yagis yogunlugu iirtinli (mm/saat)
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Sekil 5. Toplam yagisa gecebilir su miktari {iriinii (mm)

SONUCLAR VE YAPILACAKLAR

Proje sonunda, secilen ¢alisma alaninda ve 15 dakikalik zaman araliklarina sahip 10 iiriin kategorisinde,
toplam 33 atmosferik parametrenin 2004-2021 yillarini kapsayacak sekilde {iretimi saglanmis olacaktir.
Buradan elde edilecek veri tabani ile de iilkemizdeki tim arastiricilar 6nemli bir veri kaynagina
kavusacaklardir. Bu veri kaynag1 enerji, turizm, savunma, vd. sektdrlere iicretsiz olarak sunulacaktir.
Ayrica ililkemiz i¢in 18 yillik bulutluluk atlasi ¢ikarilarak, giines enerjisi, aydinlanma ve astronomi
alanlarinda 6nemli katkilar saglanacaktir. Ayrica, projenin sunumu ve Uretilen {riinlerin
paylasilabilmesi amaciyla bir web sayfasi tasarlanacak olup, operasyonel iiriin iiretimi i¢in gerekli
altyap1 olusturulacaktir.
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ABSTRACT

Over the past few years, there has been a rising in intense precipitation events, resulting in severe effects
on people, structures and infrastructures. To meet the challenge of analyzing weather events
comprehensively and globally, the use of information from satellite is playing an ever-increasing role in
the field of meteorology and, in this context, the "EUMETSAT Satellite Application Facility on Support
to Operational Hydrology and Water Management (H SAF)" provides data sets and products for
operational hydrological applications. In this study, an overview of the following H SAF products will
be given: H60 (Precipitation rate at ground by blended SEVIRI IR / LEO MW and morphologic
information), H63 (same as H60 but for IODC), H61 (Accumulated Precipitation at ground by blended
MW and IR) and H90 (same as H61 but for [ODC). Their validation process will be illustrated with the
aim to underline the applicability respect to other data sources (ground and satellite data) and a direct
inter-comparison between the same product with different spatial coverage (H60-H63 and H61-H90)
will be shown to demonstrate their extended spatial validity. In the end some case studies will be given
to verify the actual analytical value of the products.

Keywords: Meteorology, H SAF, precipitation, validation, quality assessment, comparison, ground
data, satellite data.
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ABSTRACT

Low-Earth Orbit (LEO) satellites provide passive microwave (PMW) information about the
hydrometeors. PMW data, which can be obtained from Advanced Microwave Sounding Unit-B
(AMSU-B) and Microwave Humidity Sounder (MHS), has a direct interaction with precipitation. The
methods developed using PMW data are sensitive to the concentration of ice particles or water droplets
associated with precipitation. Therefore, this data is more appropriate to estimate the rain rate. The aim
of this study is to develop an estimation model based on artificial intelligence by using brightness
temperature data from five different channels (89, 150, 184, 186, and 190 GHz) of the AMSU-B and
MHS mounted on NOAA 15-18 and METOP-A satellites. Brightness temperatures obtained by different
channel frequencies are used as an input for the artificial intelligence model, and the rain rate values are
tried to be estimated. In addition, the model results are compared with the rain gauge data and rain rate
values of the 183 WSL Fast Rain Rate Retrieval Algorithm.

Keywords: Algorithm, PMW, precipitation, Rain rate, Turkey.

Pasif Mikrodalga Verisi Tabanh Bir Yagis Algoritmasi Gelistirilmesi
OZET

Algak Yoriinge (LEO) uydulari, hidrometeorlar hakkinda pasif mikrodalga (PMW) bilgileri saglarlar.
Advanced Microwave Sounding Unit-B (AMSU-B) ve Microwave Humidity Sounder (MHS)
algilayicilarindan elde edilebilen PMW verileri, yagis ile dogrudan etkilesime sahiptir. PMW verileri
kullanilarak gelistirilen yontemler, yagisla iligkili buz pargaciklarinin veya su damlaciklarinin
konsantrasyonuna duyarlidir. Bu nedenle, bu veriler yagis siddetini tahmin etmek i¢in daha uygundur.
Bu ¢alismanin amaci, NOAA 15-18 iizerine monte edilmis AMSU-B ve METOP iizerine yerlestirilmis
MHS'nin bes farkli kanalindan (89, 150, 184, 186 ve 190 GHz) parlaklik sicaklik verilerini kullanarak
yapay zekaya dayali bir tahmin modeli gelistirmektir. Farkli kanal frekanslar ile elde edilen parlaklik
sicakliklart yapay zeka modeline girdi olarak kullanilmis ve yagis siddeti degerleri kestirilmeye
caligilmistir. Ayrica model sonuglari, 183 WSL Fast Rain Rate Retrieval Algorithm yontemiyle elde
edilen yagis siddeti ve yagis Olger verileriyle karsilastirilmastir.

Anahtar Kelimeler: Algoritma, PMW, yagis, yagis siddeti, Tiirkiye.
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ABSTRACT

Drought events are known as one of the most catastrophic environmental phenomena with impressive
ramifications for the natural environment, society and economy. Remotely sensed variables offer global
distribution of different hydro-meteorological variables. Taking the unique advantages of remote
sensing missions, the data extracted from remote sensing sources have now become more alluring for
researchers. The Gravity Recovery And Climate Experiment (GRACE) is one of the advanced remote
sensing projects, which provides the global scale variations of the Earth’s water storage. The variations
of the terrestrial water storage (TWSA) give insights into the extreme meteorological events. In this
study, the TWSA estimates from the GRACE were used alongside with in-situ observations of
precipitation to extract drought indices. The GRACE estimates were utilized to extract Groundwater
Drought Severity Index (GDSI) and Water Storage Deficit Index (WSDI). Standardized Precipitation
Index (SPI), and Standardized Precipitation-Evapotranspiration Index (SPEI) indices were also used to
validate the GRACE-derived drought indicators. The results show that the GRACE-based WSDI
correlates well with the SPI both temporally and spatially. With the correlation values of 0.69, and 0.70,
the variations of WSDI turn out to be in good concordance with that of SPI at monthly and annual time
scales respectively. The findings of this study demonstrates that WSDI could be used as a proxy to
standard meteorological drought indices over Turkey as it performed well to detect and characterize the
recent droughts of Turkey.

Keywords: Drought, GRACE, WSDI, GDSI, TWSA, Turkey.

INTRODUCTION

Drought events are being considered as complex extreme environmental conditions with harsh
environmental, social and economic consequences (Sillmann et al., 2013; Hosseini-Moghari and
Araghinejad, 2015). Drought is characterized by terrestrial water storage deficit (Sun et al. 2018) and
emerges in four major types; meteorological, agricultural, hydrological, and socioeconomic drought
(Wilhite ,2005). However, because precipitation contributes the most to the variations of the water
storage in the water cycle, all droughts can be characterized by precipitation deficiency and/or
evapotranspiration anomaly. The occurrence of extreme dry periods has become frequent especially in
the arid and semi-arid regions, which is mainly due to the changes in the global patterns of temperature
and precipitation. Therefore, detection and monitoring of droughts should be given utmost priority for
better management of the limited water supplies (Khorrami and Giindiiz, 2019).

Drought monitoring is traditionally done by field observations of hydro-meteorological variables such
as precipitation, temperature, evapotranspiration and soil moisture. These point-based techniques suffer
from spatial restriction of the gage network, which confines their applications to small areas (Brown et
al., 2008). Moreover, the data gathering, processing and analysis of field-based observations are costly
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(Sun et al., 2018). On the other hand, recent progresses in the field of remote sensing have culminated
into high accuracy and quality data which provide an excellent substitute for traditional observations
(Jiang et al., 2014; Cao et al., 2015). Detection and tracing of drought events can be implemented
conveniently and economically by using remote sensing-based indicators on large scales (Jiang et al.,
2014) due to their global coverage as well as uninterrupted time series.

The Gravity Recovery And Climate Experiment (GRACE) mission is one of the pioneering space
missions aimed at giving insights into the variations of the Earth’s terrestrial water storage (TWS)
(Ramillien et al., 2008). TWS is a key element of the hydrological water cycle whose variations are used
in different fields ranging from oceanography to hydrology. GRACE data have also been used for
drought monitoring and water storage analysis all over the world (Yirdaw et al., 2008; Leblanc et al.,
2009; Chen et al., 2009; vanDijk et al., 2011; Li et al., 2012; Long et al., 2013; Cui et al, 2019; Shah
and Mishra, 2020; Boergens et al., 2020; Dharpure et al., 2020). According to the findings of these
studies, there is a lack of a universal GRACE-based drought index applicable for any study area around
the world. The feasibility of the different developed techniques and indices still remain ambiguous
possibly due to the geographic as well as climatic characteristics of the area of interest. In particular, the
spatio-temporal variability of drought events and associated hydro-climatic parameters as well as the
characteristics of basins engender drought monitoring a challenging practice, by which it is literally
impossible to formulate and use a universally applicable drought indicator (Smakhtin and Hughes 2007).

The geographic location of Turkey, beside its climatic regime, have rendered Turkey to experience
numerous harsh droughts in its recent history. Although the routine station-based monitoring and
assessment of drought is quite prevalent in Turkey (Tiirkes et al., 2009; Evkaya et al., 2019; Katipoglu
et al., 2020), it suffers from a comprehensive investigation of the feasibility of the GRACE-derived
indices for drought surveillance. Taking the large and diverse climatic regions of the country into
account, large scale GRACE data coupled with classical techniques seem promising for Turkey. Based
on this premise, the scope of the current study is to investigate the capability of the GRACE-driven
indices to detect and trace two harsh dry periods (2007/2008 and 2013/2014) over Turkey based on the
data from 2003-2016.

Study Area

Turkey is located between the latitudes 36° N and 42° N and longitudes 26° E and 45° E. The country
is situated at mid-latitudes that define its climatic characteristics together with its highly variable
topography. Despite its Mediterranean geographic location, where mild climatic conditions are
dominant (Sensoy et al., 2008), the diversity of its topography as well as proximity to huge water bodies,
lead to significant variations in climatic conditions over different regions of the country (Figure 1).
According to the Turkish State Meteorological Service (TSMS), Turkey has a mean annual temperature
of 13.7°C and a mean annual precipitation of 371 mm (MGM, 2020).

The variability of hydro-climatic parameters in Turkey (Harmancioglu and Altinbilek, 2020) introduces
some challenges regarding water accessibility at proper times and space all over the country. In recent
years, the demand for water in Turkey has skyrocketed (Harmancioglu and Altinbilek, 2020) in the
aftermath of the population increase and industrial development of the country. Consequently, it is now
considered that Turkey is very sensitive to climate change impacts and is expected to face serious water
scarcity problems in near future (Harmancioglu and Altinbilek, 2020).The uniform appearance will
assist the reader to read paper of the proceedings. It is therefore suggested to authors to use the example
of this file to construct their papers. This particular example uses an A4 format with 25 mm margins
left, right, top and bottom.
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Figure 1. Illustration of the geographic regions of Turkey with the distribution of the main
meteorological stations used

Data used
Meteorological data

In this study, precipitation values were collected from the main meteorological stations (Figure 1) of the
country to calculate traditional drought indices. Furthermore, the long-term averages of precipitation (P)
and temperature (T) from each station were used to draw the climate graph, which depicted the general
status of the country regarding the dry and wet periods (Figure 2).
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Figure 2. The annual variations of Precipitation and Temperature over Turkey

Figure 2 portrays the climatic situation of Turkey during the study period, where two recent dry periods
are observed during 2007 to 2008 and 2013 to 2014. The detected dry periods correspond to the two
trough points in P variations (485 and 582 mm in 2008 and 2013, respectively), which demonstrate the
two experienced harsh droughts in Turkey during 2003-2016 period.
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The GRACE gravity estimates

The GRACE satellites make monthly records of the gravitational pull of the Earth with an unprecedented
accuracy, which paves the way for remote estimations of the integrated hydrological components of the
water cycle globally (Sinha et al., 2019). The GRACE recorded gravity signals are processed and
translated into the monthly anomalies of TWS. GRACE-TWS represents vertically integrated values of
hydrological components and is defined as follows:

ATWS = AGWS+ ASWE + ASMS+ ASWS (1)

where GWS, SWE, SMS, and SWS represent groundwater storage, snow water equivalent, soil moisture
storage and surface water storage, respectively (Khorrami and Gunduz, 2021a).

To date, various techniques have been used to derive drought indicators from the GRACE estimates
over different parts of the world. These techniques are developed by either using the direct TWSA (Zhao
etal., 2017; Thomas et al., 2017; Yiand Wen, 2016; Sun et al., 2018; Yu et al., 2019; Hosseini-Moghari
et al., 2019; Nemati et al., 2019; Wang et al., 2020a; Liu et al., 2020; Shah and Mishra, 2020; Yang et
al., 2020), or by disintegrating TWSA into its elements to study drought events (Wang et al., 2020b).
The drought indices extracted directly from TWSA values are more common due to the simplicity and
effectiveness of their application. In this study, GRACE TWSA values were utilized to calculate the
GRACE-based drought indices.

GRACE Drought Severity Index (GDSI)

GDSI is derived directly from GRACE TWSA values. GDSI is defined as the standardized anomalies
of GRACE TWSA (Zhao et al., 2017) and is formulated as:

TWSA,; — TWSA

0

where i denotes year ranging from 2003 to 2016; j denotes month ranging from January to
December; TWSA ; and 9; are the mean and standard deviation of TWSA in month j, respectively.

GRACE Water Storage Deficit Index (WSDI)

Water Storage Deficit (WSD) (Thomas et al., 2014) showcases the variations of water storage
to pinpoint the storage deficit and surplus in terms of negative and positive WSD values. It is
defined by the deviations of the monthly water storage from the climatology values (Eq. 3). The
GRACE-based WSDI (Yu et al., 2019) is calculated based on WSD values as follows:

WSD;j = TWSA;; — TWSA, (3)

wspl,; = —4— £ 4)

where WSD;; and WSDI;; represent water storage deficit and its index for the month i of the year j
respectively. TWSA, is the climatology value of each month. ¢ and o denote the mean and standard
deviation of the water storage deficit (WSD) time series, respectively.

Conventional drought indicators

Standardized Precipitation Index (SPI) and Standardized Precipitation-Evapotranspiration Index (SPEI)
are two widely applied values for traditional station-based evaluation and tracking of extreme
meteorological events. Suggested by the “Lincoln declaration on drought indices” (Stagge et al., 2015),
SPI is commonly used by many hydro-meteorological services and researchers around the world for
drought detection and monitoring (Hayes et al., 2011). To compute SPI, a gamma distribution (Hosseini-
Moghari et al., 2019) is fitted to precipitation records then is transformed to a normal distribution.
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spr=2L_ T 5
_ (5)

where X;, X; and o denote the recorded precipitation, the average precipitation of the time series and the
standard deviation of the time series, respectively (Dikici and Aksel, 2021).

SPEI is calculated by integrating Potential evapotranspiration (PET) as an auxiliary variable into
precipitation records. PET measurements are used to better catch the extreme meteorological events
(Vicente-Serrano et al., 2010; Begueria et al., 2010). On account of the dearth of in-situ PET values, this
variable was extracted from reanalysis datasets. Using the extracted PET values, the difference between
P and PET (D values) are calculated according to equation [9]. SPEI was calculated in the same way as
SPI by transferring D values to the cumulative standard normal distribution (Hosseini-Moghari et al.,
2019).

k-1

DE = ) (Pai = PET,) (6)
i=0

where DF is the aggregated (P-PET) from the month (n—k+1) to month (n) on time scale k (Yang et al.,
2017).

Results and Discussion
Fluctuations of TWS over Turkey

The time series of the terrestrial water storage anomalies (TWSA) were extracted using the area-mean
values for each month. The temporal fluctuations of TWSA are given in Figure 3. It indicates that the
TWSA over Turkey has a statistically significant descending trend suggesting that the total water storage
over the country tends to decrease (Khorrami and Gunduz, 2021b). Figure 4 also reveals that in
September 2008 and September 2014, Turkey has experienced its maximum water storage deficit, which
was about 19 cm. These findings coincide with the findings of Okay Ahi and Jin (2019). To see the
impacts of precipitation, as the main input for the hydrological water cycle on TWSA, the anomalies of
precipitation were extracted using the same baseline as GRACE (mean of 2004-2009) and were
compared with TWSA. It was found that there is a moderately strong correlation (r= 0.64) between the
variations of TWSA and Precipitation Anomalies (PA) over Turkey with the max PA conforming to the
peaks of TWSA, which stresses the importance of the received precipitation in the variations of the total
water storage changes. The maximum deficit (6 mm) for precipitation was seen in August 2008, which
corresponded to the maximum loss of TWSA in the study area.

30,00 100

— PA —o— TWSA y =-0,0426x + 3,6854
R2=0,0571 80
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Figure 3. Temporal interactions between TWSA and PA
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Validation of the GRACE-derived indices

The performance of the used GRACE-derived drought indicators was evaluated in terms of linear
correlations with the SPI and SPEI in different time intervals. The monthly and annual correlation values
are shown in Figure 4.
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Figure 4. The monthly correlation between GDSI and WSDI with SPI and SPEI.

The results indicate that the WSDI outperforms the GDSI at all the monthly and annual time scales in
terms of the correlation of coefficient. It was also found that the GRACE-derived indices are more
correlated with SPI than SPEI. The differences in their nature and algorithm (Liu et al., 2020) may
influence the performance of the used indices in detecting drought events.

Associations between the GRACE-derived and in-situ indices

As SPI gives better correlation for both the GRACE indices over Turkey, the temporal associations are
illustrated making use of the SPI and the GRACE-derived indices. The fluctuations of the SPI values
suggest that Turkey has experienced extreme droughts between 2007 to 2008 and in 2014, which is
agreement with the droughts detected by annual SPI. These detected dry periods coincide with the
situation depicted by the climate graph in Figure 2 as well as the findings reported by other researchers
including Marim et al. (2008), Tiirkes et al. (2009), Kurnaz (2014), and Okay Ahi and Jin (2019). The
temporal association between the GRACE-derived indices and SPI at monthly and annual time scale is
given in Figures 5 and 6, respectively. It shows that the GRACE-based GDSI and WSDI are successful
in detecting the profound dry (2007/2008 and 2014) and wet periods over Turkey.
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Figure 5. Temporal interactions between monthly SPI and WSDI (a) and GDSI (b)
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Conclusions

Drought studies are traditionally implemented making use of station-based observations of hydro-
meteorological parameters. The spatio-temporal restrictions ascribed to the in-situ observations
contribute to the lower accuracy of the study outputs. The high quality remotely sensed variables
provided by a multitude of advanced and sophisticated missions, make the accurate estimations of the
large-scale variations of different environmental parameters possible. With their acceptable precision
and ease of application, remote sensing approaches replaced the traditional methods especially for
regional to global scale studies.

The results indicate that the GRACE-driven WSDI index performs better than GDSI in detecting the
monthly and annual droughts over Turkey. The achieved correlations demonstrate that GDSI and WSDI
have better agreement with SPI rather than SPEI even though the differences between these two indices
are not so high. This can be ascribed to the fact that SPI is more dependent on precipitation than SPEI
and the fluctuations of precipitation are more influential on the climatic condition of Turkey, which
makes SPI perform more effectively.

Although GRACE signals are more sensitive to hydrological drought conditions rather than other types,
our findings emphasize the high capability of the GRACE-driven WSDI for the determination and
evaluation of the meteorological droughts in Turkey. Therefore, it can be claimed that WSDI can be
used as a proxy for detecting and assessing meteorological droughts in Turkey.
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Comparative Analysis and System Design of Atmospheric Particle Data Obtained from
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ABSTRACT

PM, 5 and PM ¢ particle measurements were carried out in Svalbard/Longyearbyen in 2019 as part of the
Turkish Arctic Scientific Expedition-1 (TASE-1). Obtained data were compared with COPERNICUS
data and ECMWF model outputs. Particulate matter (PM) values, temperature, and humidity
measurements over GSM communication were measured and recorded every 30 minutes by the
'Airqoon' device with designed sensors. The 'Airqoon' device used is a cloud-based device that uses
advanced machine learning algorithms to provide data analysis based on real-time and historical data.
As a result of the data obtained, the peak values in the time series were seen on 18 July 2019 and 23
July 2019. According to, it was determined that the most important characteristics that increase air
pollution daily are ship traffic and the colliery in the region. On the results, it is essential to establish a
fixed measurement station for more accurate measurement of air pollution values. Along with the air
quality measurement station planned to be established in the Svalbard region in the coming years, it is
planned to process the data to be obtained from the electronic card and Arduino GSM/GPRS shield,
temperature and humidity sensors with GPS method at certain time intervals.

Keywords: Arctic, air pollution, particulate matter, GPS, remote sensing.

Tiirk Arktik Bilimsel Seferi Kapsaminda GSM ve Uydu Verilerinden Elde Edilen
Atmosferik Partikiil Verilerinin Karsilastirmah Analizi ve Sistem Tasarim

OZET

Tiirkiye Arktik Bilimsel Seferi-1 (TASE-1) kapsaminda 2019 yilinda Svalbard/Longyearbyen’de PM, s
ve PM; partikiil dlglimleri gergeklestirilmistir. Elde edilen veriler, COPERNICUS verileri ve ECMWF
modeli ¢iktilar ile karsilagtirlmistir. GSM iletigimi {izerinden partikiiler madde (PM) degerleri ile
sicaklik ve nem ol¢iimleri tasarlanmis sensorlere sahip ‘Airqoon’ cihazi tarafindan her 30 dakikada bir
Ol¢iilmiis ve kaydedilmistir. Kullanilan ‘Airqoon’ cihazi, gercek zamanli ve ge¢mis verilere dayali
kirlilik veri analizi saglamak igin gelistirilmis makine 6grenimi algoritmalarini kullanan bulut tabanl
bir cihazdir. Elde edilen veriler sonucunda zaman serisindeki sigrama degerleri 18 Temmuz 2019 ve 23
Temmuz 2019 tarihlerinde goriilmiistiir. Bu sonuca gore, giin bazinda hava kirliligini artiran en énemli
faktorlerin gemi trafigi ve bolgede bulunan kdmiir ocagi oldugu saptanmistir. Bu sonuglardan yola
cikarak hava kirliligi degerlerinin daha hassas 6l¢iimii adina sabit bir 6l¢lim istasyonu kurulmasi 6nem
tasimaktadir. Gelecek yillarda Svalbard bolgesinde kurulmasi planlanan hava kalitesi 6lgiim istasyonu
ile birlikte elektronik kart ve Arduino GSM/GPRS shield, sicaklik ve nem sensérlerinden elde edilecek
verilerin belirli zaman araliklarinda GPS yontemiyle islenmesi planlanmaktadir.

Anahtar Kelimeler: Arktik, hava kirliligi, partikiiler madde, GPS, uzaktan algilama.
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GIRIS

Cevre sorunlari, bu yiizyilin en biiyiik problemi olarak goriilmektedir. Ekvator bdlgesinden kutup
bolgelerine kadar etkili olan ¢evre sorunlarinin basinda ise hava kirliligi gelmektedir. Hava kirliligi
cesitli sekillerde tanimlanmaktadir. Bu tanimlardan biri de genel sekli ile insanlarin c¢esitli
aktivitelerinden dogan ve sagliklarmin yanisira kaynaklarin da kirlenmesine sebebiyet veren
kirleticilerin atmosfere karigsmasidir. Hava kirliligine yol agan kaynaklar temel olarak iki ana grupta
degerlendirilir. Bunlar, dogal ve antropojenik hava kirliligi kaynaklaridir. Iklim ve hava kirliligi
iizerinde dogrudan etkileri bulunan SO,, NO,, CO ve partikiiler maddeler (PM) birincil kirleticilerdir.
Partikiiler maddeler atmosferde kati ya da s1vi olarak bulunan birlesmemis su disindaki maddeler olarak
nitelendirilebilir. Diinyada hava kirliliginin en belirgin etkileri 18. yiizyilda gerceklesen sanayi
devrimiyle birlikte goriilmeye baslamistir. Hava kirliliginin iklim {izerindeki etkilerinin arttig1 da
bilinmektedir. Diinyanin bircok bdolgesinde hava kirliligi {izerine c¢aligmalar yapilmaktadir. Bu
bolgelerin basinda sehir etkisinin goriilmedigi kutup bolgeleri gelmektedir. Atmosferik partikiillerin
kutup bolgelerine taginiminin hakim riizgarlar tarafindan orta enlemlerden gerceklestigi bilinmektedir.
(incecik, 1994).

Arktik bolgede gerceklestirilen 1. Tiirk Arktik Bilim Seferi (TASE-1) boyunca Svalbard/Jan Mayen
bolgesinde hava kalitesi dlglimleri yapilarak PM degerleri 6l¢iilmiistiir. Calismanin temel amact Jan
Mayen bolgesinde, bolgesel ve uzun mesafeli PM, s ve PM¢ tasiniminin kapsam, seviye ve etkilerinin
sefer stiresi boyunca belirlenmesidir.

CALISMA ALANI, VERi VE METOD

Olgiim cihaz1 ger¢ek zamanli ve gecmis verilere dayal kirlilik veri analizi saglamak icin gelistirilmis
makine 6grenimi algoritmalarini kullanan bulut tabanli bir cihazdir (Tablo 1). Lazer sagilma yontemiyle
PM, s ve PM;( 6l¢limii yapilabilmektedir. -20°C ile +50°C sicakligi araliginda ¢alisabilmektedir. IP68
korumasina sahiptir. Giines paneli ve DC kaynakli olmak {izere iki farkli sekilde gii¢ saglanmasi
miimkiindiir. PM» s ve PM 6l¢iimii disinda sicaklik ve bagil nem degerlerini de 6lgebilme 6zelligine
sahiptir.

Sekil 1. Airqgoon Hava Kalitesi Olgiim Cihaz1
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Tablo 1. Airqoon Hava Kalitesi Ol¢iim Cihaz1 Ozellikleri

Parametre Ozellikler

Sensor Tipi Partikiiler Madde Sensorii

Omiir 4+ y1l

Caligma Aralig1 | -20°C ile +50°C araliginda

Montaj Direk ya da Duvar

Olgiiler 30cm x 22cm x 17cm

Agirlik <2.0kg

Koruma IP68 & 1P34

Giig Gilines paneli ve Akii veya
DC kaynakl

Qperasyonel CO, CO,, SO, 03, H»S,

Ol¢iimler vVOC

Seferin birinci giinii 80 deniz mili yol katedilmis ve 4 6rnekleme noktasindan 6rnek toplanmigtir (Sekil
2). Seferin ikinci ve tigiincii glinlerinde 70 deniz mili yol katedilmis, iki drnekleme noktasindan 6rnek
toplanmis ve Polonya Bilim Ussii Ziyareti sonrasi hava kalitesi istasyonunun kurulumu
gerceklestirilmistir. Seferin dordiincii ve besinci giinlerinde 125 Deniz Mili yol katedilmis ve g
ornekleme noktasindan 6rnek toplanmistir. Seferin altinc1 ve yedinci giinlerinde 50 deniz mili yol
alinmus, iki drnekleme noktasindan &rnek toplanmis, Giiney Kore Bilim Istasyonu Ziyareti yapilmustir.
Seferin sekizinci, dokuzuncu ve onuncu giinlerinde 280 Deniz Mili yol katedilmis, 83° kuzey enlemine
ulagim saglanmis ve deniz buzu gézlemleri yapilmistir. Seferin 11. 12. 13. 14. giinlerinde 360 Deniz
mili yol katedilmis ve ii¢ 6rnekleme noktasindan 6rnekler toplanmustir.

Sekil 2. TASE rotas1 (Turuncu ¢izgi: Birinci giin, Yesil ¢izgi: Ikinci ve ii¢iincii giin, Mor ¢izgi:
Dordiincii ve besinci giin, Pembe ¢izgi: Altinci ve yedinci giin, Sar1 ¢izgi: Sekizinci, dokuzuncu ve
onuncu giin, Kirmizi ¢izgi: 11.12.ve 13. giin sefer rotasi)
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Hava kalitesi 6l¢lim cihazi ile her 30 dakikada bir 6l¢tim alinmistir. Sekil 3°de gosterilen kirmizi renkli
bar ¢izgileri cihaz tarafindan dlgiilen degerleri ifade etmektedir. Ayn1 grafikteki mavi renkli bar ¢izgileri
COPERNICUS Veri Sistemi ve ECMWF modelinden elde edilen saatlik verilerdir. 13 Temmuz 2019
ile 25 Temmuz 2019 tarihleri arasinda 6l¢iimler alinmistir. Mavi ile verilen uydu verileri saatlik olarak
alinmis olup, kirmizi ile gosterilen cihaz verileri 30 dakikalik araliklarla alinmistir. Olgiilen PMq
verilerinin saatlik ortalamasi gdzoniine alinmistir. 14-17, 21, 23-25 Temmuz 2019 tarihlerinde uydu ve
cihaz verilerinin birbiriyle ortiistiigli goriilmektedir. Cihaz verisindeki anlik sigramalarin, cihazin
konumlandig1 noktadaki anlik partikiiler madde artisindan kaynaklandigi 6ngoériilmektedir. Bu
sigramalarin, cihazin konumlandig1 yerin yerlesim yeri olmasi, ara¢ kullanim siklig1 ve gemi trafigi ile
tasinan kirleticilerden kaynaklandig: diisiiniilmektedir. Olgiilen PM, s verilerinin de saatlik ortalamasi
alinmistir. PM, 5 grafigine bakildiginda da uydu verilerinde saat bazinda eksikler goriilmektedir. Ancak,
19 Temmuz 2019 tarihindeki eksik veri haricinde, uydu ve cihaz PM,s verilerinin oOrtiistigii
goriilmektedir.

g3

Sekil 3. PMo ve PM» 5 uydu ve cihaz verilerinin karsilastirmasi

Sekil 4 ve Sekil 5’te 500 hPa basing kartlar1 goriilmektedir. Algak ve yiiksek basing merkez
dagilimlarmin goriildiigii garfiklerde, negatif ve pozitif vortisiti alanlar1 goriilmektedir. Diverjans ve
konverjans alanalarinin olusturdugu riizgar hareketleriyle beraber bolgeye aerosol tasiniminin da oldugu
sOylenebilir.
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500 hPa Geopotential [gpdarm], Bodendruck [hPal, relative Topographie HS00—H1000 [gpdarn]
Dienstag, 23-07-2019 12 UTC (6FS)  {Analyae)

! 21005 ——
500 hFa Geapotential [gpdam], Bodendruck [hPal, relative Topographie HS500-H100O [gpdam]
Donnerstag, 18-07-2019 06 UTC {0FS) {Analyse) (@ wirw wellerd.de

©) www wetterd.de

Sekil 4. 18 Temmuz 2019 06 UTC 500hPa Basing Kart1 Sekil 5. 23 Temmuz 2019 12 UTC 500hPa Basing Karti

SISTEM TASARIMI

Airqoon hava kalitesi cihazi; iskelet, sensor sistemi ve bulut tabanli yapilardan olugsmaktadir. Cihaz,
ince siv1 ve kat1 pargaciklarin konsantrasyonunu hizli ve dogru bir sekilde tespit edebilen kendi sensor
iinitelerini kullanir. Bununla birlikte sensor iiniteleri ortam hava sicakligini ve bagil nemi 6lgmektedir.
Cihaz sensor initelerinin algilama yonteminde fan, algilama odasi, lazerler ve gelismis dedektorler
kullanilir. Fan, ortam havasini algilama odasindan ¢eker. Haznenin i¢indeki hava lazer ile aydinlatilir
ve havada bulunan bir partikiiler madde dedektor tarafindan Olglim olarak kaydedilir. Bu islem
sonrasinda dedektor verileri, test hacmindeki partikiil konsantrasyonunu elde etmek i¢in gomiilii islemci
tarafindan analiz edilir. Ortamin meteorolojik sartlariyla ilgili hassas ve dogruluk pay1 yiiksek veriler,
kiiresel olarak kullanilabilen bir internet baglanti se¢enegi araciligiyla bulut sistemine yiiklenir.

