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ONSOZ

Dogu Akdeniz baseni oligotropik yapisi ve darbeler halinde 6nemli miktarlarda tasinan Afrika
tozlarma (mineral toz) maruz kalmasi nedeni ile mineral toz ve fitoplankton etkilesimlerinin
aragtirllmasinda dogal bir laboratuvar niteligi tasimaktadir. Afrika tozlarinin yagmur ile
yikanarak ve/veya kuru ¢okelme mekanizmalari ile deniz yiizeyine ulagsmasi sonucunda
icerdigi fosfat ve demir gibi besin tuzlart biyolojik agidan kullanilabilinir olan ¢6ziilmiis
forma dénilismektedir. Bdylece su kolonu igindeki biyolojik Gretimin ilk halkasi olan

fitoplankton patlamalar: ortaya ¢ikmaktadir.

Giiniimiiz deniz bilimleri aragtimacilari tarafindan oldukea tartisilan ve {izerinde aragtirmalar
yapilan bu olayin arastirilmasi i¢in gereken bulgularin uzun dénemli ve genis uzay olgeginde
toplanabilmesi ancak uzaktan algilama metodu ile miimkiindiir. Eyliil 1997 tarihinden bu
yana kesintisiz veri toplayan SeaWIFS (Sea-viewing Wlde Field-of-view Sensor )
algilayicisi, mineral toz — fitoplankton etkilesimlerinin aragtirilmasinda yeni bir ¢igir agmustir.
Bu algilayicidan elde edilen ham veriler ¢esitli algoritmalar yardimu ile iglenerek, hem
denizler tizerindeki atmosfere tagman mineral tozun ve hemde fitoplanktonlarin
biyokiitlesinin gostergesi olan klorofil pigmentinin uzay dl¢eginde dagilimi ve miktari

belirlenmektedir.

TUBITAK ile Fransa Ulusal Bilimsel Arastirma Merkezi (Centre National de la Recherche
Scientifique-CNRS) arasindaki igbirligi ¢ergevesinde Arastirma Projeleri Destekleme
Programu tarafindan desteklenen burada kesin raporunu sundugumuz arastirma projesinin
amact, SeaWIFS algilayicisindan elde edilen verilerin Akdeniz sartlarina uygun algoritmalar
ile islenerek klimatolojik mineral toz ve klorofil dagilimmin ve miktarinin elde edilmesidir.
Bu iki ayr1 parametre arasinda var oldugu 6ngoriilen iligki ortaya ¢ikarilarak Afrika kaynakli

mineral tozlarin Akdeniz ekosistemi tizerindeki olasi etkisinin gosterilmesi hedeflenmistir.

ODTU-Deniz Bilimleri Enstitiisii’nde yiiriitiilen bilimsel arastirmalara, ve Tiilay Cokacar’in
doktora galigmasina katkisi olan bu projeyi destekleyen Tiirkiye Bilimsel ve Teknik Aragtirma
Kurumu’na ve saha ¢aligmalarindan elde edilen klorofil verilerinin bu proje ¢ercevesinde
kullanilmasini saglayan ODTU-Deniz Bilimleri Enstitiisii Kimyasal Osinografi Ana Bilim

Dali’na tesekkiir ederiz.
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OZET

[klim degigimi, artan antropojenik etkiler ve Afrika tozlarina maruz kalan Akdeniz Havzas:
okyanus rengini algilayan sensorlerin verileri ile alg biyokiitlesindeki geligmeyi izlemek i¢in
uygun bir test alanidir. Bu amag dahilinde baslangi¢ olarak uzaktan algilama verileri ile

tiiretilen verilerin gozlemlerle dogrulanmasi gerekmektedir.

Bu aragtirma gergevesinde SeaWIFS bulgular ile tiiretilen aerosol ve klorofil bilgileri ODTU-
Deniz Bilimleri Enstitiisi’'nde gergeklestirilen gézlem sonuglar ile karsilagtirtlarak
dogruluklari kontrol edilmistir. SeaWIFS'in standart algoritmas: orta ve yiiksek klorofil
derigimlerinde (2 0.2 mg m’®) oldukga basarili sonuglar tiretmektedir. Ancak, disiik klorofil
derigimlerinde (< 0.15 mg m’) tiiretilen klorofil derigimleri 6lgiilen degerlerden yaklagik 5 kat
daha fazladir. Uzaktan algilama ve lgiim bulgulari arasinda gozlenen farkhlagma standart
atmosferik temizleme ve biyo-optik algoritmalarinin Akdeniz bélgesine uygun olmamasmdan
kaynaklanmaktadir. Bu aragtirmada atmosferik temizleme islemi igin yeni bir yaklagim
dnerilmistir. Bu yaklagim ile atmosfer katkismin temizlenmesi ve klorofil tiiretilmesi es
zamanh gergeklestirilmistir. Elde edilen sonuglar atmosferde ¢ol tozlarinin bulundugu
durumda kullanilan metodun okyanus rengi verilerinin islenerek bilgiye doniistiiriilmesinde
imit verici olmugtur.

Anahtar Kelimeler: Akdeniz, SeaWIFS, okyanus rengi, Afrika tozlar, klorofil




ABSTRACT

The Mediterranean Basin, subject both to climate changes to increasing anthropogenic inputs
as well as sporadic pulses of dust from North Africa, is an appropriate test site for observing
the evolution of algal biomass by utilizing ocean color data. With this aim it is first necessary

to compare the satellite data with in situ available data.

Throughout present study the quality of SeaWIFS aerosol and chlorophyll products over the
eastern Mediterranean Basin, during the year 2000, has been checked by comparision with in
situ measurements performed at the Institute of Marine Sciences-Middle East Technical
University. It appears from such a comparision that the estimates of SeaWIFS’ standart
algorithm are in rather good agreement for moderate and high chlorophyll concentrations (2
0.2 mg m™). Conversely, a bias is clearly apparent at low chlorophyll values (< 0.15 mg m™),
with SeaWIFS estimates higher than in situ measurements by about a factor of 5. The bias
appearing between satellite and in situ chlorophyll concentrations appears to originate both
from errors in atmospheric corrections and from inadequate bio-optical algorithms. We have
applied a new approach to atmospheric correction in which the atmosphere is removed and
chlorophyll concentrations are derived simultaneaously. The results indicate that the
methodology shows considerable promise for process ocean color imagery in the presence of

mineral dust in terms of increased coverage and more reliable pigment retrievals.

Key Words: Mediterranean, SeaWIFS, ocean color, African mineral dust, chlorophyli
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1. GIRiS

1.1.  Uzaktan Algilama ve Deniz Bilimleri Alaninda Uygulanmasi

Deniz Bilimleri alaninda, uzaktan algilama metodu kullanilarak elde edilen temel
parametreler okyanus rengi (ocean color), deniz suyu yiizey sicakhgi (sea surface
temperature, SST), deniz seviyesi degisimi (sea surface height) ve yiizey dalgalar1 (surface
roughness) olarak 6zetlenebilir. Anilan parametrelerin aragtirma gemileri ile yerinde
olciilmesi hem yiiksek maliyetli ve ¢ok emek isteyen bir is hem de sadece belirli noktalarda ve
belirli bir zaman diliminde kisith miktarlarda bulgu elde edebilme yontemidir. Ote yandan,
uzaktan algilama metodu bu tip verileri uzay ve zaman Slgeginde daha kapsamh olarak
verebilmekte ve boylece denizlerdeki fiziksel, biyolojik ve jeolojik olaylari daha detayl bir
sekilde anlayabilmemiz i¢in olduk¢a 6nemli bir katkida bulunmaktadir.

Giiniimiizde okyanuslarin ylizeyinden yansiyan giines 1sinlarinin siddetini elektromanyetik
spektrumun farkli bant araliklarinda kayit edebilme 6zelligine sahip sensorlerden (ocean
color) elde edilen verilerin, Deniz Bilimleri alaninda gergeklestirilen arastirmalarda
kullamlmasi oldukea yaygmlasmistir. Ugak ile okyanuslar iizerinden gegerken gordiigiimiiz
mavinin ¢esitli tonlari, uydular iizerine yerlestirilen hassas sensorler (ocean color sensors) ile
uzaktan algilanabilmektedir. Bu sensorlerin denizlerin iizerinden gegerken kayit ettikleri
yeryiiziine ¢arpip geri yansiyan giines 1smlarmn siddetine ait veriler uygun biyo-optik
algoritmalar ile iglenerek, denizlerdeki besin zincirinin ilk halkast olan mikroskobik canlilarin
(fitoplanktonlar), askida yiiklerin (sediments) ve ¢dziinmiis organik maddelerin nitel ve/veya
nicel dagilimlarini veren bilgilere doniistiiriilebilmektedir. Deniz ortaminda yasayan .ve tek
hiicreli canhilar olan bitkisel planktonlar (fitoplanton), giines 1518101 ve ortamdaki besin
tuzlarim kullanarak inorganik karbonu organik karbona déniistiirebilme (fotosentez
yapabilme) olanag: saglayan pigmentlere (klorofil gibi) sahiptirler. Uydular iizerine
yerlestirilmis olan sensorler, pigmentlerin giines 1ginlarinin elektormanyetik spektrumun
gOriiniir (vis) bdlgesinde bazi dalga boylarindaki isinlar1 sogurup digerlerini ise sagarak neden
olduklar: renk degisimini kayit ederek ortamdaki klorofil ve dolayisi ile birincil iiretimin
dagilim1 ve miktari hakkinda bilgi iiretebilmektedir. Akdeniz gibi organik madde agisindan
fakir ve dolayist ile klorofil derigimi diisiik ortamlarda denizin rengi koyu mavi, Karadeniz
gibi organik madde tiretimi yiiksek 6trofik denizlerde ise yiiksek klorofil derigimi nedeni ile




yesildir. Bu renk degisimi klorofil ve karetonoid pigmentlerinin mavi dalga boyundaki (445
nm) 1smnlary, yesil-sari renkleri veren dalga boylarma (550-580 nm) gére daha fazla
sogurmasmdan kaynaklanmaktadir (10CCG, 1998; 1999).

Uydu}ér tizerindeki sensorler bu dalga boylarmdaki sogurma yerine yansimayi kayit etme
ozelligine sahiptirler. Bu nedenle uzaktan algilama kayitlar1 kullanarak klorofil miktarmi ve
dagilimini belirlemek i¢in bu iki farkh (mavi-yesil/sar1) dalga boylarmndaki giines 1simalarimn
uzaya yanstyan miktarlarimn oranlan kullanilmaktadir. Giines 1simalarimin deniz ylizeyine
¢arpip yanstyan miktarlarinin yerine oranlarmm kullanilmasi, yansiyan 1gtma miktarlarimn
mutlak degerlerindeki degiskenlikleri ve belirsizlikleri ortadan kaldiwrarak ortamdaki renk
degisimi hakkinda daha saglikh bilgi titretilmesine olanak vermektedir.

Sekil 1.1°de SeaWIFS verilerinin islenmesi sonucu elde edilen mevsimsel klorofil derigimi
dagﬂmﬂaﬁ kiiresel lcekte gosterilmistir. SeaWIFS verilerinin klorofil bilgilerine
daniistiiriilmesine olanak saglayan algoritmalar acik deniz ve okyanus sartlar1 igin
gelistirilmis olup kiyisal bolgeler ve i¢ denizler icin gergekei sonuglar iiretememektedir. Bu
tiir bolgeler iin algoritmalarin yrelerin biyo-optik Szelliklere uygun olarak optimize
edilmesi gerekmektedir (O’Reilly ve dig., 1998;).

Klorofil derisimlerinin kiiresel 6lgekteki dagiliminin saptanmasi atmosferik karbondioksitin
kullanimma ve degisimine ait bilgiler elde edilebilmesine olanak saglamaktadir. Yerkiirenin
% 75’ini kaplayan denizlerde yagayan canhlarin atmosferden karbondioksiti alarak organik
karbona cevirmelerini rakamlarla ifade ederek bu miktarlarm yillar arast degisiminin nedenini
anlamak en dnemli giincel aragtirma konularmdan birisidir. Deniz rengini kayit eden
sensérler tarafindan elde edilen klorofil dagilimma ait bilgiler bu yondeki bilimsel
arastirmalar icin ok degerlidir. Deniz renginin uzaktan algilama metodu ile belirlenmesinin
bir diger uygulama alan ise kiy1 bolgelerinin siirdiriilebilir saglikli yonetimi (6zellikle bahik
stoklarinin yonetimi) ile ilgili arastrmalardir. Giintimiizde bahkgilik ile ilgili en 6nemli
sorunlardan birisi asir1 avlanma, kiiresel 1smmanim ekolojik etkileri gibi nedenlerle balik
stoklarindaki degisim ve bazi tirlerin stoklarmmn tikenmesidir. Bu sorunun ¢6ziimiine
yonelik ekosistem davramslarindaki degisim ve bu degisimin genis olcekli sirkiilasyon
dinamigi ve iklim degis,;imi ile baglantisimin anlagilmas: gibi konularda gerceklestirilecek




aragtirmalarda deniz rengini kayrt edebilme ozelligine sahip sensorlerden elde edilen veriler

kritik oneme sahiptir.

iikbahar (1998-2002) Yaz (1998-2001)

Sonbahar (1998-2001) Kis (1997-2002)

Sekil 1.1. SeaWIFS sensoriinden elde edilen verilerden tiiretilen mevsimsel klorofil
derigiminin kiiresel Slgekte gosterilmesi
http://seawifs.gsfc.nasa.gov/cgi/monthly“climatologies.pl

Ozetle, uzaktan algilama yontemi ile elde edilen okyanus rengi (ocean color) verileri, denizsel
ortamda yagayan fitoplantonlarin mevsimsel ve bolgesel izlenebilmesi i¢in yegane pratik
metod olup bu yontem ile elde edilen bilgiler okyanuslardaki birincil tiretim, kiiresel
biyojeokimyasal dongiiler (karbon ve besin tuzlan) ve balik¢ilik alaninda gerceklegtirilen

bilimsel aragtirmalar i¢in son derece gereklidir.

Uydulann iizerine yerlestirilmig olan sensdrler, yeryiiziine ¢arpip geri yansiyan giineg
1gtmalanni ve 1siman yeryiiziiniin kizil Stesi dalga boylannda yaptig isimalarnn siddetini
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elektromanyetik spektrumun farkl dalga boylarmnda kayit edebilme 6zelligine sahiptirler.
Ancak, giinesten yeryiiziine gelen ve/veya yeryiiziinden uzaya geri donen glines igimlarmin
snemli bir bolimii atmosferden gecerken atmosferin molekiiler (gaz) ve/veya pargacik
(aerosol) bilesenlerinin giines iginlarini sacabilme (scattering) ve/veya sogurabilme
(absorption) szellikleri nedeni ile azalmakta veya sacilmaktadir. Bu durum, uzaktan algillama
verilerinin yer yiliziiniin szelliklerini gosteren bilgiye (drn. denizlerdeki klorofil dagilimi ve
miktar1) doniistiiriilmesinde sorun yaratmaktadir. Bu yiizden uydular iizerine yerlestirilmis
sensorlerin kayit etigi uzaktan algilama verileri, sncelikli olarak atmosfer etkisinin

temizlenmesi (atmosferic correction) olarak tanimlayabilecegimiz islemlere tabi tutulmaktadir

(10CCG, 1998; 1999).

Bu amagla atmosferin optik zellikleri tanimlanarak atmosferik temizleme algoritmalart
geligtirilmigtir. Atmosfer etkilerinin bazilarinin tanimlanmasi ve dolayisi ile uygun
algoritmalar kullanilarak uydu seviyesinde olgiilen 1gmlar iizerindeki katkilarmin diizeltilme
yontemi gok agik olup bir sorun teskil etmemektedir. Buna ornek olarak giines igmlarmin
atmosferden gecisi sirasinda atmosferin molekiiler bilesenlerinin neden oldugu sagilma
(rayleigh scattering) verilebilinir. Bu sagilmanin miktari, atmosferin molekiiler bilesenlerinin
atmosferde homojen olarak dagilmis olmasmin sagladigi kolaylik ile yeryiizii basinct ve
giinegin i1ma sabiti verileri kullanilarak teorik yontemlerle dogru bir sekilde
hesaplanabilmekte ve uydu seviyesinde kayit edilen toplam 1g1ma miktarmdan
¢ikariimaktadir. Ote yandan atmosferdeki ince tanecik boyutlu pargaciklarin (aerosoller) nicel
ve nitel dzellikleri zaman ve uzay blgeginde gok bityiik degiskenlik gosterdigi igin glines
iginlarimn atmosferden gegisi sirasinda aerosollerin neden oldugu sagiima (Mie scattering)
miktarlarinin tesbit edilmesi 6zel bir problem teskil etmektedir. Deniz ylizeyi renk degigimini
kayit etme dzelligine sahip sensorlerin verilerinden aerosollerin optik szelliklerine ait
bilgilerin de tiiretilebilmesi sayesinde, uydu seviyesinde olgiilen toplam 1g1ma miktari
{izerindeki acrosollerin katkilar tammlanabilinir ve uygun algoritmalar yardimu ile bu katki

temizlenebilmektedir (Schwindling ve dig., 1998).

SeaWIFS sensdriiniin dizayn edilmesindeki baslica amag rutin olarak okyanus renginin kayit
edilmesi ve elde edilen bulgularm okyanuslarin biyo-optik szelliklerini betimleyen bilgiye
doniistiiriilmesi idi. Ancak, yukarida da belirtildigi iizere, uydu seviyesinde elektromanyetik

spektrumun farkl dalga boylarinda kayit edilen 1s1ma miktarlarint okyanuslar ile ilgili bilgiye




dontistiirebilmek igin atmosfer etkisinin temizlenmesi gerekmektedir. Bu temizleme igslemi
atmosferin tepesinde bulunan sensoériin, elektromanyetik spektrumun goriiniir (vis) dalga
boylarinda kayit ettigi toplam 1s1ma miktarindan atmosfer katkisini ¢ikararak sadece okyanus

yiizeyindeki bilgiye ait olan 151ma miktarin1 hesaplamaktadir.

SeaWIFS uydusu verilerine uygulanan atmosferik temizleme algoritmasi, kizil 6tesine yakin
(NIR) iki ayr: spektral kanal (765 nm ve 865 nm) tarafindan kayit edilen 1s1ma miktarlarini
kullanarak aerosollerin optik 6zelliklerini hesaplamaktadir (Gordon ve Wang, 1994).
Acrosollerin 865 nm dalga boyundaki optik kalinliklar1 (Aerosol Optical Thickness, T) rutin
olarak okyanuslarin tizerindeki atmosfer i¢cin hesaplanmakta ve kullaniciya sunulmaktadir.
Aerosollerin atmosfer kolonundaki (yer seviyesinden atmosferin tepesine kadar) derigimi ile
orantili olan aerosollerin optik kalinhgi, giines 1gmlarmin atmosfer kolonunda bulunan
aerosoller tarafindan sagilmasinin (scattering) ve sogurulmasinin (absorption) dlgiisiidiir.
Angstrom katsayist (Angstrom exponent, a) ise aerosollerin optik kalinhigmin spektral
degisimine bagl: olup aerosollerin pargacik boyutu dagilimu ile ilgili bilgi verir. Sekil 1.2°de
bu her iki parametrenin okyanuslar tizerindeki dagilim gésterilmektedir. Aerosollerin optik
kalinhgi SeaWIFS sensoriiniin 865 nm dalga boyunda kayit edilen bulgulardan, Angstrom
katsayisi ise aynt sensoriin 765 nm ve 865 nm dalga boylarinda kayit edilen bulgulardan

tiretilmistir.

SeaWIFS verilerine uygulanan atmosferik temizleme algoritmasi, denizlerin tizerindeki
atmosferde yogun miktarda giines 1smnlarini sogurabilme 6zelligi olan aerosol bulutu oldugu
durumlarda, uydu seviyesinde kayit edilen toplam 1s1ima miktar tizerindeki atmosfer katkismi
gergekei olarak tammlayamamaktadir. Bu durum ise sadece deniz yiizeyine ait olan 1s1ma
miktarinin tiiretilmesine engel olmaktadir. SeaWIFS verilerinin proses iglemleri okyanuslarin
renginin tiiretilmesi (6rn. klorofil derigimi) amact ile optimize edildigi i¢in bdylesi durumlara
maruz kalan bélgelerin verileri iptal edilerek buralarda okyanuslarin biyo-optik 6zellikleri
tirretilememektedir. Sekil 1.2a ve b’de goriildiigii tizere Afrika kitasinin kuzey ve giineyinde,
Atlantik Okyanusuna tagman yogun ¢6l tozu ve biyokiitle yanmasi sonucunda olusan duman
bulutlar1 uydu seviyesinde gok yiiksek optik kalinlik olusturmus ve bu bélgelerin altinda kalan
okyanus pargasinin biyo-optik 6zelliginin tiiretilmesine engel olmugtur. Bu nedenle bu
bolgeler maskelenmis (gri renk ile) ve SeaWIFS’in kullanictya sunmus oldugu veri seti iginde

iptal edilmistir. Buna benzer toz ve duman bulutlarinm uydu seviyesinde tammlanip optik
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ozelliklerinin tiiretilmesi ancak kullaniciya agik olan SeaWIFS’in verilerini isleyen standart
algoritmalar fizerinde degisiklik yapilmasi ile miimkiindiir (Wang ve dig., 2000).

(a) ta(865) (April 1998) (b) 1a(865) (October 1998)

(l 1998) {d) a (October 1998)

Angstrom Exponent

; 0.12 0.18 0.24 03
Land  NoData Asrosol Optical Thickness (865 nm)

Sekil 1.2. SeaWIFS verileri ile tiiretilmis olan aerosollerin optik 6zelliklerinin kiiresel
dagilimu. (a) ve (b) Nisan ve Ekim 1998 aylar1 igin aerosollerin optik kalinlig1 (t); (c) ve (d)
Nisan ve Ekim 1998 aylar1 i¢in Angstrom katsayis1 (o). (Wang ve dig. (2000) den alinmugtir).

Atmosfer yolu ile karalardan denizlerin iizerine taginan ¢d1 tozu (mineral toz) ve biyokiitle
yanmasindan agiga ¢ikan duman bulutlar1 SeaWIFS’in standart atmosferik temizleme
algoritmalari ile tanimlanamamaktadir. Atmosferik temizleme islemi
gergeklestirilemediginden bu bolgelerin denizsel biyo-optik dzellikleride tiretilememektedir.
Bu tip bulutlar1 olusturan aerosoller, elektromanyetik spektrumun gériiniir dalga boyundaki
istmalart yiiksek miktarlarda sogurma 6zelligine sahiptirler. Oysa ki SeaWIFS’in standart
algoritmas: sadece sogurma yapmayan ve/veya ¢ok az yapan aerosoller igin dizayn edilmistir.
Eloktromanyetik spektrumun goriiniir bolgesindeki 1g1malari sogurma 6zelligine sahip
aerosollerin ve bu tip aerosol bulutlarimn altinda kalan denizlerin optik 6zelliklerinin
tiiretilmesi i¢in uygun bir atmosferik temizleme algoritmasi gelistirilmis ve algoritmanmn
SeaWIFS sensorii verileri igin elverisli oldugu gdsterilmistir (Gordon ve dig., 1997). Bu
algoritma ile Sekil 1.2a’da gériilen Kuzey Afrika’dan Atlantik Okyanusu iizerine tagman




mineral toz bulutuna ait (Sekil’de sunulan aerosollerin optik kalinlig1 SeaWIFS’in standart
algoritmasi kullamlarak tiiretildigi i¢in bu bdlge maskelenmistir) optik 6zelliklerin yamisira
bulutun altinda kalan denizsel bdlgeye ait biyo-optik 6zelliklerin de bagarili bir bigimde
tiretildigi Moulin ve dig. (2001a, b) tarafindan kanitlanmistir.

Sekil 1.2°de aerosollerin okyanuslar tizerindeki optik kalinliginin ve pargacik boyutunun
mevsimsel ve bolgesel degisimleri agikca goriilmektedir. Okyanus atmosferlerinin karalardan
uzak bolgelerindeki aerosoller diigiik optik kahnhiga ve biiyiik pargacik boyutuna (diisiik o
degerlerine) sahiptirler. Bu durum agik deniz atmosferinin tipik 6zelligidir. Oysaki karalarin
kiyisindaki okyanus parcalarinin ve/veya karalarla ¢evrili i¢ denizlerin atmosferinde
aerosollerin optik kalinhig: daha yiiksek olup aerosollerin tanecik boyutlari ise daha disiiktiir
(yliksek a degerlerine sahiptirler).

Kiiresel 6lgekte iklim ve biyojeokimyasal dongiiler tizerinde etkin rol oynamasi nedeni
(Charlson ve dig., 1987; 1992) ile aerosollerin optik kalinhgmin uzaktan algilama metodu ile
belirlenmesi yoniinde 6nemli ¢ahsmalar gergeklestirilmistir (Husar ve dig., 1997; Herman ve
dig., 1997; Stegmann ve Tindale, 1999). Fitoplanktonlarin metabolik prosesleri esnasinda
trettigi dimetilsiilfid (DMS) gazinin atmostferdeki fotokimyasal siireglerle bulut olusturan
siilfat ¢cekirdegine doniiserek bulut miktarini arttirmasi sonucunda iklim iizerinde rol oynama
potensiyeli oldugunun ileri siiriilmesi ile aerosol ve denizlerdeki iiretim arastirmalarinin

birlikte yiirtitiilmesinin geregi ortaya ¢ikmustir (Charlson ve dig., 1987).

Onceki yillarda, deniz ortamindaki besin tuzlarinin (nitrat ve fosfat) ve bazi eser elementlerin
(Fe gibi) biitgesi yapilirken sadece nehirler tarafindan ulagan girdiler g6z 6niine alinmakta ve
atmosfer yoluyla olan girdiler goz ardi edilmekte idi. Ancak son on yil igerisinde
gergeklestirilen arastirmalarin sonuglari, dzellikle kiyidan uzak bdlgeler ile nehir girdileri
agisindan fakir olan deniz ortamlari igin atmosfer girdilerinin en 6nemli kaynak oldugunu

gostermistir (Duce ve dig., 1991; Jickells, 1995; 1999).

Pasifik Okyanusunun Ekvator kusagindaki bdlgesi gibi besin tuzu agisindan oldukga zengin
fakat birincil {iretim agisindan fakir olan HNLC (High-Nutrient Low Chlorophyll) bilgelerde

birincil iretimin, demir (Fe) eksikligi nedeni ile diisiik oldugu ileri siiriilmiis ve bu bolgeye

yapay olarak Fe verilince tiretimin arttigi gézlenmigtir (Coale ve dig., 1995; Hutchins ve




Bruland, 1998). Demirin deniz ortami icin dogal kaynagmin ¢l bolgelerinden atmosfer
yoluyla taginarak okyanuslara ulasan mineral toz oldugu ve demir a¢isindan zenginlesmis olan
bu tozlarin denizsel birincil tiretime katkida bulundugu gosterilmistir (Young ve dig., 1991;
Fung ve dig., 2000; Gabric ve dig., 2002).

Okyanus rengini kayit etme yetenegine sahip sensorlerin kayit ettigi veriler, hem atmosferdeki
aerosollerin ve hemde okyanuslarimn birincil {iretimininin indikatdrii olan klorofilin dagilimin
ve miktarini veren bilgiye doniistiiriilebilmektedir. Dolayst ile bu sensorlerden elde
edilebilinen bilgiler, atmosfer ile denizler {izerine ulasan mineral tozun denizsel birincil
iretim iizerinde var oldugu disiiniilen potensiyel etkilerin arastirilmas i¢in ¢ok elverisli bir
aragtir (Stegmann ve Tindale, 1999; Stegmann, 2000; Gao ve dig., 2001; Gabric ve dig.,
2002).

1.2.  Akdeniz ve Uzaktan Algilama (Deniz Rengini Kay:t Eden Sensdrler)

1.2.1. Akdeniz’in Genel Ozellikleri

Yar1 kapali bir deniz olan Akdeniz’in Cebelitarik Bogaz ile Atlantik Okyanusu’na, Siiveys
Kanali ile Kizil Deniz’e ve Istanbul Bogazi ile Karadeniz’e baglantisi vardir. Dar bir bogaz
olan Cebelitarik Bogazi Akdeniz’in Atlantik Okyanusu ile olan baglantisini kisitlayarak,
Akdeniz’in sirkiilasyonu ve birincil tiretimi {izerinde onemli rol oynamaktadir. Akdeniz
baseninin birincil iiretimi batidan doguya dogru azalan bir egilim gostermektedir (Bat1
Akdeniz’in yiizey sularndaki klorofil miktar ve yillik birincil iiretimi Dogu Akdeniz’in
yaklagik iki katidir). Dogu Akdeniz ihtiva ettigi besin tuzlarimn miktari agisindan denizlerin
¢olii olarak tammlanmakta ve sadece kiyisal alanlarda yoresel ve mevsimsel olarak yiiksek
klorofil degerleri goriilmektedir (bknz. Sekil 1.3¢). Cebelitarik Bogazindan Akdeniz’e olan
besin tuzlari girdisi bunlarin Atlantik Okyanusunda bulunan canhlar tarafindan daha 6nce
kullanilmasi nedeni ile oldukga diigiik seviyededir. Bu besin tuzlarinin bir kismida Atlantik
suyu Bat1 Akdeniz’den gegerken canlilar tarafindan tiiketilmesi sonucu dogu basenine ulagan
Atlantik suyunun besin tuzu katkist bulunmamaktadir. Ayrica batidan doguya gegisi sirasinda
iklimsel faktorlerin etkisi ile buharlagmaya maruz kalan Atlantik suyunun dogu basenine
ulastiginda tuzluluk miktar1 %10 oraninda artmaktadir. Yogunlugu artan Atlantik suyu dogu

baseninde kig mevsimindeki soguklar ile meydana gelen konvektif karigim olaylarina bagh




olarak dip sulara batmakta ve batiya dogru tagiarak Cebelitarik Bogazindan Akdeniz’i terk
etmektedir (Turley, 1999; Antoine ve dig., 1995).

Kuzey-giiney kesiti icerisindeki sosyo-ekonomik farkhlasma, kiiresel iklim degisimi ve bunun
sonucu olarak ortaya ¢ikan deniz seviyesi artisi gibi faktorler Akdeniz’in ekosistemini ve bu
ckosistemin korunmasina yonelik yonetim planlarimi tehdit eder niteliktedir. Buna ek olarak
bu bolge iklim, jeomorfoloji, bitki drtiisii ve karalarim kullanimi agisindan kuzey ve giiney

b liimleri arasinda farklilasma gostermektedir. Bu durum Sekil 1.3d’de sunulan SeaWIFS
goriintiisiinden agikca goriilmektedir. Akdeniz’in giiney ve dogu kiyilar1 ¢ollerle (sart

bolgeler) kuzeyi ise daha tiretken karalar ile (vesil bolgeler) ¢evrilidir.

Atmosfer yolu ile Akdeniz iizerine taginan ¢d1 tozlar: SeaWIFS verilerinden tiiretilen gergek
renk (true color) goriintiilerinde tanimlanabilmektedir (bknz. Sekil 1.3a, b). C6l tozu sar
bulut halinde (Misirdan kaynaklanan ve Sekil 1.3a’da verilen durum) veya tiim baseni
kaplayan sarims bir 6rtii (Libya’dan kaynaklanarak tiim dogu basenini saran ve Sekil 1.3b’de
verilen durum) seklinde Dogu Akdeniz lizerinde yayilmaktadir. o1 bolgelerinden Akdeniz
{izerine tagmnan tozlarin bu denizin ekosistemine besin tuzlarinca katkida bulunma potensiyeli
oldugu bilimsel arastirmalar ile gosterilmistir (Bergametti ve dig., 1992; Guieu ve dig.,
2002a,b; Herut ve dig., 2002; Ozsoy ve Saydam, 2001; Ridame ve Guieu, 2002; Saydam ve
Senyuva, 2002; Sarthou ve Jeandel, 2001; Migon ve Sandroni, 1999). Atmosferik tasinimla
Dogu Akdeniz’e darbeler halinde ulagan ve deniz tizerine ¢oken ¢61 tozlarinin miktari oldukga
yiiksektir. 1992 yilinda Dogu Akdeniz kiyisinda gergeklestirilen kesintisiz ¢ol tozu dlgtimleri,
Mayis ayinda gdzlenen iki olay siiresince deniz yiizeyine ¢6ken toz miktarmn yil siiresince
¢oken toplam toz miktarinm %30 unu olusturdugu gostermistir (Kubilay ve dig., 2000). Tek
bir olayla deniz yiizeyine ¢okelen Yﬁksek miktardaki ¢6l tozlarinin ortamdaki besin tuzlarinin
miktarin arttirarak klorofil derisiminde ani yiikselmeye neden oldugu Akdeniz’in dogu ve
bat1 basenlerinde gozlenmistir (Barak ve dig., 1999, 2002; Ridame ve Guieu, 2002). Bu
tozlarin Akdeniz iizerine taginmasi siirekli bir durum olmayip episodik karakter tasimakta ve
etki alam oldukca genis olmaktadir. Dolayisi ile bu olaylar yer seviyesinde gergeklestirilen
olgiimlerle tammlamak ve etki alanlarini belirlemek icin kesintisiz ve genis uzay dlgekli
gozlem istasyonlar: gerekmektedir. Boylesi bir gozlem istasyon aginn kurulmas: pratik

degildir. Ancak uzaktan algilama verileri ile bu olaylarmn aragtirilmast mimkiindr.




Sekil 1.3. 6l tozunun Akdeniz {izerine tagimimini gosteren SeaWIFS goriintiileri

(a) ve (b) hup//visibleearth.nasa, gov/cgi-bin/results
SeaWIFS verilerinden ttiiretilen klorofil dagilmi (Eyliil 1997) (¢) (Turley, 1999)
SeaWIES verilerinden ttiiretilen bitki ortiisti dagilimi (Eylil 1997) (d) (Turley, 1999)
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Endiistriyel devrimden giiniimiize uzanan dénemde cevresel bozulmalar oldugu artik
kanitlanmus bir olgudur. Giiniimiizde agik denizlerde zaman ve mekan ol¢eginde gozlenen
degisimlerin sistemin dogal yapisindan ve/veya sistemi digardan etkileyen dogal
mekanizmalardan kaynaklandigi ve antropojenik aktivitelerin hentiz a¢ik deniz tizerinde
tahribata yol agmadig1 diisiiniilmektedir. Karasal kaynakh etkiler sonucunda ileride
olusabilecek bir tahribatin 6nceden ortaya ¢ikarilabilmesi, boyutlarinin tahmin edilebilmesi ve
tahribatin azaltilmas: yoniinde tedbirler almabilmesi ancak ve ancak sistemin dogal
degisiminin iyi anlagilmas: ve bunlarin karasal kaynakli yapay etkiler sonucunda olugabilecek
degisimlerden ayirt edilebilmesi ile miimkiindiir. Omegin besin tuzlarinca fakir olan Akdeniz
basenine (2.3 10° km?) atmosfer yolu ile yillik 20-50 10° ton mineral toz tasmmaktadir
(Guerzoni ve dig., 1999). Bu oldukga yiiksek miktarh dogal kaynakh atmosfer girdisinin
Akdeniz ekosistemi iizerinde olasi etkisi iizerinde bir ¢ok hipotez bulunmasina ragmen iyi
planlanmig ve basen dlgeginde bulgu ve bilgi iiretmis bilimsel bir ¢aligma yoktur. Boylesi bir
aragtirmanimn tek bir noktadan yapilan yer dlgtimleri ile gergeklestirilmesi teknik agidan
imkansizdir. Uzaktan algilama yontemi, basen 6lgeginde ve degigimi g6zleyebilmeye
elverisli zaman dlgeginde bulgu toplamaya uygun oldugu i¢in burada ongoriilen aragtirma

projesinin kapsaminda kullanilacaktir.