Olgiim cihazinin Arktik bdlge meteorolojik kosullarinda calisabilmesi igin ek sistem tasarimi
yapilmistir. Cihazin gii¢ beslenmesi i¢in Li-ion piller ve jel akiiler kullanilmistir. Cihazin iskelet
sisteminin suya ve soguya dayanikli olmasi i¢in IP 68 sertifikas1 bulunmaktadir. Harici kullanimlarda
iskelet sistemi igerisinde bulunan Li-ion pillerin korunmasi i¢in yalitim malzemesi kullanilmigtir. Giines
panelleri yardimiyla akii ve pil {initesi destegi artirilmustir. Uretici firma tarafindan hazirlanan cihaza
montajli halde bulunan sehir i¢i kullanimi i¢in hazirlanmis paneller ¢ikartilmigtir. Sistemin ¢aligma
sicakligr araliginda verimli ¢aligabilmesi igin -20 °C’de uyku moduna gegirilerek, sensor 6zellikleri
disinda dogruluk pay1 az olan dlgiim almasi engellemistir. Dig ortam sicakligi -20°C ve iistiine ¢iktigi
zamanlarda yeniden PM o6l¢limii almas1 saglanmistir. Genis giines paneli ag1, akii ve yedek pil sistemi
ve 2 metre uzunluga sahip iskelet sistemi sayesinde bolge sartlarma uygun, PM o6l¢iimiinii hassas ve
dogruluk pay1 yiiksek olarak 6lgmesi hedeflenmistir.

SONUCLAR VE ONERILER

Son yillarda giderek artan maden ¢aligmalari, gemi trafigi ve taginim sebebiyle Svalbard bolgesinde PM
degerleri yiikselmektedir. Caligmanin yapildigi 18 - 23 Temmuz 2019 tarihleri arasinda da bu yiiksek
degerler acikca goriilmektedir. Yaz mevsiminin bdlgede meteorolojik kosullar agisindan kolaylik
saglamasiyla sebebiyle bilimsel arastirma gemilerinin, turistik gemilerin ve balik¢1 teknelerinin
sayisinin artig1 bilinmektedir. Ayrica komiir madenlerine bagli yiik gemilerinin partikiiler madde
konsantrasyonundaki degisime de katki sagladigi diistiniilmektedir. Bu sonuglardan yola ¢ikarak hava
kirliligi degerlerinin daha hassas 6l¢limii adina sabit bir 6l¢iim istasyonu kurulmasi 6nem tagimaktadir.
Bu baglamda gelecek yillarda gergeklestirilecek seferler kapsaminda uzun siireli 6lgiim istasyonu igin
caligmalara baglanmistir. Gelecek yillarda Svalbard bolgesinde kurulmasi planlanan hava kalitesi 61¢tiim
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istasyonu ile elektronik kart ve GSM/GPRS shield, sicaklik ve nem sensorlerinden elde edilecek veriler
belirli zaman araliklarinda GSM yodntemiyle ve uydu verileri ile islenmesi planlanmaktadir.
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Caligmanin yapilmasi igin cihaz sponsoru olan Innovathink Muhendislik San. Tic. A.S.’ye tesekkiir
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Determination of Air Pollution from Wildfires with Satellite Observations
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ABSTRACT

In 2021, the worst wildfires in the history of Turkey occurred, and according to The European Forest
Fire Information System (EFFIS) system, approximately 200 thousand hectares of area burned until
September 30, 2021. Especially between July 15, 2021, and August 15, 2021, a large amount of forest
area was lost in the fires in the Mediterranean region. EFFIS calculated that 55330 ha, 71047 ha, and
14408 ha of forest were burned in the fires on the borders of Mugla, Antalya, and Icel provinces,
respectively. Due to the wildfires, the ecosystem was damaged, and the regional air quality was
adversely affected. In this study, emissions of various pollutants caused by forest fires in the
Mediterranean region between July 15, 2021, and August 15, 2021 were investigated. For this purpose,
pre-fire and post-fire images of the Mediterranean forests in different bands acquired by the Sentinel-2
satellite were processed. The geographic information systems (GIS) analysis was then used to calculate
the Normalized Burn Rate difference (INBR) using satellite data. Burned amount and intensity in the
damaged forests were determined regarding the scale suggested by the USGS. The data obtained from
GIS analyzes were used to calculate the various pollutant loads released from all wildfires. Pollutant
loads were calculated using the EMEP/EEA Tier 2 (technology-specific approach) method. As a result
of the study, the most burned area was calculated in the forests around Manavgat (Antalya). The
province-based burned forest areas were calculated as 52291 ha, 66211 ha, and 13642 ha for Mugla,
Antalya and Icel, respectively. Furthermore, emission results were compared with the Global Fire
Assimilation System (GFAS) data that assimilates fire radiative power (FRP) observations from
satellite-based sensors to produce daily estimates of emissions from wildfires and biomass burning by
the European Centre for Medium-Range Weather Forecasts (ECMWF).

Keywords: Wildfire emissions, Sentinel-2, ECMWF, GFAS, Eastern Mediterranean.

Orman Yangimnlarindan Kaynakh Hava Kirliliginin Uydu Goézlemleriyle Belirlenmesi
OZET

2021 yilinda Tiirkiye tarihinin en agir orman yanginlart meydana gelmis olup, Avrupa Orman Yangini
Bilgi Sistemi (EFFIS) sistemine gore 30 Eyliil 2021 e kadar yaklasik 200 bin ha alan yanmustir. Ozellikle
15 Temmuz 2021 ve 15 Agustos 2021 arasinda Akdeniz bolgesinde yasanan yanginlarda ¢ok biiyiik
miktarda ormanlik alan kaybedilmistir. EFFIS tarafindan Mugla, Antalya ve Icel ili sinirlarindaki
yanginlarda sirasiyla 55330 ha, 71047 ha ve 14408 ha ormanin yandig1 belirlenmistir. Orman yanginlari
sonucunda sadece ekosistem zarar gormemis, ayn1 zamanda bolgesel hava kalitesi de olumsuz yonde
etkilenmistir. Bu c¢aligmada 15 Temmuz 2021 ve 15 Agustos 2021 arasinda Akdeniz bolgesinde
gergeklesen orman yanginlarinin neden oldugu gesitli kirleticilerin emisyonlar1 degerlendirilmistir. Bu
amacla, Akdeniz ormanlarinin Sentinel-2 uydusu tarafindan iiretilen farkli bantlardaki yangin dncesi ve
sonrasi goriintiileri islenmistir. Yapilan cografi bilgi sistemleri (CBS) analizleriyle, bu uydu goriintiileri
kullanilarak Normallestirilmis Yanma Orani farki (ANBR) hesaplanmis ve zarar géren ormanlardaki
yanma miktarlar ve siddetleri USGS tarafindan 6nerilen 6lgege gore tespit edilmistir. CBS analizleriyle
elde edilen veriler, tim yanginlarda olusan ¢esitli kirletici emisyonlarma ait kirlilik yiiklerinin
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belirlenmesinde kullanilmistir. Kirlilik yiikleri, EMEP/EEA Tier 2 (teknolojiye 6zel yaklasim) yontemi
ile hesaplanmistir. Calisma sonucunda, en fazla yanan alan Manavgat (Antalya) civarindaki ormanlarda
elde edilirken, il bazl1 yanan ormanlik alanlar sirastyla Mugla, Antalya ve Icel i¢in 52291 ha, 66211 ha
ve 13642 ha olarak hesaplanmistir. Emisyon sonuglar1 ayrica Avrupa Orta Vadeli Hava Tahminleri
Merkezi (ECMWF) tarafindan olusturulan Kiiresel Yangin Asimilasyon Sistemi (GFAS) tarafindan elde
edilen emisyon akilari ile karsilastirilmistir.

Anahtar Kelimeler: Orman yangini1 emisyonlari, Sentinel-2, ECMWF, GFAS, Dogu Akdeniz.
INTRODUCTION

It is expected that authors will submit carefully written and proofread material. Careful checking for
spelling and grammatical errors should be performed. The number of pages in the paper should not
exceed 10. Wildfires are destructive to flora and fauna of the fire regions and cause air pollution by
releasing dangerous gases and aerosols. Many studies demonstrated that wildfires impacted atmospheric
chemistry and air quality (MacCracken et al., 1986; UCAR, 1986; Penner et al., 1991; Luterbacher et
al., 2004; Stohl et al., 2007). Biomass combustion in the forest typically initiates with an ignition and
proceeds through sequential series of flaming, smouldering and extinction, which comprise different
chemical processes leading to varying emission products (Urbanski et al., 2008). In addition, large
amounts of carbonaceous materials are burnt during various stages of fire, which are chemically
transformed, volatilized and injected into the atmosphere (Lazaridis et al., 2008).

The diversity of emitted pollutants from a wildfire is mainly associated with the type and composition
of the forest, oxygen supply to the fire, combustion temperature of the fire, moisture content of the fuel,
terrain conditions, occurrence of minor elements in the vegetation, and physicochemical process during
combustion (Andreae and Merlet, 2001; Koppmann et al., 2005). The emitted mixture of gases includes
mainly greenhouse gases (GHG) such as carbon dioxide (CO,), methane (CH4), nitrous oxide (N,O),
and chemically active gases, such as carbon monoxide (CO), oxides of nitrogen (NOx=NO+NO) and
non-methane volatile organic compounds (NMVOCs). This gas composition impacts local and regional
air quality (Lazaridis et al., 2008; Kaiser et al., 2012; Kumar et al., 2019).

According to the European Forest Fire Information System (EFFIS), more than 200,000 hectares were
burned in Turkey due to wildfires in 2021 (EFFIS, 2021). This is the highest value for Turkey since
EFFIS started reporting the estimated burned areas since 2008. The most significant ones of these fires
occurred between July 15 and August 15 in several isolated locations on the Mediterranean coasts of
Turkey. Massive amounts of biomass comprised of forests, agricultural areas, scrubland, etc., were
destroyed, and many wildlife animals have lost their habitat.

In this study, air pollution emissions from these wildfires were analyzed by remote sensing methods.
For this purpose, burn severities and amounts of burned areas resulting from the wildfires were
determined by processing Sentinel-2 satellite products. Afterwards, the emission amounts were
calculated with the model proposed by EMEP/EEA (2019). To provide accurate estimates of the fluxes
of aerosol, reactive gas and greenhouse gas emissions to the atmosphere, European Centre for Medium-
Range Weather Forecasts (ECMWF) developed the Global Fire Assimilation System (GFAS) from
satellite-based fire radiative power (FRP) product. In this study, GFASv1.0 was used to compare the
calculated emissions with the new insight developed with Sentinel-2 satellite products and EMEP/EEA
model during the fires of July—August 2021 in Turkey. As GFASv1.0 product is an update to the
emission factor compilation by Andreaec and Merlet (2001), the methodology implemented herein is
proposed as the most up-to-date procedure to assess emissions originating from wildfires.

METHODOLOGY
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Detection of the Fire Zones in Study Area

As the first step of the analysis, the burned areas were detected manually, analyzing the false-color
(RGB=M11, 12, I1) images from Suomi NPP / VIIRS satellite. Further, detected regions were validated
with fire and thermal anomalies data from Suomi NPP/VIIRS, and polygons of fire zones were estimated
and plotted in ArcGIS v10.6 platform. Accordingly, a total of 18 large/small polygons within the borders
of 6 different provinces (Antalya, Aydin, Burdur, Isparta, icel, Mugla) were determined (Figure 1).

Figure 3. Detected fire zones

dNBR Analysis with Sentinel-2 Satellite Products

In this study, the emissions of various pollutants caused by forest fires in the Mediterranean region
between July 15,2021, and August 15, 2021 were investigated. Thus, as the second step of the analysis,
pre-fire and post-fire images of the Mediterranean forests in different bands obtained by the Sentinel-2
satellite were processed. Sentinel-2 is an Earth observation mission from the Copernicus Program that
systematically acquires optical imagery at high spatial resolution (10 m to 60 m) over land and coastal
waters (ESA, 2021). The mission is currently a constellation with two satellites, Sentinel-2A and
Sentinel-2B; and a third satellite, Sentinel-2C, is currently undergoing testing in preparation for launch
in 2024. Within the image analysis of fire sites, we obtained 14 Sentinel 2A images (7 pre-fire, 7 post-
fire) with 20 m x 20 m spatial resolution. Cloud free days were selected for the analysis.

The third step of the analysis included the calculation of the Normalized Burn Ratio (NBR) and the
assessment of Delta Normalized Burn Ratio (INBR) values through the analysis of satellite images with
ArcGISv10.6 platform. The Normalized Burn Ratio (NBR) is an index designed to highlight burnt areas
in large fire zones. It is estimated with near-infrared (NIR) and shortwave infrared (SWIR) wavelengths
as follows:

NIR — SWIR )

NBR = VTR T swir

The difference between the pre-fire and post-fire NBR obtained from the images is used to calculate
dNBR, which can then be used to estimate the burn severity:

dANBR = NBRprefire = NBRpostsire @

Burn amount and burn intensity in the damaged forests were determined by using the scale suggested
by the USGS (United Nations, 2021).

Estimation of Emissions
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Figure captions and table headings should be sufficient to explain the figure or table without needing to
refer to the ext. Figures and tables not cited in the text should not be presented. The following is an
example for Table 1. After burn severity and burned areas were estimated, emissions were calculated
for six different pollutants (NOx, CO, SOx, TSP, PM, s and BC). The biomass combustion model (Seiler
and Crutzen, 1980) recommended by the EMEP/EEA (2019) was used. In this model, emitted dry matter
mass (M) is estimated with the following equation:

M=A=+*B=x*a=x*f 3)

where A is burned biomass area, B is burned biomass amount, a is a fraction of above-average above-
ground biomass, and B is burning efficiency (fraction burnt) of the above-ground biomass. B, a, 3 values
vary according to land use. Accordingly, the most recent Copernicus 2018 land cover (CLC) data with
100mx100m spatial resolution was used to analyze the land cover of fire zones. The land cover rate of
the selected biomass types in the estimation areas was calculated as 97%. The rest of the region
represented different land cover classes such as mining areas and beaches. CLC consists of 44 different
classes and 22 of which produce biomass. In this study, these 22 classes were regrouped according to
categories provided in EMEP/EEA (2019), and finally, five classes were obtained. The B and a values
used for each class are shown in Table 1.

Table 2. Burned biomass amount and fraction of above-average above-ground biomass for different
land use data (EMEP/EEA, 2019)

Temperate | Mediterranean | Mixed Serubland Grassland
Forest Forest Forest (Steppe)
B (kg/m?) 35 15 20 7.5 2
o 0.75 0.75 0.75 0.64 0.35

B values for each burn severity level were also derived from the EMEP/EEA (2019). EMEP/EEA (2019)
suggested a burning efficiency of 0.20, 0.25, 0.50 and 0.50 for temperate forests, Mediterranean forests,
scrubland and grassland, respectively (Table 2). Weighted averages based on burn severities were then
calculated as 0.25 and 0.52 for forests and scrubland, respectively.

Table 2. Burning efficiencies for different burn severities

Burn severity Burn Efficiencies ()
Forests [Scrubland and Grassland
Low 0.05 0.25
Moderate-Low 0.20 0.50
Moderate-High 0.30 0.75
High 0.50 1.00
Weighted Average | 0.25 0.52

Emissions were calculated for each pollutant with the conversion factors (CF) recommended by the
EMEP/EEA (2019) (Table 3). For particulates, conversion factors can be directly used to estimate
emissions; however, emitted carbon mass, M(C), is required for gases. Hence, the carbon mass was
calculated with the following equation:

M(C) = 0.45*M 4)

Table 3. Conversion factors for each pollutant

Pollutant ‘ CF ‘ Unit Reference

136



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

NO« 8 g X/kg C emitted Andreae (1991)
CcO 230 g X/kg C emitted Andreae (1991)
SO« 1.6 g X/kg C emitted Andreae (1991)
TSP 17 g/kg wood burned EPA (1996)
PM; s 9 g/kg wood burned EPA (1996)
BC 9 % of PM2.5 EPA (2012)
Analysis of GFAS data

GFAS is an offline analysis system of Copernicus Atmospheric Monitoring Services, which is operated
by ECMWF. GFAS has been widely used to estimate accurate biomass burn emissions, atmospheric
compositions, climate monitoring and forecasting (Kaiser et al., 2012; Kumar et al., 2019). FRP is
chosen for the derivation for the fire estimates since it is approximately proportional to the chemical
energy released by the fires. In this regard, it is quantitatively associated with biomass combustion and
aerosol emission rates (Ichoku and Kaufman, 2005). GFAS converts the combustion rate of dry matter
using land-use-dependent conversion factors into emission estimates of 44 smoke constituents (Andela
et al., 2013). GFAS relies on static emission factors based on the arithmetic means obtained from field
measurements. Biomass-averaged emission factors (EFs), compiled by Andreae and Merlet (2001) and
updated by Kaiser et al. (2012) were derived from measurements of fires in tropical forest savannas and
grasslands, extratropical forests, tropical peats and agricultural areas.

The latest version (GFASv1.0) estimates the fire emissions by assimilating the FRP observations from
the Moderate Imaging Spectroradiometer (MODIS) instruments onboard the Aqua and Terra satellites
(Kaiser et al., 2009; Kaiser et al., 2012). The merged FRP and their products can be obtained from http://
apps. ecmwf.int/datasets/data/cams-gfas/ with a spatial resolution of 0.1°x0.1°. Emission fluxes for each
fire zone were estimated with GFAS data, and emissions from GFAS and estimated emissions with the
methodology developed herein were compared.

RESULTS AND DISCUSSIONS

Burned Area and Burn Severity Estimations Comparisons

The severity of burn and the amount of burned areas were determined with Sentinel-2 images to
determine air pollution caused by wildfires that occurred between July 15 and August 15, 2021. From
the analysis of 18 different fire zones shown in Figure 1, it was demonstrated the most significant
destruction was observed in the Manavgat (ID 3603) area. It was followed by Milas — Oren (ID 3508),
Alanya (ID 3604), Kavaklidere (ID 3503), Marmaris (ID 3510), and Aydincik (ID 3606) when the total
area burned was considered (Figure 2, Table 4).

Figure 2. Burning severities in Western (UTM35) and Middle Mediterranean (UTM36) regions of Turkey
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It was estimated that a total of 136709 ha in 18 fire zones was burned at different levels, and
approximately 40% of the burned area had high and moderate-high severity. Further, EFFIS calculated
the total burned area as 144871 ha, and polygon-based comparisons with EFFIS indicated that consistent
results were obtained in almost all polygons. Only, EFFIS results were slightly overestimated in
Koycegiz (ID 3509) area (Table 4).

Table 4. Comparison results of burned area (ha) in different severity with EFFIS

. Total Area
Burn Severity
ID | Province District Burned
Moderate | Moderate . This
Unburned | Low Low High High Study EFFIS
3501 | Aydm | Karacasu- 1250 410 181 169 124 | 884 | 672
Bozbogan
3502 | Aydm | &1 2010 802 466 363 256 | 1887 | 2135
Yatagan
3503 | Mugla | Kavakhdere | 10637 | 3921 | 3223 3312 3758 | 14214 | 15322
3504 | Mugla | Mentese 517 148 84 57 8 297 274
< Milas -
3505 | Mugla | v | 298 77 41 100 21 239 190
3506 | Mugla ggﬁmm' 427 308 148 120 3 578 360
3507 | Mugla | Bodrum- 167 23 54 60 8 145 137
Dogu
< Milas -
3508 | Mugla | o5 7939 | 3378 | 3383 4954 5038 | 16753 | 16157
3509 | Mugla | Koycegiz 7685 3924 | 2186 1203 619 | 7933 | 10366
3510 | Mugla | Marmaris 4984 | 3432 | 3008 2782 2332 | 11553 | 11548
3511 | Mugla | Lethive- 759 181 172 159 68 580 | 492
Seydikemer
3601 | Isparta Siitgtiler 1737 624 277 174 81 1156 1256
3602 | Burdur | Bucak 503 228 213 128 68 637 609
3603 | Antalya | Manavgat 28441 17202 13653 10828 9871 51554 | 54769
3604 | Antalya | Alanya 11303 | 6878 | 4012 2156 1386 | 14432 | 15910
3605 | Antalya | Gazipasa 307 126 47 28 24 225 266
3606 | icel Aydincik 4207 | 3992 | 3047 1718 284 | 9041 | 10205
3607 | igel Silifke 3784 | 2567 | 1428 511 95 | 4601 | 4203
Total 86955 | 48221 | 35623 28822 | 24044 | 136709 | 144871
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Emission Estimations and Comparisons

Reasonably good agreements were found for the emissions of all pollutants between the results of GFAS
and the values calculated with the approach proposed in this study (Table 5, Figure 3). Only minor
differences were observed for TSP and CO, which can be considered negligible. The results revealed
good estimates for NOy, CO, and PM, s and were found to be slightly lower than GFAS values. On the
contrary, SOx and TSP were calculated to be slightly higher than GFAS values. In addition, BC results
were found to be almost the same (Figure 3). This reasonably good agreement with GFAS values
underlines the robustness of the FRP-based approach compared with burned area approach despite the
different land cover classes and data sources.

CO and NOx are critical emissions during a forest fire. The emissions of CO are highest during the
smoldering phase of combustion, while NOx (mostly NO,) emissions occur mainly during the flame
stage of combustion (Kumar et al., 2019). We estimated that an average of 395000 tons of CO and 13500
tons of NOx were released during the observation period. Different types of biomass sources partitioned
into the forest, fuelwood, and other residues are the main contributors of CO and NOx during burning
(Kumar et al., 2019). Forest fires are also an important source of SOy emissions. Approximately 2600
tons of SOy were released from the analyzed forest fires over the burned area. The total contribution of
these fires to the TSP, PM» s and BC emissions over the burnt regions reached approximately 60000,
33000, and 3000 tons, respectively.

Total Emissions (ton)

sc IR

PM2.5

m GFAS
M This Study

TSP
SOx
CO (x10)

NOx

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000

Figure 3. Estimated total emissions

The estimated emissions with the methodology proposed in this study were divided by the GFAS
estimations to calculate the emission ratios. The emission ratios were calculated for each fire zone and
pollutant. If the emission ratio is greater than 1, the proposed methodology produced higher emissions
than GFAS, or if it is smaller than 1, the method produced lower emissions than GFAS. Accordingly, it
can be seen that, in all fire zones, the emission ratios were close to 1 representing very similar results in
both techniques. The best relations were detected in Kavakhidere, Kdycegiz, Alanya, Manavgat and
Aydincik regions. In Kavaklidere (ID 3503), where the emission ratios were calculated between 0.94 -
1.40. Similarly, very close values were determined in Kdycegiz (ID 3509), and emission ratios ranged
between 0.75 and 0.89. Moreover, quite good relations were observed for all pollutants in Alanya (ID
3604), and the ratios ranged between 0.88 and 1.04. GFAS calculations are higher for all pollutants in
Manavgat (ID 3603), and the emission ratios were calculated between 0.81-0.97. On the other hand,
GFAS calculations were lower for all pollutants in Aydincik (ID 3606), and the ratios were found
between 1.05 and 1.24. Relatively poor agreements were found in Marmaris (ID 3510), and emission
ratios were estimated to vary between 1.46 - 1.74. In Silifke (ID 3607), GFAS produced slightly higher
results ranging between 0.54 and 0.64.
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Table 5. Emission results for each fire zones

NOx CO SO« TSP PM:s BC
ID This This This This This | GFAS | This | GFAS
Study GFAS Study GFAS Study GFAS Study GFAS Study Study
3501 78 31 2246 908 16 5 369 126 195 73 18 7
3502 | 164 71 4709 2204 33 21 773 368 409 268 37 12
3503 | 1593 1346 | 45800 | 40518 319 325 7523 | 6284 | 3983 | 4235 358 253
3504 23 5 647 159 5 1 106 22 56 13 5 1
3505 24 2 682 52 5 0 112 7 59 4 5 0
3506 8 13 217 381 2 2 36 53 19 30 2 3
3507 15 1 424 32 3 0 70 4 37 2 3 0
3508 | 2181 1821 62703 | 52732 436 317 110299 | 7305 | 5452 | 4248 491 396
3509 | 575 765 16543 | 22140 115 132 2717 | 3061 1439 | 1778 129 166
3510 | 1216 825 34951 | 23883 243 143 5741 | 3302 | 3039 | 1916 274 180
3511 56 123 1601 3580 11 21 263 494 139 287 13 27
3601 92 263 2643 7615 18 46 434 1054 230 611 21 57
3602 82 204 2349 5903 16 35 386 817 204 474 18 44
3603 | 5047 | 6111 | 145112 | 178645 | 1009 | 1056 | 23835 | 24697 | 12618 | 14406 | 1136 | 1325
3604 | 1090 | 1232 | 31349 | 35659 218 213 5149 | 4938 | 2726 | 2866 245 268
3605 17 10 475 290 3 2 78 40 41 24 4 2
3606 | 639 607 18379 | 17568 128 105 3019 | 2431 1598 | 1410 144 132
3607 | 295 546 8493 15808 59 95 1395 | 2187 739 1269 66 119
Total | 13195 | 13976 | 379323 | 408077 | 2639 | 2519 | 62305 | 57190 | 32983 | 33914 | 2969 | 2992
CONCLUSIONS

The complex mixture of gases and particles formed during forest fires directly or indirectly changes the
atmospheric compositions and regional climate conditions. In the present study, emissions of trace gases
(CO, NOx, SOy) and particles (BC, PMjo, and TSP) have been investigated using a new methodology
that utilizes Sentinel-2 satellite product using EMEP/EEA emission model and GFAS assimilation data
from ECMWF during the wildfires of July-August 2021 over southern parts of Turkey. It was one of
the most devastating forest fires in Turkey's history. The most extensive destruction was observed in the
Manavgat area. It was followed by Milas — Oren, Kavaklidere, Alanya, Marmaris and Aydincik
considering the total area burned. On the other hand, high burn severity rankings gave different results
than the total area burned. This indicates that the area burned alone is not sufficient as an evaluation
criterion.

In the areal comparisons, very concordant results were found. Thus, Sentinel-2 based analysis could be
a reliable tool for determining burned areas due to the consideration of burned severity with a high
spatial resolution. In emission estimations, particularly in gases, significant agreements were identified.
The methodology presented in this study was found to be rationally reliable. It can be applied and
verified in different fires in other parts of the world. As further work, the emission calculated in this
study can effectively be used as accurate spatio-temporal source terms for short and medium-range
atmospheric transport models to simulate the atmospheric dispersion of wildfire-origined contaminants.
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ABSTRACT

The flood occurred on August 10-11, 2021 in Bartin, Kastamonu and Sinop in the Western Black Sea
Region caused the death of 82 of our citizens. The precipitation amount of 302.4 mm is the record of
last 66 years. In this study, the meteorological conditions for this extreme precipitation is analyzed by
using satellite and radar images, synoptic maps and Skew-T Log-P diagram. According to the
preliminary results, the low pressure system located in the South of Central Black Sea and its troughs
gained more water vapor by their cyclonic motion. The unstable atmospheric conditions and
convergence increased the capacity of the air to hold the water vapour. The orographing lifting after
reaching to the land, the increased unstability of the system caused heavy rain and thunderstorm.

Keywords: Kastamonu, Bozkurt, flood, satellite, radar.

10-11 Agustos 2021 Tarihlerinde Bartin, Kastamonu ve Sinop’ta Meydana Gelen Sel
Hadiselerinin Meteorolojik Analizi

OZET

Bati Karadeniz Bolgesi’nde bulunan Bartin, Kastamonu ve Sinop illerinde 10-11 Agustos 2021
Tarihlerinde meydana gelen sel hadiseleri sonucu 82 vatandasimiz hayatini kaybetmistir. Bu ii¢ ilimiz
icin son 68 yillik periyodun en yiiksek giinliik toplam yagis degeri olan 302.4 mm yagis kaydedilmistir.
Bu ¢alismada bu ektrem yagis degerine neden olan meteorolojik kosullar analiz edilmistir. Analizlerde
uydu, radar, sinoptik haritalar ve Skew-T Log-P diagrami kullanilmistir. Elde edilen ilk sonuglara gére
Orta Karadeniz’in giineyine merkezlenmis algcak basing sistemi ve buna bagh troflar, bolge iizerinde
siklonik doniis yaparak denizden aldiklari nem miktarint artirmistir. Kararsiz atmosfer durumu ve
konverjans alani nedeniyle sistemin tutabildigi nem miktar1 daha da artmistir. Sistemin karayla bulusup
orografik olarak yiikselmesi sonucu, kararsizligi daha da artarak, siddetli saganak ve gok giiriiltiilii
saganak yagislara neden olmustur.