Afrika kitasindan taginan ¢ol tozlarinin deniz ekosistemi tizerinde tahribat olusturabilme
potensiyeli Saydam (1996) tarafindan belirtilmistir. Daha sonra, Afrika kitasi {izerinde
atmosfere yayilan ve riizgarlar ile Amerika kitasinin dogu kiyisina kadar ulasan ¢0l tozlarinm
kiyisal ekosistem tizerindeki tahribatina yonelik bulgular da literatiirde yer almigtir (Walsh ve
Steidinger, 2001; Lenes ve dig., 2001). Bu aragtirmacilar, Amerika kitasimin Atlantik
Okyanusu kiyisina ulagan ve yagmurlarla deniz ylizeyine ¢oken ¢l tozlarinin ortamin demir
miktarin arttirarak toksik fitoplankton patlamalarina neden oldugunu kamtlamiglardir. Yine
Amerika kitasinin Atlantik Okyanusu kiyisina ¢61 tozu tagimminin oldugu donemlerde alerjik
astim vakalarinda artis goriildigiinii ve bu tozlarin insanlar ve diger canlilar tizerinde patojen
etkisi olan mikroorganizmalari tasidig1 saptanmistir (Griffin ve dig., 2001a, b; 2002; Shinn ve
dig., 2000).

Afrika kitasindan taginan ¢6l tozlariin ekosistem ve iklim iizerindeki kiiresel boyutta

yarattif etkileri kanitlayan bilimsel bulgular, uzaktan algilamamn bu tozlarla ilgili
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arastirmalarda genis uzay ve zaman Slgeklerinde veri toplamak icin ¢ok elverishi bir metod

oldugu gercegini agikca ortaya koymaktadir.

1.2.2. Akdeniz’de Gergeklestirilen Uzaktan Algilama Arastirmalan

Akdeniz baseninin uzaktan algilama metodu ile tiiretilen ilk pigment (klorofil)y ve biringil
tiretim bilgisi, 8 sene (1979-1986) kiresel dlgekte veri toplayan CZCS (Coastal Zone Color
Scanner) bulgulart kullamlarak Antoine ve dig. (1995) ger¢eklestirilmistir. Daha sonra
Gitelson ve dig. (1996) giineydogu Akdeniz’de bir seri klorofil ve optik dl¢timler
gergeklestirerck CZCS sensoriintin kayit ettigi verilerden tiiretilen klorofil degerlerinin
dogrulugunu test etmis ve kiiresel algoritmalarin bolgesel 6l¢ekte gergeker sonuglar

tiretemedigini gostermislerdir.

1990711 yillarda aym amagla baska sensorler dizayn edilip uydular tizerine verlestirilmistir
(6rn. ocean color and temperature scanner [OCTS], polarization and directionality of earth
reflactances [POLDERY, sca-viewing wide ficld —of- view sensor [SeaWIFS]). OCTS ve
POLDER sensorlerinin verilert Kasim 1996-Haziran 1997 arasina aittir. SeaWIFS sensorii ise
Eylial 1997 den glintimiize degin veri saglamaktadir. Bricaud ve dig. (2002) bu ti¢ sensdriin
verilerinden tiretilen klorofil ve yilizey suyu sucakhgr bilgilerini kullanarak Akdeniz’in
birinct] Gretim dagilimim ve zamana bagh degisimini gostermislerdir. Her ti¢ sensoriin
verilerinden kiorofil tiretilmesi ¢ kiresel 6lgek i¢in tasarlanmig olan algoritmalar
kullaniimistir. Bu klorofil degerleri Akdeniz’de gergeklestirilmis olan bir seri klorofil
Slgtimlert ile kargilagtinlarak uzaktan algilama metodu ile tiretilen degerlerin dogrulugu test

edilmistir. Bu karsilastirma sonucunda uzaktan algilama yontemi ile tiiretilen klorofil

degerlerinin mevsimsel degisiminin yer dl¢timleri ile uyumlu oldugu gosterilmistir. Ancak
Ozellikle dusiik klorofil degerlerinin uzaktan algilama metodu ile gergek degerinden 5 kata
varan oranda daha fazla olarak tiretildigi gosterilerek Akdeniz’e mahsus yoresel biyo-optik

Ozellikleri tagtyan algoritmalarin tiretilmesinin geregi vurgulanmustir.

D’Ortenzio ve dig. (2002) tarafindan gergeklestirilen benzer bir ¢alismada ise 1999-2000
yillarinda orta Akdeniz’de {i¢ ayri donemde biyo-optik Slgiimler gergeklestirilmistir. Elde
edilen biyo-optik dlciimler daha sonra Akdeniz i¢in daha gergekei bolgesel bir algoritma

tretmek icin kullantmistir.
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Sonug olarak bugiine kadar gergeklestirilen arastirmalarin sonuglar kiiresel algoritmalarin
kullanilmast ile Akdeniz icin gergekci klorofil degerleri tiiretmenin miimkiin olmadigmi
gbstermistir. Arastirmalar Akdeniz’in kendine has biyo-optik dzelliklerinin ve/veya Akdeniz
atmosferinin optik 6zelliklerinin kiiresel 8lgek igin dizayn edilmis klorofil ve atmosferik
temizleme iglemlerini gergeklestiren algoritmalar igerisinde yeterince tanimlanmamig
oldugunu ortaya ¢ikarnustir (Gitelson ve dig., 1996; Bricaud ve dig., 2002; D’Ortenzio ve
dig., 2002).

Claustre ve dig. (2002), Akdeniz’in okyanus rengini kayit eden sensorler vasitast ile tiiretilen
klorofil derisimlerinin gercek degerlerinden yiiksek olmasmin nedenini bolgeye Sahra
¢oliinden tasman ve deniz yiizeyine ¢ken mineral tozun Akdeniz’in optik karakteristigini
etkilemesine ve bu faktoriin kiiresel algoritmalar igerisinde tanimlanmamig olmasina
baglamuslardir. Bu arastirmacilar Sahra ¢oliinden taginan mineral toza maruz kalan denizsel
bolgeler i¢in okyanus rengini kayit eden sensorlerden klorofil tiireten algoritmalarmn, bolgesel
karakteristife uygun olarak dizayn edilmesinin nemini vurgulamuslardir. Aksi takdirde
uzaktan algilama metodu ile tiiretilen klorofil derisiminin gergek degerinden 2 kat daha fazla
tiiretilmesinin bu veriler kullanilarak hesaplanan birincil {iretim miktarmin gergek degerinden
9% 40 oraninda daha fazla hesaplanmasina neden olacag vurgulanmusttr.  Bu durum
okyanuslarin karbon dongiisii tizerindeki etkisinin gergekci rakamlarla belirlenebilmesini

imkansiz kilacaktir.
2. MATERYAL VE METOD

Bu arastirmada okyanus rengiﬁe ait verileri kayit etme 6zelligine sahip olan SeaWIFS (Sea-
viewing WIde Field-of-view Sensor) sensoriiniin kullaniciya agik olan internet adresinden

(hstp:fidaac
dontistiirtilmesi ise NASA tarafindan gelistirilen SeaDAS (SeaWIFS Data Analysis System)

e nasa gov/) temin edilen verileri kullanilmistir. Bu ham verilerin islenerek bilgiye

paket progranu ile ger¢eklestirilmistir.

TUBITAK tarafindan bu proje kapsaminda saglanan biitge ile verilerin islenebilmesi ve
algoritmalarin yazildigi programlari SeaDAS iginde ¢alisir duruma getirebilmek i¢in bir adet
kisisel bilgisayar ile derleyici bir program satin almmustir. Bilgisayara UNIX isletim sistemi

yiiklenerek SeaDAS programu ¢alisir hale getirilmistir. Bu paket program igerisinde
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SeaWIFS’in ham verilerinden atmosferik (aerosollerin optik kahnhg: ve angstrom katsay1s1
gibi) ve denizsel (klorofil ve kokolit tiirii fitoplanktonlarin patlamasmnm tanimlanmas gibi)
bilgileri tiiretebilen kiiresel 6lgek i¢in dizayn edilmis olan algoritmalar (standart algoritma)

kullanima hazir olarak bulunmaktadir.

SeaWIFS algilayicisi giines isinlarinin yeryiiziine ulagip geri yansiyan igima miktarim sekiz
ayr1 spektral bant arahiinda (412, 443, 490, 510, 555, 670, 765 ve 865 nm) kay1t etmektedir.
SeaWIFS gibi uydular iizerine yerlestirilmis okyanus rengini kayit etme 6zelligine sahip olan
sensorlerin verileri genel olarak iki agamada islenerek bilgiye (deniz ylizeyinde yagayan

bitkisel planktonlarin izsiiriicii pigmenti olan klorofil bilgisi gibi) donistiiriilebilmektedir.

{lk asamada atmosferik temizleme algoritmasi kullanilarak sensoriin kayit ettigi toplam 1s1ma
degerinden (L) atmosfer katkisi ¢ikarilmakta ve sadece deniz yiizeyi bilgisine sahip olan 1g1ma
degeri (Ly) elde edilmektedir. Okyanuslarm yiizeyine ulasan giines 1ginlar1 eger uydu ile yer
seviyesi arasinda atmosfer olmasa idi, yiizeyin biyo-optik 6zelliklerine (fitoplankton miktar
ve tiirii, askida madde miktar1 ve ¢oziilmiis organik madde gibi) bagh olarak ya tamamen geri
uzaya yansiyacak veya bir kismi sogurulduktan (fotosentetik pigmentlerin mavi dalga
boylarinda sogurma yapmalar1) sonra kalan kismi uzaya geri yansiyacakti. Fakat gergek
hayatta deniz yiizeyine ulagan ve ylizeyden yansiyan giineg ismnlar1 uydu ile yeryiizii arasinda
bulunan atmosferin icerisinden iki kez gegerek atmosferin tepesinde (Top Of the Atmopshere,
TOA) bulunan uydular iizerine yerlestirilmis sensorlere ulasmaktadir. Bu nedenle
elektromanyetik spektrumun goriiniir (vis) bolgesindeki dalga boylarinda kayit edilen toplam
1gtma miktarmin ancak % 10’u deniz yiizeyi ile ilgili bilgiye sahip iken geriye kalan % 90’lik
kismm atmosfer katkisindan kayhaklanmaktadlr. Dolayisi ile okyanus rengini algilayan
sensdrlerin verilerinden deniz yiizeyine ait bilgilerin gergekci olarak tiiretilmesinin 6n kosulu

atmosfer katkisinin hassas metodlarla temizlenmis olmasidir.

Sekil 2.1a’da uydu seviyesinde algilanan toplam 151ma miktari(siyah renkte gosterilen egri) ve
sadece aerosollerden kaynaklanan 1s1ma miktar: (kirmuzi renk ile gosterilen egri) dalga
boyunun fonksiyonu olarak sematik bir bi¢imde gosterilmigtir. Algilayici farkl dalga
boylarindaki toplam 1g1ma miktarlarim kayit etmektedir. Atmosfer katkisi bu toplam 151ma
miktart icerisinde oldugu igin atmosfer katkisinin teorik metodlarla hesaplanarak toplam 1g1ma

miktarindan ¢ikarilmas: gerekmektedir. Atmosferin molekiler bilesenlerinden kaynaklanan
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katkisinin teorik metodlarla dogru bir sekilde hesaplanmasi miimkiin iken aerosol
bilesenlerinden kaynaklanan katkisinin hesaplanmasi olduk¢a sorunltu olup hesaplanmasi bir
takim belirsizliklere maruzdur. Ayrica atmosferin aerosol bilesenlerinin nitel ve nicel
ozellikleri zaman ve mekan 6lgeklerinde ¢ok degisken oldugu i¢in Sekil 2.1a’da kirmizi renk
ile gosterilen aerosollerden kaynaklanan atmosfer katkisi kesik ¢izgilerle verilen arahik

arasinda degisebilmektedir.

La

443 555 765 865

(b)

443 555 765 865

(a)
Sekil 2.1. Uydu seviyesinde kayit edilen 1s1ma miktarinin eloktromanyetik spektrumun farklh
dalga boylarindaki dagilimi. (a) atmosferde sadece 1sinlari sagma 6zelligi bulunan aerosollerin
oldugu durum. (b) atmosferde bulunan aerosollerin 1ginlari sagmanin yanisira mavi-yasil dalga

boylarinda sogurma yaptig1 durum.

Elektromanyetik spektrumun kizil 6tesine yakin (NIR) dalga boylarinda (765 ve 865 nm)
deniz suyu giines 1sinlarint tamamen sogurdugu i¢in uydu seviyesinde 6lgiilen toplam 1g1ma
miktari sadece atmosferden kaynaklanmaktadir (bknz. Sekil 2.1a). SeaWIFS’in standart
atmosferik algoritmasi bu bilgi Gizerine kurulmus olup Gordon ve Wang (1994) tarafindan
gelistirilmistir. Bu algoritma ile NIR dalga boylarinda uydu seviyesinde kayit edilen toplam
istma miktarinim tamamen atmosferden kaynaklandigi kabul edilerek (yani L,=0) aerosollerin
optik 6zellikleri saptanir. Daha sonra NIR dalga boyunda saptanmis olan bu 6zellikler
kullamilarak aerosollerin elektromanyetik spektrumun goriintir (visible, vis) dalga
boylarindaki optik 6zellikleri tahmin edilir. Ve bu optik 6zellikler kullanilarak aerosollerden
kaynaklanan igima miktart hesaplanip toplam 1is1ma miktarindan ¢ikarilarak deniz yiizeyi
bilgisine sahip olan 1$1ma miktar1 bulunmaktadir. Bu hesaplamalar yapilirken atmosferde
baskin olarak bulunan aerosollerin elektromanyetik spektrumun goériintir dalga boylarmda
sogurma yapmayan veya ¢ok az yapan tiirler oldugu kabul edilmektedir. Ciinki vis dalga

boylarinda sogurma yapma 6zelligine sahip aerosol tiirlerinin optik 6zelliklerinin NIR dalga

15




boylarinda tammlanmasi miimkiin degildir. Sekil 2.1b’de vis dalga boylarmda sogurma
yapma kabiliyeti olan aerosollerden kaynaklanan igima miktarimm dalga boyunun fonksiyonu
olarak degisimi sematik olarak gosterilmigtir. Goriilecegi tizere sogurma yapmayan
aerosollerden kaynaklanan isima miktar1 (kesik kirmizi ¢izgi ile gosterilmis olan) NIR dalga
boylarindan vis dalga boylarma dogru linear olarak artmaktadir. Ote yandan vis dalga
boylarinda sogurma yapma ozelligi olan aerosollerden kaynaklanan isima miktarinin (diiz
Kirmizi ¢izgi ile gosterilmis olan) benzer bir trend gostermeyip, vis dalga boylarinda azaldig:
goriilmektedir. Dolayst ile NIR dalga boylarinda tanimlanmg olan aerosollerin optik
ozelliklerini kullanarak vis dalga boylarindaki optik 8zelliklerinin tahmin edilmesi sorun
olusturmaktadir. Atmosferinde bu 6zelligi gosteren aerosol tiirlerinin baskin oldugu
durumlarda Gordon ve Wang (1994) tarafindan gelistirilmis olan algoritmanin deniz
yiizeyinden kaynaklanan 1gima miktarini (¢ ) gercek degerinden (i ) daha az hesaplamasina

neden olmaktadir.

SeaWIFS verilerinin bilgiye doniistiirilmesinin ikinci asamasinda ise birinci asamada elde
edilen Ly, degerleri kullanifarak O’Reilly ve dig. (1998) tarafindan geligtirilen biyo-optik
algoritmalari ile deniz yiizeyine ait klorofil degerleri hesaplanmaktadir. Bu algoritmanin
temeli dort ayri (443, 490, 510, 555 nm) dalga boyu i¢in hesaplanan Lw miktarlarinin oranlari
ile klorofil derisimi arasindaki amprik bir formiile dayanmaktadir. Ancak bu sekilde turetilen
klorofil degerleri atmosferde sogurma kabiliyeti olmayan aerosol tiirleri oldugu zaman
gergekei olmaktadir. Aksi sartlarda aerosollerden kaynaklanan sogurma denizde yasayan
fitoplanktonlarca gergeklestirilmis gibi hesaplandigi icin ger¢ek degerinden daha yiiksek

klorofil derisimleri hesaplanmaktadir.

Afrika’dan kaynaklanan ¢61 tozlarina maruz kalan Atlantik okyanusunda SeaWIF S’in standart
algoritmalarinin bagarisiz oldugu tesbit edilmig ve sorunun ¢oziimiine yonelik yeni bir
algoritmanin kullanilmasi 6nerilmigtir (Moulin ve dig. 2001a, b). Bu aragtirmacilarin ortaya
koydugu sonuglar atmosferde yogun olarak bulunan ¢61 tozlarinmn, elektromanyetik
spektrumun goriiniir dalga boylarinda sogurma yapma ozelligine sahip olduklarim
gdstermigtir. 23 Haziran 1998 giiniine ait SeaWIFS verileri Afrika’dan Atlantik okyanusuna
¢61 tozu tagindigmi gostermektedir (Sekil 2.2a). Yogun ¢6l tozunun bulundugu hat iizerinde

(Sekil 2.2a"da kesik siyah ¢izgi ile gosterilmistir) aerosollerden kaynaklanan istma miktarinin
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(ps) dalga boyunun fonksiyonu olarak gosterilmesi mavi ve yesil dalga boylarinda tozlarm
sogurma yaptigim kanitlamaktadir (Sekil 2.2b).
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Sekil 2.2. Afrika kiyisinda Atlantik okyanusu iizerine tagman ¢l tozlarmin SeaWIES ile

algilanan biyo-optik 6zellikleri (Moulin ve dig., 2001a ve b’ den alinmigtir).

(a) 23 Haziran 1998 tarihinde Atlantik okyanusu iizerine tagman ¢61 tozlarindan kaynaklanan
1s1ma ile ylizeye ulagan 191ma miktarlan arasindaki oramn dagilimi (pa).

(b) padegerlerinin (a) kesik siyah gizgi ile gosterilen hat boyunca dalga boyunun fonksiyonu
olarak degisimi

(¢) 3 Ekim 1997 tarihinde Afrika kitasindan Atlantik Okyanusu’na tasmnan ¢51 tozu olayinda

standart algoritma (soldaki) ve SMA algoritmast ile tiiretilen klorofil dagilimu.
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Ayni bolgenin ¢61 tozlarma maruz kaldigr 3 Ekim 1997 tarihine ait SeaWIFS'in standart
algoritmalar1 (STD) ile islenerek tiiretilen klorofil dagilim $ekil 2.2¢”de sunulmustur.
Standart algoritmalar atmosferde yogun ¢6! tozu bulunan bolgede klorofil tiiretemedigi i¢in
bolgeyi gri renk ile maskelemistir. Moulin ve dig. (2001a) mineral tozun optik ozelliklerini
belirleyerek bu tozlara maruz kalan bolgeler i¢in SMA (Spectral Matching Algorithm)
algoritmasimin daha gergekcei ve standart algoritmanin maskelemis oldugu bdlge i¢in de
klorofil dagilimin: tiiretebildigini gostermislerdir (bknz Sekil 2.2¢) Ayrica standart algoritma
ile tiiretilen klorofil dagilimimin maskelenmis bdlgenin ¢eperlerinde yiiksek derisimlerde
klorofil tiiretmesi bu bolgelerdeki tozdan kaynaklanan sogurmanin toplam 1g1ma miktari

iizerinde temizlenememis olmasindan kaynaklanmistir.

17-21 Ekim 2002 giinlerine ait SeaWIFS goriintiileri dogu Akdeniz’in Orta Dogu bdlgesinden
kaynaklanan ¢l tozlarina maruz kaldigim gostermektedir. 17 Ekim 2002 tarihinde Suriye
kiyilarindan Dogu Akdeniz’e ulagan ¢l tozu 19 Ekim 2002 giinii Kibris Adasina kadar
uzanarak kuzey giiney kesitini kaplamigtir. 21 Ekim 2002 giiniine ait SeaWIFS goriintiisiinde
ise ¢6l tozlarinin deniz yiizeyine ¢okeldigi ve atmosferde ¢61 tozu kalmadigi goriilmektedir.
19 Ekim 2002 giin i¢in hesaplanan aerosollerin sogurma indisi (ASI) tozlu bdlgede bulunan
¢ol tozlarimin sogurma yapma 6zelligi oldugunu kanitlamaktadir (Sekil 2.3a). Standart
algoritma ile tiiretilen klorofil dagilimi 17, 19 ve 21 Ekim 2002 giinleri i¢in $ekil 2.3b’de
gosterilmistir. 17 Ekim giiniinde toz bulutunun gézlendigi alanda yama seklinde klorofil
artis1 goriilmektedir. 19 Ekim giiniinde ise standard algoritma atmosferde yogun olarak
bulunan ve sogurma 6zelligi olan ¢61 tozlarimn bulundugu alan i¢in klorofil tiiretemeyip bu
bdlgeyi maskelemis ve maskeledigi bolgenin ¢eperlerinde goreceli olarak yiiksek klorofil
derisimi tiretmigtir. Kuzey giiney kesitinde tiiretilen yiiksek klorofil derigimi gergekei
olmay1p ¢6l tozlarimn etkisinden kaynaklanmugtir. 21 Ekim 2002 giinii i¢in standart
algoritma ile tiiretilen klorofil dagilimi bu bolgedeki klorofil derigimin gergekte diigiik
oldugunu kamtlamaktadir. Bu drnek dogu Akdeniz’e ulasan ¢6l tozlarmin hem genis bir alani
etkileyebildigi ve hemde episodik karakterde oldugunu kanitlamaktadir. Ayrica bu tozlarin
giines 1sinlarini sogurduklar: ve dolayisi ile SeaWIFS’in standart algoritmasinin tozlu bolgede

klorofil dagilimin tiiretmesine engel teskil ettigi gosterilmigtir.
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19 Ekim 2002

17 Ekim 2002

19 Ekim 2002 21 Ekim 2002

Sekil 2.3. Ekim 2002 tarihine ait SeaWIFS goriintileri.
(a) 17, 19 ve 21 Ekim 20072 tarihlerine ait SeaWIFS goriintiileri;

tarihlerine ait klorofil dagilum .

(b) 17, 19 ve 21 Ekim 2002

Fkim 2002 tarihinde gozlenen ¢ol tozu olaymin detayh bir bigimde incelenmesi sonucunda
Dogu Akdeniz atmosferinde sik¢a gdzlenen ¢ol tozlarmin optik 5zelliklerinin igerisinde

tammlanmig oldugu bolgesel bir algoritmanm gelistirilmesinin geregi ortaya gikmugtir.

Afrikadan denizler fizerine tagman ¢ol tozlarmn okyanus rengini algilayan sensdrlerin
belirlenmesi miimkiindiir. Ancak bu tozlarm optik dzellikleri hakkindaki bilgi
ktromanyetik spektrumun mor, mavi ve

resimlerinde
ok kisithdrr. Bu tozlarin en snemli optik ozelligi ele
yesil (400-500 nm) dalga boylarmnda sogurma yapmasidir. Bu sofurma miktar1 ¢61 tozlarina




ait kirilma orant (refractive index) ile belirlenmektedir. Ancak farkli ¢ollerden kaynaklanan
tozlar farkli (kaynaklandiklari topragin demir oksit icerigine bagimli olarak) derecelerde
sogurma yapmaktadir ve dolayisi ile farkl: optik 6zelliklere sahiptirler. Daha 6nce Moulin ve
dig. (2001a,b) tarafindan Atlantik Okyanusu’na basarih bir bigimde uygulanan SMA
algoritmasi ile ¢61 tozlarindan kaynaklanan 1s1ma miktarinin teorik yontemlerle
hesaplanabilecegi gosterilmistir. Teorik yontem ile ¢ol tozlarindan kaynaklanan 151ma
miktarimin hesaplanabilmesi i¢in ¢l tozlarinmoptik 6zelliklerinin (tanecik boyu dagilim ve
refractive index) dlgtimlerle belirlenmis olmasi gerekmektedir. {deal sartlarda bu tiir
dlgiimlerin her bolge igin ayri ayri yaptlmis olmasi gerekir. Ciinkii ¢ol tozlarinm optik
zellikleri cok degisken olup bolgesel farkhilasma gosterirler. Bu farklilagmay1 goz Oniinde
bulundurmak icin teorik hesaplamalar farkli optik zellikler kullamlarak yapilmaktadir.

Bu &zellikler birlestirilmis atmosferik temizleme ve biyo-optik algoritmasi (SMA) icerisine
yerlestirilerek uydu seviyesinde kayit edilen 1g1ma miktan elektromanyetik spektrumun farkl
dalga boylar1 i¢in hesaplanmaktadir. Bu iglem ¢l tozlarinmn farkh optik 6zellikleri
kullamlarak deneme yanilma metodu ile gerceklestirilmektedir. Elde edilen 1s1ma miktarinin
uydu seviyesinde kayit edilen igima miktarina istatistiki acidan dogru kabul edilecek bir
oranda yaklastig1 durumda ise ¢0l tozlart igin kullamlan optik 6zelliklerin o bolgeyi gergekel

olarak temsil ettigine karar verilmektedir.

SMA algoritmasinin Akdeniz’e uygulanabilmesi i¢in bu proje cergevesinde Dr Cyril Moulin
ile isbirligi yapilmustir. Karsilikh gergeklestirilen ¢aligma ziyaretleri sonucunda SMA
algoritmasi SeaDAS programi icerisine eklenerek bu paket program icerisinde ¢alisir duruma

getirilmigtir.

Ozet olarak, mineral tozun fitoplanktonlarin sahip oldugu pigment (klorofil) ile ayn dalga
boyunda sogurma yapabilme ozelligine sahip oldugu icin standart algoritmalar tozlu
bolgelerde gergek degerinden daha fazla klorofil miktar: tiiretebilmektedir. Ayrica
atmosferde yiikli miktarda ¢ol tozu bulundugu durumlarda standart algoritma, atmosferik
temizleme islemini yapamadig1 i¢in toz bulutunun altinda kalan denizsel bblgenin biyo-optik

(klorofil) 6zelligi ile ilgili bilgi tiiretemeyip bu bolgeleri maskelemektedir.
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3. SONUCLAR
3.1. SeaWIFS Verileri ile Tiiretilen Akdeniz’in Biyo-optik Ozellikleri

SeaWIFS verilerinin islenmesi igin dizayn edilen standart kiiresel algoritmalar ile elde edilen
atmosferik ve denizsel bilgilerin tiim Akdeniz basenindeki dagilimi Sekil 3.1, 3.2 ve 3.3°de

sunulmugtur. Aylik ortalamalar 1997-2002 donemine aittir.

Ocak Subat Mart

Nisan Mayis Haziran

Temmuz Agustos Eyliil

Ekim Kasim Arahk

Sekil 3.1. Aerosollerin optik kalinhgmin Akdeniz baseni iizerindeki aylik dagilimu.
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Sekil 3.1.°de gosterilen SeaWIFS’in atmosferik temizleme algoritmasinin B6% sm 01 bova
icin tiirettigi aerosollerin optik kalinhigi dagilim1 Akdeniz baseni tizerindeki aerosol
miktarinin mevsimsel dagihimi hakkinda fikir vermektedir. Aerosol miktart Mart aymnda
artmaya baslayarak yaz aylarinda maksimum seviyelerine ulagmakta Ekim aymda yeniden
azalmaktadir. Aerosollerin optik kalinlig1 bilgisi aerosollerin tiirii hakkinda bilgi vermemekle
beraber aerosol bulutlarinin karasal bolgelerden (6zellikle kuzey Afrika kiyisindan)
kaynaklanarak Akdeniz tizerinde yayildigmni agikca gostermektedir.

Ocak Subat Mart

Nisan Mayis Haziran

Temmuz Agustos Eyliil

Ekim Kasim Aralhik

Sekil 3.2. Angstrom katsayisinin Akdeniz baseni tizerindeki ayhk dagilimi.
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Sekil 3.1.’de gosterilen SeaWIFS’in atmosferik temizleme algoritmasimn 865 nm dalga boyu
i¢in tiirettigi aerosollerin optik kalinhig1 dagilimi Akdeniz baseni tizerindeki aerosol
miktarmm mevsimsel dagilimi hakkinda fikir vermektedir. Aerosol miktart Mart ayinda
artmaya baglayarak yaz aylarinda maksimum seviyelerine ulasmakta Ekim ayinda yeniden
azalmaktadir. Aerosollerin optik kalinlhig1 bilgisi aerosollerin tiirii hakkinda bilgi vermemekle

beraber aerosol bulutlarimin karasal bélgelerden (6zellikle kuzey Afrika kiyisindan)

kaynaklanarak Akdeniz lizerinde yayildigim agikca gostermektedir.

Ocak Subat Mart

Nisan Mayis Haziran

Temmuz Agustos Eyliil

Ekim Kasim Arahk

Sekil 3.2. Angstrom katsayisinin Akdeniz baseni tizerindeki aylik dagilimi.
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Sekil 3.2°de ise 510 ve 865 nm dalga boylari i¢in hesaplanmis olan angstrom katsayisinin
Akdeniz baseni tizerindeki dagilimi sunulmustur. Angstrom katsayisi atmosfer kolonundaki
acrosollerin parcacik boyutu (kaynaklari) ile ilgili bilgi vermektedir. Kii¢iik katsayilar
(yaklasik 0-0.5 arasinda degisen degerler) deniz tuzu ve mineral toz gibi dogal kaynakl ve
biiyiik tanecik boyutuna sahip aerosollerin, biiytik katsayilar ise (yaklasik 0.5-1 arasinda
degisen degerler) siilfat ve kara karbon gibi antropojenik kaynakli ve kii¢iik tanecik boyutuna

sahip acrosollerin atmosferde baskin olarak bulunduguna isaret ctmektedir.

Bu nedenle, Kuzey Afrika kiyilarinda gézlenen aerosol bulutunun (bknz. Sekil 3.1) angstrom
katsayisinin diisiik olmasi (bknz. Sekil 3.2) bu bolgelerdeki aerosollerin ¢ol bolgelerinden

kaynaklanan mineral toz oldugu dngdrisini kuvvetlendirmektedir.

Sekil 3.3 te klorofil pigmentinin tim Akdeniz baseni boyunca mevsimsel dagihmi
goriilmektedir. Genel olarak Akdeniz’in batisinin dogusuna nisbeten biyolojik a¢idan daha
zengin oldugu ilk goze ¢arpan 6zelliktir. Ocak-Nisan ve Kasim-Aralik aylarr arasinda dogu
Akdeniz de klorofil derisimi homojen olarak 0.1 — 0.5 mg m” civarinda goriilmektedir.
Mayis ayindan baslamak iizere Ekim ayma kadar kiyisal alanlar hari¢ olmak tizere tiim dogu

baseninde klorofil degerleri oldukea diigiik seviyelerde goriilmektedir.

Kis aylarinda nisbeten daha yiiksek derisimlerde klorofil gzlenmesinin nedeni olarak su
kolonundaki dikey yondeki karisim ile, 1g1kl1 tabakaya fitoplanktonlarin fotosentez yapmak
icin ihtiya¢ duyduklari besin tuzlarimin tagmmis olmasi gésterilebilinir. Nisan ayindan
itibaren havanin 1sinmast ile olusan termoklin tabakasi dikey yondeki karisimi engelleyerek
besin tuzlarinin yiizey sularina gegmesini dnlemekte ve dolayist ile klorofilin ¢ok diisiik
seviyelerde gozlenmesine neden olmaktadir. Kasim ayinda hava sicakhgmin diismesi ve
termoklin tabakasmim bozulmasi ile dip sulardan yiizeye besin tuzu ulagmasia elverisli
kosullar yeniden olusur. Bu durum klorofil degerlerinin, yaz aylarina nisbeten goreceli olarak

yiikselmesine neden olur (bknz. Sekil 3.3).




Ocak Subat Mart

Nisan Mayis Haziran

Temmuz Agustos Eyliil

Kasmm Arahk

Sekil 3.3. Klorofil pigmentinin Akdeniz yiizeyindeki aylik dagihimu.

3.2. SeaWIFS Sensoriiniin Kayit Ettigi Verilerden Tiiretilen Klorofil ve Aerosollerin
Optik Kahnhg: Verilerinin Yer Olciimleri ile Karsilagtirimasi

Bu bsliimde SeaWIFS’in standart algoritmast ile tiiretilen klorofil ve aerosollerin optik

kalinhg: degerleri yer olgiimleri ile karsgilagtirilacaktir. Bu karsilastirma 2000 yil1 i¢in
gergeklestirilmistir. ODTU-Deniz Bilimleri Enstitiisii Kimyasal Osinografi Bolimiinde 1997
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yilinda baglatilip halen devam etmekte olan uzun donemli haftalik deniz dlgtimleri
gerceklestirilmektedir. Olctimii gergeklestirilen fiziksel ve biyo-kimyasal parametreler
arasinda klorofil de bulunmaktadir. Enstitd’niin NASA ile yiiriitmekte oldugu igbirligi
cergevesinde ise glines fotometresi ile yer seviyesinde aerosollerin optik kalinhig:
dlgiilmektedir. Bu dlgtimler AERONET isimli kiiresel 6l¢iim agma dahil olup veriler
kullaniciya agiktir (hitp:/acronet.gsfc nasa. oov:8080/). SeaWIFS sensorinden elde edilen uzaktan
algilama parametrelerinin dogu Akdeniz bolgesinde dogrulanmas igin bahsi gegen

programlar cer¢evesinde elde edilen yer dlgiimleri (klorofil ve aerosollerin optik kalinlig1)

kullamlmugtir. Giines fotometresi ile aerosollerin optik kalinhg dl¢timleri Erdemli’de
gergeklestirilmektedir (bknz Sekil 3.4). Bu olgiimler ile SeaWIFS verilerinden tiiretilen
aerosollerin optik kalinhginin kargilastirilmasi i¢in ise Sekil 3.4’te kirmizi renk ile tarah alan
i¢in tiiretilen aerosollerin optik kahinlig1 karsilaguriimugtir. Haftahk klorofil 8lgiimil ise
Erdemli agiklarindan tekne ile alman ylizey suyu numunelerinde (Sekil 3.4°de sar1 renk ile
gosterilen istasyon) floremetrik method ile gergeklestirilmistir. Klorofil 6l¢iim degerlerinin
uzaktan algilama metodu ile tiiretilen klorofil degerleri ile uyumuna bakmak i¢in ise yine sar1
renkli bdlge i¢in SeaWIFS’in standart algoritmast ile tiiretilen klorofil degerleri kullamlmigtir.

28 24 25 28 2r 28 29 30 3 37 53 34 sy 36
38" a8
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Sekil 3.4. Yer dl¢lim istasyonlar1 ve uzaktan algilama verilerinin tiiretildigi alann harita

iizerinde gosterimi.

Uzaktan algilama metodu ile (SeaWIFS verilerinin standart algoritma ile proses edilmesi ile
elde edilen) tiiretilen 2000 yilina ait aerosollerin optik kalinlig: ve klorofil degerlerinin yer

dlciimleri ile kargilastiriimasi Sekil 3.5a,b’de sunulmustur.
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865 nm dalga boyunda 6lgiilen ve SeaWIFS verilerinden tiiretilen aerosollerin optik kalinlig
0.2°den kiiciik degerler igin birbirleriyle uyumlu iken 0.2’den biiyiik optik kalinlik degerleri
dlciilen giinlerde uzaktan algilama metodu ile aerosollerin optik kalinliginin belirlenemedigi

goriilmektedir (Sekil 3.5a).
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(b)
Sekil 3.5 2000 yili i¢in uzaktan algilama verilerinin yer 6lgtimleri ile kargilastiriimasi.