Anahtar Kelimeler: Kastamonu, Bozkurt, sel, uydu, radar.
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Digitizing the Burned-Out Areas in the 2021 Antalya Wildfire with Remote Sensing
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ABSTRACT

Wildfires pose a deadly threat to human health, living things, and ecosystems due to the climate crisis
in Mediterranean countries in semi-arid geography, including Turkey. On the other hand, the frequency,
duration, and severity of heat waves may increase due to the climate crisis in Turkey. Heatwaves are
atmospheric events that prepare the environment suitable for forest fires. During the heatwave between
July 28 and August 3, 2021, 154 forest fires coincided in 38 provinces. The Antalya fire started in
Manavgat on July 28 and lasted for ten days. It has affected five districts and 59 neighborhoods in total.
The study aims to determine the burned-out areas in the Antalya wildfire, which continued between July
28 and August 6, 2021. MODIS data from Aqua and Terra satellites were used to process burned-out
areas and detect fire source locations. MOD14 product of MODIS with 1 km spatial resolution Level-2
data is utilized for the analyses. Results show that 3199 locations are determined as fire source locations
based on MODIS data, the total burned area in the Antalya wildfire is 57443 hectares.

Keywords: Wildfire, MODIS, Antalya wildfire 2021.

INTRODUCTION

The climate is one of the essential factors that alter the environment. According to the IPCC's Fourth
Assessment Report, the overall temperature increase will be 1°C-2°C in the Mediterranean Region. As
a result of this temperature change, drought occurrences may increase in large areas; heatwaves will be
seen more frequently, especially in the interior areas (Ministry of Environment and Urbanisation, 2012).
Globally adverse effects of climate change can be observed easily. As this issue becomes an essential
part of our lives, more research is needed to understand the dynamics of climate change. One of the
adverse and indirect effects of climate change is increased forest fires. Apart from that, the origin of the
forest fires may be anthropogenic. According to the General Directorate of Forestry, 13853 fires were
observed between 2016 and 2020, and 59,069 hectares of land were affected (2021). In addition, 89%
of these fires were caused by human activities, while 11% were caused by lightning. Forest areas in
Turkey are 30% of the total area, corresponding to 23 million hectares. Generally, the forest's existence
is more intense in the coastal areas of Turkey. When we examine the study area, 56% of Antalya consists
of forest areas.

Turkey is located in the Mediterranean climate zone. Due to its geographical location, most of the forests
fall into forest fire risk areas; this rate covers 60% of the total forest area in Turkey (Ministry of
Environment and Urbanization, 2012). With the fire risk map, it will be easier to evaluate forest fires
and decide on solution methods. It is crucial to prepare a forest fire risk map according to the leading
causes of these fires for all regions for planning. Forest fire risk maps define regions suitable for fire
formation and can be spread easily to another area. For this purpose, extinguishing and monitoring forest
fires; should be done right, early, and quickly. In order to extinguish fires with minor damage and
prepare an operative fire management plan, it is necessary to understand and forecast the dynamic
behavior of fire and the factors that affect fire formation (Dilek¢i & Atesoglu, 2021).
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Geographical parameters play an essential role in the spread of forest fire. As Ozsahin stated, factors
affecting forest fire risk can be classified as vegetation, elevation, slope, aspect, land use, distance to
settlement, and road lines (2014). As it is known, vegetation is one of the most critical factors that
determine the starting point and fire behavior of forest fires (Erten et al., 2005; Van de Water & Safford,
2011). Vegetation constitutes forest fire fuel, so the word fuel is generally used instead of vegetation in
the literature. The density of the plant species and the mixture of these are the significant factors
affecting the development of forest fire. Different plants react differently to fire. This difference can be
shaped according to the water demands of the plants. Plants with low water demand are more sensitive
to fire than those with high water demands (Karabulut, Karakog, Giirbiiz, & Kizilelma, 2013).

When we examine the study area, in Antalya wildfire, vegetation mainly consists of red pines. The
conifers of the trees caused the fire to spread faster and over a larger area. Therefore, the fuel of the case
study was red pines. Generally, red pine trees were found at lower altitudes, while black pines were
found at higher altitudes in Manavgat.

As mentioned above, climate change causes an increase in the number of heatwaves are atmospheric
events that prepare the environment suitable for forest fires to occur. For this reason, the increase in
heatwaves will also cause an increase in forest fires. In July this year, Turkey struggled with fires that
could not be extinguished for a long time in more than one place, Antalya. The Antalya fire started in
Manavgat on July 28 and lasted for ten days. It has affected five districts and 59 neighborhoods in total.
Figure 1 is a product of NASA's Fire Information and Resource Management system, called "FIRMS,"
monitoring fires worldwide using satellites. The areas where the fire started can be detected easily from
the figure. Looking at the meteorological conditions in Manavgat, it can be observed that the temperature
was 33 °C, the humidity was %13, and the wind speed was 10 m/s, which provides suitable conditions
for fire. The fire started at four different points in Manavgat on Wednesday, July 28, at noon in Yenikdy,
Sarilar, Bahgelievler, and Sorgun regions. There was a progression towards the northwest and northeast
on a second day. On the fifth day, the fire spread to the north. Overall, it can be said that the fire started
in the coastal areas and spread to the inner regions, to the north (Figure 2). From news sources, the
burned area was around 50-60 hectares. The burned areas seen in Figure 2 were calculated by digitizing
with appropriate methods.

This study evaluates burned areas in the Antalya wildfire, which occurred between July 28 and August
6, 2021. MODIS data from Aqua and Terra satellites were used to process burned-out areas and detect
fire source locations. After the digitizations were made, the burned area was calculated, and the direction
of the fire was shown. MOD14 product of MODIS with 1 km spatial resolution Level-2 data is utilized
for the analyses.

ol

Figure 1. Satellite image of Manavgat wildfire from FIRMS (Web-1).
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DATA

MCDI14DL thermal anomalies, fire locations product collected by Aqua and Terra platforms of
Moderate Resolution Imaging Spectroradiometer (MODIS) instrument distributed by LANCE FIRMS
has been used to compare temperatures between measurements remote sensing data during fire days.
This product is the product to identify thermal anomalies and active fire areas with a resolution of 1 km.
After this product is downloaded for Turkey, the associated days and regions are visualized with the
help of QGIS. The shapefile of this product contains latitude, longitude, brightness temperatures from
Channel 21/22 and Channel 31, confidence, satellite type, and acquisition type (Web-3).

MODIS Burned Area product MCD64A1 has been used for digitizing and calculating burned areas in
Manavgat. MCD64A1 monthly, gridded 500 m data in HDF-EOS format obtained for Manavgat for
July and August 2021. This product combines MODIS imageries with 500 meters resolution and
MODIS active fire observations with 1-km resolution. It applies an algorithm using Vegetation Index
(VD) by surface reflectance values from the fifth and seventh channels (p5 ve p7, respectively) of MODIS
as in Equation 1 (Giglio et al., 2020).

_ pP5-p7 )
- p5+ p7

HDF-EOS formatted product has been converted to Geo-TIFF formatted file to detect burned cells and
total area in QGIS (Giglio et al., 2020). The final map, which includes burned areas cumulatively,
distinguishes between burned and unburned areas. The product has information on burn date in Julien
Day format, burn date uncertainty, quality assurance, and first and last days for each pixel.

ERA-5 Land hourly reanalysis wind dataset used to investigate connection with wind direction fire
propagation. Reanalysis datasets were utilized because the nearest in-situ observation was away from
the burned area. A new continuous and consistent assimilated data set is created for this data set by
combining the measurement data and derived from model outputs. A gridded wind dataset for Antalya
is obtained with a resolution of 9-km in GRIB format. Eastward and northward wind components at 10
m were visualized with QGIS to determine whether they had a significant impact on the spread of the
fire (Web-4).

METHODS

Firstly, the region's data to be studied is added to the QGIS program. The data set was used for the forest
fire between 28 July and 5 August in the Manavgat district of Antalya province of Turkey. The primary
information is latitude, longitude, brightness temperature (from channels 21/22 and 31), confidence
value, and date information. The data resolution is 1 km. With this data set, two gifs were created
showing the spread of the fire according to MODIS. One of these gifs shows the 21/22 channel
brightness temperatures, and the other shows the 31st channel brightness temperatures. After adding the
data set, OSM Standard Map and provincial and district borders were also added. Confidence values
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from 0-100 are available in the data for each point to assist the user in determining the data accuracy of
the lit area pixels. Points with a confidence value of 50 and above were used. The individual images of
each day were recorded and turned into gifs in the correct order. Before the image was saved, the legend
was also added, and only the layers on the map were written. The brightness temperatures from the
21/22 and 31st channels, which correspond to the fire dates, were examined separately. The 21st and
22nd channel brightness temperatures, which have the same band gaps, are included in the data set as a
single variable. This value was compared with the brightness temperature value obtained from the 31st

channel.

Figure 3. Brightness temperatures from Channel 31, MODIS from 29 July to 4 August
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Figure 4. Brightness temperatures from Channel 21/22, MODIS from 29 July to 4 August

MCD64A1 product is used in order to calculate the total burned area. The data is in HDF-EOS format,
which is not easy to manipulate. Thus, HDF-EOS to GeoTIFF was converted using “Hdf-Eos to GIS
Conversion Tool (HEG).” Only “Burn Date” was selected from the variables since that is enough to
calculate burned area (Figure 5).
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Figure 5. Converting the data from HDF-EOS to GeoTIFF format using HEG tool
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The GeoTIFF files were added to QGIS as a raster. Files corresponding to July and August were
processed separately. Only the values corresponding to fire dates were selected, and the color palette
was changed to visualize the burned area (Figure 6). The “Clip Raster by Extent” tool is used to separate
Manavgat and Gilindogmus districts into different layers. The same analyses are performed on these
layers, respectively. Since the same pixels might be included in the data for different dates, an error will
occur if the burned areas for each date are summed directly. This approach is incorrect since the same
area will be counted as burned more than once. “GRASS r.reclass” tool was used, and the value “1”” was
assigned to every date of interest (Figure 7) to overcome this problem.
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Figure 6. Visualizing the burned area Figure 7. Using GRASS Raster Reclass Tool

Conversion from raster format to vector format is convenient since the calculation is more
straightforward when dealing with polygons. Each raster layer is converted into polygons using the
“Raster Pixels to Polygons” tool. Layers corresponding to months and districts are merged to obtain the
total burned area (Figure 8). The projection was chosen WGS 84 / UTM ZONE 36N since it successfully
represents the area around Antalya.
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Figure 8. Merged vector of total burned area  Figure 9. Calculation of burned area using “Field
Calculator” tool

Finally, the unit for area measurement was chosen as “hectares” on QGIS. The “Field Calculator” was
used by choosing the “$area” expression in order to calculate the area of each cell (Figure 9). Then the
value was multiplied by the number of cells to obtain the total burned area as hectares. Results are given
in Section 4.
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RESULTS

This study qualitatively calculated the areas burned in the Manavgat forest fire on July 28, 2021. For
this purpose, the fire points product obtained from the MODIS sensor in Aqua and Terra satellites was
analyzed using QGIS. The total area burned in Antalya was calculated as 57443 hectares which agrees
with the approximate value obtained from the news. The area burned in Manavgat and Gilindogmus were
calculated as 48637 and 8806 ha, respectively. The slight difference between these figures can be seen
northwest of Manavgat since the fire continued for six more days after the satellite image was taken. In
addition, the image of the burning areas digitized and visualized using QGIS matches with the satellite
image of Landsat-8 almost perfectly, as can be seen in Figure 7.

AKDENIzZ

Landsat-8 OLI (31 Temmuz 2021)

Figure 10. Satellite image of Landsat-8 (left)(Web-5) and digitized map of burned area in
Antalya (right).

When the brightness temperatures measured in the MODIS sensor of the fire day and
measurements are compared, it can be said that the brightness temperature of the 31st channel of MODIS
is closer to the measurements than the 21st and 22nd channels (Figures 3 and 4).

Using the MODIS sensor, it is possible to detect the direction of fire propagation. The fire day's
wind data and the fire's spread direction obtained from the satellite were evaluated together. As a result,
the fire created its local atmospheric conditions, and its propagation direction differed from the
mesoscale circulation pattern of those days, depending on local effects. These details need to be taken
into account for an accurate assessment of fire propagation (Figure 8).
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Figure 11. 10-meter wind vectors and propagation of fire at Manavgat.
CONCLUSION

A fire is a process of combustion, in other words, a chemical reaction that occurs between oxygen in the
air and a combustible such as wood, paper, rubber, and plastic. Forest fires are one of the significant
kinds of fires that appear due to atmospheric occurrences such as heatwaves worldwide, including in
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Turkey. In 2021, 154 forest fires coincided in 38 provinces in Turkey during a heatwave between July
28 and August 3. The fire in Antalya started in Manavgat on July 28, and it lasted for ten days. The
dominant forest species are Turkish pine and black pine in Manavgat, Antalya, located on the
Mediterranean side of Turkey. Black pines are present in higher altitudes, while Turkish pines are
located at lower altitudes of Manavgat. If Turkey’s fire statistic is examined, it can be observed that the
peak value of forest fire is reached in 2020 (OGM, 2020). This situation leads to doing a detail analyzing
of forest fires in Turkey. This study uses MCD14L and MCD64A1 products of Moderate Resolution
Imaging Spectroradiometer (MODIS) with 1 km spatial resolution Level-2 data obtained from Aqua and
Terra satellites utilized to research the effects of meteorologic parameters and atmospheric conditions
on the forest fire in Antalya through QGIS. This study shows that 3199 locations are established as fire
source locations based on MODIS data, and a better representation of brightness temperatures can be
achieved with the 31st channel. In total, 57443 hectares of the area were burned by the Antalya wildfire,
creating local atmospheric conditions and spreading unrelated to the upper atmospheric wind.
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ABSTRACT

Sea surface temperature is an important indicator of climate change. In this study, the long-term changes
of the seasonal lowest and highest sea surface temperatures at Finike, Alanya, and Anamur stations in
the Gulf of Antalya were examined. For these three stations, the Advanced Very High-Resolution
Radiometer data (AVHRR) provided by National Oceanic and Atmospheric Administration (NOAA)
was compared with the sea surface temperature measurement data obtained from the Turkish State
Meteorological Service (TSMS). The non-parametric Theil-Sen method was used to determine the long-
term change trend of sea surface temperatures and the Mann-Kendall Test was used to determine its
statistical significance. An upward trend of extreme sea surface temperatures has been identified at all
stations, both seasonal and annual values. The highest increase with statistical significance is
0.060 °Cl/year in the annual maximum of Alanya's minimum measurement data; the lowest increase was
achieved at the annual minimum of Alanya's maximum measurement data with 0.020 °C/year. The
highest statistically significant increase is seen in the minimum measurement data at Alanya station with
0.073 °Cl/year in autumn and the lowest increase is seen in Anamur minimum measurement data with
0.024 °C/year in summer. In both measurement and satellite datasets, the trend of the highest increase
compared to other seasons occurs in autumn. It was seen that the increase in sea surface temperatures in
autumn was the highest in Alanya station compared to other stations. In the Gulf of Antalya, it has
generally been determined that the increase in minimum sea surface temperatures is greater than the
maximum sea surface temperatures.

Keywords: Extreme sea surface temperature, long-term trend, the Gulf of Antalya, seasonal change.

Antalya Korfezi’ndeki Ekstrem Deniz Suyu Yiizey Sicakliklarinin Uzun Donemli
Degisiminin Mevsimsel incelenmesi

OZET

Deniz ylizey sicakliklart iklim degisikligi acisindan 6nemli bir gostergedir. Bu ¢aligmada, Antalya
Korfezi’'nde bulunan Finike, Alanya ve Anamur istasyonlarindaki mevsimsel en diigiik ve en yiiksek
deniz suyu yiizey sicakliklarinin uzun dénemli degisimleri incelenmistir. Bu {i¢ istasyon i¢in National
Oceanic and Atmospheric Administration (NOAA) tarafindan saglanan yiiksek ¢oziintirliklii
radyometre verileri (AVHRR) ile Meteoroloji Genel Miidiirliigi’nden (MGM) edinilen deniz suyu
sicakliklar1 Slglim verileri karsilastirilmistir. Deniz suyu yiizey sicakliklarinin uzun dénemli degisim
egiliminin belirlenmesinde parametrik olmayan Theil-Sen metodu, istatistiksel anlamliliginin
belirlenmesi i¢in ise Mann Kendall Testi kullanilmistir. Tiim istasyonlarda ekstrem deniz suyu ylizey
sicakliklarinin hem mevsimsel hem de yillik degerlerinde artis egilimi belirlenmistir. Istatistiksel
anlamhilig1 olan en biiyiik artis 0.060 °C/y1l ile Alanya’nin minimum &l¢iim verilerinin yillik
maksimumunda; en kiigiik artis ise 0.020 °C/y1l ile Alanya’nin maksimum 6l¢iim verilerinin yillik
minimumunda elde edilmistir. Istatistiksel en biiyiik anlaml1 artis sonbaharda 0.073 °C/yil ile Alanya
istasyonunda minimum &lgiim verilerinde, en diisiik artis ise yaz mevsiminde 0.024 °C/y1l ile Anamur
minimum Ol¢lim verilerinde goriilmektedir. Hem o6lglim verileri hem de uydu verilerinde diger
mevsimlere gore en fazla artis egilimi sonbahar mevsiminde gergeklesmektedir. Sonbahar mevsimi
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deniz suyu yiizey sicakliklarindaki artigin diger istasyonlara gore en fazla Alanya istasyonunda oldugu
goriilmiistiir. Antalya Korfezi’nde genellikle minimum deniz yiizeyi sicakliklarindaki artisin maksimum
deniz yiizeyi sicakliklarina gore daha fazla oldugu belirlenmistir.

Anahtar Kelimeler: Ekstrem deniz suyu ylizey sicaklii, uzun donemli egilim, Antalya Korfezi,
mevsimsel degisim.

GIRIS

Deniz suyu yiizey sicakliklar1 (DSYS) iklim degisikligi, denizcilik, osinografi, ekoloji, balik¢ilik, enerji
verimliligi vb. agilardan 6nemli parametrelerden biridir. Genel hidrolojik ¢evrim ve firtina gibi birgok
meteorolojik degisiklik ile ilgili olan bu parametre; denizler, okyanuslar ve atmosfer arasindaki iligkinin
belirlenmesinde kullanilmaktadir. Ayrica diger osinografik parametrelerin ve anomalilerinin
belirlenmesinde, gelecek donem tahmininde ve modellenmesinde kullanilmaktadir. DSY S nin degisimi
iklim degisikligi ile dogrudan iliskilidir. Ekstrem DSYS (EDSYS) ise ozellikle ekolojik dengenin
stirdiiriilebilmesi ve biyocesitliligin korunabilmesi bakimindan énem arz etmektedir.

The Intergovernmental Panel on Climate Change (IPCC) (2013)’te 19. yy.’nin sonlarmdan
itibaren diinyanin birlestirilmis kara ve deniz ylizey sicakliklarinin lineer olarak arttig1 belirtilmistir.
1880-2012 yillar1 arasinda ortalama 0,85 °C civarinda artis oldugu ifade edilmistir. Ayn1 raporda,
Ol¢limlerin 20. yy.’nin basindan itibaren deniz yiizey sicakliklarinda da artis goriildiigii belirtilmistir.
IPCC (2013)’te verilmis olan, 2012’ye kadar farkli zaman araliklar1 ve farkli veri setleri icin %90 giiven
araliginda elde edilmis olan kiiresel ortalama deniz suyu sicakliklarinin artis degerleri Tablo 1’de
verilmistir. Farkl veri setleri igin hazirlanmis olan bu tabloda; daha kisa zaman araliginda (1979-2012)
egilimler arasindaki farkin daha biiylik oldugu anlasilmaktadir. IPCC (2021)’de ise kiiresel ortalama
DSYS’nin 20. Yy.’nin bagindan itibaren 0,88 °C/10 y1l arttig1 ve 21. yy. siiresince de ekosistemi daha
da tehlikeye atarak artmaya devam edeceginin neredeyse kesin oldugu belirtilmistir.

Tablo 1. Kiiresel DSYS Degisimi (°C/10 y1l) (IPCC, 2013)

DATA 1880-2012 | 1901-2012 | 1901-1950 | 1951-2012 | 1979-2012
(Ray§:f£§185003) 0,042+0,007 | 0,052+0,007 | 0,067+0,024 | 0,064+0,015 | 0,072+0,024
COBE-SST
(Ishii vd. 2005) - 0,058+0,007 { 0.066+0.032 | 0,071+0,014 | 0,073+0,020
E.RSSTV% 0,054+0,015|0,071+0,011 | 0,097+0,05 | 0,088+0,017 | 0,105+0,031
(Smith vd. 2008)
HadSST3

0,054+0,012 | 0,067+0,013 | 0,117+0,028 | 0,074+0,027 | 0,124+0,030

(Kennedy vd. 2011)

Birgok arastirmaci Akdeniz ve Ege Denizi DSY S’nin uzun dénemli degisim egilimlerini analiz etmistir.
Gilinlimiize kadar yapilan bu ¢alismalardan baslicalar1 ve elde ettikleri egilim degerleri Tablo 2’de
Ozetlenmigtir. Farkli zaman araliklar1 ve veri setleri kullanilarak gerceklestirilmis olan bu ¢alismalarda
biitiin arastirmacilar Akdeniz ve Ege Denizi DSY S nin artis egilimi gosterdigini belirlemislerdir.

Bu ¢aligmada, Antalya Korfezi'nde EDSYS degisim egilimlerinin mevsimsel 6zelliklerinin ve veri
setine Ozgii farkliliklarin ortaya konulmasi amaciyla Finike, Alanya ve Anamur istasyonlarindaki en
disiik ve en yiiksek EDSY S’nin uzun dénemli degisimi incelenmigtir.
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Tablo 2. Akdeniz ve Ege Bolgesi i¢in Literatiirdeki Yillik DSYS Egilimleri (Saragoglu vd., 2021)

DSYS artis
Zaman Kullanmilan Veri degeri
Kaynak Aralhigi Calisma Alam Tabam (°C/y1l)
AVHRR-Pathfinder/
D’Ortenzio vd. (2000) 1985-1996 |Tiim Akdeniz MEDATLAS artis yok
Lelieveld vd. (2002) 1980-2000 [Tiim Akdeniz 0,03
Criado-Aldeanueva vd.
(2008) 1992-2005 [Tiim Akdeniz NOAA OI 0,061
Nykjaer (2009) 1985-2006 |Dogu Akdeniz AVHRR 0,05
Skliris vd. (2011) 1985-2008 |Ege AVHRR/ICOADS 0,045
Skliris vd. (2011) 1992-2008 |Ege AVHRR/ICOADS 0,055
Skliris vd. (2012) 1985-2008 [Tiim Akdeniz AVHRR/NOCS (V.2)| 0,037
Skliris vd. (2012) 1985-2008 |Dogu Akdeniz AVHRR/NOCS (V.2)| 0,042
Shaltout ve Omstedt (2014) |1982-2012 |Tiim Akdeniz AVHRR 0,035
Shaltout ve Omstedt (2014) |1982-2012 |Dogu Akdeniz AVHRR 0,042
GHRSST Level
Pastor vd. (2018) 1982-2016 [Tiim Akdeniz 4/AVHRR OI 0,036
Mohamed vd. (2019) 1993-2017 |Tiim Akdeniz AVHRR 0,036
Saracoglu vd. (2021) 1982-2020 |Ege ve Dogu Akdeniz AVHRR OISSTv2.1 0,039

YONTEM

Bu c¢alismada Optimal Interpolation Sea Surface Temperature (OISST-V2) uydu verileri ile MGM
Olgtim verileri kullanilmistir. Bu 6l¢iim siirecinin karigiklig1 sebebiyle, verilerin biiyiik kism1 yerinde
yapilan Ol¢iim verileri ile kalibre edilmektedir (IPCC, 2013). NOAA (National Oceanic and
Atmospheric Administration) tarafindan gelistirilen ‘gelistirilmis ¢ok yiiksek ¢oziiniirliiklii radyometre’
(AVHRR) bu amagla kullanilmaktadir. Bu 0.25°x0.25° ¢oziiniirliikteki veri seti uydulardan, gemilerden
ve samandiralardan alinan 6l¢iimlerin asimilasyonuyla elde edilmektedir. Bu ¢alismada, uydu verileri
olarak 1982-2020 tarihleri arasinda giinliik 6l¢iimlerden elde edilmis aylik deniz yiizey sicaklik degerleri
ile mevsimsel deniz yiizey sicaklik degerleri kullaniimistir.

Meteoroloji Genel Miidiirliigii (MGM)’den Antalya Korfezi icin belirlenen ii¢ istasyonda (Finike-
Alanya-Anamur) 1982-2020 tarihleri arasindaki giinliik deniz suyu sicakliklar1 6l¢iimlerinden elde
edilmis mevsimsel deniz suyu sicaklik degerleri kullanilmistir. Bu istasyonlarin konumlar1 Sekil 1°de
gosterilmistir.

Egilim analizi i¢in kullanilan istatistiksel yontemler parametrik ve parametrik olmayan yontemler olarak
smiflandirilmaktadir. Parametrik olmayan ydntemler; eksik verilerin oldugu zaman serileri ile de
kullanilabilmesi ve herhangi bir dagilima uygun olma zorunlulugu olmamasi nedeniyle daha ¢ok tercih
edilmektedir. Ozellikle hidrolojik ve meteorolojik calismalarda zaman serilerinin incelenmesinde
parametrik olmayan yontemlerden biri olan Theil-Sen metodu (Theil (1950) ve Sen (1968))
kullanilmaktadir. Bu yontem en kiiciik kareler yontemine alternatif olarak gelistirilmistir ve zaman
serilerindeki aykir1 degerlere karsi hassasiyeti az olan bir yontem oldugu igin siklikla tercih
edilmektedir. Literatiirde bu yontemin kullanildig1 birgok ¢alisma (Aydogan ve Ayat, 2018; Carpar vd.
2020, Saragoglu vd., 2021) mevcuttur. Bir diger parametrik olmayan Mann-Kendall Testi (Mann (1945)
ve Kendall (1970)) ile de istatistiksel olarak anlamlilik diizeyi belirlenmistir.
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Sekil 1. Calisma Alani: Antalya Korfezi DSYS 6l¢iim istasyonlarinin konumlari.
BULGULAR ve TARTISMA

Saragoglu vd. (2021) dikkate alinan ii¢ istasyon i¢in (Finike, Alanya, Anamur) DSYDS 6l¢iim verileri
ile uydu verileri arasinda iyi uyum oldugunu bildirmistir. Tiim istasyonlar i¢in iki veri setinin
karsilagtirilmas1 ve istatistiksel parametreleri Tablo 3’te verilmistir. Yillik ortalama, minimum ve
maksimum DSYS degerleri arasindaki en diisiik korelasyon katsayilar1 0.64, 0.58 ve 0.59 ile Anamur
istasyonunda goriilmektedir. En yiiksek korelasyon ise 0.83’ten daha biiyiik korelasyon katsayilari ile
Alanya istasyonun tespit edilmistir. RMSE’lerin 0.71°C’den daha kiiciik oldugu gériilmektedir. Iki veri
seti arasinda genellikle pozitif BIAS degerlerinin oldugu yani uydu verilerinin 6lgiim verilerinden daha
biiyiik oldugu anlagilmaktadir.