(a) Aerosollerin optik kalinhigs; (b) Klorofil derigimi

0.05 mg m> civarmmda 8lgiilen klorofil derigimlerinin SeaWIFS algoritmast ile yaklasik 4 kat
daha fazla tiiretildigi (0.2 mg m™ civarinda), 0.1 mg m™ ve daha biiyiik derisimlerde dlgiilen
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klorofil miktarlarinin ise uzaktan algilama metodu ile kabul edilebilinir bir hata arahginda

tiiretildigi gozlenmistir (Sekil 3.5b).

3.3. Akdeniz Atmosferinde Cdl Tozlarimn Bulundugu Durumlarda SeaWIFS Sensorii

Verileri ile Tiiretilen Biyo-optik Parametreler

Bu boliimde Nisan aylarinda Akdeniz tizerinde gozlenen yogun ¢61 tozu bulutlarinin
SeaWIFS sensoriiniin standart algoritmasi ile tiiretilen klorofil dagilimmn nasil etkiledigi
gosterilecektir. Daha sonra bu aragtirma kapsamu igerisinde kullanilan SMA algoritmast ile
elde edilen sonuclar ile kargilagtirilarak ¢6! tozlarinin optik dzelliklerinin algoritmalar

icerisinde tanimlanmasinin geregi kanitlanacaktir.

Uzaktan algilama verileri kullamilarak Afrika ve Akdeniz tizerindeki ¢61 tozu miktar1 ve bu
tozlarin atmosferik tagmim yollari uzun donemli olarak Moulin ve dig., (1998); Israelevich ve
dig., (2002) tarafindan incelenmistir. Bu arastirmalarmn sonuglar1 Mart-Agustos déneminde
Kuzey Afrika atmosferinin ¢81 tozlari ile yitklii oldugunu ortaya koymustur. Ayrica bu
tozlarm Akdeniz’in batisina yaz aylarinda (maksimum toz miktari temmuz ayinda
gdzlenmistir) dogusuna ise bahar aylarinda (maksimum toz miktari Nisan ayinda

gozlenmistir) yogun miktarlarda tagindigi gosterilmigtir.

() (b) (c)
Sekil 3.6. 11 Nisan 1998 giiniine ait SeaWIFS sensoriinden elde edilen bilgiler.

(a) Dogu Akdeniz’in uzaktan algilanan rengi (true color)
(b) SeaWIFS’in standart algoritmast ile tiiretilen aerosollerin optik kalmhg: (1)

(¢) SeaWIFS’in standart algoritmasi ile tiiretilen klorofil dagilimu
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11 Nisan 1998 giintine ait SeaWIFS goriintiisii (bknz Sekil 3.6a) dogu Akdeniz Gizerindeki toz
bulutunu gostermektedir. Sekil 3.6b’de SeaWIFS’in standart algoritmast ile tiiretilen ve agik
maviden kirmiziya dogru bir artig gisteren aerosollerin optik kahnhginin
(konsantrasyonunun) dagihimi ise Sekil 3.6a’da dogu Akdeniz lizerindeki sar1 bulutun
aerosollerden kaynaklandigm: dogrulamaktadir. SeaWIFS’in standart algoritmast ile tiiretilen
klorofil dagilimi ise (Sekil 3.6¢) ¢81 tozunun yogun olarak bulundugu bdlgede (bknz. Sekil
3.6b, kirmizil1 bolge) standart algoritmanin atmosferik temizleme igini basaril bir sekilde
yapamadig1 i¢in klorofil tiiretilemeyip siyah renk ile maskelendigini gostermektedir. €6l
tozunun goreceli olarak daha az oldugu bélgenin altinda (bknz. $ekil 3.6b, agik mavi-sari olan
bolge) ise klorofil miktarinda artig gorillmektedir. Sadece tozlu bdlgenin altinda kalan
kisimda yiiksek klorofil dagihimi gergekei olmayip SeaWIFS’in standart biyo-optik
algoritmasinmn atmosferinde toz olan bélgeler i¢in basarili sonug tiiretemedigini
gistermektedir. Bu Ornekte goriilecegi tizere SeaWIFS’in standart algoritmalari (atmosferik
temizleme ve biyo-optik algoritmalar1) Dogu Akdeniz tizerinde yogun ¢61 tozu bulundugu
durumlarda basarili sonuglar tiiretememektedir. Dolayist ile ¢l tozlarmin optik dzelligini
(elektromanyetik spektrumun gériiniir dalga boylarinda sogurma yapmalari) igeren bolgesel
algoritmalar kullanilmahdir. Moulin ve dig. (2001a,b) nin ¢61 tozlarina maruz kalan Atlantik
Okyanusu bolgesine uygulamis olduklari SMA (Spectral Matching Algorithm) algoritmasinin
11 ve 13 Nisan 2000 tarihlerine ait SeaWIFS verilerine uygulanmas ile elde edilen klorofil

dagilimi Sekil 3.7 de sunulmustur.

SMA algoritmasi ile elde edilen klorofil dagilimi (Sekil 3.7b), bu algoritmamn standart
algoritmaya nisbeten Dogu Akdeniz i¢in daha bagaril olacagina dair ipucu vermistir. Sekil
3.6¢°de goriilecegi iizere 11 Nisan giinii igin standart algoritma atmosferde yogun toz bulutu
olan bolgeyi maskeleyerek kapatmug ve klorofil bilgisi tiiretememigstir. SMA algoritmast ise
Sekil 3.7a’da 11 ve 13 Nisan giinlerinde gizlenen yogun toz bulutunun (kirmuzih bélgeler)
altinda kalan denizsel bélge i¢in klorofil dagilimi tiiretebilmektedir. Ancak toz bulutunun
altinda kalan bolgelerdeki yama bigimindeki klorofil dagilimi (Sekil 3.7b) gercekci degildir.
Bu durum SMA algoritmast igerisinde tammlanan mineral tozun optik dzelliklerinin daha
6nce Moulin ve dig. (2001a,b) tarafindan kullanilan ve Atlantik Okyanusu {izerine taginan ¢ol
tozlarma ait olmasindan ileri geldigi distiniilmektedir. SMA algoritmasinin igerisinde Dogu
Akdeniz ‘de gozlenen ¢ol tozlarinin optik karakteristiginin tanimlanmasi kosulu ile daha

gergekei klorofil dagihmi elde edilebilecegi diistiniilmektedir .




@ (b)

Sekil 3.7. 11 ve 13 Nisan 1998 giinlerine ait uzaktan algilama bulgular:.
(a) SeaWIFS’in standart algoritmast ile tiiretilen aerosollerin optik kalinhig:

(b) SMA algoritmasi ile tiiretilen klorofil dagilim

Akdeniz atmosferinde bulunan ¢61 tozlarinin optik karakteristiginin belirlenmesi i¢in Nisan

2000’in ilk yarisinda gozlenen ¢61 tozu segilmistir (Sekil 3.8).

e




1 Nisan 18 Nisan

o7 14 1.5 1.9 23 2.7 3>

(a)

1.0

0.2 0.4
(b)

Sekil 3.8. Nisan 2000’in ilk yarismnda Akdeniz’e tagman ¢0l tozu.
(a) TOMS sensoriiniin kayt ettigi verilerden tiiretilen aerosol indisi

(ﬁp:// iwockyv. gsfc nasa, gov/pub/tmp/meduse/ )

(b) SeaWIFS sensoriiniin 865 nm dalga boyunda kaydettigi verilerden hesaplanmis olan

aerosollerden kaynaklanan 1s1ma (p,)

Sekil 3.8a’da TOMS sensoriiniin verilerden tiiretilen aerosol indisinin dagihm, Afrika ve
Arap Yarimmadasindan kaynaklanan ¢6! tozlarinm Akdeniz iizerine tagindigimi gostermektedir.
Bu sensoriin verileri ile elektromanyetik spektrumun mordtesi dalga boylarinda sogurma
yapan aerosollerin kara ve deniz iizerindeki dagilimimin tesbit edilmesi miimkiindiir. ¢l
tozlarinin sogurma kabiliyeti olmasindan dolay1 bu sensoriin verileri kullamlarak tozlarm
kaynak bolgeleri ve Atlantik Okyanusu ile Akdeniz iizerindeki dagilimi basarili bir sekilde
tammlanmustir (Herman ve dig., 1997; Israelevich ve dig., 2002). Nisan 2000’in ilk yarisinda
Akdeniz iizerinde gdzlenen ¢ol tozlarinim kaynak bolgelerinin Libya, Misir (1 ve 4 Nisan) ve
Arap yarimadasi (18 Nisan) oldugu goriilmektedir (bknz. Sekil 3.8a). Akdeniz iizerine
tasinan tozlar farkli ¢ollerden kaynaklandig: i¢in optik 6zellikleride farkli olabilir. Sekil
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3.8b’de ise 3.8a’da sunulan giinlere karsilik gelen SeaWIFS verilerinden tiiretilmis olan ¢61
tozlarindan kaynaklanan 1gima miktari sunulmugtur. SeaWIFS verileri ile sadece denizlerin
tizerindeki aerosoller gézlenebildigi i¢in Akdeniz lizerindeki tozlardan kaynaklanan 1s1ma
miktarlari gériilmektedir. Su bulutu olan bélgelerde acrosollerden kaynaklanan 1g1ma miktar:
tiiretilemedigi i¢in bu bolgeler siyah renk ile maskelenmigtir.

Distance , ' Distance
3 Nisan 2000 18 Nisan 2000
Sekil 3.9. Kuzey Afrikadan (3 Nisan 2000) ve Arap yarimadasindan (18 Nisan 2000)

kaynaklanan ¢61 tozlarina (aerosollere) ait 1s1ma miktarmn (pa) dagilim.

Kuzey Afrika’dan ve Arap Yarmmadasindan kaynaklanarak atmosferik tasimm ile Akdeniz
iizerine ulasan ¢61 tozu bulutlarmin iizerinden bir hat ¢ekilerek aerosollerden kaynaklanan
1s1ma miktari (pa) elektromanyetik spektrumun farkh dalga boylarinda hat boyunca Sekil
3.9°da sunulmustur. Sekilde diiz ¢izgi ile gosterilen pa degerleri SeaWIFS’in dl¢timleri olup
kesik ¢izgi ile gosterilen degerler ise igerisinde ¢61 tozlarinm optik 6zelliklerinin tanimlandig1
SMA algoritmast ile tiiretilenlerdir. 3 Nisan 2000 tarihinde Kuzey Afrika’dan tagman ¢ol
tozlar1 i¢in SMA algoritmast ile tiiretilen pa degerleri SeaWIFS 6l¢timleri ile uyumlu iken 18
Nisan 2000 tarihinde Arap Yarimadasindan tagman ¢l tozlari igin dlgiilen ve tiiretilen pa
degerlerinin birbirinden farkh oldugu goriilmektedir.

Bu Ornekten goriilecegi lizere Akdeniz’e taginan ¢ol tozlarinm optik karakteristigi

1 gore farkh olabilmektedir. Dolayis: ile SMA algoritmasinimn istenilen dogrulukta



SR

klorofil dagilimin tiiretebilmesi ancak bdlgeyi etkileyen farkh kaynakh ¢d1 tozlarimin optik

karakteristiklerinin algoritmanin igerisinde tanimlanmasi ile miimkiin olacaktir.

Sekil 3.10°da 1998, 1999 ve 2000 yillar1 Nisan ay1 i¢in SeaWIFS’in dlglimlerinden
hesaplanan pa degerleri ile birlikte standart ve SMA algoritmast ile tiretilen klorofil dagilimi
verilmistir. Olgiilen pa degerlerinin her ii¢ yil igin dagilimi Nisan ayinda Akdeniz’in ¢6l
tozlarindan etkilendigini gostermektedir. Aylhk kompozit klorofil dagilimi, SMA

algoritmasinn tiirettigi klorofil dagilimmin standart algoritmanin tiirettigi dagilima nisbeten

daha gergekcei sonuglar verdigini gostermektedir.

Nisan 1998 (a) (b) (¢

Nisan 1999 (a) (b) (c)

Nisan 2000 (a) (b) (c)

0.1 0.3 1.0 3.0 0.1 0.3 1.0 3.0

Sekil 3.10. 1998, 1999 ve 2000 yilllari Nisan aylarma ait SeaWIFS ile 6l¢iilen aerosollerden
kaynaklanan 1s1ma degerleri (a) ile standart (b) ve SMA (c¢) algoritmalari ile tiiretilen klorofil

derigsiminin Akdeniz basenindeki dagilim.
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3.4. Deniz Atmosfer Etkilesiminin Gosterilmesi Amaa ile Uzaktan Algilama Metodunun

Kullanilmasi

Deniz ekosistemindeki biyolojik aktivitenin gostergesi klorofil pigmentidir. Klorofilin
yamsira denizlerin 151kl1 tabakasinda yasayan fitoplanktonlarm metabolik prosesleri esnasinda
iirettikleri dimetil siilfid (DMS) de biyolojik aktivitenin bir gostergesidir. Denizlerdeki
Klorofil ile DMS arasindaki iliski Simo ve Dachs (2002) tarafindan gosterilmigtir. Deniz
yiizeyinde yagayan fitoplanktonlarca iiretilen DMS gaz1 atmosfere kagarak atmosferdeki bir
dizi fotokimyasal siireglerden ge¢ip metan siilfonat (MSA) aerosollerine doniisiirler.

MSA nim atmosferde bulunmasinin yegane kaynagi denizsel iiretimdir. Dolayis ile
aerosollerde dl¢iilen MSA derisimleri ile denizsel tretim arasinda iliski olmasi beklenir.

Bu proje kapsaminda Erdemli’de bulunan ornekleme kulesinden gegmiste toplanan aerosol
numunelerinde gergeklestirilen MSA analizlerinin sonuglart ile denizsel liretim arasindaki

iliski arastinlmstir.

17308
1998 ! L7554
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Sekil 3.11 1998 yilinda Erdemli aerosollerinde olciilen MSA (siyah gizgiler) ve Al (kirmizi
cizgiler) derisimlerinin bahar ve yaz aylarmdaki dagilimi. Giinliik yagis miktari noktali barlar
ile gosterilmistir. Erdemli istasyonunun Karadeniz iizerinden kaynaklanan hava kiitlelerinden

etkilendigi donemler kesikli ¢izgi ile gosterilen barlar ile tanimlanmigtir.
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Sekil 3.11°de 1998 yilinda Erdemli’de toplanan aerosol 6rneklerinde gergeklestirilen metan
siilfonat (MSA), alimiinyum (Al) derisimlerinin bahar ve yaz aylarindaki degisimi ile birlikte

Erdemli’ye diigen giinliik yagis miktari sunulmustur.

Bahar aylarinda MSA ve Al derisimlerinde ani yiikselmeler gozlenmistir. Erdemli
istasyonunda bahar aylarinda toplanan aerosol ve yagis numunelerinde gozlenen Al
derisimlerindeki ani artiglarin istasyon bolgesine ulasan hava kiitlelerinin geri yoriingeleri ile
biitiinlesik olarak degerlendirilmesi sonucunda bolge atmosferine episodik olarak tagman ¢l
tozlarndan kaynaklandigi kanitlanmustir (Kubilay ve dig., 2000; Ozsoy ve Saydam, 2000;
2001). Sekil 3.11°de bahar aylarinda gozlenen MSA derisimindeki ani yiikselmeler,
yagmurlar ile yikanarak deniz ylizeyine ¢dkelen ¢o1 tozlarinin deniz ortamindaki biyolojik

aktiviteyi arttirmasma baglanmustir.

Yaz aylarindaki yiiksek MSA derisimleri ise Karadeniz iizerinden taginan hava kiitleleri ve bu
denizin tiim yiizeyini kaplayan kokolit tiirii fitoplankton patlamalart ile iliskilendirilmistir.
Karadeniz de yaz aylarinda rutin olarak kokolit patlamalari oldugu SeaWIFS verileri
kullanilarak uzaktan algilama metodu ile bu aragtirma projesi gergevesinde gosterilmistir
(Cokacar ve dig., 2001). 1998 yilina ait Mayis-Temmuz aylar1 arasindaki kokolit patlamalari
Cokacar ve dig. (2001) nin kullandiklart algoritma ile proses edilmis olan SeaWIFS verileri
ile gosterilmistir (bknz Sekil 3.12). Uzaktan algilama verileri ile bu donemde tiim Karadeniz
baseninin kokolit tiirii fitoplankton patlamalarina maruz oldugu kanmtlanmistir. Bu tiir
organizmalar yogun olarak DMS {iretmeleri nedeni ile Karadeniz iizerindeki atmosferde DMS
ve MSA derisimlerinin yiiksek olmasi beklenir. Sonug olarak, yaz aylarinda Erdemli
istasyonunda gozlenen yitksek MSA derisimlerinin bu dénemde Karadeniz’de basen
dlgeginde patlama yapan kokolitlerin tirettigi DMS’in Karadeniz tizerinden kaynaklanarak
Erdemli istasyonuna ulasan hava kiitleleri ile tagindig1 seklinde yorumlanmustir. Bu konu ile

ilgili daha detayli bilgi Kubilay ve dig., (2002)’ne ait yayinda verilmistir.
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Sekil 3.12. Mayis-Temmuz 1998 dénemine ait ScaWIFS sensoriintin 8 giinliik komposit
verilerinden tiiretilen Karadeniz'in yiizey sularmdaki kokolit dagihmi. (a) Mayis sonu; (b)
Haziran bast; (¢) Haziran ortast; (d) Haziran sonu: (¢) Temmuz bast; (1) Temmuz ortast.
Haritalar izerinde siyah renk ile boyanan balgeler kokolit patlamalarinin oldugu alanlari, gri
renkli bdlgeler kokolit patlamalarinin olmadigr alanlar ve beyaz renkli bolgeler ise bulut ile

kaph alanlari tanimlamaktadir.

4. TARTISMA

Sonuglar ana basligi altinda sundugumuz birinci alt baslik SeaWIFS verileri ile tiiretilen
Akdeniz’in biyo-optik 6zellikleridir. Giintimiizde okyanus rengini algilama 6zelligine sahip
bir kag sensorden biri olan SeaWIFS’in verileri ile okyanuslarin ve iizerlerindeki atmosferin
biyo-optik dzelliklerinin genis uzay ve zaman dlceginde elde edilmesi miimkiindiir. Akdeniz

havzasi i¢in klimatolojik dlgekte tiiretilebilen bilgiler klorofil, aerosollerin optik kalinhgr ve




angstrom katsayisidir. Bu bdliimde bahsi gegen parametrelerin mevsimsel dagihimi
sunulmustur. Boylesi bir veri setinin yer dlgiimleri ile elde edilmesi miimkiin degildir.

Sekil 3.1°de sunulmus olan SeaWIFS verilerinden tiiretilmis acrosollerin optik kalinli
atmosfer kolonundaki aerosol komposizyonunu olusturan tiim bilesenlere aittir. SeaWIFS'in
standart algoritmast ile tiiretilen bu parametrenin, aerosol komposizyonunu olusturan tek bir
bilesen i¢in tiiretilmesi miimkiin degildir. Moulin ve dig. (1998) METEOSAT verilerini
kullanarak sadece ¢o1 tozlarina ait optik kahnhigin Akdeniz {izerindeki mevsimsel dagilimmni

tiretmislerdir (Sekil 4.1).

Sekil 4.1. METEOSAT uydusu verilerinden tiiretilen ¢61 tozlarma ait optik kalnhgin Akdeniz

baseni {izerindeki mevsimsel dagilimi1 (Moulin ve dig., 1998 dan alinmustir).

Sekil 3.1 de sunulan SeaWIFS verilerinden tiiretilmis olan aerosollerin optik kalinhigmin
mevsimsel dagihminin $ekil 4.1°de sunulan ¢61 tozlarinin optik kahinhgmin dagilimu ile
uyumlu olmasi Akdeniz atmosferinde baskn olarak bulunan aerosol tiiriiniin ¢61 tozu

olduguna isaret etmektedir.

Sekil 3.2°de sunulmus olan SeaWIFS verilerinden tiiretilmis olan angstrom katsayisi atmosfer

kolonunda bulunan aerosollerin par¢acik boyutunu ve buna bagh olarak aerosollerin
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kaynagini belirlemektedir. Deniz atmosferinde bulunan aerosoller dogal, antropojenik ve
biyojenik olmak iizere ii¢ farkli kaynaktan atmosfere yayilmaktadir. Dogal kaynaklh
aerosoller biiyiik pargacik boyutuna sahip olup riizgar etkisi ile havalanan toprak par¢aciklari
ve deniz tuzudur. Antropojenik kaynaklar ise fosil yakitlarin kullanilmas: ile atmosfere
yayilan siilfiir dioksit ve azot oksit gazlaridir. Biyojenik kaynak ise denizsel biyolojik aktivite
ile atmosfere yayilan dimetilsiilfid (DMS) gazidir. Antropojenik ve biyojenik aktiviteler ile
atmosfere salinan bu gazlar atmosferde fotokimyasal stireclerden gegerek siilfat,
metansulfonat (MSA)ve nitrat aerosollerini olugtururlar. Bu tiir aerosollerin pargacik boyutu
genel olarak dogal kaynaklardan atmosfere yayilan aerosollerin pargacik boyutundan
kiiciiktiir. Angstrom katsayist ile aerosollerin pargacik boyutu arasinda ters bir iligki vardir.
Kiigiik pargacik boyutuna sahip aerosoller yiiksek angstrom katsayisina, biiylik parcacik

boyutuna sahip aerosoller ise diisiik angstrom katsayisina sahiptir.

Sekil 3.3’de sunulmus olan SeaWIFS verilerinden tiiretilmis klorofil dagilimi tiim Akdeniz
basenindeki fitoplankton biyokiitlesinin zamana bagimli degisimini gostermektedir.
Akdeniz’in batidan doguya dogru azalan bir klorofil dagilimi oldugu ve dogunun daha
oligotropik bir yapiya sahip oldugu goriilmektedir. Bu verilerin Dogu ve Bati Akdeniz’de
gerceklestirilen klorofil dlgiimleri ile kargilagtiriimasi sonucunda uzaktan algilama metodu ile
Akdeniz igin tiiretilen klorofil degerlerinin dzellikle diisiik klorofil derisimleri i¢in gergek

degerlerinden yiiksek tiiretildigi daha 6nce gosterilmistir (Bricaud ve dig., 2002).

Uydulardan elde edilen ham verilerin Boliim 3.1°de sunulan tiirde bilgilere doniistiiriilmesi
i¢in belirli algoritmalar ile islenmesi gerekmektedir. SeaWIFS’in standart algoritmalar:
global dlgek i¢in dizayn edildiginden deniz ve atmosferin biyo-optik 6zelliklerindeki bolgesel
farkhlagsmay1 igermemektedir. Dolayisi ile Akdeniz gibi i¢ denizler i¢in standart algoritmalar
ile tiiretilen parametrelerin yer 6lgiimleri ile hassas bir bigimde dogrulanmasi gerekmektedir.
Bu tiir bir karsilastirma Sonuglar blimiiniin ikinci alt baghgi altinda anlatilmistir.
Aerosollerin dlgiilen optik kalinhiginin < 0.2 degerleri arasinda oldugu dénemlerde SeaWIFS
verileri ile tiiretilen optik kalinlik degerlerinin Slgtimler ile uyumlu oldugu goriilmiistiir.
Ancak 6lgiilen optik kalinlik degerlerinin > 0.2”den bilyiik oldugu giinler i¢in SeaWIFS
verileri ile aerosollerin optik kalmhig: degerleri tiiretilememistir. Bu durum 6zellikle
karsilastirmanin yapildigi 2000 yilinin Nisan ayinda goézlenmistir (bknz. Sekil 3.5a).

Israelevich ve dig., (2002)’nin uzaktan algilama metodu ile elde ettikleri sonuglar ¢61 tozunun
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Akdeniz’in dogusunda en fazla Nisan ayinda batisinda ise Temmuz ayinda gozlendigini
gostermistir (Sekil 4.2). Bu durum daha 6nce Moulin ve dig. (1998)’nin elde ettigi ve Sekil
4.1°de sunulan sonuglar ile uyumludur. Dolayisi ile Nisan aylarimda Dogu Akdeniz
atmosferinde bulunan aerosollerin baskm bileseninin Afrika’dan tagmnan ¢ol tozlar1 oldugunu
sdylemek miimkiindiir. Bu tozlarm yogun miktarlarda dogu Akdeniz atmosferine tagindig:
dénemlerde SeaWIFS’in standart atmosferik temizleme algoritmast aerosollerin optik

kalinhg bilgisini tiiretememektedir (bknz. Sekil 3.5a).

mnwwuwswwmm umumwmmmmm-um

(a) (b)

Sekil 4.2. Akdeniz atmosferinde ¢l tozunun bulunma ihtimalini gosteren fonksiyonun

mevsimsel dagilimi (Israelevich ve dig., 2002’den almmigtir).

(a) Dogu Akdeniz; (b) Bat1 Akdeniz

2000 yilinda slgiilen klorofil degerleri 0.05-0.1 mg m™ araliginda degistigi donemlerde
SeaWIFS ile tiiretilen derigimlerin 0.2 mg m” civarinda oldugu gozlenmistir (bknz. Sekil
3.5b). Klorofil 6lgiimii gergeklestirilen giinlere denk diigen SeaWIFS’in standart algoritmasi
ile tiiretilen klorofil derigimlerinin birebir kargilagiriimast Sekil 4.3’ de sunulmustur. Bu
kargilastirma sonucunda SeaWIFS’in standart algoritmasmin ¢ok diisiik klorofil
derisimlerinde gergek degerinden 5 kat daha fazla klorofil tiirettigi goriilmiistir. Olgiilen

klorofil derisimlerinin > 0.2 mg m” mertebesinde oldugu durumlarda ise SeaWIFS ile

tiiretilen klorofil derisimleri ile + % 35 gibi farkhliklar goriilmektedir.
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SeaWIFS’in standart biyo-optik algoritmas ile tiiretilen degerler dlgiilen klorofil degerlerinin
+ % 35 i oldugu durumlar igin algoritmanm test edilen bolge i¢in giivenilir oldugu kabul
edilmektedir (D’Ortenzio ve dig. 2002).

D4 =

In situ

0.2 -

g T T ¥ T
oe 62 o4
SeaWiFS

Sekil 4.3. 2000 yilinda slgiilen klorofil derigimlerinin SeaWIFS ile tiiretilen klorofil
derigimleri ile karsilagtirilmasi.

Akdeniz’de gézlenen diistik klorofil derigimlerinin, SeaWIFS ve diger benzeri sensdrlerden
tiiretilen klorofil degerleri ile uyumsuzlugu daha onceki arastirmalar gergevesinde
gésterilmistir. Bu arastirmacilarmn elde ettikleri sonuglar, uyumsuziugun kullamilan
atmosferik temizleme ve biyo-optik algoritmalarinin igerisinde Akdeniz’in ve atmosferinin
kendine has 6zelliklerinin tammlanmamis olmasindan kaynaklandigini ve bolgesel
algoritmalarin geligtirilmesinin geregini ortaya koymugtur. Ayrica Akdeniz atmosterine
tasinan ve deniz yiizeyine ¢oken Afrika tozlarmm gdsterilen uyumsuzluk iizerindeki katkisina
dikkat ¢ekilmistir (D’Ortenzio ve dig., 2002; Bricaud ve dig., 2002; Gitelson ve dig., 1996;
Claustre ve dig., 2002).

Sekil 4.4’de Erdemli agiklarinda (bknz. Sekil 3.4) tekne ile ahnan su numunelerinde 6lgiilen
klorofil derigimlerinin SeaWIFS'in standart algoritmas ile tiiretilen klorofil derigimleri ile
zaman serisi karsilastirilmasi sunulmugtur. SeaWIFS verilerinden tiiretilen klorofil
degerlerinin lctimlerle gézlenen mevsimsel degisimi takip ettigi goriilmektedir. Genel
olarak, klorofil degerleri Kasim-Nisan aylari arasinda yiiksek derisimlerde Mayis-Eyliil aylar:
arasinda ise diisiik derigsimlerde gozlenmigtir. Gozlenen ve tiiretilen derisimler arasindaki
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farklilik SeaWIFS'in standart algoritmasmmn dogu Akdeniz’in biyo-optik dzelliklerini
icermemesinden kaynaklanmaktadur.
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Sekil 4.4. Zaman serisi klorofil dlctimlerinin SeaWIFS'in standart algoritmas: ile tiiretilen
klorofil derigimleri ile karsilagtiriimas: (kirmizi renk SeaWIFS , yesil renk ise dl¢iilen klorofil

derigimlerine aittir).

Sonuglar boliimiiniin {iglincii alt baghig: Akdeniz atmosferinde ¢ol tozlarinin bulundugu
durumlarda SeaWIFS sensorii verileri ile tiiretilen biyo-optik parametrelerdir. Bu bslimde
dogu Akdeniz atmosferinde yogun olarak ¢61 tozu bulundugu drnekler segilerek SeaWIFS’in
atmosferik temizleme ve biyo-optik algoritmalarmin bu durumlarda gergekei sonuglar
vermedigi gosterilmistir. Bu aragtirma gergevesinde kullanilan SMA algoritmasinin dogu
Akdeniz atmosferinde ¢6] tozu bulundugu durumlar igin standart algoritmalara nisbeten daha
gergekei sonuglar tiretebildigi ortaya konmusttur. Ancak dogu Akdeniz atmosferine farkh
kaynaklardan (Afrika ve Arap Yarimadasi) ¢ol tozu tagimyor olmasi ve bu tozlarm optik
karakteristiklerinin farkh olmasi nedeni ile SMA algoritmasinin istenilen dogrulukta sonuglar
iiretemedigi tahmin edilmektedir. Bu konu farkh kaynaklardan Akdeniz tizerine taginan ¢dl
tozlarmm optik dzellikleri belirlenerek SMA algoritmast igerisinde tamimlanmast ile

aydmlatﬂacaktlr. Bu arastirma projesi igerisinde baglattigimiz bu yondeki ¢alismalar, proje
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arastirmacilari kadrosunda yer alan Tiilay Cokacar tarafindan doktora ¢aligmasi kapsaminda

devam ettirilmektedir.

Sonuglar bdliimiiniin son alt bashg: Deniz atmosfer etkilesiminin gdsterilmesi amaci ile

uzaktan algilama metodunun kullamlmasidir. Bu boliimde lgiim ve uzaktan algilama verileri
kullamlarak denizsel biyolojik aktivitenin dogu Akdeniz atmosferindeki aerosol
komposizyonuna katkist gosterilmigtir. Ayrica bahar aylarinda gozlenen metansiilfonat

degerlerindeki ani yiikselmeler ¢o1 tozlarmin yagmurlar ile deniz yiizeyine ¢okerek biyolo] ik

aktiviteyi arttirmasi bigiminde yorumlanmistir.

Sekil 4.5°te Erdemli ac¢iklarinda SeaWIFS'in standart algoritmast ile tiiretilen klorofil derigimi
ve aerosollerin optik kalmligi degerleri uzun donemli (1998-2001) karsilastirtimugtir. Yagish
donemlerde yikanarak deniz yiizeyine ¢6kmesi sonucunda atmosferdeki acrosol miktari diisik

seviyelerde gozlenirken bu donemlerde klorofil derigimleri artmgtir.
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Sekil 4.5. SeaWIFS'in standart algoritmast ile tiiretilen aerosollerin optik kalinhg (siyah

yildiz) ve klorofil derisimlerinin (kirmiz1 daire) zaman serisi kargilastirimasi. Ginliik yagis

miktarlar1 bar ile gosterilmigtir.

Dogu Akdeniz baseni i¢in uydu verileri ile tiretilen Kklorofil ve atmosferdeki ¢01 tozu

miktarinin zaman serisi kargilastirtimasi bu her iki parametre arasinda ters bir iliski oldugunu

gostermistir (Ziveri ve dig., 2000). Yagish donemlerde atmosferdeki ¢61 tozu miktarinimn
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azaldigt ve yiizey sularindaki klorotil derigimlerinin artg: gézlenirken kurak dénemlierde ise
atmosferdeki ¢61 tozu miktarmmn arttign ve klorofil derigimlerinin azaldig1 gozlenmistir. Bu
pozlemlere dayanarak yagislarfa deniz yiizeyine ¢oken ¢6l iozlarmin ortamdaki besin
tuzlarinim (fosfat) miktarini arttirarak kokolit tirlerinin patlama yapmasina elverish kosullarin
olustugu belirtilmistir. Sekil 4.5°te gozlenen durum Ziveri ve dig. (2000) ¢6! tozlarinin dogu
Akdeniz deki birineil tiretime olast katkisi tizerine yaptiklar: aciklamamin Erdemli agiklarinda
da gegerli olabilecegine dair ipucu vermektedir.

Burada sonug raporu sunulan aragtirma projesi TUBITAK ile CNRS (Centre National de la
Recherche Scientifique) arasindaki bilimsel ve teknik isbirligi kapsaminda ortaklaga ytiriitmek
tizere adr gecen her iki kurumea desteklenmistir. Projenin basari olgiitler ortak ¢absilacak
olan Fransiz arastirma grubunun genelde “uzaktan algilama™ ve dzelde Q6! tozlarmin
uzaktan algilanmast™ konularindaki bilgr ve teertibelerinin ODTU-Deniz Bilimler

Enstitiisii ne aktartimast olarak belirlenmigtir.

Projenin Arastirict kadrosunda yer alan Aragtirma Gorevlisi Tilay Cokacar uzaktan algilama
konusunda yeterli deneyim kazanmig ve doktora calismasini bu yonde halen devam
cttirmektedir. Proje siiresince clde edilen veriler kullantlarak iki ayri yayin yapilmig ve
FUBITAK in projeye yapmius olduklari katkiya yayinlarn tesekkiir bolimiinde yer verilmistir.
Avyrica proje kapsaminda clde edilen sonuglar 2002 yilinda Girit'de diizenlenmis olan
“Atmospheric Chemistry within Barth System™ konu baglikli uluslararas konferansta poster

olarak sunulmustur (bknz EKT).

5. ONERILER

Bu arastirma projesi kapsaminda elde edilen sonuclar SeaWIFS verilerini proses ederek
bilgiye doniistiiren standart algoritmalarin dogu Akdeniz atmosferinde yogun miktarda ¢ol
tozu bulundugu durumlarda bagarili sonuglar iirctemedigini gostermistir. Bu sonug bolgeye
has optik 6zelliklert iceren algoritmalarin tiiretilmesinin geregini ortaya ¢ikarmistir. Boylesi
bir algoritmanin titretilebilmesi igin hem laboratuvar ve hemde saha ¢alismalarim yapilmasi
gerckmektedir. Bu amagla deniz ve atmosferin optik dzelliklerinin ve klorofil Oleiimlerinin
SeaWIFS dlciimleri ile es zamanh gergeklegtiriimesi gerekmektedir. Flde edilecek olan biyo-

optik dleiimler ile bolgesel bir algoritmanin gelistirilmesi miimkiin olacaktir.
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dust transport, we analyze the spatial distribution and
seasonal variations of dust for these different regions
and infer the latitudes of maximum dust occurrence.
Inter-annual variations of dust is investigated in
conjunction with annual variations of rainfali over the
Sahel. This analysis shows that the TOMS mineral dust
annual variability is better correlated to rainfall deficits of
the previous year than with rainfall of the current year.
Thus the TOMS satellite dust record confirms the impact
of rainfall deficits over Sahel on dust long-term evolution
as highlighted by previous studies based on limited
ground observations [Prospero and Nees, 19886;
N'Tchayi Mbourou et al., 1997].

Overall these sateliite records of year-to-year variability
of African dust highlight the impact of two key
meteorological factors: the NAO which controls the
occurrence and intensity of the transport over the
Atlantic during the winter season, and an additional
impact of rainfall in the Sahel on the long-term evolution
of annual dust production and transport.