Yillik minimum veri setinin minimum degeri ve yillik maksimum veri setinin maksimum degeri olarak
belirlenmis olan ekstrem degerler Tablo 4’te verilmistir. En diisik DSYS ekstrem degerleri
incelendiginde Kis ve Sonbahar mevsimlerinde ii¢ istasyon i¢in de uydu verilerinin 6l¢iim verilerinden
biiyiik oldugu goriilmektedir. {lkbahar ve yaz mevsiminde ise Finike istasyonun dl¢iim verileri uydu
verilerinden biiylikken diger istasyonlarda yine uydu verilerinin daha biiyiikk oldugu goriilmektedir.
Maksimum ekstremlere bakildiginda Kis mevsiminde tiim istasyonlarda uydu verilerinin dl¢tim
verilerinden biiyiik oldugu sdylenebilir. Ilkbaharda Finike ve Anamur’da yine uydu verilerinin l¢iim
verilerinden biiyiik oldugu iken Alanya’da kiiciik oldugu belirlenmistir. Yaz mevsiminde ise Finike’de
uydu verilerinin 6l¢iim verilerinden biiyiik iken Alanya da tam tersi durum s6z konusudur. Sonbaharda
ise tiim istasyonlarda Sl¢lim verileri daha biiyiiktiir.
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Tablo 3. Yillik Ortalama, maksimum ve minimum DY S’nin istatistiksel Parametreleri (Saracoglu vd.
2021)

En En

. . - . ... |Ortalama |Standart Korelasyon RMSE [BIAS [SI
Istasyon Veri g‘g;uk ?Es)uk (°C) Sapma Carpikhik Katsayis1 |(°C) (°C)

TSM 22.741204 21.81 . -0.4
Finike SMS ! 0.48 8 0.53 046 0.80 0.34 | 0.01 | 1.54

OI SST v2|23.06[20.98| 21.82 0.49 0.29

Ort.  |Alanya TSMS 23.44121.00| 21.96 0.61 0.22 0.87 0.40 | 026 | 1.80
OI SST v2|23.34[21.30| 22.22 0.49 0.00

Anamur TSMS 22.71]20.16| 21.54 0.58 -0.59 0.64 0.64 | 0.44 | 295
OI SST v2|23.06|21.15] 21.98 0.47 0.06

TSMS 23.99121.71| 2293 0.55 -0.15

Finike | QST v2[24.25 [22.18] 23.06 | 0.49 0.17 0.80 1 0.36 ) 0.13 ] 1.55
En Alanya TSMS 24.70(22.13| 23.19 | 0.58 0.39 0.83 043 | 029 | 1.87
bitytik OI SST v2|24.41 [22.61| 23.48 0.47 -0.06

Anamu TSMS 23.71(21.52] 22.68 | 0.51 0.15 0.58 071 | 0.56 | 3.14

OI SST v2|24.18 |22.43 | 23.24 0.46 -0.09
TSMS 21.65]19.40| 20.69 0.54 -0.46

Finike 0.72 043 |-0.16|2.10
OI SSTv2|21.89]19.50| 20.52 0.55 0.23
E -
k? " Alanya TSMS 21.58 19.28 | 20.67 0.66 0.30 0.85 044 | 026 |2.12
ueu OI SST v2|22.15]19.91| 20.93 0.55 -0.07
AnamulTSMS 21.60 | 18.53 | 20.31 0.69 -0.71 0.59 070 | 0.41 | 3.45

OI SSTv2|21.87]19.83| 20.72 0.52 0.09

EDSYS egilim degerleri Tablo 5’te verilmistir. Egilim degerlerinin %95, %97, %99 ve %99,9
istatistiksel anlamlilik diizeyleri de tabloda belirtilmistir. Ekstrem degerlerin ¢ok biiyiik ¢ogunlugunda
en az %95 istatistiksel anlamlilik diizeyinde artis egilimi oldugu belirlenmistir. Istatistiksel anlamlilig1
olmayan sadece Anamur istasyonunun minimumun minimumu ve maksimum veri setinin de minimum-
maksimum MGM &lgiim verileridir. iki veri setinin de ortalama degerlerinin %99,9 anlamlilik
diizeyinde 0,031-0,050 °C araliginda artis gosterdigi anlasilmaktadir. Istatistiksel anlamlilig1 olan en
bityiik artis 0,060 °C ile, en kiigiik artis ise 0,020 °C ile Alanya’da belirlenmistir. Bu artis degerlerinin
daha Onceki ¢aligsmalarda elde edilmis olan artis egilim degerleri ile uyumlu oldugu goriilmektedir.
Finike ve Alanya istasyonlarinda iki veri setinin ortalama ve maksimum degerlerindeki artig egilimleri
incelendiginde Ol¢lim veri setlerindeki artis degerlerinin uydu verilerine goére daha fazla oldugu
belirlenmistir. Ayrica tiim istasyonlarda her iki veri setinin de maksimum degerlerinde; artigin 6lglim
istasyonlarinda uydu verilerine goére daha fazla oldugu anlagilmaktadir.

EDSY S’nin mevsimsel egilim degerleri Tablo 6’da verilmistir. Kig ve Sonbahar mevsimlerinin tamamu,
tiim istasyonlarda hem en diisiik hem de en yiiksek EDSYS degerleri igin genellikle istatistiksel olarak
anlamli artislar gostermektedir. Istatistiksel olarak anlamli olmayan artislar sadece Anamur
istasyonunun 6l¢iim verilerinde belirlenmistir. Istatistiksel en biiyiik anlamli artis Alanya istasyonunda
0,073 °C ile sonbaharda en diisiik EDYS 06l¢iim verilerinde, en diisiik anlamli artis ise 0,024 °C ile
Anamur istasyonunda en diisiik EDSYS 6l¢ciim verilerinde yaz mevsiminde goriilmektedir. Hem 6l¢iim
verileri hem de uydu verilerinde diger mevsimlere gore en fazla artis sonbaharda olmaktadir.
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Tablo 4. Mevsimsel en diisiik ve en yiiksek EDSYS degerleri (°C)

istasyon Veri Kis Ttkbahar Yaz | Sonbahar
En diisiik EDSYS
.. OI SST v2 16,08 15,53 22,84 21,74
Finike
MGM 14,83 15,97 24,10 21,23
OI SST v2 16,12 16,11 23,96 22,10
Alanya
MGM 15,10 15,40 23,57 21,93
OI SST v2 16,15 16,02 23,29 22,41
Anamur
MGM 12,67 15,40 22,13 21,33
En yiiksek EDSYS
.. OISSTv2 | 20,27 21,78 29,01 27,23
Finike
MGM 19,90 21,63 28,70 27,53
OISSTv2 | 20,46 21,95 29,16 27,75
Alanya
MGM 19,73 22,13 29,33 28,70
OISSTv2 | 20,18 21,71 29,00 27,76
Anamur
MGM 20,00 20,63 29,00 27,90
Tablo 5. EDSYS egilim degerleri, (°C/y1l)
Ortalama
Finike MGM
OI SST v2
En MGM
- Alanya
diisiik Ol SST v2
1 vou
OI SST v2
Finike MGM
OI SST v2
En MGM
.. Alanya
yiiksek Ol SST v2
Anamur G
OI SST v2
* %95 %97 %99 M%99.9

Sonbahar mevsimindeki bu yiiksek artig egiliminin diger iki istasyona gore Alanya istasyonunda en
yiiksek degeri aldig1 goriilmiistiir. Kis mevsimi digindaki diger mevsimlerde; en diisiik EDSYS veri
setindeki artiglar cogunlukla en yiliksek EDSY'S veri setindeki artislardan biiytiktiir. Kis mevsiminde tim
istasyonlarda uydu veri setinde e diisik EDSYS degerlerindeki artis egilimi, maksimum EDSYS
degerlerindeki artis egiliminden daha yiiksektir. Dolayisiyla genellikle en diisiik EDSY'S degerlerindeki
artis egilimi degerinin en yiiksek EDSYS degerlerindeki artis egiliminden daha yiiksek oldugu
sOylenebilir. Kig ve sonbahar mevsimlerinde her {i¢ istasyonda da 6l¢iim verilerinden elde edilen artig
egilimi degeri, uydu verilerinden elde edilen artis egilimi degerinden daha yiiksektir.
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Tablo 6. EDSYS’nin mevsimsel egilim degerleri, (°C/yil)

Sonbahar
Finike MGM ‘
OI SST v2 |
d.].a I.l.k Alanya MGM ‘
usu OI SST v2 \
Anamur MGM ‘
OI SST v2 ‘
Finike MGM ‘
OI SST v2 |
..]i:(n K Alanya MGM ‘
yukse OI SST v2 \
Anamur MGM 0,033 0,000 ‘
OI SST v2
* %95 %97 %99 M %99.9

SONUCLAR

Kis ve sonbahar mevsimlerinde tiim istasyonlar i¢in 6l¢iim verilerinden elde edilen en diisik EDSYS
degerleri uydu verilerinden elde edilenlere gore daha kiigiiktiir. En yliksek EDSYS veri setlerinde,
sonbahar mevsiminde tiim istasyonlarda 6l¢iim degeri uydu verisinden elde edilen degerden biiyiiktiir.
EDSYS degisim egilimi degerlerinin biiyiik ¢ogunlugunda en az %95 istatistiksel anlamlilik diizeyinde
art1s egilimi oldugu belirlenmistir. Istatistiksel anlamlilig1 olan en biiyiik artis 0,060 °C ile, en kiigiik
artig ise 0,020 °C ile Alanya’da belirlenmistir. Istatistiksel olarak anlamli en biiyiik artig egilimi 0,073
C/yil ile Alanya istasyonunda en diisiik EDSYS 6l¢iim verilerinde sonbaharda, en diisiik artis egilimi
degeri ise 0,024 °C/y1l ile Anamur istasyonunda en diisiik EDSYS 6l¢iim verilerinde yaz mevsimi igin
elde edilmistir. Kis mevsimi igin EDSY'S degerleri karsilastirildigina, hem en diisiik, hem de en yiiksek
DSYS degerlerinde uydu verilerinin MGM dl¢iim verilerine gore daha yiiksek oldugu goriilmiistiir. Hem
Ol¢tiim hem de uydu EDSYS verilerine gore en yiiksek artis egilimi degeri sonbahar mevsimi i¢in elde
edilmistir. Sonbahar mevsimi i¢in elde edilen EDSYS artis egilimi incelendiginde en yiiksek degerin
Alanya istasyonu i¢in elde edildigi goriilmiistiir. Kis mevsimi disindaki diger mevsimlerde genellikle en
diisiik EDSYS’deki artig egilimleri, en yiikksek EDSYS’deki artis egilimlerinden daha yiiksektir. Kis ve
sonbahar mevsimlerinde her {i¢ istasyonda da 6l¢iim degerlerinden elde edilen artis egilimi degerleri
uydu verilerinden elde edilenlere gore daha yiiksektir.

TESEKKUR
Deniz suyu sicaklik dlgtimleri igin Meteoroloji Genel Miidiirliigii’ne; uydu verileri i¢in National Centers

for Environmental Information of United States National Oceanic, Atmospheric Administration
(NOAA)’ya tesekkiir ederiz.

REFERANSLAR

Aydogan, A., and Ayat, B. (2018). Spatial variability of long-term trends of significant wave heights in
the Black Sea. Applied Ocean Research, 79, 20-35.

Criado-Aldeanueva F., Del Rio J., Garcia-Lafuente J., (2008) “Steric and mass-induced Mediterranean
Sea level trends from 14 years of altimetry data”, Global Planet Chang 60 (3-4): 563-575.

158



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Carpar, T., Ayat, B., and Aydogan, B. (2020). Spatio-seasonal variations in long-term trends of offshore
wind speeds over the black sea; an inter-comparison of two reanalysis data. Pure and Applied
Geophysics, 177, 3013-3037.

D’Ortenzio F., Marullo S., Santoleri R., (2000). “Validation of AVHRR Pathfinder SST over the

Mediterranean Sea”, Geophys. Res. Lett., 27 (2), 241-244.

IPCC (2013), Climate Change 2013: The Physical Science Basis. The contribution of Working Group I
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. In: Stocker, T.F.,
Qin, D., Plattner, G.-K., Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V.,
Midgley, P.M. (Eds.), Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA (1535 pp.).

IPCC (2021), Climate Change 2021: The Physical Science Basis. The contribution of Working Group I
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge
University Press, In press. (3949 pp.).

Ishii, M., Shouji, A., Sugimoto S., ve Matsumoto T. (2005). “Objective analyses of sea surface
temperature and marine meteorological variables for the 20th century using icoads and the Kobe
collection”. Int. J. Climatol., 25, 865-879.

Kendall, M.G., (1970). “Rank Correlation Methods”, Second ed., Hafner, New York.

Kennedy, J. J., Rayner N. A., Smith R. O., Parker D. E, ve Saunby M., (2011). “Reassessing biases and
other uncertainties in sea surface temperature observations measured in situ since 1850: 2. Biases
and homogenization”. J. Geophys. Res Atmos., 116, D14104

Mann, H.B. (1945). “Nonparametric tests against trend”, Econometrica. 13: 245-259.

Marullo S., Buongiorno Nardelli B., Guarracino M., Santoleri R, (2007). “Observing The Mediterranean
Sea from space: 21 years of PathfinderrAVHRR Sea Surface Temperatures (1985 to 2005):
Reanalysis and validation”, Ocean Science, 3, 299-310.

Mohamed, B., Abdallah, A. M., Alam EI-Din, K., et al. (2019). Inter-annual variability and trends of sea
level and sea surface temperature in the Mediterranean Sea over the last 25 years. Pure and Applied
Geophysics, 176, 3787-3810. https://doi.org/10.1007/s00024-019-02156-w

Nykjaer, L. (2009). Mediterranean Sea surface warming 1985-2006. Climate Research, 39, 11-17.

Pastor F., Valiente J.A. ve Palau J.L., (2018), “Sea Surface Temperature in the Mediterranean: Trends
and Spatial Patterns (1982-2016)”, Pure Appl. Geophys. 175, 4017-4029.

Rayner, N. A., Parker D.E., Horton E.B., Folland C.K., Alexander L.V., Rowell D.P., Kent E.C. Kaplan
A. (2003), “Global analyses of sea surface temperature, sea ice, and night marine air temperature
since the late nineteenth century”. Jour. of Geophysical Research Atmospheres, 108, D14.

Saracoglu F.A., Aydogan B., Ayat B., Saracoglu K.E. (2021). Spatial and Seasonal Variability of Long-
Term Sea Surface Temperature Trends in Aegean and Levantine Basins, Pure and Applied
Geophysics, 178, 3769-3791.

Sen, P.K., (1968). “Estimates of the regression coefficient based on Kendall’s tau”, J. Amer. Statist.
Assoc. 63 1379-1389.

Shaltout M., ve Omstedt A., (2014), “Recent sea surface temperature trends and future scenarios for the
Mediterranean Sea”, Oceanologia, 56 (3), 411-443.

Skliris N., Sofianos S., Gkanasos A., Axaopoulos P., Mantziafou A., Vervatis V., (2011). “Long-term
Sea surface temperature variability in the Aegean Sea”, Advances in Oceanography and Limnology,
2(2), 125-139.

Skliris N., Sofianos S., Gkanasos A., Mantziafou A., Vervatis V., Axaopoulos P., Lascaratos A., (2012).
“Decadal-scale variability of sea surface temperature in the Mediterranean Sea in relation to
atmospheric variability”, Ocean Dynam., 62 (1), 13-30.

Smith, T. M., Reynolds R. W., Peterson T. C., ve Lawrimore J., (2008). “Improvements to NOAA’s
historical merged land-ocean surface temperature analysis (1880-2006), J. Clim.,21: 2283-2296.

Theil, H., (1950). “A rank-invariant method of linear and polynomial regression analysis”, I. Proc.

Kon. Ned. Akad. v. Wetensch. A53: 386-392.

159


about:blank

INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Evaluating Evapotranspiration with Satellite Based SEBAL Method: Karacabey Plain
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ABSTRACT

Evaporation is a meteorological variable that is relatively easy to measure and difficult to calculate.
When evaporation combined with plant transpiration, it becomes evapotranspiration. In this study,
evapotranspiration amounts of tomato plants were calculated for Karacabey Plain in Bursa by using
SEBAL Method. Since Karacabey Plain is one of the biggest zone for tomato production in Turkiye,
reducing water usage for tomato production will help farmers to have smaller water footprint also.

SEBAL Method (Surface Energy Balance Algorithm For Land) uses satellite images and
micrometeorological variables for calculating evapotranspiration. Remote sensing variables as NDVI,
LAI and surface temperature parameters from satellite images; reference evapotranspiration data
obtained from the Penman-Monteith method was used for evapotranspiration calculation. Beside these
datasets, as a result of the synthesis of micrometeorological methods, the evapotranspiration amount of
the tomato plant was calculated as a case analysis. After that processes, SEBAL results compared with
Penman-Monteith Method results.

It has been seen that SEBAL Method suffers from disadvantages of remote sensing methods. Cloudy
weather and temporal discontinuity may highly degrade evapotranspiration amount results. Despite of
that, SEBAL can be a powerful method for calculating evapotranspiration values of large areas. Even
without crop type and sowing date information, SEBAL gives consistent results with other methods.

During these calculations, Landsat 8 images, GTOPO30 DEM dataset and ERAS5 Land meteorological
dataset were used. It was seen that the SEBAL Method can be a powerful auxiliary tool for
understanding spatial distribution of actual evapotranspiration.

Keywords: Evaporation, evapotranspiration, SEBAL, Penman-Monteith, Karacabey, tomato,
micrometeorology

Sebal Yéntemi ile Uydu Tabanh Evapotranspirasyon Hesaplanmas1 Karacabey Ovasi
Domates Ornegi

OZET

Bu c¢alismada SEBAL Yontemi kullanilarak, Bursa Karacabey Ovasi igin domates bitkisinin
evapotranspirasyon miktarlart hesaplanmigtir. Karacabey Ovasi iilkemizdeki domates iiretiminin en
biiyiik merkezlerinden biri oldugu ve domates bitkisi de yiiksek miktarda su tiiketen bir iiriin oldugu igin
verimli sekilde su kullanimi gerektirmektedir. Bu nedenle noktasal sekilde hesaplanan
evapotranspirasyon degerlerini alansal olarak dagitmak i¢in SEBAL Yontemi kullanilmistir. SEBAL
(Surface Energy Balance Algorithm For Land) yontemi, mikrometeorolojik parametrelerle birlikte uydu
gorlntiilerini de kullanarak evapotranspirasyonun hesaplanmasini saglar. Bu c¢alismada uydu
goriintiilerinden gelen NDVI, LAI ve yiizey sicakligi parametreleriyle; Penman-Monteith yonteminden
elde edilen referans evapotranspirasyon verileri kullanilmigtir. Bu veriler dogrultusunda
mikrometeorolojik ydntemlerin sentezi sonucunda, vaka analizi olarak domates bitkisinin
evapotranspirasyon miktart hesaplanmisgtir.

Bu hesaplamalar esnasinda Landsat 8 goriintiileri, GTOPO30 sayisal yiikselti veriseti ve ERAS
meteorolojik veriseti kullanilmigtir. SEBAL yontemi sonucunda elde edilen evapotranspirasyon
degerlerinin analizi yapilmis ve yontemin gii¢lii ve zayif oldugu yonleri ele alinmistir.

Anahtar Kelimeler: Buharlagma, evapotranspirasyon, SEBAL, Penman-Monteith, Karacabey, domates,
mikrometeoroloji
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GIRIS
Buharlagma 6l¢iilmesi gorece kolay, hesaplanmasi ise oldukga zor bir meteorolojik degiskendir. Fakat
ylizeyden su kaybi olusturan tek etken buharlagsma degildir. Canlilarin terlemesi ile de su kaybi

olusmaktadir. Belirtilen su kaybi transpirasyon olarak ifade edilmektedir. Yiizeyden toplam kaybedilen
su iginse buharlagsma ve terlemenin toplami olan Evapotranspirasyon kavrami kullanilmaktadir.

Terleme miktarmin hesaplanmasi ve gozlenmesi buharlagma miktarina goére daha zordur. Hareket
halindeki hayvan ve insanlarin terleme miktarinin belirlenebilmesi ¢ok fazla degisken gerektirdigi i¢in
bu degerler genellikle gozard: edilir. Hareket disinda tiirler arasindaki fenolojik fark ve tiir icerisindeki
genel farkliliklar gbzoniine alindig1 zaman hesaplanabilmesi neredeyse imkansiz hale gelmektedir.

Sira bitkilere geldiginde ise daha kararli bir durum vardir. Bitkilerin arazi {izerinde sabit durmasi, ekim
tarihlerinin ve fenolojik evrelerinin birbirine benzemesi bir avantajdir. Bunun disinda ekilen bitkilerin
zamanla ehlilestirilmesi ile birbirine ¢ok benzeyen yapida canlilar ortaya ¢ikarmaktadir. Verilen su
miktarinin sitirekli kontrol edilmesi neticesinde bitkiler i¢in evapotranspirasyon, hesaplanabilir bir
degisken haline gelmektedir.

Evapotranspirasyonun hesaplanmasi igin ¢esitli yontemler ortaya ¢cikmistir. Bu yontemleri temel olarak
tic grupta incelemek miimkiindlir. Bu yontemlerden ilki mikrometeorolojik degiskenlere dayali
yontemlerdir. Genel olarak ylizey enerji dengesini temel alirlar. Mikrometeorolojik gdzlemleri temel
olarak alip, bitkilerle ilgili ¢esitli katsayilar1 kullanarak gergek evapotranspirasyonu hesaplarlar.

Fakat mikrometeorolojik gdzlemler bazi durumlar i¢in dezavantajlidir. Gozlemlerin olmadigi veya eksik
oldugu bolgelerde kullanmaya daha elverisli olan yontemler vardir. Bu yontemler genellikle gézlenmesi
daha kolay olan sicaklig1 temel alip, gdzlemler sonucu elde edilen buharlasma degerlerine yaklastirmaya
calisirlar. Meteorolojik temelden daha ¢ok istatistiki temellere dayanirlar. Bu nedenle hata oranlari
meteorolojik temellere dayanan modellerden daha yiiksektir.

Uciincii ve son grupta ise uydu goriintiilerini temel alan yontemler bulunmaktadir. Bu ydntemler de
kendilerine zemin olarak yiizey enerji dengesini alirlar. Meteorolojik gdzlem de modellemelerden ¢ok
daha yiiksek ¢oziiniirliige sahip olduklar i¢in, noktasal olarak elde edilen bir buharlasma degerini
alansal olarak dagitmakta giicliidiirler. Bu nedenle su biitgcesi hesabi i¢in etkili bir yontem olarak
kargimiza g¢ikarlar. Uydu goriintiileri tek bir andaki buharlagma miktarini gorebilecegi i¢in tek basina bir
buharlagsma modeli olarak diisliniilmemelidir.

Bu tiir uydu tabanl yontemlerin yaninda, uydunun goriintii gondermedigi donemlerdeki buharlagsma
miktarlarini da belirleyebilmek i¢in farkli bir yontem daha kullanmak faydali olacaktir. Bu nedenle
okudugunuz bu calismada SEBAL yonteminin yaninda destekleyici olarak, mikrometeorolojik
parametlere dayanan Penman Monteith Metodu kullanilmustir.

Uydu tabanli bir Evapotranspirasyon yontemi olan SEBAL temel alinarak Bursa’nin Karacabey ilgesi
icin domates yetisme doneminde (15 Mayis-10 Eyliil 2021) buharlagsma miktarlar1 hesaplanmistir.

YONTEM

SEBAL yontemi ylizey enerji dengesi yaklasimini kullanir. Bu yaklasima gore ylizeye gelen solar
radyasyon ile giden solar radyasyon arasinda bir denge vardir. Bu nedenle SEBAL ydntemi, temel olarak
ylizey enerji biit¢esini veren iki farkli denklemi birbirine esitleyerek buharlagma miktarini hesaplar.

Bu denklemlerden ilki solar radyasyon hesaplamalarinda da kullanilan, kisa ve uzun dalga boylu
radyasyonun atmosfer icerisindeki etkilesimleriyle elde edilen net enerji denklemidir. Bahsi gecen
denklem asagida verilmistir (Bastianssen et al,1998).

R,=(1—-a)xRsL+R,L—R. T —(1—¢€) xRy (1)
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Yukarida goriilen denklem, yiizey enerji biitgesindeki net radyasyonun solar radyasyon denklemleri ile
hesaplanmasi sonucu elde edilmistir. Bu amagcla; gelen kisa dalga boylu radyasyon hesaplanir. Bunun
icin Dilinyanin giinese gore olan konumu ile birlikte yiizey albedo degerleri de dikkate alinir. Ardindan
atmosferin yilizeye yayinladig1 uzun dalga boylu radyasyon, yiizeyin atmosfere yayinladigi uzun dalga
boylu radyasyon arasinda iligki kurularak net radyasyon elde edilir.

Ardindan elde edilen R, degeri asagidaki denklemde yerine yazilir(Bastianssen et al,1998).

R, =G+H+ AET )

Iki denklemdeki R, ifadesi, ayn1 fiziksel durumun farkli denklemlerle ifade edilmesidir. Bu nedenle ilk
denklemde elde edilen ifade ikinci denklemde yerine yazilabilir. (1) numarali denklem, net radyasyonu
solar radyasyon denklemleri ile ifade ederken; (2) numarali denklem mikrometeorolojik parametreler
olan 1s1 akilariyla ifade eder. G ile ifade edilen degisken Toprak Is1 Akisi, H ile ifade edilen degisken
Hissedilebilir Is1 Akis1 ve ET ile ifade edilen degisken de Gizli Is1 Akist olarak kullanilir.

Toprak Is1 Akis1 ve Hissedilebilir Is1 Akis1 hesaplandiktan sonra, net radyatif enerjiden kalan miktar
Gizli Is1 Akisi olarak belirlenir. Gizli Is1 Akist miktar1 ise buharlasmaya harcanan enerji miktarini
gosterir.

Enerji dengesi yaklasimi kullanilarak yapilan biitiin buharlasma hesaplamalar1 bu temel ilkeye bagl
kalmaktadir. SEBAL yontemi de yaklasim olarak enerji dengesine bagli oldugu icin bu hesaplamalar
tizerinden devam etmektedir. Uydu goriintiilerinden yiizey sicakligi, albedo, NDVI ve LAI gibi
degiskenleri kullandigi i¢in uzaktan algilama ydntemleriyle buharlagsma miktarini hesaplayabilmektedir.

G/Rn = Ts/a (0.0038a + 0.0074a2 )(1 - 0.98NDVI+) 3)

Yukarida verilen denklemde Toprak Is1 Akisi ile Net Radyatif Enerji’nin birbirine orani verilmektedir
(Bastianssen et al,1998). Bu orani elde edebilmek i¢in Termal Infrared Bantlardan elde edilen yiizey
sicaklig1 ve Near Infrared Bantlardan elde edilen NDVI degiskeni kullanilmaktadir.

Toprak Is1 Akisinin elde edilmesinin ardindan Hissedilebilir Is1 Akisinin hesaplanmasi gerekmektedir.
Hissedilebilir 1s1 akisi hesaplanirken al¢ak seviyede atmosferin kararsizligi, bitki yiiksekligi ve
gelismisligi, piirtizliiliik gibi degisiklikler etkilidir. Bu nedenle hissedilebilir 1s1 akis1 hesaplanirken
birden ¢ok degisken kullanilir (Bastianssen et al,1998).

H= pxCpxdT/ra @)

Yukaridaki denklemle beraber hissedilebilir 1s1 akis1 hesaplanir. Denklemin sag tarafindaki ilk terim
havanin yogunlugunu, ikinci terim havanin 1s1 kapasitesini, ti¢iincii terim sicaklik farkini ve ra, ile
gosterilen terim de aerodinamik direnci ifade eder.

Denklem (4) icerisinde verilen dT degiskeni bu ¢alisma igerisinde hataya en agik olan degiskendir. Bu
dT degeri istatistiksel yollardan elde edilebildigi gibi bazi kaynaklarda toprak ile hava sicakligi
arasindaki ifade etmektedir. Bu noktada da oldukga fazla soru ortaya ¢ikmaktadir. Bu ¢aligmada dT
degeri olarak, ¢iplak arazi ile bitki ortlistiniin bulundugu arazi iizerindeki sicaklik farki alinmistir.
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Denklem (2)’de hesaplanmasi gereken toprak 1s1 akist ve hissedilebilir 1s1 akis1 bu adimla beraber
hesaplanmig olur. Net radyatif enerjiden bu iki degerin ¢ikarilmasiyla beraber, buharlasma icin geriye
kalan enerji miktar1 ortaya ¢ikarilir.

A= 2501 — (T, — 273) x 0.002361 5)
AET
ETinst = 3600 x—— ©)

Denklem (5)’te verilen buharlagsma gizli 1sis1, Denklem (6)’da yerine yazilarak, uydu goriintiisiiniin
¢ekildigi andaki buharlagsma miktarina goére saatlik buharlasma miktarin1 hesaplar (Ayad et al, 2018).
Bu noktada dikkat edilmesi gereken, goriintii anindaki buharlasmanin saatin tamamim temsil ettigi
diisiincesidir. Bu goriintiiniin ardindan, diger protokol yontemlerde hesaplanmis olan en yakin saatin
goriintiisiine boliiniir. Boylece bitkinin referans buharlagsma miktarina gére hangi oranda buharlagsma ve
terleme yaptigi Ogrenilir. Elde edilen bu deger, bir dahaki goriintiiye kadar olan siire¢ igin toplam
referans evapotranspirasyon degerleriyle ¢arpilir. Bdylece belli bir periyot boyunca elde edilen bitki su
titketimi hesaplanmis olur.

Bu caligmada protokol yontem olarak kullanmak {izere Penman-Monteith Yontemi secilmistir. Bu
yontemin ilgili denklemi agsagida Denklem (7) ile verilmistir.

c
0.4084(Ry — G) +y 5= iz (€5 — €q) (7

ET, =
0 A+ y(1+ Chuy)

Penman-Monteith Yontemi ile ile elde edilen referans evapotranspirasyon degerlerinin, gercek
evapotranspirasyon degerlerine yaklasabilmesi i¢in bir katsayr kullanilmasi gerekmektedir. Bitkinin
fenolojik evresini gosteren K. katsayisi, domates bitkisi i¢in FAO’nun ilgili tablolarindan alinmigtir.Ke
katsayisi, bitki tiiriiniin ¢im bitkisine gdre yaptig1 evapotranspirasyon oranini gosterir.

K. degeri 1’den diisiik oldugu zaman bitki ¢imenden daha az buharlagsma yaparken, 1 degerinin iizerine
ciktiginda buharlagma miktar1 ¢imenden daha fazla olmaktadir. Bu katsay1 bitkinin i¢ginde bulundugu
fenolojik evreye bagli olarak degistigi i¢in, protokol yontemlerin tamaminda bitkinin ekiminden gecen
stirenin bilinmesi gerekmektedir. SEBAL yonteminin protokol yontemlere karsi avantajlarindan birisi
de bu noktadadir. Ekili bitkinin tiiriinii bilmeden ve ekim tarihini bilmeden de ger¢ek buharlagma
degerlerini elde etmeye imkan saglar.

Uzaktan algilama araciligiyla evapotranspirasyon hesaplama yontemleri ile protokol yontemler
arasindaki temel farklar agsagidaki tabloda verilmistir.

Tablo 1. SEBAL Yontemi ile Protokol Yontemler Arasindaki Farklar

Ozellik Penman-Monteith SEBAL
Yaklagim Yiizey Enerji Dengesi Yiizey Enerji Dengesi
Mikrometeorolojik Degiskenler Var Var

Bitki Evresi Kullaniliyor Kullaniliyor

Bitki Tiirii Gerekli Gerekli Degil

Ekim Tarihi Gerekli Gerekli Degil

Yiizey Sicakligi Meteorolojik Gozlem/Tahmin Uydu Goriintiisii

Bitki Evresi Genelgecer Gergek Durum

Hesaplama Siklig1 Her giin/saat 15 Giinde Bir
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CALISMA ALANI ve VERI SETLERI

Bu ¢alismada Bursa’nin Karacabey Ilgesindeki domates ekili alanlarin evapotranspirasyon miktarlart
SEBAL Yéntemi ile hesaplanmistir. Karacabey 1285 km?lik yiizolgiimiine ragmen iilkemizdeki
salgalik domates sektorii i¢in oldukca dnemli bir ilgedir. Ilcede 17 adet salga fabrikas1 bulunuyor ve 1
milyon tondan fazla salgalik domates iiretiliyor(Web-1).