Study of the Structure of the Lower
Troposphere over an Urban Site using a Mobile
Backscattering Lidar System

GIORGOS CHOURDAKIS, GEORGE GEORGOUSSIS, ANTONIS
OIKONOMOU

ZENON SA - Lidar Group, Kanari 5, Glyka Nera,
163 54 Athens, Greece gchourdakis@zenon.gr

Laser remote-sensing techniques (lidar systems), have
gained high acceptance as long-range non-invasive
probes of the chemical composition and physical
properties of the atmosphere. Through its high spatial
and temporal resolution, the lidar technigue is a
powerful tool in monitoring the evolution of aerosol
layers and in visualizing the structure and the dynamical
processes of the Planetary Boundary Layer (PBL) using
the aerosols as passive tracers.
In this paper we present the application of a mobile
backscattering lidar system to retrieve information of the
temporal and spatial variation of the aerosol layers and
of the structure of the lower troposphere over a semi-
urban site, outside the Greater Athens Area (GAA),
Greece. The lidar system developed by ZENON S A. is
designed to perform continuous measurements of
suspended aerosols particles in the PBL and the lower
free troposphere. It is based on the second harmonic
frequency of a compact Q-switched pulsed Nd.YAG
laser, which emits pulses of 180 md at 532 nm. The
optical receiver is a Cassegrainian reflecting telescope
and the detector is operated in the analog and photon-
counting modes. Typical values of the spatial and
temporal resolution are 15 m and 1 minute, respectively.
The scientific objectives addressed in this paper are the
following: (i) study of the structure of the lower
troposphere in an urban area. Two methods suited for
precise determination of the planetary boundary-layer
height (PBL) are presented. Comparisons made
between radiosondes and lidar-derived PBL heights
showed that the two techniques are in close agreement.
The aerosol layer height is also determined in cases
with high aerosol loading due to Sahara dust

transportation, (ii) study of the temporal variation of the
vertical profile of the aerosol backscattering coefficient.
Lidar observations during a day of intense
photochemical pollution episode outside the GAA were
carried out and the temporal evolution of the episode is
presented. This work demonstrates that an automated,
compact lidar system is a powerful tool for long-term
monitoring of the aerosol layers and the structure of the

troposphere.

Tropospheric CO, O; and CH, satellite
measurements

C. CLErRBAUX, J. HADJI-LAZARO, S. TURQUETY AND G.
MEGiE

Service d'Aéronomie, Institut Pierre-Simon Laplace,
Univ. Paris 6, 4 Place Jussieu,75252 Paris Cedex 05,
France ccl@aero.jussieu.fr

Satellite data currently represent the majority of the
observations available to improve our understanding of
tropospheric  chemistry.  Nadir-viewing instruments
probing the troposphere using the thermal IR emission
of Earth were launched on board of polar-orbiting
satellites (IMG/ADEQOS, MOPITT/TERRA), and several
other remote sensors are planned to be launched in the
coming years (e.g. IASUMETOP, TES/AURA). From the
atmospheric spectra recorded by FTS instruments,
global scale information on atmospheric contents of CO,
O3, and CH4 may be retrieved. In order to maximize the
scientific return to be expected from these missions,
efforts are being dedicated towards the development of
fast forward radiative codes, efficient inversion methods
for the retrieval of trace gases, and data assimilation
techniques in chemical models.
This paper will present the results obtained from the
analysis of atmospheric radiance spectra recorded by
the IMG instrument. We will compare global fields of
CO, O3, and CH4 measured for selected time: periods
with chemistry-transport model results, and discuss oo
future data could be used to constrain atmospher
models to improve our knowledge on distributior

ozone and its precursors.

Analysis of the change in mineral dust
properties over the Eastern Mediterra
source location using SEAWIFS it
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time to retrieve phytoplankton concentration in
race waters from space (ocean color). Because of
dust absorption-properties in-the visible, its -most
king effect “onocean. color. retrievals s to
erestimate the phytoplankton concentration:

this.work, we used.the method.of Moulin ef al. [2001]
estimate dust optical properties {including absorption)
er the Eastern Mediterranean from SeaWiFS spectral
ngasurements. We selected the most intense
springtime and summertime dust events that occured
Juring the 1988-2000 period. For pixels with high optical
hickness. (.. 1), we -assumed that the marine
sontribution to the SeaWiFS measurement is negligible
n the visible, so that the measured reflectance
spectrum is solely due to aerosol and molecular
scattering.. After- molecular . scattering - removal, ~we
somputed  aerosol reflectances  for  various  dust
sbsorbing efficiencies untl these modeled reflectances
natch the measured ones.

Just optical properties over the Eastern Mediterranean
:an be separated in two main categories with different
sbsorption efficiencies. By using the TOMS absorbing
serosol product to locate the dust sources, we found
hat mineral dust.that comes from Middle East has lower
ibsorption in biue and green parts of the solar spectrum
han dust coming from Northern Africa. In addition, we
ound that the dust coming from Northern Africa over the
“astern Mediterranean has optical properties similar to
hat transported over the Aflantic. This new set of
nineral dust optical properties will be used to improve
wcean color estimates in the Eastern Medilerranean
sea.

Emission estimates and total tropospheric
chlorine time series derived from 20+ years of
ground-based measurements

D. M. Cunnotp’ R G Priny’ R F. Weiss® P. G.
Smamonns®, P J FRASER®, L W. PORTER’,
3 L. LANGENFELDS”, S. O'DOHERTY", B. R. MILLER, AND A.
McCuttocH,”*

'School of Earth and Atmospheric Sciences, Georgia
Institute of TechnologyAtlanta, GA,
B cunnold@eas.gatech.edu
“Department of Earth, Atmospheric, and Planetary
Sciences; Massachusetts Institute of Technology,
Cambridge, MA *Scripps Institution of Oceanography,
University of California, San Diego, Lalolla, CA
‘School of Chemistry. University of Bristol Bristol,
England, UK. “Atmospheric Research and Cooperative
Research Centre for Southern Hemisphere
Meteorology, Commonwealth Scientific and Industrial
Research Organization Aspendale, Victoria, Austialia
®Cape Grim Baseline Air Pollution Monitoring Station,
Smithton, Tasmania, Australia

Slobal atmospheric emissions of long-lived; radiatively
ictive . gases - are . estimated from. . continuous
neasurements at the GAGE/AGAGE surface sites and
rom measurements of the Australian archived air It is
shown that these data sources produce estimates,
vhich are consistent with those derived from CMDL
neasuremernts, except for minor or absolute calibration

differences, and with the most recent, industry-based
estimates. Of the anthropogentically produced long-lived
gases, HCFC-22 measurements exhibit a latitudinal
gradient, which is least consistent with model results
constrained by the. other ~measurements. Total
tropospheric chiorine; including the HCFC contributions,
is  estimated and is shown to have decreased by
approximately 185 ppt from 1992-2001. Recent
indications of oceanic losses of CCls make its budgst
the most difficult to simulate and hence makes CCls
future . contributions to the chlerine budget the most
difficult to predict.

Upper Stratospheric Ozone Asymmetries and
SAGE Trends

DEREK M. CUNNOLD | JINLONG L1I", HSIANG-Jut WANG
EUN-SU YANG |, MICHAEL J. NEWCHURCH®

School of Earth and Atmospheric Sciences,
Georgia Institute of Technology, Atlanta, Georgia,
cunnold@eas.gatech.edu
2Atmospheric Sciences Department,
University of Alabama in Huntsville, Huntsville, Alabama

A" chemical box model constrained by Upper
Stratosphere Research Satellite measurements of CHa,
Hs0O. NO, and temperature in 1992-1994 has been used
in. an attempt to simulate ozone trend measurements
from SAGE at 43 kum. 45° latitude and their hemispheric
differences. The model is successful in simulating the
seasonal cycle in ozone mixing ratios observed by MLS
and SBUV including the 15% larger values in the
Southern Hemisphere at  the wintertime ozone
maximum. The model indicates that this hemispheric
asymmetry is associated with hemispheric temperature
differences of approximately 10° K; in. contrast
hemispheric differences in methane and the resuiting
effects on CIO, make only a small contribution to this
ozone asymmetry. The model predicts that, based on
observed Cl, increases, the ozone decrease in the
Sotthern Hemisphere should have exceeded that in-the
Northern Hemisphere by approximately 1%/decade.
This is consistent with an-observed ozone hemispheric
trend difference of 1.7+ 2.1%/decade (one sigma) for
1979-1997 and ~0.8 + 2.8%/decade for 1985-1997 from
SAGE | and SAGE I (version B6.1) measurements.
These trend differences are caused by hemispheric
differences in temperature in early winter'and in CHq in
late winter. The model, based on changes in Cl, but not
in ‘other specified = parameters,  overpredicts: the
downtrend observed by SAGE W in 1985-1997 by
approximately 3.1% 1.4%/decade (one sigma), but it
qualitatiively simulates” the observed ozone trend
variations over the period 1979-1997. The
underprediction would- be reduced by approximately
1%/decade for @ methane increase of 1%/year.
Observed temperature decreases of approximately 0.1°
Kiyear would have increased the calculated ozone
downtrends ‘on pressure. surfaces by approximately
1%/decade but could have affected SAGE trends by a
small _amount in the opposite direction because of
associated geopotential height changes.
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ATMOSPHERIC CORRECTION OF SEAWIFS IMAGERY OVER THE MEDITERRANEAN SEA
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"institute of Marine Sciences, Middie East Technical University, Erdemli-TURKEY
? Laboratoire des Sciences du Climat et de FEnvironnement, CEA-CNRS, Gif-Sur-Yvette, France

INTRODUCTION
mmmwmmwmmummmmmmmmwmmﬂ).nmmwmmwmmmmmm
by bi prod Howwver, gresect stmosph i hmmmmmmmmmmm,m theeg ty resulk in i h pigment

wmmm,tkmmwbmwwsmwmmmmmmm

in this study, we impi the 0 method pr wmaamrhmmmmmm(Anmu)mmmvwmmmmw)mm
&mmmmsmmm,Harl,samm,mwmmmmwwmad1mmm,mwmdmstypuiodofﬂnseym,Forpbmis
with optical thickness gremter than 1, sigrifying strong dust events, the marine contribution to the SesVKES is tabe in the visible bard. Ths meacured reflactance specirum fs thus solely dus to
#orosol and molsculer scattering. The aerosc refy for vertous dust g ¢ (3 by Ang the of Mok attering. This process is repeated untit the P

the measursd one. The resuls givan below supgest some impr 0t in pigment

METHOD

Description of Spectral Matching Algorithm
mmmw&m.am&am——‘ wng {SMA) prop ‘bmednnd.L.HWﬁ.TMWmd&ﬁsWhSﬂMF&huﬂaMM basls, and combined with a water-
lewving radience modal, snd then mwnmm“dmmmwmdmmam‘M* of weraeot ..Tmmdlﬁwmﬁumwwmm
theory and a vertiosl distribution of aeroeol concentration.

Dust Sources in April
w.wwmmmnofmuswsmmv.)mmhmd'L dust frace over thehledit Airome phumes of desertdust predominuntty
m«mmmm«m1mw1m.w,mmm, dust from the Middie Exst 3ie0 b important contribution.

Dust from Libya
)
Drast from Egypt

)

Fig 1 (a.bc) TOMS seroeol index images tain from the URL
Dust from Middle East uddress fpittoms. gefo mea o/ /, (d.af)

SeaViFS derosol refisctancs at 865 .

(ey

W8 gl
o — T ——
Dust Optical Properties in April

1. Dust from Norht Africa 2. Dust from Middie East

We extracted veflectance from the inmages

slorg # track (Fig. 2. a.b) acrom the dust

phames coming from North Africa end Fig, 2 SewwiF5 immage of aerosol

Middic Bast. reflectmnce to define Track lines ab)
satisfying the criterion of high optical

Acrosol reflectance sinulations (Pig .3 &) depth.

pedicted by ATL models fity the SeaWiFs : ®)

reflectansces slong the track where dust comes had - Fig 3 Extracted (solid line) and predicted

froen the North Aftica. o L (ched Hne) values of serosal reflertance
Gy e gy whon o oo %71 A [ R T 12 e s et
moxe coating - v . for 412 nen, for 443 nem,
the Middle East (Fig 3 b). We are trying b n""}slm?".if‘” ST I green for 490 tm, yeilow for 510 mm,
Enprove the ratcing by changing the opticat T e ¥ ormge for 555 my, red for 670 nm, sod
tes of dast % paet of e refhuct; black for 765 and 863 nm.
Distance @ iner) o the Middic Eat. cace. e Distance ®
‘épp{iatioﬂ to’chin Color Imagery SUMMARY

Fon: the SMA and the standerd (5TD)Y SeaWiF$ chlorophyl for April 1958, 1999 and 2000 (Fig. 4). The resudts indicate
dant.

€ comp pigm
uummmmr«mmwmnmam

mmmmammmmmm
mmaboﬁm(SMA)ome&d,ﬁmtom
more resistic surface chiorophyll concentrations in the
Maditervanaen for April 1998, 1668 and 2000. These
mmmmmmmm
quaritities of desert dust #om North Africa and Middle East
wmemmmmm.m
method ssems to improve the current estimates of
chiorophyll concaniration,

REFERENCYS

Mol C., Gordon LR, Choks RM, Barwon V.F. Kok R, amosphersa
Corvection of Conant Color Fragery through Thick Liyers of Swimean Dust, GRL,
Vol 28, Mo, 1, 582001

? Gordon, HR., Alrmosphers: Corraction of Ooraa Color Famgery in tie Earth
Observing Bystem Ere, T Geopys. Res., 102D, 17081-17106, 1997,

ACKNOWLEDGEMENT

This work was supportid by Kért ressdrh project within # bi-tisrel
syrsement bateeon Turkish Stistilic and Technionl Ressirah Gourki
< UL&TM)NM&NM&EWW(ML
Tisay Cokacar benefited from the resiarh Tekiowitin from § TAR’
Y ——— e of RICAMARE} 1 work in CNRS. Wit

01 03 Lo 3¢ N 4 i
Projct for production, and the Distritxded Acve ALtTiv Cake
Sogderd Spaca Fignt Center for #x Distribution %

LA a3 LR ¥

01 &1 g3

Fig. 4 April rees of serosol upuwcﬁmummm),uwmmsmm»msm {right) processings

23




GEOPHYSICAL RESEARCH LETTERS, VOL. 28, NO. 24, PAGES 4607-4610, DECEMBER 15, 2001

Structure of Emziliania huxleyi blooms in the Black
Sea surface waters as detected by SeaWIFS imagery

Tulay Cokacar, Nilgun Kubilay, and Temel Oguz

Abstract. The temporal and spatial characteristics
of coccolithoprid Emiliania huzleyi blooms in the sur-
face waters of the Black Sea are studied using the Sea-
WIFS mean normalized water-leaving radiances data
for 1998-2000. It is shown that the Black Sea consis-
tently experiences high reflectance patches of coccol-
ith platelets throughout the basin each year during the
May-July period. Although the Black Sea is masked by
clouds, the data also suggest enhanced activity for some
period during autumn and early winter. Their spatial
patterns resemble very closely the circulation systemn de-
rived from the altimeter data, and exhibit pronounced
differences between cyclones and anticyclones. The cy-
clonic cell, which covers the entire interior part of the
basin, appears as a more favourable site for more intense
bloom formation. This is related with its relatively shal-
lower mixed layer thickness and stronger mixed layer
average water leaving radiance.

»

Introduction

Blooms of the coceolithophore Emsliania huzleyi and
their coccolith platelets have global significance. They
affect radiation budgets [Tyrvell et al., 1999], regu-
late marine carbon cycling and ocean-atmosphere CO;
exchange through their production of CaCOjz [Holli-
gan ond Robertson, 1996}, and provide high reflectance
which allows their spatial and temporal extent to be
visually monitored from space.

Since the first invasion of E. huzleyi into the Black
Sea about 2000 years ago, high carbonate content in
sediment cores [Hay and Honjo, 1989; Tekiroglu, 2001]
indicates that they have always been one of the pre-
dominant species in the tegional plankton community.
Recent measurements suggest that E. husleyi blooms
sometime during the late spring-summer and the
autumn-early winter periods in different parts of the
basin [Sorokin, 1983; Benli, 1987; Mankovsky et al.,
1996; Uysal et ol., 1998]. A signature of the Black Sea
E. huzleyi blooms has also been traced by aerosol fil-
ter samples collected daily at & site along the Mediter-
ranean coast of Turkey [Ozsoy et al., 2000]. Changes

Copyright 2001 by the American Geophysical Union.
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in the methane sulfonic acid and sulfaté concentrations
at this site, when supported by air mass back trajec-
tory analysis, were shown to be related to the Black
Sea E. huzleyi bloom events. Although all these studies
demonstrate occurence of the E. huzleyi blooms in the
Black Sea, their duration, persistence, spatial extent as
well as relation with circulation dynamics are for the
first time reported in the present paper by analyzing
the SeaWIFS time series data.