Diinya’da ise yillik olarak salgalik domates tiretimi 179 milyon tona yakindir. Tiirkiye bu konuda Cin
ve Hindistan’in ardindan iigiincii sirada yer aliyor(Web-1). Tiirkiye’deki salgalik domates {iretiminin
%45’ini karsilayan Karacabey ilgesi, bu nedenle Diinya Salgalik Domates sanayisi i¢in oldukc¢a dnemli
bir konumda bulunuyor(Web-2).

Tablo 2. Karacabey’in Tiirkiye ve Diinya’da Domates Uretiminde Yeri

Ozellik Nitelik
Konum Gliney Marmara/Bursa
Rakim 26 metre
Yiizolcimii 1285 km?
Salgalik Domates Uretimi 1.8 Milyon Ton
Ulkedeki Salcalik Domates Oran1 %45 (Web-2)
Diinyada Salgalik Domates Uretimi 190 Milyon Ton (Web-1)
Domates Su Tiiketimi ~150 litre/kg (Web-3)

Domates bitki su tiikketiminin bulunabilmesi i¢in gereken verisetleri ise DEM, Uydu Goriintiisii ve
Meteorolojik parametre olarak siralanabilir. DEM (Digital Elevation Map ya da Sayisal Yiikselti
Haritas1), uydu goriintiileri igin bir altlik olarak kullanilabilmektedir. Ayrica gereken solar radyasyon
hesaplamalarinda yiizeyin egimi ve a¢is1 da 6nemli rol oynadig i¢in oldukca dnemlidir. Bu ¢caligmada
DEM veriseti olarak GTOPO30 verisi kullanilmistir. Uydu goriintiileri ise uzaktan algilama tabanl
oldugu i¢in ilgili alanlarin anlik goriintiisiinii verebilmektedir. Meteorolojik veritabani ise hem referans
evapotranspirasyonun hesaplanmasinda hem de goriintiiniin olmadig1 diger saatlerde kabul edilebilir
sonuclar alinmasinda etkili rol oynamaktadir.

Uydu goriintiileri igin ise kullanilan veriseti Landsat-8 uydusundan gelen goriintiilerdir(USGS,2021).
Hem NIR hem de TIR goriintiileri kullanilmistir. Albedo degerlerinin hesaplanmasi i¢in atmosferik
diizeltme yapilmis olup, domatesin yetistigi siire¢ olan 15 Mayis-10 Eyliil 2021 tarihleri arasinda uygun
7 goriinti kullanilmastir.

Meteorolojik veritabani olarak ise ECMWEF’in ERAS veriseti kullanilmistir(ECMWEF,2021). Hem
Penman-Monteith Yonteminin igerisinde hem de SEBAL Yonteminin igerisinde kullanildigi ig¢in bu
caligmada oldukga 6nemli bir yere sahiptir.

Tablo 3. Kullanilan Veri setleri

Ozellik Veri seti Coziiniirlik
DEM GTOPO30 30 Arktik Saniye
Uydu Gdoriintiisii Landsat-8 OLI/TIRS 30 Metre
Meteorolojik Veriseti ERAS Land 9 Kilometre

Bu verisetleri disinda bu ¢alismanin yapilmasi esnasinda Microsoft Excel, R, Python, QGIS ve Grass
GIS gibi yazilimlar kullanilmistir.
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SONUCLAR

15 Mayis-10 Eyliil 2021 tarihleri i¢in elde edilen referans evapotranspirasyon degerleri asagida
verilmistir.

Karacabey ETO Degerleri
12

10
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Sekil 1. Penman-Monteith Yontemi ile Elde Edilen ETy Degerleri

Yukaridaki grafikte goriildiigii lizere hesaplanan ¢im bitkisinin giinliikk buharlagsma degerleri 6 ile 10 mm
arasinda degismektedir. Mayis ve Haziran aylarindaki buharlagma miktar1 Temmuz ve Agustosa gore
daha diisiik kalmaktadir.

Uydu goriintiilerini isledikten sonra ise iki farkli haritaya bakmak faydali olacaktir. Bulut kapaliligi
Ozellikle bazi giinlerde oldukga etkili oldugu icin bazi bolgelerde oldukca yiliksek hatali sonuglar
vermektedir. Fakat sadece elde edilen K. haritalarindan bunu anlamak miimkiin olmayacag: igin,
bunlarin yaninda NIR kanallarindan elde edilen NDVI goriintiilerini beraber gérmek fikir yiirlitmeye
imkan saglayacaktir.

Hatali olan ET. degerleri yerine standardi olan K. degerlerini gérmek ¢ok daha saglikli olacaktir. Ciinkii
evapotranspirasyonun standart bir degeri yoktur. Bunun yerine hangi zamanlarda hatali sonuglar
verdigini gostermesi a¢isindan K. degerlerinin NDVI ile beraber izlenmesi daha faydali olacaktir.

Asagidaki goriintiilerde tstte verilen goriintiiler bitki Ortilisiinii gérmemize imkan saglayan NDVI
degiskeninin grafikleridir. Alt tarafta ise o giinlin goriintiisii i¢in elde edilmis olan K. grafikleri
bulunmaktadir.
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Sekil 3:18 Haziran 2021’e ait NDVI ve K. Degerleri
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Sekil 4:20 Temmuz 2021’¢ ait NDVI ve K. Degerleri

Ornek olmasi i¢in yukartya birakilan Sekil 2,3 ve 4 icerisinde NDVI degerinin yiikselisi gozle goriiliir
sekilde belli olmaktadir. Fakat K. degerine baktigimiz zaman NDVI degerinin diisiik oldugu giinlerde
bile yiiksek goriinebilmektedir. Bunun nedeni besinci boliimde detayli sekilde tartisilacaktir.

Periyot boyunca olan buharlagmayi elde etmek i¢in bir deger maskelemesi yapilmistir. K. degeri ve ET.
degeri olarak makul degerler disinda yer alan piksellerin hesaba katilmamasiyla beraber elde edilen
giinliik ET. degerleri asagida verilmistir. K. degeri icin FAO websitesinde 1.20 degerini goriirken, bu
calismada siir deger olarak 1.35 degeri segilmistir. ET. degeri olarak da 15 mm iizerinde yer alan
degerler hesaba katilmamustir.
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Gunlik Evapotranspirasyon Miktan (15 Mayis-10 Eylil 2021)
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Sekil 5: Karacabey Domates Periyodu i¢in Elde Edilen ET, Miktarlari

Sekilde goriildiigli lizere haziran ayinda elde edilen yiiksek degerler, Sekil 1°de verilen ET,
degerlerinden daha yiiksek ¢ikmasina neden olmustur. Giinlik degerler 8-14 mm arasina ¢ikmustir.
Goriintiilerin temiz oldugu giinlerde SEBAL yontemi oldukca iyi sonuglar vermektedir.

TARTISMALAR

Bu calismanin sonucunda belli sonuglar ve belli soru isaretleri ortaya c¢ikmistir. Ortaya cikan
sonuclardan ilki, noktasal olarak tahmin edilen buharlasma miktarinin, SEBAL Ydntemi sayesinde
alansal olarak dagilimmi goérebilmektir. Meteorolojik verisetlerinin ¢dziiniirliigiiniin, uzaktan algilama
sistemlerine gore ¢ok daha diisiik oldugu g6z 6niine alindiginda bu biiyiik 6nem kazanmaktadir.

Fazla su isteyen bir bitki olan domatesin, uygun sulama planlamasi i¢in bdyle bir uzaktan algilama
sistemine sahip olmasi oldukca 6nemlidir. Kagit iizerinde elde edilmis ve biitiin diinya i¢in kabul edilen
genelgecer katsayilar yerine, durum 6zelinde elde edilen bitki su tiiketimi hesaplanmasi su ayakizini de
azaltacaktir. Boylece iklim degisikliginin yiiksek sesle konusuldugu bugiinlerde daha verimli bir tarim
politikas1 siirdiiriilebilir. Bunun disinda su tiiketimi azalacagi i¢in sulama i¢in harcanan elektrik ve suyun
azalmasi ekonomik olarak da oldukga biiyiik bir tasarruf saglayacaktir.

Bu nedenle uzaktan algilama yoluyla bitki su tiiketiminin hesaplanmasi belli konularda faydalidir. Fakat
belli konularda da hala soru isaretleri barindirmaktadir. Dordiincii kisimda elde edilen bir sonug olan,
bulutlu giinlerdeki performans diistikliigii uzaktan algilama sistemlerinin genel problemlerinden biridir.

Bu performans diisiikliigiiniin esas sebebi, ikinci boliimde yer alan Denklem (4)’teki dT yaklasimindan
kaynaklidir. Bu c¢alisma disinda yapilan benzer galigmalara da bakildigi zaman bu konu hala ciddi
sekilde tartigmali olarak devam etmektedir. Topragin kendi igerisindeki sicaklik farki, algak seviye ile
ylizey arasindaki sicaklik farki, bitki ortiisti olan yiizey ile ¢iplak yiizey arasindaki sicaklik farki gibi
¢esitli kabuller vardir.

Burada kabul edilen yontem bitki ortiisii ile ¢iplak yiizey arasindaki farktir. Bu farkin kabul edilmesinin
nedeni, sicak nedeniyle bitkinin terlemesi ve terleyen suyun buharlagmasi nedeniyle bitki ylizeyinin
daha serin kalmasidir. Buharlagma olmadig1 kabulii yapildig1 zaman, buharlagsmaya ayrilan enerjinin
bitkiyi 1sitmak i¢in kullanildig1 varsayilirsa bu kabuliin nedeni anlasilir. Yine de bitki ile ¢ciplak topragin
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1s1 kapasiteleri aym1 olmayacagi icin radyatif enerjinin farkli boyutlarda isitacagi, bu nedenle bu
yontemin de kesinlikle dogru sonu¢ vermeyecegi diisiiniilebilir.

SEBAL algoritmas1 bu nedenle soguk yiizeyi bitki, sicak yiizeyi de ¢iplak arazi kabul etmektedir. Bu
nedenle bulutlu gilinlerde, bulutun tepe sicaklig, yiizeydeki sicakliktan ¢cok daha diisiik oldugu i¢in dT
degeri yiiksek ¢ikmaktadir. Bunun bir diger sonucu olarak da bulutun bulundugu bélge soguk oldugu
icin bitki gibi kabul gérmektedir. Boylece hem dT degerinin yiiksek ¢ikmasi hem de bulutlarin bitki gibi
islem gdrmesi nedeniyle hatali sonuglara acik hale gelmektedir. Ileriki ¢alismalarda bulut maskesi
kullanilarak bu hatanin 6niine gegilebilir.

G0z 6niinde bulunmayan bir diger hata sebebi de DEM verisinin diisiik ¢6ziiniirliikte olmasidir. SEBAL
algoritmasindaki islemlerin ¢cogu aslinda birer raster islem oldugu i¢in, en kiiciik ¢Oziiniirlige gore
hesaplamaktadir. Coziiniirliik diistiikce piksel basina diisen alan artacagi i¢in, tarla disinda yol veya bina
gibi aslinda tarla olmayan alanlar da daha fazla girecektir. Boylece elde edilen ortalama degerler
degisecek, aslinda olan degerlerden farkli noktalara gelecektir. Bu nedenle yiiksek ¢oziiniirlikli DEM
kullanmak, uydu goriintiilerinin daha kaliteli islemesine olanak saglayacak ve belki de bulutlu giinlerde
elde edilen uguk degerlerin de 6niine gegecektir.

Bu kismi 6neriler kismi gibi de diisiinecek olursak bir 6neride daha bulunmak faydali olacaktir. Landsat
verisinin ¢ok genis alanlarda gelmesiyle beraber, daha az meteorolojik veri kullanarak daha ¢abuk islem
yapilabilecegi diistiniilebilir. Bundan onceki ¢aligmalarda farketmeden yapilan hatalardan birisi de
budur. Daha dnce bu sekilde bir dneride bulunulmadigi i¢in dikkatlice sdylemek gerekir ki, SEBAL
yontemi hesaplamalar1 igerisinde rlizgar hizin1 da barindirmaktadir. Yine Denklem (4)’te yer alan
aerodinamik diren¢ degiskeni riizgar hiziyla birebir ilgilidir. Bu nedenle SEBAL algoritmasinin i¢ine
verilen riizgar hizinin, raster islem olarak alinip tek bir hiz verilmesi uygun degildir.

Raster islemler tek seferde ¢cok genis bir alani ¢ikarabildigi i¢in oldukga kullanish gériinmesine ragmen,
alian tek bir riizgar hizi bu yontemin dogruluk oranini diisiirecektir. Bunun yerine c¢alisma alanlar
kiiciik bolgelere ayrilabilir ve o bolgelere ait temsil eden bir riizgar hiz1 verilebilir. Burada meteoroloji
bilgisinin 6nemi devreye girmektedir. Bundan 6nceki ¢aligmalarda meteoroloji sadece bir veriseti olarak
kullanildig1 icin teorik olarak bu hata yapilmistir. Bu nedenle meteorolojik degiskenleri, temsil
edebilecegi bolgelere ayirip islem yapmak faydali olacaktir.

Sonug olarak SEBAL yontemi bitki tiirii ve ekim tarihi bilinmeden bitki su tiiketiminin belirlenmesi
konusunda gii¢lii bir aractir. Fakat lizerinde ¢aligilmasi gereken ve dikkatli olunmasi gereken belli
noktalar1 vardir. Uzaktan algilamanin nimetleri sayesinde tek bir nokta yerine alansal olarak ET.
degerlerinin hesaplanabilmesi gittik¢e 6nem kazanacaktir. Bu nedenle verimlilik konusunda da SEBAL
yontemini gelistirmek gelecek igin faydalidir.

Nihayetinde higbir model hatasiz sonu¢ vermemektedir. Bu calisma da bu hatalara istisna degildir.
Onemli olan kabul edilebilir oranlarda hatalarla ger¢ek hakkinda fikir sahibi olunmasidir. Bu nedenle
hatalar1 olsa da bu tip ¢alismalar, gelecekteki ¢alismalarin dogrulugu agisindan 6nemlidir.
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ABSTRACT

Precipitation is an essential meteorological forcing for hydrologic modeling, and its accurate estimation
requires installation and maintenance of dense gauge networks, which is limited for many regions.
Conversely, Gridded Precipitation Datasets (GPDs) can be an alternative to carry out research over
complex topography and snow dominant regions. Therefore, this study aims to evaluate the spatio-
temporal consistency and hydrologic utility of four GPDs (ERAS, CHIRPv2.0, IMERGHHEFv0.6, and
PERSIANN) over a mountainous basin (Upper Aras basin) in the eastern part of Turkey. The Kling—
Gupta Efficiency (KGE) is used to compare GPDs with observed precipitation directly, and the
Hanssen—Kuiper (HK) skill score is utilized to assess the detectability strength of selected GPDs for
different precipitation intensities. Moreover, the hydrologic utility of GPDs is tested by exploiting a
conceptual rainfall-runoff model under Kling—Gupta Efficiency (KGE) and Nash—Sutcliffe Efficiency
(NSE) metrics. Generally, all GPDs show low performance compared with observed precipitation
directly while their performance considerably increases for streamflow simulation. ERAS show high
reproducibility in streamflow (KGE = 0.86), followed by IMERGHHFv06 (KGE = 0.85), PERSIANN
(KGE =0.77), and CHIRPv2.0 (KGE = 0.70), for the entire period (2015-2019) of the study.

Keywords: Gridded Precipitation Datasets, Validation, Hydrologic Modeling, Mountainous Basin.
INTRODUCTION

Precipitation is one of the essential components of the hydrological cycle. Meanwhile, precipitation
magnitude varies over short horizontal distances because of the orographic effects and altitude-
precipitation relation (Bookhagen and Burbank, 2006; Herold et al., 2017). Traditionally, the amount of
precipitation is estimated by gauge installation over the ground and provides a direct physical
precipitation observation (Sevruk, 1987; Shi et al., 2017). However, the scarcity or non-existent gauge
observation over complex topography and highly elevated regions has always been a great challenge for
accurate precipitation estimation in recent decades (Hafizi and Sorman, 2021; Nazeer et al., 2022). On
the other hand, Gridded Precipitation Datasets (GPDs) in combination with rainfall-runoff modeling can
be an alternative to provide essential data for hydro-meteorological studies over gauge scarce regions
(Nazeer et al., 2022).

In recent decades, various Gridded Precipitation Datasets (GDPs) varying in spatial and temporal
resolution have been developed and they can generally be classified into the following groups; (1) GPDs
which use only satellite information such as Precipitation Estimation from Remotely Sensed Information
using Artificial Neural Networks (PERSIANN) (Sorooshian et al., 2000), (2) GPDs obtained from
numerical weather prediction models output such as European Centre for Medium-Range Weather
Forecasts (ECMWF) reanalysis fifth-generation (ERAS) (Hersbach and Dee, 2016), (3) those that only
use in-situ data information such as Climate Prediction Center unified (CPC) (Xie et al., 2007), and
(4) GPDs that use multi-sources information such as Climate Hazards group InfraRed Precipitation
version 2.0 (CHIRP V2.0) (Funk et al., 2015) and Integrated Multi-satellitE Retrievals for GPM
(IMERG) final run V06 (Huffman et al., 2020).

Furthermore, several authors reported the performance of GPDs either by direct comparison with in-situ
precipitation data (Amjad et al., 2020; Beck et al., 2019; Lu et al., 2021; Qi et al., 2021; Satgé et al.,
2020; Uysal et al., 2021) or using GPDs as a meteorological forcing in the hydrologic models and
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comparing the simulated streamflow with observed streamflow (Dembélé et al., 2020; Hafizi and
Sorman, 2021; Su et al., 2021; Uysal and Sorman, 2021).

This study aims to evaluate four GPDs such as ERAS5, CHIRPv2.0, IMERGHHFv0.6, and PERSIANN
by direct comparison with observed precipitation, considering the seasonal variability of precipitation
in daily time step and hydrologic utility under two different scenarios for five water years from October
2014 to September 2019.

The paper is summarized as follows: Section 1 presents a comprehensive introduction to GPDs. Section
2 gives information on materials and methods. Section 3 presents the results and detailed discussions,
and finally, conclusions are conveyed in Section 4.

MATERIALS AND METHODS

Study area

The current analysis is carried out over the upper Aras River basin (39:50:16N-41:50:19E), situated at
the headwater of Aras River in the northeast of Turkey (Figure 1). The drainage area is around
2730 km?, and its outlet is controlled by the D24A096 stream gauging station. Moreover, the basin is
mountainous where its elevation varies from 1646m to 3156m, and precipitation occurs in the form of
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Figure 1. Geographic location and elevation map of Upper Aras River basin and hydro-
meteorological station distribution over the study area.
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rain and snow. In the same way, the basin surface is covered by agricultural area (15%), bare land
(30.8%), and grassland/pasture (50.4%) (Sorman et al., 2020). The topographic complexity, high
altitude, and snow dominant characteristics of the basin are advantageous in validating GPDs and
operating hydrologic models for areas under such difficult conditions.

Data

The daily precipitation and temperature data from 12 meteorological stations are provided by the
General Directorate of Meteorology (GDM). The daily observed streamflow for the D24A096 stream
gauging station at the basin outlet is obtained from the General Directorate of Hydraulic Works
(GDHW). The data were made available from 2015 to 2019 hydrologic years. Moreover, four Gridded
Precipitation Datasets (GPDs) such as European Centre for Medium-Range Weather Forecasts
(ECMWEF) reanalysis fifth-generation (ERAS5), Climate Hazards group InfraRed Precipitation version
2.0 (CHIRP V2.0), Integrated Multi-satellitE Retrievals for GPM (IMERG) final run V06, and
Precipitation Estimation from Remotely Sensed Information using Artificial Neural Networks
(PERSIANN) are gathered from various sources which are summarized in Table 1.

Table 1. List of selected GPDs in the study, Abbreviations in the data source column; G, gauge; S,
satellite; R; Reanalysis.

Name solu):ctz(s) ress?)i‘lﬁ?(l)n czszgagle 1123?1:;031: Reference
ERAS R 0.25° 50°N/S Hourly (Hersbach and Dee, 2016)
CHIRP V2.0 R, S 0.05° 50°N/S Daily (Funk et al., 2015)
IMERGHHEFv06 S, G 0.10° 60° N/S 30 min (Huffman et al., 2020)
PERSIANN S 0.25° 60° N/S Hourly (Hsu et al., 1999)

Statistical metrics

Three statistical indicators (Table 2) are applied to evaluate the consistency of selected GPDs over time
and space and their performance for streamflow prediction. The Kling-Gupta Efficiency (KGE) (Gupta
et al., 2009; Kling et al., 2012) and its Pearson Correlation coefficient (r), Bias (f), and Variability ratio

Table 2. Statistical metrics used in study (optimal value is unity for each of them)

Perforlr}ance Equations Description
metrics
R (Pearson correlation coefficient), f (Bias) is
1T 12 (B 1) 2 (112102 the ratio of estimated and observed mean, y
Kling Gupta KGE rll [G-D7 (-1 (-1 (Variability Ratio) is the ratio of estimated and

. 1 bserved fficients of variation, 4 and J are
Efficiency and | =-— E - - observed coe v » H
“ its ' ns (On MO)(SH us)/(SOXSS) > | the distribution mean and standard deviation

n where s and o indicate estimated and observed.
components B=—, Y=(8,%p )/ (1 x8,) | M (Miss); when the observed precipitation is
Ho not detected. F' (False); when the precipitation

is detected but not observed, H (Hit); when the
observed precipitation is correctly detected,
Hanssen- _ (HXCN)-(FxM) CN (Correct Negative); a no precipitation
Kuiper (H+M) (F+CN) event is detected. n is the sample size of the
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. Gim ob2 observed or calculated streamflow. Q?Pand

Nash—Sutcliffe NSE=]. 2! Q-Q) 77 present the observed and simulated

Efficiency n (Qpb_@)z streamflow, ©P present the mean observed
R streamflow.

() is used for the direct comparison of GPDs with observed precipitation. Furthermore, the Hanssen-

Kuiper (HK) skill score is used to measure the detectability strength of GPDs by considering five
precipitation intensity thresholds such as no-precipitation (less than 1 mm/day), light precipitation (1-5
mm/day), moderate precipitation (5-20 mm/day), heavy precipitation (20-40 mm/day) and violent
precipitation (more than 40 mm/day) (Zambrano-Bigiarini et al., 2017). Moreover, for the hydrologic
utility of GPDs, Nash—Sutcliffe Efficiency (NSE) and KGE metrics are utilized. For the streamflow
reproducibility, two scenarios are considered; when the model parameters are calibrated by observed
precipitation and then the observed precipitation is replaced by each GPD (Scheme-1), where for
Scheme-2, the model parameters are calibrated by each GPD separately. The conceptual TUW model is
used for the precipitation-runoff modeling, and its structure is similar to the HBV model. The TUW
model has 15 parameters and is able to simulate runoff, snow, and soil moisture by using daily
precipitation, temperature, and evaporation data (Parajka et al., 2007). The model parameters are
calibrated by hydroPSO R package which includes particle swarm global optimization algorithm
(Zambrano-Bigiarini, 2020).The model parameters are summarized in Table 3.

Table 3. Model parameter range and optimum values for observed precipitation and GPDs. Number of
the column indicates: 0, parameter range; 1, Obs; 2, ERAS; 3, CHIRPv2.0; 4, IMERGHHFv06; and 5,

PERSIANN.
Parameter and Units 0 1 2 3 4 5
Snow correction factor—SCF (-) 0.9-1.5 1.5 1.12 1.03 1.1 1.4
Degree-day factor—DDF (mm/°C/day) 0.0-5.0 3.6 0.3 0.51 2.2 1.8

Temperature threshold above which precipitation is

rain—Tr (°C) 1.0-3.0 23 1.74 1.43 1.8 3.0

Temperature threshold below which precipitation is

snow—Ts (°C) -3.0-1.0 1.0 -0.01 -0.1 -0.9 0.9

Temperature threshold above which melt starts—

Tm (°C) -2.0-2.0 1.7 -1.86 0.87 1.0 1.5

Parameter related to the limit for potential

evaporation—Lpart (-) 0.0-1.0 1.0 0.6 0.36 0.5 0.9

Field capacity—FC (mm) 0.0-600 434 317.8 453 | 71.1 94.7
i\fonlmear parameter for runoff production—Beta (- 0.0-20 6.0 1.82 552 31 01
Constant percolation rate—Ko (mm/day) 0.0-2.0 0.8 1.09 0.73 1.0 1.1
Storage coefficient for very fast response—K; (day) 2.0-30 20.6 23.1 20.0 15.7 15.1
Storage coefficient for fast response—Ko (day) 30-250 40.1 38.3 509 | 40.2 | 355
Storage coefficient for slow response—Isuz (day) 1.0-100 52.2 87.9 57.5 58.7 66.1
Threshold storage state—cperc (mm) 0.0-8.0 52 5.0 6.9 7.7 0.3
Maximum base at low flows—bmax (day) 0.0-30 3.1 13.6 7.7 9.0 19.6
Free scaling parameter—croute (day?/mm) 0.0-50 35.2 273 243 11.1 39.5
RESULT AND DISCUSSION

Mean daily precipitation

Figure 2 presents mean daily precipitation and its bias for the entire period (2015-2019) and four seasons
retrieved from observed precipitation and all GPDs at the regional scale. Based on observed
precipitation, the region experiences 1.36mm/day precipitation for the entire period, where this amount
increases to 2.1mm/day for the spring (MAM) season. Furthermore, the region receives less precipitation
(0.75mm/day) during the summer (JJA), which is pretty natural, and precipitation reaches 1.3mm/day
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for the autumn (SON) season. Finally, spring precipitation is followed by winter (DJF) season
precipitation (1.36mm/day).

Precipitation Bias
Winter(DJF)- = e ——
Autumn(SON) = _u-
Summer(JJA) - = _=
Spring(MAM) - =_ ___
Entire Period - = _=

00 10 20 30 -05 00 05 10
Mean precipitation and bias (mm)

Il Obs I CERAS CHIRP V2.0 M IMERGHHF V06 [ PERSIANN

Figure 2. Mean Daily precipitation and bias at the regional scale obtained from observed and four GPDs
for the entire period and four seasons. Legend text color presents: reanalysis (green), satellite and
reanalysis (sky blue), gauge and satellite (red), and satellite (blue).

Among all GPDs, the PERSIANN dataset consistently underestimates mean daily precipitation
compared to observed precipitation, while CHIRPv2.0 only underestimates winter precipitation. The
rest of the GPDs show more precipitation for the entire period and four seasons; for example, ERAS
shows the highest overestimate (bias; 0.9mm/day) during the spring season, followed by
IMERGHHFv06 (bias; 0.82mm/day) during the winter season. Overall, the range of
under/overestimation of GPDs for mean daily precipitation is between -0.75mm to 0.9mm.

GPD reliability in space and time

Figure 3 presents the reliability of each GPD at the regional scale in the form of KGE and its components
for the entire period and four seasons. For the entire period (2015-2019), ERAS presents high
performance (KGE; 0.28) followed by CHIRPv2.0 (KGE; 0.14), IMERGHHFv06 (KGE; 0.14), and

Entire Period Spring(MAM) Summer(JJA} Autumn(SON) Winter(DJF)
2.0

1.5
039 089

50
KGE r B Y KGE r B Y KGE r R Y KSE r R Y KGE r B Y

ERADL- 028 040 047 101

CHIRP V2.0-

097 042

IMERGHHF V06-

030 1.07

PERSIANN-

056 1.02

.

Figure 3. GPD reliability at the regional scale for the entire period and four seasons is expressed in the
form of KGE and its components. Y-axis color presents: reanalysis (green), satellite and reanalysis (sky
blue), gauge and satellite (red), and satellite (blue).

175



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

PERSIANN (KGE; 0.03) where ERAS shows high correlation coefficient among other GPDs. Likewise,
except PERSIANN, all GPDs overestimate bias and underestimate variability ratio, respectively. For
the seasonal performance, all GPDs show lower performance during the summer season where only
PERSIANN shows poor performance during the autumn season. IMERGHHFv06 presents high KGE
(0.20) for the winter season, where the rest of the GPDs perform weakly.

The GPD performance at the station location is expressed by KGE and its components (Figure 4). ERAS,
CHIRPv2.0, and IMERGHHFv06 are more effective in the southern region, where PERSIANN shows
weak performance in general but presents better KGE in the northern parts compared to CHIRPv2.0 and
IMERGHHFv06. Furthermore, IMERGHHFv06 shows higher KGE within the basin, followed by
CHIRPSv2.0, ERAS, and PERSIANN. Moreover, all GPDs show a high correlation coefficient (r) where
no clear trend is observed for bias (), and only PERSIANN overestimates variability ratio (y) spatially.
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Figure 4. GPD reliability at the station location expressed in the form of KGE and its components
considering the entire period (2015-2019) precipitation. Title color presents: reanalysis (green),
satellite and reanalysis (sky blue), gauge and satellite (red), and satellite (blue).

Figure 5 shows the detectability strength of each GPD at the regional scale and is expressed in the form
of Hanssen—Kuiper (HK) score for five distinct daily precipitation intensities, considering the entire
period and seasonal variability of precipitation over the region. In general, it is observed that GPD
detectability is more effective for precipitation intensity less than 1mm/day. Furthermore, GPDs show
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high detectability for low intensity, and detectability strength decreases as the precipitation intensity
increases. However, there can be some fluctuations in the pattern; for example, IMERGHHFv06 is able
to detect moderate precipitation with 0.17 compared to light precipitation with 0.10 during the summer

Entire Period Spring(MAM) Summer(JJA) Autumn{SON) Winter(DJF)
B ] B T B B 0.5
ERAS5- 014 029 007 007 |0 015 02 009 03 014
0.4
CHIRP V2.0- 023 009 |0. 017 0.13 03
IMERGHHF V06- 025| 0.1 0.13 0.16 0.06 |0. 025 01 047 02
0.1
PERSIANN- 018 | 0.1 0.6 01 008 0.18 0.09 014 |0.06 0.1 I
0.0

[01) [5) [5.20)[2040) =40 [04) [15) [5.20)[20.40) =40 [01) [15) [5.20)[2040) =40  [04) [15) [5.20)[2040) 240 [01) [1.5) [5.20) [2040) >40

Figure 5. GPD detection ability for various precipitation intensity expressed in the form of Hanssen—
Kuiper (HK) score for the entire period and four seasons. Y-axis color presents: reanalysis (green),
satellite and reanalysis (sky blue), gauge and satellite (red), and satellite (blue).

season. ERAS5 shows the highest detectability for all precipitation intensities compared to CHIRPv2.0
and IMERGHHFv06, whereas PERSIANN consistently shows a weak performance in capturing
precipitation events.

GPD strength for streamflow prediction

Figure 6 presents observed and simulated streamflow for two schemes, including observed precipitation
and four GPDs for the Upper Aras basin. The daily simulated streamflow is reproduced by TUW model
considering five water years (2015-2019) which is classified into two parts, model calibration (October
2014 -September 2016) and model validation (October 2016 -September 2019).
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Figure 6. Observed and simulated streamflow from gauge precipitation data and four GPDs for the
calibration (October 2014 -September 2016) and validation (October 2016 -September 2019) periods.
Title color presents: reanalysis (green), satellite and reanalysis (sky blue), gauge and satellite (red),
and satellite (blue).
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Figure 7 displays the performance of GPDs for streamflow prediction in stream gauging station
(D24A096) located at the outlet of the basin. The model shows high performance using gauge
observations in both the calibration and validation periods. On the other hand, except CHIRPv2.0
dataset, all GPDs do not show the same success in Scheme-1, although having high correlation ratios
and high bias. Furthermore, when GPDs are used as meteorological forcing for the model parameter
calibration individually, all GPDs show high reproducibility of streamflow for the calibration period and
show better performance for the validation period compared to gauge precipitation data. Among all
GPDs, CHIRPSv2.0 indicates a different trend in that it shows an increasing calibration performance in
Scheme-2 (KGE; 0.86) as compared to Scheme-1 (KGE; 0.68), but a decreasing result for the validation
stage with a KGE; 0.66 in Scheme-1 to KGE; 0.58 in Scheme-2. Table 3 summarizes TUW model
parameter ranges and calibration results for observed precipitation and GPDs.

Calibration Period Validation Period Entire Period
Obs-| o ! ! I ! ! ! ! ! ! J 09 >=1.7
ERAB - Q
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Figure 7. Statistical metrics computed between observed and simulated streamflow forced by gauge

precipitation and GPDs for the calibration, validation and entire period. Y-axis color presents:
reanalysis (green), satellite and reanalysis (sky blue), gauge and satellite (red), and satellite (blue).

CONCLUSIONS

This study evaluated the stability of four GPDs (ERAS, CHIRPv2.0, IMERGHHFv06, and PERSIANN)
by directly comparing GPDs with in-situ precipitation derived from 12 meteorological stations.
Furthermore, the hydrologic utility of GPDs for streamflow prediction is assessed by two standard
calibration/validation schemes considering five water years (2015-2019). Moreover, three statistical
metrics (KGE, HK, and NSE) are considered for direct comparison and hydrologic utility of GPDs. The
main conclusions are summarized as follows:

e All GPDs present low performance when compared directly with observed precipitation but
show better correlation and high/low bias and variability ratio. The highest performance is
obtained by ERAS (KGE; 0.40) during the autumn season.

e GPDs show high detectability for low intensity precipitation and low detectability for high
intensity precipitation events. Only IMERGHHFv06 show an unclear trend of intensity-
detectability for light and moderate precipitation.

e All GPDs show relatively higher ability for streamflow prediction as compared to direct
precipitation observations. In addition, GPDs present higher reproducibility when model
parameters are calibrated by each GPD individually (Scheme-2). CHIRPv2.0 is the only GPD
that shows high reproducibility when the model is calibrated by gauge precipitation data.

Future work will include more GPDs for direct precipitation comparison and hydrologic simulations
over other basins of Turkey.
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ABSTRACT

Forests are the lungs of the ecosystem and their role in the water cycle is undeniable. It has important
contributions in the formation of groundwater and in the prevention of erosion. They are essential for
the continuation of wildlife. The biggest danger and source of destruction of forests, which are of such
great importance for life in the world, are fires. In addition to the ecological and economic damages of
forest fires, loss of life is also an important problem. At this point, it is vital to detect and monitor forest
fires in order to prevent them or reduce their damage with early intervention. In this context, continuous
monitoring and detection via remote sensing, or in other words, geostationary satellites, is a very
important opportunity. In this study, forest fire detection for 5 different incidents was carried out on the
METEOSAT 2nd Generation Satellite (MSG), which is operated by the European Meteorological
Satellites Operation Organization (EUMETSAT), using the software named TMetVis, and forest
destruction was determined by the Normalized Difference Vegetation Index (NDVI) calculation and
potential fire risks with active fire have been successfully demonstrated.

Keywords: MSG, wildfires, remote sensing, TMetVis.

Orman Yangmnlarinin MSG Uydusundan Tespiti
OZET

Ormanlar ekosistemin akcigerleridir ve su dongiisiindeki rolleri yadsinamaz. Yeralti sularmin
olusmasinda ve erozyonun 6nlenmesinde 6nemli katkilart bulunmaktadir. Yaban hayatinin devami igin
elzemdirler. Diinyadaki yasam igin boylesine biiylik bir 6neme sahip ormanlarin en biiyiik tehlike ve
tahribat kaynagi yanginlardir. Meydana gelen orman yanginlarinin ekolojik ve ekonomik zararlarinin
yaninda can kayiplari da énemli bir sorundur. Iste bu noktada, orman yanginlarini engellemek ya da
erken miidahale ile zararlarmi azaltmak amaciyla yanginlarin tespit ve izlenmesi hayati Gnem
tagimaktadir. Bu kapsamda da uzaktan algilama ile ya da baska bir deyisle yer duragan uydular
lizerinden siirekli izleme ve tespit yapilabilmesi, ok 6nemli bir imkandir. Iste bu calismada, Avrupa
Meteorolojik Uydulari Isletme Teskilati (EUMETSAT) tarafindan isletilmekte olan METEOSAT 2.
Nesil Uydusu (MSG) iizerinden 5 farkli vaka i¢in orman yangimi tespiti TMetVis isimli yazilim
iizerinden gergeklestirilerek, Normalize Fark Bitki Ortiisii Endeksi (NDVI) hesaplamasi ile orman
tahribati belirlenmis ve aktif yangin ile potansiyel yangin riskleri bagaril bir sekilde ortaya konulmustur.

Anahtar Kelimeler: MSG, orman yangini, uzaktan algilama, TMetVis

GIRIS

Ekosistemin akcigerleri olarak tanimlanan ormanlar, yasam i¢in gerekli olan oksijen ve karbondioksit
gazlar arasindaki dogal dengeyi saglar. 100 yasindaki bir kayin agaci, saatte yaklasik 40 kisinin tirettigi
2,35 kilogram karbondioksiti tiiketir (Orman Genel Miidiirliigii t.y.). Diinya’daki 4 milyar hektardan
fazla ormanlik alan, su dongiisiinde énemli bir role sahiptir (Esemen 2011). Ayrica yeralti sularinin
olusmasina yardim eder. Ormansiz alanlarda yagisin yalnizca % 44’ topraga sizabilirken, ormanlik bir
alanda yagisin % 82’si topraga sizarak yer alt1 sularina katkida bulunur (OGM t.y.). Ormanlar erozyonu
onler. Ormanlik alanda 1 m2 yiizeyden taginan toprak miktar1 40 gram iken, ormansiz ¢iplak alanda bu
miktar 1500 grama ulasir (OGM t.y.). Ayrica, ormanlar yaban hayati ve av kaynaklarmi korur.
Milyonlarca canliya ev sahipligi yapar. Avrupa’da orman kaynaklar kitanin iicte birini kaplayarak
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zengin bir ekosistem olusturur ve Avrupa iilkelerinde biyolojik kaynakli ekonomiyi destekler (de Rigo
vd. 2017).

Yangin, Akdeniz bélgesinde ormanlarin tahribatindan sorumlu en 6nemli unsurdur. Son yillarda Avrupa
ve Akdeniz bolgelerinde orman yanginlari belirgin bir sekilde artig gostermistir. Bunun en 6nemli
sebepleri olarak toprak kullaniminin degisimi ve klimatolojik 1sinma gdsterilebilir. Orman yanginlarinin
toprak iizerindeki en temel etkileri yanma sirasinda besinin kaybi ve yangindan sonra toprakta erozyon
riskinin artmasidir (Pausas ve Vallejo 1999). Akdeniz iilkelerinde her yil yaklagik 50 bin yangin,
ortalama 850 bin hektar ormanlik alami yok etmektedir. Orman yanginlariyla ilgili olarak yapilan
arastirmalara gore, yangmlarin % 3-8'1 yildirnrmdan, % 12’si kasten (bilerek yakma), % 80’1 ihmal ve
dikkatsizlikten ¢gikmaktadir. Bu rakamlardan da anlasildigi {izere yanginlarin % 92-97’si insanlardan ya
da insanlara baglh faktorlerden kaynaklanmaktadir (OGM t.y.). Sekil 1, Tiirkiye’de 2008-2019 yillar
aras1 meydana gelen yillik ortalama yangin sayisini (mavi) ve ayni donemde hektar cinsinden ortalama
yanan alan miktarini (kirmiz1) gostermektedir (European Commission 2020).
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Sekil 1. 2008-2019 yillar1 aras1 Tiirkiye’de kaydedilmis yillik ortalama orman yangini sayisi (mavi) ve
ayn1 donemde hektar cinsinden yanan alan miktar1 (kirmizi) (European Commission 2020).

Grafikten goriildiigii lizere; yangin sayisi son yillarda rekor seviyelere gelerek artmaya devam etmistir.
Bu artista iklim degisimi ve sicak hava dalgalariin etkisi oldugu sdylenebilir. Bundan sonraki siirecte,
siirekli gelisen uzaktan algilama sistemleri sayesinde erken miidahale ve gézlemler ile yangin sayisinda
ve yanmis alan biiyiikliiklerinde azalma yasanacagi tahmin edilmektedir.

Giliniimiizde, diinya gbézlem uydulari, elektromanyetik spektrumun goriiniir ve kizil Stesi kisimlarini
kullanarak nem igerigi gibi bitki fizyolojik parametrelerinin degerlendirilmesine katki saglamaktadir.
Uydu sensorlerinden elde edilen spektral veri, bitki drtiisii parametreleriyle yakindan ilgilidir. Ornegin,
suyun giiclii absorblandig1 Landsat 7 uydusunun 1,3 ve 2,5 um arasi dalga boyuna sahip kizil6tesi bandi,
bitki su icerigi tayini i¢in ¢cok uygundur. Bu nedenle bu bant meteorolojik yangin tehlike endeksleri i¢in
de kullanislidir. Ne yazik ki bu spektral bant, cogu uydu sistemlerinde mevcut degildir. Giintimiizde su
icerigi tayini goriiniir, yakin kizilotesi ve termal kizilotesi verilerine dayanmaktadir. Yasayan bitki
oOrtlistiniin endirekt su igerigi tayini, kirmizi ve yakin kizilotesi bantlar kullanilarak yapilmaktadir.
Spektral bitki ortiisii endeksleri bu iki bandin kontrasti kullanilarak hesaplanir (Camia vd. 1999). Gillon
ve arkadaglar1 (2002) yakin kizildtesi yansiticilik spektroskopisi (NIRS) teknolojisi kullanilarak,
Akdeniz yaprak dokmeyen tiirlerinin taze yapraklarinin ilk nem igeriginin spektral 6zelliklerinden
Ol¢iilmesinin miimkiin oldugunu gostermistir. Uzaktan algilama teknikleri, sagladigi tiim bu detayh
bilgilerle gelecekte de yangin tehlike tahmin modellerine biiyiik katkida bulunmaya devam edecektir
(Camia vd. 1999).
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Orman yanginlarini engellemek ya da erken miidahale ile etkilerini azalmak amaciyla yanginlarin tespit
ve izlenmesi hayati 6nem tagimaktadir. Yer duragan ydriingeli uydular, sik ve siirekli goriintii alabilme
kabiliyetlerinden dolay1 yanginlarin erken tespiti ve izlenmesi konusunda ideal uzaktan algilama
sistemleridir. Bu baglamda, bu ¢alismada EUMETSAT f{izerinden elde edilen, 5 farkli yangin igin
Meteosat II. Nesil uydu verileri incelenmistir. Bu veriler TMetVis programi vasitasiyla, farkli
kanallarda, RGB kompozitlerinde ve kanal farklarinda goriintiilenmistir. Elde edilen bulgularla NDVI
hesaplamalar1 yapilarak bitki Ortiisii tahribati incelenmistir. Son olarak FIR algoritmasi testleri
uygulanarak, yangin bdlgesinde aktif yangin oldugu kanitlanmistir. Farkli bolgeler icin bu algoritma
kullanilarak potansiyel yangin riski belirlenmistir.

UZAKTAN ALGILAMA iLE YANGIN ANALIZi

Orman yanginlari sonrasinda, yanan araziye ulagimin zor olmasi ve arazi ¢aligmalarinin yiiksek maliyetli
olmasi nedeniyle veri toplamak miimkiin olmamaktadir. Bu nedenle son yillarda orman yangini sonrasi
calismalar igin uzaktan algilama teknolojileri kullanilmaktadir (Sabuncu & Ozener, 2019). Sabuncu ve
Ozener, 2009 yilinda izmir’de meydana gelen yangmm inceledikleri arastirmalarinda 7 adet spektral
banda sahip olan Landsat 5 uydu goriintiilerinden faydalanmigtir. Yanan alanin miktarini tespit etmek
icin Normalize Edilmis Yanma Siddeti (Normalized Burned Ratio-NBR) ve Normalize Edilmis
Vejetasyon Endeksi (Normalized Differenced Vegetation Index - NDVI) ile bu endekslerin yangin
oncesi ve sonrasi farklar1 kullanilarak elde edilen Fark Normalize Edilmis Yanma Siddeti (Difference
Normalized Burned Ratio-dNBR) ve Fark Normalize Edilmis Vejetasyon Endeksi gibi ¢esitli uzaktan
algilama endeksleri hesaplamislardir. Elde edilen sonuglar Orman Genel Miidiirliigii’nden alinan hasar
tahmin sonuglari ile karsilastirilmigtir (2019).

Normalize Edilmis Bitki Ortiisii Endeksi, yesil bitki ortiisii yogunlugu tespitinde ve zaman igindeki
degisimlerinin izlenmesinde en sik kullanilan endekstir. NDVI, yakin kizil 6tesi ve kirmizi bant
goriintiilerinin kullanildig1 matematiksel bir oranla belirlenir (Sabuncu & Ozener, 2019). Yangin sonrasi
bitki oOrtiistiniin fiziksel 6zelliklerinin degismesinin yaninda, kimyasal degisimler de meydana gelir.
Bunlara bitki ortiisiinde terlemenin azalmasi, ylizeyin kiil ile kaplanmas1 ve yiizey sicakligindaki ani
artis sonucu spektral yansitimlardaki degisiklikler 6rnek olarak verilebilir (Lanorte vd. 2013). Yanan
bolge tespitinde kullanilan bir diger endeks olan Normalize Edilmis Yanma Siddeti Endeksi (NBR),
ormanlik alanlardaki yangin 6ncesi ve yangin sonrasi goriintiiler arasindaki degisikligi tespit edebilmek
icin yakin kizil6tesi ve kisa dalga kizildtesi bantlarin1 matematiksel bir oranla ifade eder. Bunun diginda
Fark Normalize Yanma Siddeti Endeksi (Differenced Normalized Burn Ratio- dNBR), yangin 6ncesi
ve sonrasi normalize edilmis yanma siddeti endekslerinin birbirinden ¢ikarimi sonucu elde edilmektedir
(Sabuncu & Ozener, 2019).

Landsat, SPOT, Terra ve GOKTURK-2 gibi giines-senkronize polar ydriingeli uydular, yiiksek
mekansal ¢oziiniirliikleri nedeniyle yangin ve yer gdzlemlerinde siklikla bagvurulan sistemlerdir
(GOKTURK-2, t.y.; Thome, t.y.). Landsat uydular1 1970lerden bugiine yanginlar hakkinda veri
toplamaktadir (Landsat, 2019). Bu uydular yangin bolgesini detayli olarak goriintiilleme imkanlarina
karsin; yer senkronize olmamalar1 ve bu nedenle siirekli goriintii alamamalarindan dolay1 yangin
analizlerinde yangmin tiim siireglerini takip edememektedir. Buna karsin, sik ve siirekli bir sekilde
goriintli alabilme kabiliyetine sahip sabit yoriingeli uydular, yanginlarin erken tespiti konusunda, uydu
tabanli ¢ozlimler icerisinde en ideal sistemlerden biri olarak degerlendirilmektedir. Bu tiir sistemlerin
dogruluk ve tutarliligi, goriintiisii kullanilan uydunun mekénsal ve zamansal ¢oziiniirliiklerine ve
kullanilan tespit metodunun hassasiyetine baglidir. Bunlara ragmen, uzaktan algilama sistemlerinin
orman yanginlarin tespit ¢aligmalarinda insan tabanli hatalar1 ortadan kaldirarak, sistematik ve tutarl
bir veri seti saglayacagi diisiniilmektedir (Tekeli vd. 2007).

Meteosat ikinci Nesil Uydular ile Yangin Analizi

Ekvatorun 36.000 km {izerinde, yer duragan yoriingede bulunan Meteosat ikinci nesil uydular -
Meteosat-8, -9, -10 ve -11 - Avrupa, Afrika ve Hint Okyanusu iizerinde 2002’ten beri faaliyet
gostermektedir. MSG uydulart bir ¢ift sensor tasimaktadir. Bunlar, Diinya'y1 12 spektral kanalda
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gozlemleyen Donen Gelistirilmis Gortiniir ve Kizilotesi Goriintiileyici (SEVIRI) ve Diinya radyasyon
biitcesi caligmalar i¢in goriiniir kizilotesi radyometre olan Yer Duragan Diinya Radyasyon Biitgesi
(GERB) sensorleridir. Uydular, meteorologlarin operasyonel kullanimi i¢in siirekli olarak her 15
dakikada bir Avrupa, Kuzey Atlantik ve Afrikanin ayrintili goriintiilerini kaydeder (EUMETSAT t.y.).

Meteorolojik uydular biiyiik 6lgekli duman ve yanginlarin tespiti ve afet boyutlarinin incelenmesi
konularinda verimli bir sekilde kullanilabilmektedir.

Wien Yasasi’na gore Meteosat Ikinci Nesil uydularinin yangin tespit edebildigi ve izleyebildigi en iyi
dalga boyu 3,9 um’dir. Bunun nedeni 743 K sicakligindaki bir yanginin en fazla igima yapabildigi;
dolayistyla en kolay ayirt edilebildigi, dalga boyunun 3,9 um olmasidir. Bu dalga boyu, MSG uydusunun
SEVIRI sensoriiniin 12 kanalindan biri olan kanal 4’e karsilik gelir. Bunun yaninda, 3,9 pm civarindaki
spektral bantlarin yangin tespiti i¢in ¢ok uygun olmasmin diger nedenleri, sicaklik duyarliligi ve alt-
piksel yanitidir (EUMETRAIN 2012). Bunun yaninda EUMETSAT, yangin olasilig1 tayini yaparken
FIR algoritmasinda IR3.9-IR10.8 sicaklik farki testini kullanmaktadir. Fark ne kadar fazlaysa olasilik o
kadar yiiksektir (EUMETRAIN 2012).

Normalize Fark Bitki Ortiisii Indeksi (NDVI)

Yaygin olarak kullanilan bir spektral bitki ortiisii endeksi Normalize Fark Bitki Ortiisii Endeksidir
(NDVI). NDVI, fotosentezik aktivite belirleyicisidir. Normalize Fark Bitki Ortiisii Endeksi, yakin kizil
Otesi (bitki oOrtisiiniin kuvvetli sekilde yansittigi) ve kirmizi 1sik (bitki Ortiisiiniin absorbe ettigi)
yansiticiliklart arasindaki farki Olgerek bitki Ortlisinii belirler. Degerleri -1 ve +1 arasinda
degismektedir. Negatif degerler su, bulut ve kar bolgesini temsil etmektedir. 0,1 ve daha az degerler
taslik alanlar, ¢ol ve sehirlesmis alanlar gibi bitki drtiisiiniin hi¢ olmadig: alanlar1 gostermektedir. Ote
yandan, orta degerler (0,2 ila 0,3) calilar1 ve ¢ayirlar1 temsil ederken; biiyiik NDVI degerleri (0,6 ila
0,8), 1liman ve tropik ormanlar1 gésterir (Web-1).

NDVI hesaplanirken yakin kizilotesi ve kirmizi kanallarin yansitma degeri kullanilir (Denklem 1).
NDVI= (Yakin Kizilotesi — Kirmizi) / (Yakin Kizil6tesi + Kirmizi) (D

Saglikli bitki ortiisti (klorofil) diger dalga boylarina kiyasla yakin kizilotesi (NIR) ve yesil 15181 daha
fazla yansitir. Fakat kirmizi ve mavi 15181 absorblar. Sagliksiz bitki Ortiisiiniin yakin kizilotesi
radyasyonu yansitma degeri daha azdir. Bununla beraber, kirmiziy1 daha fazla yansitir (Tekeli vd. 2007).
Yansitma yiizdeleri, kullanilan uydunun ilgili kanalindan edinilebilir. MSG uydusunun SEVIRI
sensoriinde yakin kizilotesi yansiticilik i¢in 0,8 pm kanali kullanilirken, kirmizi (goriiniir) yansiticilik
degeri i¢in 0,6 um kanali kullanilir (EUMETSAT 2012). Yansitma yiizdeleri denklemde uygulandiginda
saglikli bitki oOrtiistinlin NDVI degeri +1°e daha yakinken, sagliksiz bitki Ortiisiiniin degeri 0’a
yaklagmaktadir.

Uydudan elde edilen bilgilerle ve NDVI hesaplama yontemiyle saglikli bitki ortiisii alani, sagliksiz ya
da bitki ortiisiiz alandan ayirt edilebilir. Bununla birlikte, eger zaman igindeki bitki ortiisii degisimi
goriilmek isteniyorsa atmosferik diizeltme yapilmalidir (Web-1). Atmosferik diizeltmeyle birlikte
sagilma ve absorblanma etkileri atmosferden kaldirilir. NDVI, tarimda biokiitle 6l¢iimii amaciyla ve
ormancilik alaninda kullanilir. Ayrica NASA i¢in NDVI, iyi bir kuraklik habercisidir (Web-2).

Meteosat ikinci Nesil Uydulari ile FIR Uriinii

MSG-1 uydusu, meteorolojik goriintii ve iirlin elde edilmesine imkan veren SEVIRI ve GERB
sensOrlerine sahiptir. 12 spektral kanalda 15 dakika siklikla goriintii saglayabilen SEVIRI’den elde
edilen veriler 15181nda MSG Aktif Yangin G6zleme (FIR) iiriinii elde edilmektedir. Uydu alt noktas1 i¢in
3 km x 3 km mekansal ¢6ziiniirliige sahip olan FIR {irlinii resim tabanl olup, tiim pikseller i¢in
calistirilmaktadir (Tekeli vd. 2007).

Aktif Yangin Izleme Uriinii (FIR), EUMETSAT 1 Meteoroloji Uriinleri Ekstraksiyon Tesisi (MPEF)
tarafindan, 2005 yazinda Portekiz Meteoroloji Enstitiisii, Instituto de Meteorologia'nin istegi iizerine
gelistirilmistir. Uriiniin ilk versiyonu Ekim 2005’te kullanima sunulmus ve kullanicilara GRIB2
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formatinda web ve FTP iizerinden dagitilmistir. 2006 yilinin Subat ayinda, {riiniin dagitimi
EUMETCast'e devredilmistir. Nisan 2007'den itibaren iiriin ASCII formatinda da mevcuttur. FIR esik
ayarmin amaci, yanlig alarm sayisin1 miimkiin oldugu kadar diisiik tutarken; iyi yangin algilamasini
saglamaktir (Joro vd. t.y.).

Meteorolojik Operasyonlar Birimi (MOD) altinda tiretilen ve 2005 yilindan beri operasyonel olan FIR
algoritmasi, daha Onceden kullanilmig olan algoritmalarin gilincellenmesiyle elde edilmistir.
Algoritmanin temel aldigt SEVIRI’nin kizil6tesi 3,9 um kanali, yanginlarin yarattig1 sicak noktalara
karsi duyarhidir. Diger kanallar, kizilotesi 10,8 ve kizildtesi 8,7; bulut kenarlarini, kiy1 alanlarini ve
colleri taramak i¢in kullanilmaktadir (Joro vd. t.y.). FIR firiinii IR3,9, IR8,7 ve IR10,8 kanallarinin
parlaklik sicakliklarini bulutsuz arazi alanlan iizerinde karsilastirir, daha sonra her piksele {i¢ yangin
durumundan birini atar: yanginsiz, potansiyel veya muhtemel yangin. Ayrica algoritma, potansiyel
yangin ile aktif yangin arasinda ayrim yapar. Bir pikseli aktif yangin olarak siniflandirmak igin,
potansiyel yanginlardan daha kati bir smiflandirma kriteri kullanilir. Potansiyel yanginlarin
siniflandirilmast kiiglik yanginh pikseller veya sonmiis yanginli ama sicak yiizeyler olan piksellerdir
(EUMETSAT 2015). Kara ylizeyleri i¢in c¢aligtirilan algoritma, deniz ylizii yanginlarimi tespit
edememektedir (Tekeli vd. 2007).

FIR algoritmasinda ana girdiler, SEVIRI'den IR3,9, IR8,7 ve IR10,8 goriintiileridir. Algoritma ¢iplak
toprak yiizey tipleri (¢6l ve acik ¢ali alanlar1) ve kiigiik adalar tizerindeki aktif volkanlar harig, bulutsuz
kara alanlar1 iizerinde uygulanir (EUMETSAT 2015). Ayrica, ¢iplak toprak yiizeylerin tespiti i¢in
IR10,8 — IR8,7 <5 K fark testi uygulanir. Bunun nedeni IR8,7 kanalinin ¢iplak toprak yiizeyler i¢in
yayilimimnin IR10,8 kanalinin yayilimindan ¢ok daha kiigiik olmasidir (Joro vd. t.y.).

Kalan gegerli pikseller i¢in, FIR algoritmasi yangin ve potansiyel yangin piksellerini kontrol etmek i¢in
asagidaki dort kriteri kullanir:

* IR3,9 kanalinin parlaklik sicakligi

* IR3,9 kanalinin standart sapmasi

* IR3,9 ve IR10,8 kanallarinin parlaklik sicaklik farki
* [R10,8 kanalinin standart sapmasi

IR3,9 kanalinin parlaklik sicakligi yangindan kaynaklanan sicak noktalar1 toplar. Gece ve giindiiz i¢in
farkli olan, basit sabit sicaklik esikleri kullanilir. Kiigiik yanginlar1 biiyiik ve sicak yanginlardan ayirt
etmek i¢in, merkezi bir sicak nokta etrafinda, kanal IR3,9'un standart sapmasi (StdDev IR3,9) kullanilir.
IR10,8 kanal1 sicak noktalara kars1 daha az hassas oldugundan, IR3,9 ve IR10,8 kanallarinin parlaklik
sicaklik farki yiiksektir ve ek olarak bu fark, yangin olasilig1 belirlemek i¢in kullanilir. Fark ne kadar
fazlaysa, olasilik o kadar fazladir. Yukaridaki testlerden ilk ti¢linli gegen pikseller de bulutlara, ¢ok
cesitli ylizey tiplerine ya da ¢cok degisken arazi yiiksekligine bagl olarak yanlig alarmlara neden olabilir.
Bunun diizeltmesi IR10,8 kanalinin standart sapmasi (StdDev IR10,8) kullanilarak yapilir. Standart
sapmalar, her bir SEVIRI pikselinin iizerindeki 3 x 3 alt-piksel dizisi {izerinde hesaplanir. Olasi su ve
bulut pikselleri hesaba dahil edilmez. Hesaplamalar i¢in 3 alt-pikselden daha azi kullanilabiliniyorsa
testler iptal edilir (Joro vd. t.y.).

Tablo 1’de, testler i¢in esik degerleri Kelvin cinsinden gosterilmektedir. Yangin olabilmesi i¢in tiim
testlerin basariyla gegilebilmesi gereklidir. “Giindiiz” lokal giines zenit agisinin 70°’den kiiciik oldugu,
“gece” ise 90°’den biiyiik oldugu durumlar ifade etmektedir. Aradaki giines zenit acilari icin esik
degerleri dogrusal olarak enterpolasyonludur (Joro vd. t.y.).
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Tablo 1. FIR iiriinii i¢in esik degerleri (Joro vd. t.y.).

Test Yangin Potansiyel Yangin
Giindiiz (K) Gece (K) Giindiiz (K) Gece (K)
IR 3,9 >310 >290 >310 >290
StdDev IR 3,9 >4 >4 >2 >2
IR 3,9-IR10,8 >8 >0 >5 >-1
StdDev IR10,8 <1 <1 <1 <1
MATERYAL VE METOT

Bu calismanin gerceklesmesinde; EUMETSAT sitesinden alinmis Meteosat Ikinci Nesil Uydusunun
SEVIRI sensoriinden elde edilen ham veriler materyal olarak kullanilmistir. Meteoroloji Genel
Miidiirliigii Uzaktan Algima Sube Miidiirliigii tarafindan gelistirilen TMetPro programinda islenerek,
TMetVis programinda goriintiilenmistir. Caligma metodu, belirli bir tarih ve saat igin, uydu
gorilintlisiiniin  istenen kanalda, RGB uygulamalarinda veya tanimlanan kanal farklarinda
goriintiilenmesiyle olmustur. Bunun sonrasinda, imlecin bulundugu koordinatin, yansiticilik yiizdesi
veya sicaklik degeri ekranda goriinmektedir. Kanal 1 ve Kanal 2 goriintiilerinde yansiticilik degeri,
Kanal 3 ve Kanal 12 arasi tiim kanallarda Kelvin cinsinden sicaklik degeri, RGB uygulamalarinda ise
renk farkliliklar1 dikkate alinmaktadir. NDVI hesaplamalar1 yapilirken ve FIR {iriinii kosullarini test
ederken, gereken kanallarin ilgili degerleri kullanilmaktadir. NDVI hesaplamalar1 sonucu elde edilen
sayisal deger, genel aralikta bulundugu konuma goére yorumlanir. FIR testlerinde gereken kanalda, ilgili
koordinatin sicaklik degeri tespit edildikten sonra, Tablo 1’deki FIR iiriinii esik degerleriyle
kiyaslanarak yorumlanir ve sonuca varilir.

BULGULAR VE TARTISMA

23-26 Temmuz 2018 Yunanistan Yangim

2018 Avrupa sicak dalgasi sirasinda Yunanistan'da bir dizi orman yangini, Temmuz 2018'de Attika kiy1
bolgelerinde baglamistir. Yanginlar 23 Temmuzdan 26 Temmuz’a kadar 3 giin boyunca devam etmistir.
Yanginin bir elektrik diregindeki hasarli bir kablodan dolayi basladigi belirtilmistir. Yanginlar, 2009°da
180 kisinin ¢liimiine neden olan, Avustralya'daki “Kara Cumartesi” orman yanginlarinin ardindan, 21.
yiizyilin en 6liimciil orman yangini olayidir. Ayrica, son ylizyilin en dliimciil 6. yanginidir. 4.000'den
fazla kisi orman yanginlarindan etkilenmistir. Mayis 2019 verilerine gore toplamda 102 kisinin 6liimiine
neden olmustur (Kitsantonis vd., 2018).

23 Temmuz 2018'de, Dogu Avrupa saatiyle 13: 00'de, Atina'nin batisindaki Kineta yakinlarinda bir
orman yangini bagladi. Birkag¢ saat sonra, Atina'nin kuzeyinde, Penteli yakinlarinda ikinci bir orman
yangini daha bagladi. Bolgedeki ¢ok kuvvetli riizgar hamleleri (124 km / saat, 77 mil, 12 Bofor)
nedeniyle, her iki orman yangini da hizli bir sekilde yayildi. Kineta'daki yangin bolgedeki evleri
yakarken, Penteli'deki yangin sahile dogru yoneldi ve Neos Voutza, Mati ve Kokkino Limanaki'nin bir
kismini yakmaya basladi. Sekil 2 ve Sekil 3, yanginlarin lokasyonunu harita iizerinde gdstermektedir
(Kitsantonis vd., 2018).
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Sekil 3. 23 Temmuz 2018’de Attica’da baslayan iki ana yangin [32].
TMetVis Programindan Yunanistan Yangiminin Goriintiilenmesi

Bulutluluk, uydudan yangin tespitinde en biiyiik engeldir. Yangin analizinde Oncelikle bulutluluga
bakilmasi gereklidir. Detayli bulut yapis1 goriintiisii veren yiiksek ¢oziiniirliiklii goriiniir kanal olan
Kanal 12’de goriildiigii iizere, yanginin ikinci giiniinde, Yunanistan giin boyunca bulutludur (Sekil 4).
Ancak bu bulutlar parcalidir ve giin i¢inde anlik da olsa bulutun cinsine gore yangimin goriilebilme
ihtimali vardir.
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Sekil 4. TmetVis programinda 24.07.2018- 12.00 GMT tarihli Kanal 12 gdriintiisii.

Sekil 5, Giindiiz bulut mikrofizigi RGB kombinasyonunu gostermektedir. 14.15 GMT ye kadar yangin
bolgesinde etkili olan, pembe renkle temsil edilmis, biiyiik kristal yapili kalin konvektif bulutlar, 6gleden
sonra etkisini kaybetmektedir. Bu saatten itibaren yangin analizine uygun kosullar saglanmaktadir.
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Sekil 5. TmetVis programinda 24.07.2018- 14.15 GMT tarihli RGB Giindiiz Bulut Mikrofizigi
gorintiisii.

RGB Hava Kiitlesi kompozitinde sicak ve soguk hava kiitleleriyle birlikte adveksiyon jetleri de
goriilebilmektedir. Yanginin ikinci giinlinde, giinlin ilk saatlerinde (Sekil 6), Yunanistan’in giiney
boliimii sicak hava kiitlesinin etkisindedir. Sistemin batidan doguya dogru ilerledigi diisiiniiliirse,
yanginin basladig1 bir 6nceki giin, Yunanistan’in bityiik bir kisminin sicak hava dalgasi etkisinde oldugu
sOylenebilir.
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Sekil 6. TmetVis programida 24.07.2018- 00.00 GMT tarihli RGB Hava Kiitlesi goriintiisii.

Yangin gibi sicak noktalara duyarli olan IR 3,9 um spektral banda karsilik gelen kanal 4’tiir. Yangimin
ikinci giinii i¢in kanal 4’te renk zithginin daha belirgin olabilmesi igin sicaklik renk skalas1 degerleri
yeniden diizenlenmistir. Sabah saatlerinde konvektif bulutlarin etkisinden dolay1 yanginin yayimladigi
termal radyasyon net bir sekilde alinamamigtir. Konvektif bulutlarin etkisini kaybetmesiyle yangin
goriintiisii alinabilmeye baglanmistir Yangin en net sekilde 18.00 GMT te goriilebilmektedir. Kanal 4°te
renk tonu yeryiizl tarafindan yayimlanan termal radyasyonu (sicaklik) temsil ettiginden, siyah alanlar
cevredeki alanlardan daha sicak bir bolgeyi belirtmektedir. Sekil 7 ve 8’de goriilen siyah nokta,
Yunanistan’daki iki ana yangindan batida olani temsil etmektedir. Bolge kirmizi gember igine alinmustir.
Dogu boélimdeki yanginin goriintiisii tespit edilememistir.
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Sekil 8. TmetVis programinda 24.07.2018- 18.00 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.

Sekil 9, IR 3,9 — IR 10,8 kanal fark: goriintiistinii gostermektedir. Sicaklik fark: ne kadar fazlaysa, o
bolgede yangin olma olasilig1 o kadar fazladir. Sekilde farkin fazla oldugu beyaz alan, Yunanistan
yanginin gostermektedir ve kirmizi cember ile isaretlenmistir.

Sekil 9. TmetVis programinda 24.07.2018- 18.00 GMT tarihli IR 3,9 — IR 10,8 kanal farki goriintiisi.
22 Agustos 2014 Mugla Yangim

2014 yilinda Tiirkiye’de her biri 40 hektardan fazla alana zarar veren 24 yangin, bu yil i¢inde toplamda
7190 hektar alanin yanmasina neden olmustur. Bu zararin yaris1 Agustos ay1 i¢inde Mugla’da yasanan
yanginlar nedeniyle olugsmustur (Kara, 2014). Bu yanginlardan biri 1000 hektarlik alan1 yok eden 22
Agustos yanginidir. Milas’mn Oren Mahallesi Feslegen mevkiinde, 22 Agustos 2014’te dgle saatlerinde
baglayan orman yanginina karadan ve havadan miidahale edilmistir. Siddetli rlizgér ve arazinin sarp
olmasi sondiirme ¢aligmalarini giiclestirmistir (Kara, 2014). Yangin kuzey- giiney aksinda ilerlemistir.
Tarim arazilerinde zarara neden olan yangin, herhangi bir can ve mal kaybina neden olmamistir (Web-
3).
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TMetVis Programindan Mugla Yangiminin Goriintiilenmesi

Yangin goriintiisiiniin saglikli bir sekilde alinabilmesi i¢in bulutlulugun minimum diizeyde olmasi
gerekmektedir. Yiiksek ¢oziiniirlikli goriiniir kanal olan kanal 12’de goriildiigli {izere, 22 Agustos
2014’te Tiirkiye’nin Ege ve Akdeniz bdlgelerinde yanginin goriilmesini engelleyecek herhangi bir
bulutluluk goriilmemektedir (Sekil 10). Mugla Milas’in giiney tarafinda goriilen kuzey- giiney
dogrultusundaki ince, agik gri tabaka yanginin dumanini temsil etmektedir. Bolge kirmizi daire ile
belirtilmistir.
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Sekil 10. TMetVis programinda 22.08.2014- 14.00 GMT tarihli Kanal 12 goriintiisii.

RGB hava kiitlesi kompozitine bakildiginda sicak ve soguk hava kiitleleriyle birlikte adveksiyon jetler
de goriilebilmektedir. Yangin giiniindeki goriintiide turuncu ve yesil alana bakilarak, Tiirkiye nin sicak
hava dalgas1 etkisinde oldugu goriilmektedir. Bunun sonucunda, yangin olusumu tetiklenecektir (Sekil
11).
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Sekil 11. TMetVis programinda 22.08.2014- 14.00 GMT tarihli RGB Air Mass goriintiisii.

Yangin tespiti i¢in kullanilan kanal, sicak noktalara duyarli olan kanal 4 (IR 3,9)’tiir. Kanal 4’te renk
tonu yerylizii tarafindan yayimlanan termal radyasyonu (sicaklik) temsil ettiginden, siyah alanlar
cevredeki alanlardan daha sicak bir bolgeyi belirtmektedir. 22 Agustos 2014 giinii Mugla bolgesi
incelendiginde 10.15 GMT’de yangin goriilmezken, 10.30 GMT’de yangin noktasi net bir sekilde
goriilmektedir (Sekil 12 ve Sekil 13). Yangin 22 Agustos giinii, bu saatler arasinda baglamistir. Yangin
bolgesi kirmizi daire ile belirtilmistir.
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Sekil 13. TMetVis programinda 22.08.2014- 10.30 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.

Yangin giin boyu devam etmistir. 17 GMT den sonra siddetini kaybetmistir. Sekil 14 ve Sekil 15, iki
farkli saatte yangmin kanal 4’teki termal 1simasimi (siyah nokta) ve aradaki farki net bir sekilde
gostermektedir.
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Sekil 14. TMetVis programinda 22.08.2014- 17.00 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.
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Sekil 15. TMetVis programinda 22.08.2014- 22.30 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.

Yangin, Dogal RGB kombinasyonu ile de goriilebilir. Bu uygulama ile ayn1 zamanda yeryiiziiniin fiziki
yapist hakkinda fikir edinilebilir. Sekil 16°da, Dogal kompozitinde yangin bolgesi 1sinmadan dolay1
kirmiz1 goriinmektedir. Ayrica giliney yonli ilerleyen duman da net bir sekilde goriilebilmektedir.
Yanginin duman kilometrelerce ilerlemistir. Bu kompozit sadece giindiiz uygulanabildiginden aksam
saatlerinde goriintii alinamamagtir.
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Sekil 16. TMetVis programinda 22.08.2014- 14.00 GMT tarihli RGB Dogal goriintiisii. Mugla- Milas
kirmizi daire ile belirtilmistir.

Giindiiz Mikrofizigi RGB kombinasyonu yangin bdlgesini cyan renginde goriintiilemektedir. Ancak bu
uygulama gece uygulandiginda fark ¢ok daha belirgin olmaktadir. Sekil 17°de cyan renkli bolgenin
blytkligi, yanginin aksam saatlerinde ne boyutta bir alana yayildig1 hakkinda fikir vermektedir.
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Sekil 17. TMetVis programinda 22.08.2014- 20.30 GMT tarihli RGB Giindiiz Mikrofizigi gériintiisii.
Mugla- Milas kirmizi daire ile belirtilmistir.

IR 3,9 — IR 10,8 kanal farki uygulandiginda, sicak alanlar beyaz renkte goriilebilir. Sekil 18°de 20.00
GMT’de yanginin yayildig1 alan beyaz nokta seklinde goriintiilenebilmistir. Sekil 19°da ise yangin daha
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kiigiik bir beyaz nokta halinde goriintiilenerek, yanginin 23.30 GMT’de kontrol altina alindigini
gostermektedir.

Sekil 18. TMetVis programinda 22.08.2014- 20.00 GMT tarihli IR 3,9-IR 10,8 kanal fark: goriintiisii.

Sekil 19. TMetVis programinda 22.08.2014- 23.30 GMT tarihli IR 3,9-IR 10,8 kanal farki goriintiisii.
27 Haziran 2019 ispanya Yangim

2019 Haziran ayinda Avrupa sicak hava dalgasmin etkisiyle Kuzey Ispanya ve Giiney Fransa’da
sicakliklar 40°C nin iizerine ¢ikmustir. Ispanya’nin Tarragona mevkiinde, 27 Haziran 2019 tarihinde son
20 y1lin en biiyiik orman yangini baslamistir. 500°den fazla itfaiye gorevlisi ve askerler, hava ve karadan
yangini kontrol altina almaya calismistir. 53 kisi evinden tahliye olmus, 5 kara yolu kapanmustir. 72
yasinda bir kisi ve yiizlerce koyun duman ve alevler nedeniyle hayatini kaybetmistir (Henley &
Jones,2019). Fransiz ulusal hava otoritesi Météo-France, iilkenin giineyindeki dort bolge icin "kirmizi
seviye" uyarist yaymlamigtir ve bu alarm seviyesi ilk kez bir sicak hava dalgasi i¢in kullanilmigtir
(Kottasova, 2019). Yangin 6000 hektar ormanlik alani yok etmistir (Barroso, 2019). Sekil 20, yanginin
bagladig1 giiniin yer seviyesi sicaklik degerlerini °C cinsinden gostermektedir (Wetter3, 2019). Sekilden
de goriildiigii iizere, Tarragona’y1 da iginde barindiran kuzeydogu Ispanya ve giiney Fransa’da yer
seviyesi sicakliklart 40°C civarindadir ve yangin olusumuna elveriglidir.
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Sekil 20. 27.06.2019- 12 GMT’de Avrupa’da yer seviyesi hava sicakliklari (°C) (Wetter3, 2019).
TMetVis Programindan ispanya Yangimimn Gériintiilenmesi

Yanginin goriintiilenebilmesi i¢in Oncelikle bulutluluga bakilmalidir. Yiiksek ¢oziliniirliiklii goriiniir
kanal olan kanal 12’de gériildiigii iizere, 27.06.2019°da Ispanya’nin bati ve i¢ kesimlerinde bulutluluk
varken, yanginin meydana geldigi Tarragona bolgesinde (Kuzey dogu) giindiiz saatlerinde hava aciktir
(Sekil 21). Ancak 20.00 GMT’den sonra, batidaki bulutlarin kuzey doguya hareketi sonucunda yangin
bolgesinde kapalilik artmaktadir. Bu nedenle bu saatten sonra yangin analizi yapmak miimkiin degildir.

<

Sekil 21. TmetVis programinda 27.06.2019- 12.00 GMT tarihli Kanal 12 goriintiisii.

RGB Hava Kiitlesi kompozitine bakildiginda yangin giiniinde Ispanya’nin i¢ kesimlerinde soguk hava
kiitlesi, bat1 ve yangin bdolgesinin de yer aldigi kuzey dogu kisimlarinda sicak hava kiitlesinin etkili
oldugu gorilmektedir (Sekil 22).

-2

Sekil 22. TmetVis programinda 27.06.2019- 14.00 GMT tarihli RGB Hava Kiitlesi goriintiisii.

Sicak noktalara duyarl olan kanal 4 (IR 3,9)’e gore, siyah alanlar ¢evredeki alanlardan daha sicak bir
bolgeyi belirtmektedir. Yangin noktasinin 1s1ma sicakligi, 7.45 GMT den itibaren ¢evre sicakligindan
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daha yiiksektir. 08.30 GMT’de 50,43 °C’ye ulasmustir. En yiiksek 1s1ma sicakligi olan 65,15 °C’yi 13.15
GMT’de yayimlamistir (Sekil 23).

_ S TR

Sekil 23. TmetVis programinda 27.06.2019- 13.15 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.

RGB Dogal kompoziti ile yangin ve fiziki yap1 gercek renklerinde goriintiilenebilmektedir. 15.00
GMT’de parlak kirmiz1 piksel ve ¢evresindeki koyu kirmizi pikseller yangin bdlgesini gdstermektedir
(Sekil 24). Bu sayede yanginin koordinatlari net bir sekilde belirlenebilir. Yangin 0.64 ° dogu boylami,
41.29 ° kuzey enleminde baglamis ve ayni boylamda 41.36 ° kuzey enlemine kadar ilerlemistir. Buradan
yanginin kuzeye yoneldigini anlamak miimkiindiir.

Sekil 24. TmetVis programinda 27.06.2019- 15.00 GMT tarihli RGB Dogal goriintiisii.
30 Haziran 2017 Antalya Yangim

30 Haziran 2017’de, saat 10.00 siralarinda Antalya’nin Alanya il¢esindeki Sapadere Kanyonu
yakinlarindaki ormanlik alanda yangin baglamistir. Sicak hava dalgasi ve riizgar nedeniyle biiyliyen
yangina, karadan ve havadan sondiirme calismalariyla miidahale edilmistir. 5 ev tamamen yanmis, 15
ev yangindan zarar gérmiistiir. Yanginda 500 hektar alan yok olmustur (Web-4).

Aym giin Adiyaman’da sabah saatlerinde anizlik alanda ¢ikan yangin, 15 bin dontimliikk alana
yayilmistir. 12 kdyiin etrafini saran yangin, 12 saatten uzun bir siire sondiiriilememistir (Web-5). Bu
yangin, TMetVis programinda da goriintiilenmistir.

TMetVis Programindan Antalya Yangininin Goriintiilenmesi

Yangimi net bir sekilde gorebilmek ve analizini dogru yapabilmek icin Oncelikle bulutluluga
bakilmalidir. 30 Haziran 2017 tarihinde Tiirkiye’nin gilineyinde hava agiktir ve yangin tespiti icin
herhangi bir engel olugsmamaktadir. Sekil 25, 14.00 GMT’de kanal 12 goriintiisiinii gostermektedir.
Kirmizi gember ile belirtilmis alan Antalya’nin Alanya ilgesinde yanginin olustugu noktadir. Yangin
noktasindan giiney bat1 yoniine dogru uzanan agik gri goriintii, yanginin dumanini temsil etmektedir.
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Sekil 25. TmetVis programinda 30.06.2017- 14.00 GMT tarihli Kanal 12 goriintiisii.

Sekil 26, 30.06.2017- 14.00 GMT’de RGB hava kiitlesi kompozitini gostermektedir. Yesil renk
Tiirkiye’nin yarisindan fazlasini kapsamaktadir. Dogu Karadeniz soguk hava dalgasimin etkisindeyken,
Tiirkiye’nin batis1 ve Giineydogu Anadolu bolgesi sicak hava dalgasinin etkisindedir. Bu durum, bu
bolgelerde yangin riskini artirmaktadir.

Sekil 26. TmetVis programinda 30.06.2017- 14.00 GMT tarihli RGB Hava Kiitlesi goriintiisii.

MSG uydusunun mekéansal ¢oziiniirligli 3 x 3 km2’dir. Yangin gibi sicak noktalar siyah renkle temsil
eden kanal 4’¢ bakildiginda, yangin pikselin biiytiik bir kismini kapsadiginda piksel, daha yiiksek 1s1ma
sicakligindan dolayi, siyah renk goriiliir. Yangimin 9.45 GMT’de uydudan tespit edilebilecek boyuta
ulastig1 agikga goriilmektedir (Sekil 27). 45 dakika sonraki goriintiide, yanginin 11 piksel biiyiikligiinde
bir alana yayildigi goriilmektedir. Ayrica aym sekilde yanginin giiney bati yoniine ilerledigi
goriilmektedir (Sekil 28). Sekil 29°a gore 12 GMT’de Antalya’da ikinci bir yangin baslamistir ve 2
piksellik alana yayilmistir. leriki saatlerde bu yanginm bilyiimedigi goriildiigiinden, kontrol altma
almarak sondiiriildiigii ¢ikariminda bulunulabilir. Sekil 29’da ayn1 zamanda Alanya yangininin
siddetinin azaldigi, 5 piksel boyutunda bir alana kadar kiiciikliigli gézlemlenebilir. 15 dakikada bir
goriintii alan MSG uydusu, bu yoniiyle yanginin her asamasini kontrol etmek agisindan faydali
olmaktadir.

Sekil 27. TmetVis programinda 30.06.2017- 09.45 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.
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Sekil 29. TmetVis programinda 30.06.2017- 12.00 GMT tarihli IR 3,9 (Kanal 4) goriintiisii.

RGB Dogal kompoziti yeryiiziinlin fiziki yapisini, yanginin dumanini, bazen de yangmin kendisini
gercek renkleriyle gostermektedir. 15.30 GMT’de RGB Dogal goriintiisiine bakildiginda, yanginin
basladig1 koordinat ve giiney bat1 yoniine uzanan duman goriilebilmektedir (Sekil 30).

Sekil 30. TmetVis programinda 30.06.2017- 15.30 GMT tarihli RGB Dogal goriintiisii.

Giindiiz Mikrofizigi RGB kombinasyonu yangin bolgesini cyan renginde goriintiilemektedir. Sekil
31°de Alanya yangini cyan ve giderek uzaklasmakta olan duman pembe renklerde goriilmektedir. Bu
gorlintiide ayrica Adiyaman’daki bir yangin da goriintiilenebilmistir. Aksam saatlerinde Alanya
yangminin siddetini azalttig1 goriiliirken, ayni goriintiide Giineydogu Anadolu bdlgesinde (Mardin
civari) de birden fazla yangin oldugu goriilmektedir (Sekil 32). Sicak hava dalgasi, Tiirkiye’nin birgok
yerinde yanginlara neden olmaktadir.
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Sekil 31. TmetVis programinda 30.06.2017- 11.00 GMT tarihli RGB Giindiiz Mikrofizigi goriintiisii.

Sekil 32. TmetVis programinda 30.06.2017- 19.15 GMT tarihli RGB Giindiiz Mikrofizigi goriintlisii.

IR 3,9 — IR 10,8 kanal farkina bakildiginda, 22.15 GMT’de Alanya yangminin siddetinin azaldig1
goriiliirken, Adiyaman’daki yanginin halen siddetini korudugu ve yanginin 11 piksellik alana yayildig:
goriilebilmektedir (Sekil 33). Aymi goriintilye bakarak, Mardin civarinda goriilen yanginlarin da
boyutunun azaldig1 ancak halen devam ettigi sdylenebilir. Bunun disinda, beyaz noktalara bakildiginda
ayni saatte Suriye’de bagka bir yangin oldugu tespit edilmistir. Bu bolgede sik ve fazla yangin olmasinin
nedeni, RGB hava kiitlesi kompozitinde goriilen sicak hava dalgasinin etkisidir. Bu bolgede, yangin
riski fazladir.

Sekil 33. TmetVis programinda 30.06.2017- 22.15 GMT tarihli IR 3,9 — IR 10,8 kanal farki goriintiisii.
25-26 Temmuz 2017 izmir Yangim

Izmir, Bayindir’da 25.07.2017 tarihinde 6gle saatlerinde yangin baslamistir. 8 dozer, 15 su tankeri ve
35 arazdz ile miidahale edilmistir. Cevre ilgelerden takviye ekiplerin de geldigi sondiirme
caligmalarinda, Manisa’dan gelen 1 dozerin devrildigi, 6len ya da yaralananin olmadig1 agiklanmistir.
Yangin 26 Temmuz’a kadar kontrol altina alinamamustir. Bayindir Belediye Bagkan1 Ufuk Sesli, orman
yangininda 200-300 hektarlik alanin alevlerden etkilendigi sdylemistir (Web-6).

198



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

TMetVis Programindan izmir Yangiminin Gériintiilenmesi

Sekil 34, yangin giinii i¢in RGB Hava kiitlesi kompozitini goriintiilemektir. Giiniin ilk saatlerinde
batidan gelen soguk hava kiitlesi 6glene dogru Izmir {izerinden gegmis ve doguya ilerlemistir. Ogleden
sonra Izmir iizerinde sicak hava kiitlesi etkilidir.

—
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Sekil 34. TMetVis programinda 25.07.2017- 16.00 GMT tarihli RGB Air Mass goriintiisii.

Yangin tespiti i¢in kullanilan kanal, sicak noktalara duyarli olan kanal 4 (IR 3,9)’tiir. Kanal 4’te renk
tonu yerylizii tarafindan yayimlanan termal radyasyonu (sicaklik) temsil etti§inden, siyah alanlar
cevredeki alanlardan daha sicak bir bolgeyi belirtmektedir. Izmir yangim1 25 Temmuz 2017°de 14.15
GMT’de baglamistir (Sekil 35). Yangin 17.30 GMT ye kadar biiylimeye devam etmistir (Sekil 36). Daha
sonra siddetini kaybederek gece yarisina kadar devam etmistir.
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Sekil 35. TMetVis programinda 25.07.2017- 14.15 GMT tarihli IR 3,9 (Kanal 4) gériintiisii.

Sekil 36. TMetVis programinda 25.07.2017- 17.30 GMT tarihli IR 3,9 (Kanal 4) gériintiisii.

Giindiiz Mikrofizigi RGB kombinasyonu yangin bdlgesini cyan renginde goriintiilemektedir. Yangin
14.15°te ilk kez goriintiilenebilmistir. Sekil 37, 15.30 GMT’de siddetini artiran yangini, cyan ile ¢evrili
lacivert bolge ile temsil etmektedir.
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Sekil 37. TMetVis programinda 25.07.2017- 15.30 GMT tarihli RGB Giindiiz Mikrofizigi goriintiisii.

IR 3,9 — IR 10,8 kanal farki uygulandiginda, sicak alanlar beyaz renkte goriilmektedir. Yangin kirmizi
cember ile isaretlenmistir (Sekil 38).

Sekil 38. TMetVis programinda 25.07.2017- 17.30 GMT tarihli IR 3,9-IR 10,8 kanal farki goriintiisii.
NDVI Hesaplamalan

MSG uydusunun SEVIRI sensoriinde yakin kizildtesi yansiticilik igin 0,8 pum kanali (Kanal 2)
kullanilirken, kirmizi (goriiniir) yansiticilik degeri i¢in 0,6 pm kanali (Kanal 1) kullanilir.

Normalize Fark Bitki Ortiisii Endeksi formiilii Yunanistan yangminim, yangin dncesi, yangin sonrasi ve
yangindan bagimsiz bir bdlge i¢in, farkli glinlerin 15.45 GMT verilerine gore hesaplanmistir. Yangin
oncesi i¢in 30.06.2017, yangin sonrast i¢in ise 27.06.2019 tarihli veriler kullanilmistir. Tablo 2’ye gore,
Yunanistan yangininin yagsandigi bolgede, yangindan 1 y1l énceki NDVI degeri, yangindan 1 yil sonraki
NDVI degerinden yiiksektir. Bu bélgede yangin, bitki ortiisiinii biiyiik 6l¢iide yok etmistir. Yangin giinii,
yangindan bagimsiz bir bolgede yapilan dl¢iimlere gore bitki Ortiisii burada daha yogundur.

Normalize Fark Bitki Ortiisii Endeksi formiilii Mugla yanginmin, yangm oncesi, yangin sonrasi ve
yangindan bagimsiz bir bolge i¢in, 22.08.2014-07.30 GMT (yangim &ncesi) ve 30.06.2017-14 GMT
(yangin sonrasi) verilerine gore hesaplanmistir. Tablo 2’ye gore, Mugla yangimi dncesi NDVI degeri 1’e
uzaktir. Bu bdlgede yogun bir ormanlik alandan c¢ok, daha seyrek bir bitki Ortiisii bulunmaktadir.
Yangimin yagsandig1 bolgede, yangindan yaklasik 3 yil sonra, NDVI degerinin yangin éncesi degere ¢ok
yakin oldugu goriilmektedir. Yangin sonrast NDVI degeri beklenen degerden yiiksektir. Burada 3 yil
icinde agaclandirma yapilmis olma ihtimali ¢ok yiiksektir. Bunun yaninda, yangin yasanmayan bir
bolgede, nispeten yiiksek NDVI degerine bakilarak bitki ortiisiiniin daha yogun oldugu anlagilmaktadir.

Normalize Fark Bitki Ortiisii Endeksi formiilii Antalya yangminim, yangin dncesi, yangin sonrasi ve
yangindan bagimsiz bir bolge i¢in farkli giinlerde 15.30 ve 16.00 GMT ig¢in hesaplanmistir. Tablo 2’ye
gore, yangindan 3 yil 6nce yangin alaninin NDVI degeri, yangindan bir ay sonra yanmis alanin NDVI
degerinden yiiksektir. NDVI degerinin diismesi yanginin bitki Ortiisiinii azaltici etkisini net bir sekilde
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gostermektedir. 30 Haziran 2017°de yangin olmayan bagka bir bolgede yapilan hesaplamalar sonucunda
bolgede daha seyrek bir bitki ortiisii oldugu sdylenebilir.

Normalize Fark Bitki Ortiisii Endeksi formiilii /zmir yangiminim, yangin &ncesi, yangin sonrasi ve
yangindan bagimsiz bir bolge igin, 25.07.2017-04.30 GMT (yangin 6ncesi) ve 24.07.2018-10.45 GMT
(yangin sonrasi) verilerine gore hesaplanmistir. Tablo 2’ye gore, yangin dncesi seyrek bir ormanlik alan
varken; yangindan 1 yil sonra daha yogun bir ormanlik alan goriilmektedir. Bunun nedeni bélgenin
agaclandirilmis olmasidir. Bununla birlikte, yangindan bagimsiz alan, Bati1 Karadeniz’den se¢ilmis olup,
NDVI degeri giir bir ormant1 temsil etmektedir.

Ispanya yangmin, galisma yapildigi sirada gok yeni olmasindan dolayr yangim sonrasi goriintiileri
mevcut degildir. Bu nedenle NDVI hesab1 yapilmamustir.

Tablo 2. Yanginlar icin NDVI hesaplamalari

. 0,8 pm 0,6 pm
Koordinatlar Durumlar Yansitichk | Yansitieihk NDVI
o o Yangin 6ncesi
MUGLA 27.92° E- 37.03° N (22.08.2014-07.30 GMT) 0,154 0,085 0,2887
YANGINI Yangin sonrasi
22 Agustos 2014- oA °
( 10%,1(1)8((;);/["[) 27.92° E- 37.03° N (30.06.2017-14.00 GMT) 0,207 0,116 0,2817
28.65° E- 37.08° N Yangin olmayan bolge 0,241 0,107 0,385
o o Yangin 6ncesi
32.38° E- 36.48° N (22.08.2014-15.30 GMT) 0,275 0,164 0,252
ANTALYA v
YANGINI o o angin sonrasi
(30 Haziran 2017) 32.38° E- 36.48° N (25.07.2017- 16.00 GMT) 0,235 0,153 0,211
o o Yangin olmayan bolge
30.80° E- 37.48° N (16.00 GMT) 0,178 0,128 0,163
L. ° ° Yangin oncesi
iZMIiR 27.81° E- 38.26° N (25.07.2017- 04.30 GMT) 0,254 0,164 0,2153
YANGINI
(25-26 Temmuz o T o Yangin sonrasi
5017 15.30 27.81° E- 38.26° N (24.07.2018-10.45 GMT) 0,21 0,104 0,337
GMT)
31.70° E- 41.20° N Yangin olmayan bolge 0,29 0,127 0,3908
o o Yangin 6ncesi
- 23.17° E- 37.96° N (30.06.2017- 15.45 GMT) 0,172 0,104 0,2463
YUNANISTAN
YANGINI 3 . Yangin sonrasi
23-26 Temmuz | 217 E-3796° N 57 06.2019- 15.45 GMT Bl 0,116 0,177
2018) ,
23.10° B- 38.40°N | _Yangin olmayan bolge 0,39 0,136 0,4828

(24.07.2018 -15.45 GMT)

Yanginlarm FIR Test Sonug¢lari

FIR iiriinii testleri yapilirken Tablo 1’deki esik degerleriyle karsilastirmalar yapilarak sonuca varilmistir.
Siyah degerler esik degerler, kirmizi degerler hesaplamalar sonucu ulasilan degerlerdir.

Buna gore Yunanistan yangin noktasinda IR 3,9 ve IR 3,9 — IR 10,8 farki testleri olumlu sonuglanmustir.
Bolgede giindiiz (14.15 GMT) ve gece (18.00 GMT) yangmn mevcuttur. Yangin olmayan noktada
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yapilan testlere gore, IR 3,9 testi yalnizca gece (18.00 GMT) ve IR 3,9 — IR 10,8 farki testi hem giindiiz
hem de gece olumlu sonuglanmigtir. Tiim testleri gegme kosulu arandigindan bu bolgede gilindiiz
potansiyel yangin riski oldugu sdylenemez. Ancak gece kanal farkinin biiyiik olmasindan dolayi bu risk
fazladir.

Mugla’daki yangin noktasinda IR 3,9 ve IR 3,9 — IR 10,8 farki testleri olumlu sonuglanmigtir. Bolgede
giindiiz (14.00 GMT) ve gece (21.00 GMT) yangin mevcuttur. Yangin olmayan noktada yapilan testlere
gore, hem IR 3,9 testi hem de IR 3,9 — IR 10,8 farki testi olumlu sonuglanmistir. Bélge sicak hava dalgasi
etkisindedir. Bu nedenle potansiyel yangin riski oldugu soylenebilir. Ancak esik degerlere ¢cok yakin
olundugundan bu risk diistiktiir.

Ispanya’daki yangin bolgesi icin bulutluluktan dolay1 gece degeri hesaplanamamistir. Giindiiz degerleri
13.15 GMT i¢in hesaplanmustir. Potansiyel yangin aranan yer i¢in 21.30 GMT saatinin sicaklik degerleri
alinmistir. Buna gore yangin noktasinda IR 3,9 ve IR 3,9 — IR 10,8 farki testleri giindiiz i¢in olumlu
sonuglanmistir. Bolgede yangin mevcuttur. Yangin olmayan noktada IR 3,9 testi ve fark testi giindiiz
icin olumsuz sonuglanirken, gece bolgede diisiik de olsa yangin riski mevcuttur.

Antalya yangininin ¢iktig1 koordinatta IR 3,9 testi ve IR 3,9-IR 10,8 farki testleri giindiiz ve gece i¢in
olumlu sonu¢lanmigtir. Gilindiiz i¢in 12.00 GMT, gece igin ise 23.30 GMT kullanilmigtir. Bolgede gece
ve giindiiz her iki saatte de yangin mevcuttur. Yanginin olmadig1 bir bolgede giindiiz her iki test de
gecilememistir. Giindiiz bolgede yangin potansiyeli yoktur. Gece ise iki test de olumludur ve yangin
potansiyeli vardir. Sartlar uygun oldugunda bu bolgede yangin olusabilir.

[zmir yangin1 igin yapilan testler igin, giindiiz degerleri 15.30 GMT de, gece degerleri 21.45 GMT de
Olciilmiistiir. Buna gore, yanginin bulundugu koordinatta, gece ve giindiiz iki test i¢in de esik degerler
asilmis, yangim oldugu kanitlanmistir. Ote yandan, yangindan bagimsiz bir lokasyonda yapilan 6lgiimler
ve hesaplamalar sonucu degerler, bélgede yangin olusma riskinin olmadigini géstermektedir.

Tablo 3. FIR test sonuglari

° o Potansiyel Yangin (28.65° E-
T Yangin (27.92° E- 37.03° N) 37.08° N)
MUGLA Giindiiz (K) Gece (K) Giindiiz (K) Gece (K)
YANGINI IR 3,9 >310 3394 >290 327 >310 3759 >290 301
IR 10,8 305,2 298,4 309,9 297,5
IR 3,9-IR10,8 >8 342 >0 28,6 >5 6 >1 35
° o Potansiyel Yangin (30.80° E-
S Yangin (32.38° E- 36.48° N) 37.48° N)
ANTALYA Giindiiz (K) Gece (K) Giindiiz (K) Gece (K)
YANGINI IR 3,9 >310 3419 >290 301,2 >310 2996 |>290 2991
IR 10,8 308,6 296,4 309,8 296,2
IR 3,9-IR10,8 >8 33,3 >0 48 >5  -10,2 >1 29
° o Potansiyel Yangin (31.70° E-
et Yangin (27.81° E- 38.26° N) 41.20° N)
iZMiR Giindiiz (K) Gece (K) Giindiiz (K) Gece (K)
YANGINI IR 3,9 >310 340,96 >290 302 >310 301,68 |>290 286,1
IR 10,8 300,9 292,9 296,9 290,3
IR 3,9-IR10,8 >8 40,06 >0 91 >5 4,9 >1 42
VUNANISTAN Yangmn (23.17° E- 37.96° N) Potansiyel Yan§m (23.10° E-
YANGINI Testler 38.40° N)
Giindiiz (K) Gece (K) Giindiiz (K) Gece (K)
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IR 3,9 >310 3221 >290 309,9 >310 297,9 |>290 2911
IR 10,8 289 281,4 283,6 274,2
IR 3,9-IR10,8 >8 33,/ >0 28,5 >5 143 >1 16,9

z oW,
Yangin (0.64° E- 41.29° N) Potansiyel Yangin (4.90° W

Testler 42.06° N)
ISPANY A Giindiiz (K) Gece (K) Giindiiz (K) Gece (K)
YANGINI IR 3,9 >310 3393 >290 - >310 290,3 [>290 2931
IR 10,8 313 - 309,3 291.2
IR 3,9-1R10,8 >8 26,3 >0 - >5  -19 >1 19

SONUC VE ONERILER

Bu c¢alismada, TMetVis programi kullanilarak, SEVIRI sensoriiniin 12 kanalinda, RGB
uygulamalarinda ve kanal farklarinda goriintiiler elde edilmistir. Her bir yangin igin ayri ayr
degerlendirmelerde bulunulmustur.

Tiim yanginlar analizlerinde, kanal 4°te renk zitliginin daha belirgin olabilmesi i¢in sicaklik renk skalasi
degerleri yeniden diizenlenmistir. Skala aralig1 daraltilarak bulutlarin mavi renk goriilmesi saglanmistir.
Bununla birlikte yangin noktasi ve yeryiizii arasinda da belirgin bir renk zitlig1 olusmustur. Boylece
yangin daha net goriilebilmistir.

IR 3,9-IR 10,8 kanal farkinda hem yangin hem de bulutlar beyaz renk goriildiigii i¢in en iyi sonug
bulutsuz giinlerde alinabilmektedir.

RGB Dogal goriintiisiinde yangmlarin en biiylik oldugu saatlerde yangin bolgesi kirmizi renkte
goriilebilmistir. Bunun yaninda duman, deniz iizerinde belirgin bir sekilde goriilebilirken; kara iizerinde
fark edilememektedir.

RGB Giindiiz mikrofizigi goriintiisiinde, bulut analizi sadece giindiiz yapilabilirken; yangin noktalar
hem giindiiz hem de gece cyan renginde ayirt edilebilmektedir. Bu yoniiyle ¢alisma boyunca yangin
tespit ve izlenmesinde ¢ok yararli olmustur. Burada dikkat edilmesi gereken nokta, analiz noktasinda
bulutlulugun olmamasidir.

Genel olarak NDVI degerleri, bir ormanlik alanin NDVI degerlerine gore diisiik ¢ikmistir. Bunun nedeni
atmosferik diizeltme yapilmamis olmasi olabilir. Bu baglamda NDVI degerleri, yangin dncesi ve yangin
sonrasi farki ortaya koymak agisindan daha faydali olmustur. Yangin sirasindaki NDVI degeri, bitki
ortiisii yerine aktif alevlerin yansiticiligini gosterebileceginden, bitki ortiisii hakkinda yorum yapilamaz.

Bu calismada Normalize Yanma Siddeti Endeksi kullanilamamistir. Bunun nedeni formiilde gereken
dalga boyu araliginin MSG uydusunun SEVIRI sensoriinde bulunmamasidir. Bundan sonraki ¢alismada,
meteorolojik amacl ve Tiirkiye tizerinden 12 saatte bir goriintii kaydeden Suomi NPP ve NOAA 20
uydularindaki VIIRS sensorii ya da 2022 yilinda aktif olacak MTG uydusu kullanilarak bu endeksin
hesaplanmasi 6nerilmektedir.

Bu caligmada sadece IR 3,9 ve IR 3,9-IR 10,8 kanal farki testleri uygulanmigtir. Tiim yanginlar, aktif
yangin i¢in FIR testlerini saglamistir.

Gelecek caligmalarda atmosferik diizeltmeler yapilarak ve FIR iirlinliniin IR 3,9 standart sapma ve IR
10,8 standart sapma testleri de uygulanarak daha net sonuglara ulasilabilir. EUMETSAT web sitesi
tizerinden SEVIRI kanallarindan IR 3,9, IR 10,8, VIS 0,6 ve WV 6,2 kanal goriintiilerine ger¢cek zamanl
erigilebilmektedir. RGB uygulamalan da ger¢cek zamanli olarak goriintiilenebilmektedir. Bununla
birlikte ayni sitede FIR {iriiniiyle de ger¢cek zamanli yangin olasilig1 olan noktalar takip edilebilmektedir.

203




INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021
1-3 December 2021, Istanbul/TURKIYE

Calismada takip edilen yontemler ger¢ek zamanli olarak uygulanirsa; gilincel yangimlar da tespit
edilebilir ve yanginlara erken miidahale ile hasar azaltilabilir.

TESEKKUR

Bu calismada verileri elde etmem ve TMetVis programinda goriintiileyebilmem ig¢in verileri isleyen
Saym hocam Ahmet Oztopal’a desteklerinden dolay: tesekkiir ederim. Ayrica, TMetVis programinin
kullanimi konusunda verdigi bilgilerden ve yardimlarindan dolay1 Saym Yiik. Mith. Erdem Erdi’ye
tesekkiirlerimi sunarim.
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ABSTARCT

It is not possible to obtain the spatial information provided by the radar with the station networks
established or to be established. Fort his reason, radar makes an important contribution to the studies of
obtaining cloud or precipitation patterns in a particular region. In this direction, the aim of this study is
to develop a parallel processing software called MeteoRadar for reading, analyzing, processing and
displaying the hourly total precipitation (RN1) data obtained from the radar, and then to obtain the
seasonal precipitation patterns in the coverage area of Istanbul radar for the 2015-2016 period.
Therefore, in this paper total precipitation patterns of winter, spring and summer seasons were revealed
by showing the precipitation pattern consistency of the MeteoRadar software for 3 different cases (dated
06/01/2016, 11/03/2016 and 30/08/2016).

Keywords: Istanbul, meteorological radar, precipitation pattern, RN1.

Radar Verileri Uzerinden Mevsimlik istanbul Yags Desenlerinin Elde Edilmesi
OZET

Radarin sagladig alansal bilgiyi, kurulu ya da kurulacak istasyon aglari ile elde edebilmek miimkiin
degildir. Dolayisiyla belirli bir bolgedeki bulut ya da yagis desenlerinin elde edilmesi ¢aligmalarina,
radar 6nemli bir katki sunmaktadir. Bu dogrultuda bu ¢aligmanin gayesi, 6ncelikle radardan elde edilen
saatlik toplam yagis (RN1) verisinin okunmasi, ¢éziimlenmesi, islenmesi ve goriintiilenmesi igin
MeteoRadar isimli paralel islem yapabilen bir yazilimin gelistirilmesi ve akabinde de 2015-2016
donemi i¢in Istanbul radarmin kapsama alanindaki mevsim temelli yagis desenlerinin elde edilmesidir.
Dolayisiyla bu bildiride, 3 farkli (06/01/2016, 11/03/2016 ve 30/08/2016 tarihli) vaka i¢in Once
MeteoRadar yaziliminin yagis desen tutarliligi gosterilerek; kis, ilkbahar ve yaz mevsimlerine ait
toplam yagis desenleri ortaya konulmustur.

Anahtar Kelimeler: Istanbul, meteoroloji radari, RN1, yagis deseni.

GIRIS

Herhangi bir meteorolojik degiskenin mevsimlik ya da yillik desenlerinin elde edilmesi, incelenen
bolgenin ikliminin anlagilmasi agisindan 6nem arz etmektedir. Yersel veriler iizerinden elde edilen
meteorolojik desenler, yeterli sayida istasyon olmamasi ve var olanlarin da diizensiz dagilimlari
nedeniyle hatalar icermektedirler. Oysa uydu ve radar sistemlerinin, kapsama alanlar1 ig¢erisinde alan
¢oziiniirliikleri oraninda her noktadan bilgi alabiliyor olmalari, daha dogru meteorolojik desenlerin elde
edilmesini saglamaktadir.

Bugiin itibariyle iilkemizin havasi 18 adet C band ve 2 adet X band radar yardimiyla an ve an takip
edilmektedir. Bu sistemlerin kurulum zamanlari farkli olsa da, ilk radarin faaliyete gegmesinden bu
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yana neredeyse 20 yil gecti ve bu da radar kapsama sahalarinda uzun yillara ait alan ve zaman
¢oOziiniirligi yiiksek veriler demektir. Dolayisiyla, boylesine 6nemli veriler iizerinden yapilacak
meteorolojik desen ¢alismalari, incelenen alandaki iklim ve meteorolojik olaylar1 daha iyi anlamamizi
saglayacaktir. Ozellikle olusturulacak yagis desenleri sayesinde, hangi alanlarin hangi dénemlerde
tehlike altinda oldugu bilgisi, gelecekte olusabilecek afetlere karst yeterli onlemlerin alinmasi
noktasinda ¢ok degerlidir.

Bu alanda iilkemizdeki ilk arastirma Giirbiiz tarafindan gergeklestirilmistir [1]. Ilgili calismada 2015
yilma ait Istanbul’a ait aylik yagis desenleri belirlenmistir.

Bu bildiride, Istanbul radarma ait saatlik yagis (RN1) iiriinii yardimiyla 2015-2016 doénemi kis,
ilkbahar ve yaz mevsimlerinin yagis desenlerinin elde edilmesi hedeflenmistir ve bu dogrultuda da
detaylar1 agagida verilecek MeteoRadar isminde bir yazilim gelistirilmistir.

CALISMA ALANI, VERI VE MeteoRadar YAZILIMI

Bu bildiride ¢alisma alan1 olarak, 17047 istasyon kodlu ve 41,3409°K ile 28,3568°D koordinatlarinda
bulunan Istanbul Radar’nin 120 km’lik yaricap dahilindeki kapsama alan1 segilmistir.

Veri olarak ise, Vaisala firmasi tarafindan gelistirilen ve MGM tarafindan operasyonel olarak
kullanilan IRIS yazilimmin iirettigi ve 2015-2016 donemine ait 2 yillik saatlik toplam yagis bilgilerini
iceren RN iiriinleri kullanilmstir.

Diger radar iirlinlerinde oldugu gibi RN1 iiriinii de, IRIS yaziliminin 6zel formatinda olmasi nedeniyle
oncelikle verilerin okunmast, ¢dztimlenmesi (decoding), islenmesi ve goriintiilenmesi i¢in MeteoRadar
isminde ve Piton (Python) programlama dilinde paralel islem yapabilen bir yazilim gelistirilmistir. Bu
yazilim, agik kaynak kodlu wradlib kiitiiphanesinden faydalanmaktadir [2]. Yazilim, elde edilen
sonuglari istenen renk skalasinda ve ¢oziiniirliikte heatmap grafiklerine [3, 4] aktarabilmektedir. Sekil
1, 2 ve 3, MeteoRadar programinin g¢esitli agamalardaki ekran goriintiilerini gostermektedir.

Please copy and paste IRIS data folder as path: D:\radar_data\IST_2
Startup Summary:

CPU Count: 4

Total MNumber of Jobs: 6975

Jobs per CPU: 1744

Estimated Time to Complete: 89:41:20

Press ENTER to start decoding IRIS data....

Exporting file: IST1511010080600.RNIWSEM.txt
Exporting file: IST1601130100800.RN1B3AA.txt
Exporting file: IST160326000000.RN19J3L.txt
Exporting file: IST168686170806.RN17R1S5.txt
Exporting file: IST151181012606.RNIWTEY.txt
Exporting file: IST168113020000.RN1BAWF.txt
Exporting file: IST160326010000.RN19LM1.txt
Exporting file: lSTlﬁBﬁﬂﬁlSBGHB.RNi?Ulﬁhxxt
Exporting file: IST151181828608.RN1WUVD.txt
Exporting file: IST168113830686.RN1BGEC.txt
Exporting file: IST168326026000.RN19P6E.txt

Sekil 1. MeteoRadar yaziliminin RN1 verisini ¢éziimleme (decoding) islemi sirasindaki ekran

goruntiisiu
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Please type running mode (1- Export, 2- Seasonal Merge, 3- Monthly Merge): 2

Seasonal Merge Job - Startup Summary:
Total numbers of files to merge: 6372
Parallel Processing is Active

Press ENTER to start merging seasonal data...

ID of process
ID of process
ID of process
ID of process
Exporting
Exporting
Exporting
Exporting
@ is alive?:
1 is alive?:
2 is alive?:
2 is alive?:

Process
Process
Process
Process

Process @: 1728
Process 1: 9928
Process 2: 19868
Process 2: 14676

file: autumn export.txt
file: winter export.txt
file: summer_export.txt
file: spring_export.txt

False
False
False
False

Parallel Processing is done!
Press CLOSE to exit...

Sekil 2. MeteoRadar yaziliminin mevsimsel yagis toplamimi hesaplarken olan ekran goriintiisii

Month @
Month 1
Month 2
Month 3

Sekil 3. MeteoRadar yaziliminin aylik yagis toplamini hesaplarken olan ekran goriintiisii

started for
started for
started for
started for

merging.
merging.
merging.
merging.

Please copy and paste IRIS data folder as path: D:\radar data\exports\IST 22816
Please type running mode (1- Export, 2- Seasonal Merge, 3- Monthly Merge): 3
Press ENTER to start merging seasonal data...

Caligmada 1 yil i¢in yaklasik 8640 adet saatlik, 120 km yarigapli, 33,333 cm/pixel ¢oOziiniirliikte
720*720’lik RN1 verisi kullanilmigtir. Coziimlenmesi gereken veri miktari yaklagik olarak
4.478.976.000 adet gibi ¢ok yiiksek sayilara ulagtig1 ve bu miktarda veriyi islemek ¢ok uzun siirecegi
icin Parallel Processing yontemi kullanilmistir. Program, eklenen bu 6zellikle bilgisayardaki islemci
sayisini algilayip verilmis olan veri ¢éziimleme veya birlestirme gorevlerini islemcilere esit sayilarda
aktararak islem hizini kat ve kat arttirmaktadir. Programin ¢alismasi sirasinda islemci ¢ekirdek sayist
X ~800 MB RAM e ihtiya¢ duyulmaktadir.

Mevsimlik yagis desenlerinin olusturulmasi sonrasinda yapilan incelemede, radar verisindeki bazi
piksellerin y1ilin her giin ve her saati yagis bilgisi igerdigi goriilmiistiir. Tespit edilen 4200 piksel karelik
bu hatali veri, 0 (sifir)’a indirgenerek iptal edilmistir. Sekil 4’ten hatali veri alanlar1 kirmiz1 kutucuklar
olarak goriilmektedir.
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Sekil 4. Hatal1 veri alanlari.

ANALIiZ VE DEGERLENDIRMELER

Bu boliimde, ilk olarak kis, ilkbahar ve yazdan birer vaka {izerinde IRIS ile MeteoRadar ¢iktilar1 desen
olarak karsilastirilacak ve sonrasinda da 2015 ile 2016 yillarina ait kis, ilkbahar ve yaz mevsimlerinin
yagis desenleri sunulacaktir.

Sekil 5 11/03/2016 — 13:00 GMT, Sekil 6 06/01/2016 — 03:00 GMT ve Sekil 7 30/08/2016 — 02:00 GMT
tarih ve saatli vakalardaki desen karsilastirmalarini gostermektedir. Ilgili sekilllerden goriildiigii iizere,
gelistirilen MeteoRadar yazilimindan elde edilen saatlik yagis desenleri ile IRIS’ten elde edilenler
birbirleriyle aymidirlar. Desenler arasinda goriilebilecek hafif farkliliklar renk sklasindan
kaynaklanmaktadir. Sonug olarak MeteoRadar’in veri ¢oziimleme ve gorsellestirme konusunda basarili
oldugu gortilmektedir.

Sekil 5. MeteoRadar yaziliminin ¢iktisi (soldaki) ile IRIS ¢iktisinin 11/03/2016, 13:00 GMT igin
desen karsilagtirmasi

209



INTERNATIONAL SYMPOSIUM ON REMOTE SENSING IN METEOROLOGY
METEO IRS 2021

1-3 December 2021, Istanbul/TURKIYE

‘ﬂ
L] ‘
. ,'.
IS
Lt
-
L ¥
DY -
h i
=
- —

Sekil 6. MeteoRadar yaziliminin ¢iktisi (soldaki) ile IRIS ¢iktisinin 06/01/2016, 03:00 GMT igin
desen karsilagtirmasi

at

Sekil 7. MeteoRadar yazilimimin ¢iktisi (soldaki) ile IRIS ¢iktisinin 30/08/2016, 02:00 GMT igin
desen karsilagtirmasi

Sekil 8 kis mevsimine (Aralik, Ocak ve Subat) ait yagis desenlerini gostermektedir. Soldaki sekil 2015
yilina ve sagdaki de 2016 yilina aittir. Her 2 yildan da fazla yagis1 radar diskinin kenar bolgelerinin
aldigi goriilmektedir. Ozellikle giiney kenar bolgelerde yagis miktar1 240 mm’ye kadar ¢tkmaktadir.
Merkez ve merkeze yakin (mavi ve yesil) 40-100 mm bandindadir. Sekiller {izerindeki ¢izgi halinde
goriinen yapilar hatali verilere isaret etmektedir.
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Sekil 8. 2015 ve 2016 kig mevsimlerine ait yagis desenleri

flkbahar mevsimine (Mart, Nisan ve Mayis) ait yagis desenlerine gore ve beklendigi iizere, kisa
nazaran yagis miktarlarinda 6nemli bir azalma s6z konusudur (Sekil 9). Radar diskinin genelinde 20-
70 mm bandinda yagis goriilmektedir. Soldaki 2016 ilkbaharinda radar diskinin 6zellikle giliney
kenarlarinda 2015°e gore daha fazla yagis gozlenmektedir.

2015 ILKBAHAR - TOPLAM YAGIS

2016 ILKBAHAR - TOPLAM YAGIS
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Sekil 9. 2015 ve 2016 ilkbahar mevsimlerine ait yagis desenleri

Yaz mevsimine (Haziran, Temmuz ve Agustos) gelince ise, beklendigi iizere yagislar daha da
azalmakta ve 2015 yazi i¢in radar diskinin sag kenar bolgesinde diger alanlara gore daha fazla yagis
goriilmektedir (Sekil 10).
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Sekil 10. 2015 ve 2016 yaz mevsimlerine ait yagis desenleri.

SONUC VE ONERILER

Bu calisma icin gelistirilen MeteoRadar yaziliminin saatlik yagis goriintiisti ¢iktilariyla, IRIS
tarafindan hazirlanmis ¢iktilar kiyaslandiginda, MefeoRadar’in veri ¢oOziimleme ve
gorsellestirme konusunda basarili oldugu gortilmektedir.

Kis ve ilkbahara ait desenlerde en yliksek yagis alanlarinin radar diskinin kenar bolgeleri oldugu
gbézlenmektedir. Bu alanlar genelde deniz yiizeylerine denk gelmektedir. Ayrica her 3
mevsimde de diisiik yagiglarin radar diskinin merkez ve merkeze yakin alanlarinda gergeklestigi
anlagilmaktadir. Ayn1 zamanda bu durum, biiylik oranda radarin merkez ve merkeze yakin
alanda taradig1 hacmin radar diskinin kenarlarina dogru taranan hacimden daha az olmasindan
kaynaklanmaktadir.

MeteoRadar, bu asamada komut satirinda ve sadece Windows iizerinde g¢alisacak sekilde
kodlanmistir. Zaman igerisinde ¢apraz platform destegi (Windows, Linux, Mac) ve bir uzaktan
algilama operatoriiniin rahatga kullanabilecegi IRIS benzeri bir goriintiileme arayiiziiniin
gelistirilmesi planlanmaktadir. Bu planlanan araytiziin yersel veri ile validasyon yapabilme
0zelligine sahip olmasi da diisliniilmektedir.
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ABSTRACT

In recent years, when the effects of global climate change have been felt more, it is important to conduct
studies on how our renewable energy resources are also affected by this process. Therefore, the aim of
this study is to reveal the change in solar energy potential in Tiirkiye in the period of 1988-2017. The
Short Wave Incoming Radiation (SIS) dataset required for this was obtained from the Climate SAF
(CM-SAF) Unit of the European Meteorological Satellites Operating Organization — EUMETSAT.
These obtained data were evaluated for provinces of Istanbul, Bursa, Zonguldak, Trabzon, izmir,
Denizli, Antalya, Adana, Ankara, Sivas, Van, Elazig, Gaziantep and Diyarbakir with Innovative Trend
Analysis method. As a result of the comparison of the 2003-2017 period with the 1988-2002 period on
monthly averages, a visibly increasing trend has been detected in provinces of Istanbul, Zonguldak,
Sivas and Van compared to other provinces.

Keywords: CM-SAF, Innovative Trend Analysis, solar energy, Tiirkiye.

Yenilik¢i Trend Analizi Yontemiyle Giines Enerjisi Potansiyelinin incelenmesi
OZET

Kiiresel iklim degisikliginin etkilerini daha fazla hissettigimiz son yillarda, yenilenebilir enerji
kaynaklarimizin da bu siiregten nasil etkildigine dair ¢aligmalarin yapilmasi 6nem arz etmektedir.
Dolayisiyla bu caligmanin amaci, 1988-2017 doneminde iilkemizde giines enerjisi potansiyelindeki
degisimi ortaya koyabilmektir. Bunun i¢in gerekli olan Kisa Dalga Boylu Gelen Isinmim (SIS) veri seti
Avrupa Meteorolojik Uydular1 Isletme Teskilatti — EUMETSAT’m Climate SAF (CM-SAF)
Birimi’nden temin edilmistir. Elede edilen bu veriler, Yenilik¢i Trend Analizi yontemiyle Istanbul,
Bursa, Zonguldak, Trabzon, Izmir, Denizli, Antalya, Adana, Ankara, Sivas, Van, Elaz1g, Gaziantep ve
Diyarbakir illeri i¢in degerlendirilmistir. Aylik ortalamalar tizerinden 2003-2017 déneminin 1988-2002
donemi ile karsilastirilmasi sonucunda Istanbul, Zonguldak, Sivas ve Van illerinde diger illerimize
nazaran gozle goriliir artan bir trend tespit edilmistir.

Anahtar Kelimeler: CM-SAF, glines enerjisi, Yenilik¢i Trend Analizi, Tiirkiye.
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ABSTRACT

Precipitation is considered the important variable to assess extreme weather events across the global and
regional levels. Over the past decades, droughts and floods are occurred more frequently and intensified.
Here, satellite based rainfall data was used for drought monitoring using percentage of rainfall deviation
over Tamil Nadu. Google Earth Engine (GEE) was used to extract historical Climate Hazards Group
InfraRed Precipitation with Station data (CHIRPS) precipitation product. GEE is a cloud-based online
interface of geospatial processing platform to easily access large data sets and which enables users to
conduct a wide range of many advanced research activities and decision making for remote sensing
applications. The GEE increases the accessibility of earth observation data and available to the wide
drought indices and multiple parameters. Drought severity was determined by analyzing the long period
average of rainfall spatiotemporal distribution of drought conditions. Results from this study, more
positive deviation of rainfall many parts of Tamil Nadu. GEE platform handles geospatial big data for
continued drought monitoring in the coming decades to users in developing countries as well as other
environmental monitoring applications.

Keywords: Drought analysis, CHIRPS, GEE, Tamil Nadu.
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