Satellite data and processing method

The data used in this study comprise the normal-
ized water leaving radiances from the 8-day composite,
9 km resolution, Level 3 SeaWIFS imagery for the pe-
riod from the beginning of September 1997 to the end of
December 2000. The algorithm used to map the distri-
bution pattern of E. huxleyi blooms was originally de-
veloped and used for the analyses of CZCS imagery by
Brown and Yoder {1994}, Brown and Podesta [1997], and
later modified for SeaWIFS imagery by Brown [2000].
It separates the spectral signatures of coccolith platelets
according to the pre-specified ranges of five distinct
combinations of mean normalized water leaving radi-
ances (nLw) at 443, 510 and 555 nm. As given by
Brown (2000). we set 0.60< nlwd43/nlw510 <1.15,
0.75< nLw443/nLwb55<1.85, 1.0< nLwb10 /nlwb55
<1.65; nlwd443>1.1, and nlw555>0.9 with radiances
in units mW cm~? m~! sr!. The pixels satisfying all
these criteria are assigned to have high concentration
of coccoliths. Further details on the characteristics of
these mean normalized water leaving radiances can be
found in Gordon et al. [1988, 2001},

A set of experiments has been performed to test sen-
sitivity of blooms to the values of these limits. Chang-
ing these numbers by +25% did not generally lead to
significant changes on spatial structure of the blooms.
The most critical parameter was found to be the limit-
ing value of nLu443. Its smaller values (within the 25%
range) provided a wider coverage of coccoliths especially
during spreading and decaying phases of the blooms. Its
higher values, on the other hand, were found to be less
critical for the bloom structure. Although they are in-
cluded into the bloom classification algorithm, shelf ar-
eas with the total depth less than 200 m {(mainly along
the western coastal part of the basin) are excluded from
the interpretation to avoid contamination by the high
reflectances of lands or high turbidity shelf waters.
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Table 1. Monthly classification of the SeaWIFS data in terms of the E. huzleyi distribution
from September 1997 to December 2000 in the Black Sea

1997 1998 1999 2000
Jan. X BS (CL) (CL)
Feb. X BS (CL) (CL)
Mar. X NBS X
Apr. X X X
May X X EBS X EBS EBS X WwWBS BS
Jun. BS BS BS
Jul. EBS X X BS EBS X EBS EBS X
Aug. X X X
Sep. WBS X X WRBS
Oct. X X X WBS X X
Nov. (CL) X X WBS BS (CL) (CL)
Dec. (CL) BS (CL) (CL) (CL)

The symbol “X” refers to no bloom, whereas “(CL)” means cloud coverage with a total absence

of informsation on the E. huxleyi activity.

“BS” signifies presence of the bloom within the entire

basin, while the prefix “W”, “E” or “N” implies its presence only in the western, eastern or northern

part of the sea, respectively. 7 “BS(CL)”

suggests cloud coverage over the entire basin, but some

scattered data values are readily available to signify the bloom occurrence in different parts of
the basin. Extension of single column information for an entire month into three subcolumns for
certain months provides a more detailed, 10-days average, temporal structure of the blooms.

Temporal and spatial characteristics of
E. huzleyi blooms in the Black Sea

An overview of the E. huzleyi bloom episodes inferred
from the SeaWIFS data examined within the framework
of this study is shown in Table 1. For all these three
years, the major bloom activity attains its most intense
and widest coverage during June, and diminishes grad-
ually within the first half of July. A similar activity
also occurs in autumn months, although the blooms are
traced mostly by some scattered data points irregularly
distributed among clouds over the basin. The in situ
data shown in Fig. 1 for the summer-autumn 1998 and
early winter 1999 periods from the interior part of the
western basin provide an independent support for the
bloom occurence, and more importantly establish valid-
ity and reliability of the SeaWIFS coccolith detection
algorithm. The algorithm is also checked by verifying
consistency of its products with corresponding actual
true color SeaWIFS images.

In 1998, the bloom initiates from the eastern basin
during mid-May and spreads rapidly towards the west
and occupies the entire basin by the end of the month.
The bloom remains uniform throughout the sea in June
(Fig. 2a), and then begins to weaken from the west-
ern to eastern basin. It, left only within the eastern
basin during early July, is depleted completely around
mid-July. The year 2000 summer bloom activity also
exhibits a similar structure. The bloom is initiated ap-
proximately two weeks earlier, and maintains its full
basin scale structure from mid-May to third week of
June (Fig. 2b). Once again, it weakens gradually from
the western to eastern basin during July. A notable
feature for both of these two years is remarkably rapid

development of the bloom and its spreading basinwide;
they all took place within about a week. In 1999, on
the other hand, the bloom structure possesses a patchy
character, and is confined mostly to the eastern basin.
The bloom started to spread from the northern part of
the eastern basin during mid-May, covered the eastern
basin by the end of May, and expanded into the western
basin for a short period of time toward the end of June
(Fig. 2c). By mid-July, only some scattered coccolith
patches remained noticeable in the eastern basin.
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Figure 1. Relative contribution of diatoms (circles),

dinoflagellates (squares) and E. huzleyi (triangles) to
annual phytoplankton biomass structure obtained from
bi-weekly surface measurements within the central part
of the western basin within the region of 30-31°E, 42-
43°N from February 1998 to January 1999 (after Chur-
likova et al., [1999]).




Figure 2. The coccolith distributions in the Black Sea
as determined by the 8-day composite SeaWIFS data
for Julian days (a) 161-168 in 1998, (b) 161-168 in 2000,
and (¢) 177-184 in 1999. They all correspond to the pe-
riods of most intense coccolith activity. The red color
indicates the regions in which all the five criteria of the
coccolith detection algorithm are satisfied. The yellow
and green colors represent the regions when only four
and three of these criteria are satisfied, respectively.
The yellow color zones generally indicate the regions
in which nLwd43 varies between 0.9 and 1.1, and thus
may be considered as the regions prone to the E. huz-
leyi bloom activity. The curve in white color represents
200 m topography contour separating the shelf from the
interior basin. The regions in gray color indicate cloud
coverage. :

Persistency and basinwide coverage of E. huzley:
blooms make the Black Sea a potential regional source
of calcite earbon and DMS sulfur production. The data
reported by Mankovsky et al., [1996] on the July 1992
E. hugleyi bloom measurements suggested an average
value of 3850 x 10° cell m~3 within a 20 m layer. Using
1.1 pg DMSP cell! as used by Brown and Yoder, [1994]
and using a surface area of 300 000 km? (approximately
70% of the total surface area covering the deep part of
the basin), we estimate ~5700 tons of DMS sulfur pro-
duction for this particular event. The calcite carbon
production can be estimated to vary between the two
extreme values of 0.12 and 3.9 x 10° tons depending on
the assumption of 0.02 and 0.065 g calcite carbon per
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cubic meter, respectively. These values are comparable
with the estimates for subpolar latitudes [Brown and
Yoder, 1994] and western south Atlantic Ocean [Brown
and Podesta, 1997]. They therefore imply an important
role of the Black Sea E. huzleyi blooms on the biogeo-
chemistry, ecology and climatology of the region.

Dependence of E. huzleyt: blooms on
‘the circulation system

The Black Sea possesses a highly complex, eddy-
dominated, predominantly cyclonic upper layer circu-
lation system [Korotaev et al., 2001]. This includes a
band of strong Rim Current system encircling the basin
over the steep continental slope, an interior cell com-
posed mainly by an interconnected series of cyclonic
eddies of different sizes, as well as some anticyclonic ed-
dies on the coastal side of the Rim Current zone. While
a part of these coastally-attached eddies constitutes
quasi-stable/recurrent features persisting for seasonal
and/or longer time scales, the overall peripheral cir-
culation system essentially possesses a highly transient
character involving a chain of eddies, meanders and fila-

Figure 3. (a) 10-day average sea surface height
anomaly field (in em) computed from Topex-Poseidon
and ERS II altimeter data for mid-June 1998. The neg-
ative values with the color range from violet to blue
indicate cyclonic circulation, and the positive values
with the color range from green to red indicate anti-
cyclonic circulation. The Rim Current is shown by the
grey color, (b) 8-day composite nLw443/nLw510 field
for Julian days 161-168, 1998 (which approximately
correspond. to the second week of June). Red color
indicates highest reflection from the cyclonic interior,
whereas yellow and green colors indicate weaker reflec-
tion around the periphery (anticyclones) of the basin.
Similar type spatial variability may also be inferred by
other normalized water leaving radiances data. The one
chosen here has no particular significance.
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ments propogating cyclonically around the basin. Their
translation and evolutionary characteristics introduce a
major control on the mesoscale structure of the circula-
tion system. The sea surface height anomaly field (Fig.
3a) derived from the June 1998 altimeter data reveals
most of these characteristic features of the circulation
system.

The mean normalized water leaving radiances data
show an intimate relation between spatial patterns of
the coccolith blooms and mesoscale character of the
basinwide circulation system. For example, the pattern
shown in Fig. 3b for the June 1998 basinwide bloom
event (Fig. 2a) compares remarkably well with the al-
timeter data (Fig. 3a) in terms of the cyclonic cell oc-
cupying the interior part of the basin, the meandering
Rim Current system around the periphery, as well as po-
sition of the coastal anticyclonic eddies. The cyclonic
cell characterized by relatively shallower mixed layer
(typically <20 m in June) coincides with the region of
stronger mixed layer average water leaving radiances as
compared to the case of anticyclonic dominated periph-
eral zone having deeper mixed layer of the order of ~30
m. The combination of these two features of cyclones
features of cyclones makes them more favourable sites
for more intense bloom formation. The presence of a
persistent large scale cyclonic circulation system there-
fore gives the E. hugleyi blooms a basinwide character
in thé Black Sea. In a similar context, preferential de-

*velopment of E. huzleyi blooms on shallower stratifica-
tion and higher light intensities was noted by Nanninga
and Tyrrell [1996] using data from the N. Atlantic and
elsewhere.
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seasonal variation of aerosol sulfur species in the
eastern Mediterranean atmeosphere

e

| Nilgiin Kubilay, Mustafa Kogak, Tilay Cokacar, and Temel Oguz
Institute of Marine Sciences. Middie East Technical University, Erdenili, Turkey

Giotgos Kouvarakis and Nikos Mihala;;ouios

Envicormmental Chemical Processes Labomtory, Department of Chemistry, University of Crete.: Heraklion, Greece
Received 6 Februaty 2002: revised 28 March 2002; accepted 13 April 2002; published 12 November 2062,

[t] Methanesulfonate (MSA) and non-sea-salt (nss) sulfate concentrations were measured
in bulk aerosol samples collected during January 1996 to December 1999 at two stations
along the Turkish and Cretan coastline of the eastern Mediterranean. The data set enabled
the origin and variability of biogenically derived sulfate concentrations in the eastern
Mediterranean atmosphere to be defined. Although similar seasonal patterns of MSA and
nse-sulfate concentrations for both stations were detected, the mean concentrations at
Erdemli (Turkey) over the sampling period (42 + 52 ngm > MSA, and 6.8 £ 5.2 igm ™" nss
sulfate) were found to be almost twice that of those measured at Finokalia, Crete (25.8 +
149ngm *MSAand3.9+1.7g m > nss sulfate). Analysis of the air mass back {rajectory
and the Sea-viewing Wide Field-of-view Sensor (SeaWiF§) data suggests that the majority
of the biogenic contribution at Erdemli is originated from summer coccolithophorid
Emiliania huxleyi blooms developed in the Black Sea. The data further points fo a
significant relationship between Saharan dust transport events and local oceanic production
of MSA through occasional fertilization of the eastern Mediterranean during wet
deposition events. This process accounts for episodic, strong weekly changes in MSA
concentrations during the spring months. Considering that Erdemli and Finokalia are
approximately 1000 km apart from each other geographically, large differences in their
MSA and nss-sulfate concentrations indicates a considerable role of regional mesoscale
atmospheric transport processes on the spatial structure of biogenically produced
atmospheric sulfur serosols.  INDEX TERMS: 0305 Atmospheric Composition and Structure:
Aerosols and particles (0345, 4801). 3339 Meteorology and Atmospheric Dynamics. Ocean/atmosphere
interactions (0312, 4504); 0933 Exploration Geophysics: Remote sensing; 0315 Atmospheric Composition and
Structure; Biosphere/atmosphere interactions; KEYWORDS. acrosol, eastern Mediterranean, methane sulfonate,
nsg=sulfate, Emiliania huxleyi, Black Sea '
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1. Introduction

[2] Biologically produced gases in the surface ocean have
a major impact on the global atmospheric cycling of
elements such as sulfur. nitrogen and carbon, and hence
may play an important role in the global climate system.
Dimethy! sulfide (DMS) is the principal and most abundant
biogenic organic sulfur compound entering the atmosphere,
where it undersoes photochemical oxidation and transfor-
mation to methanesulfonate (MSA). It provides the biogenic
contribution to non-sea-salt sulfate {pss-sulfatey in marine
aerosols, The importance of nsssulfate comes from iis

Copyright 2002 by the Amcrican Geophysical Linion.
0886-6236/92/2002GB001 880812 00 - ,

effect on the Farth’s radiation budget by backscattering
solar radiation to space [Charlson et al, 1991] and by
controlling the formation of cloud condensation nuclei
{Charlson el al., 1987},

{3} As shown in Table 1, concenirations of aerosel MSA
and nss-sulfate have illustrated considerable spatial and
temporal variabilities within the global atmosphere. When
compared to other open ocean locations, the marine atmos-
phere over the eastern Mediterranean exhibits high levels of
nss-sulfate concentrations similar to the values typically
observed over the neighboring heavily indusirialized land-
mass of Europe, and of MSA concentrations as in Icelandic-
North Atlantic waters and in the North Pacific [Milalopoulos
etal , 1997; Luriaetal , 1989; Ganoret al., 2000; Ozsoyetal.,
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Table 1. Comparison of the Mean and Range of Aerosol Sulfate
and Methanesulfonate Concentrations Reported From Various
Locations Around the World

Location nss-SO5 (g m™Y)  MSAlng m™

Pocific Ovean®
New Zealand (36°S, 174°E)° 0.76 (0-1.5) 349 (1.9-136)
American Samoa (14°S, 171°W)  0.41 (0.14-0.74) 26 (10--45)
Fanning Island (4°N, 159°W) 0.67 (0.39-0.98) 45 (25-68)
Shemya (52°N, 174°F) - 97 (103001

Atlantic Ocean®
1.99 (0.25-9.6) 27 (7.8-92)
207 (1.7-3.6) 39 (25- 58)
LOR (0.02-22.6) S0(0.1-552)
0.65 (0.06-23.7y 39 (0.1-408)

Sal Istand (17°N, 23°W)
Miami (26°N, 80°W)
Mace Head (53°N, 10°W)
Ieeland (63°N, 20°W)

Atlantic Ocean (meridional {(1.3-9 (3-90)
transect from 42°S to54°N)? .
Istand Sylt in the North Sea - (15300

Euastern Mediterranean

Erdemli (36°N, 34°E)* 7.0 (0-35.4) 45 (1--383)
Finokalia (35°N, 25°E)' 4.1 (0.1-12.4 27 (4-99)

Tsraeli coast? ) 7.4 (2-50) (2182

Continental Enrope”
INLI-35.6)
5.9 (0.06-289)
3.3 (0.06-14.1)

Greece (38°N, 23°F)
Hungary (46°N, 19°F)
ltaly (45N, 8°F)
Czech Republic (49°N, 15°E) 4.2(0.3-14.1)
Poland (54°N, 17°F) 3.6 (0.3-149)
Lithuania (55°N, 21°F) 35(0.8-15.1)
Russian Fed. (59°N, 29°F) 2.1 (0.1-18.6)

" Saltzman et al. [1986).

®Wilie and de Mora [1996],

“I). Savoie (personal communication, 2002).

"Burgermeiﬁff?r and Georgii [1991).

“Present study.

"Kouvarakis and Mihalopoulos [2002),

EGanor er al. (20001 Luria et al. [19891.

® Hjellbrekke [2000].

2000; Kouvarakis and Mihalopoulos, 2002]. However, recent
SeaWIFS time series data has confirmed very poor biological
production of the eastern Mediterranean. The data, therefore,
indicate inability to support such high levels of MSA concen-
trations. Ozsoy et al. [2000] have highlighted a close relation-
ship between high nss-sulfate concentrations measured at
Erdemli (Turkey) and a particular Emiliania huxleyi bloom
event in the Black Sea during July 1992, This relationship,
however, has not been supported explicitely by measurements
of DMS and/or MSA concentrations as well as the spatial
coverage, intensity, and duration of this particular £ huxleyi
bloom event.

[4] To our knowledge, the only long-term time series data
on MSA measurements in the eastern Mediterranean belong
to the site at Finokalia, a coastal rural site located on Crete
[Kouvarakis and Mihalopoulos, 2002]. While this data set
represented the conditions of the western part of the eastern
Mediterranean, the marine atmosphere over the eastern part
(i.e., the Levantine Sea) has not been monitored systemati-
cally. This paper presents research findings which describes
the first-reported time series data for MSA measurements over
a 4-year period (1996-1999) at a station located along the
Turkish coast of the Levantine basin at Erdemli. This data set
is evaluated together with the complementary data from
Finokalia in order to define the large scale regional and

seasonal variations of MSA and nss-sulfate over the eastern
Mediterranean. An independent evaluation of the Finokalia
data set within the framework of the local sulfur budget
analysis has been presented recently by Kouvarakis and
Mihalopoulos [2002] and Kouvarakis et al. [2002].

[s] The current work primarily aims to provide a more
definitive explanation for the presence of appreciably high
MSA and nss-sulfate concentrations within the marine
atmosphere of the poorly productive Eastern Mediterranean
during the summer months. Using in situ MSA and nss-
sulfate measurements together with SeaWIFS data, and the
air mass back trajectory analyses, the enhanced biological
activity in the Black Sea is shown to be the primary
explanation for the presence of elevated late-spring, summer
sulfate aerosol concentrations in the easternmost part of the
eastern Mediterranean. The current work, in addition,
explores the role of local production triggered by episodic
short-term pulses of Saharan dust on the variability of MSA
concentrations during the spring season at times when there
is wet deposition onto the surface waters of the eastern
Mediterranean Sea [Kubilay et al, 20001,

[e] The paper is structured as follows. Section 2 briefly
describes the data collection and analyses techniques,
including air mass back trajectory analyses. Section 3
provides an overview for the general ecosystem character-
istics of the Black Sea and the eastern Mediterranean from
the perspective of atmospheric sulfur aerosol production.
This section also includes some new results from our
ongoing studies on the characteristics of £, huxleyi blooms
it the Black Sea-Aegean Sea-eastern Mediterranean system.
Following the presentation of seasonal variations of MSA
and nss-sulfate concentrations at Erdemli and Finokalia in
section 4, we report our findings on the possible connection
between the Black Sea summer biological production and
the elevated MSA concentrations of the eastern Mediterra-
nean atmosphere in section 5. Section 6 attempts to relate
weekly variations of the MSA concentrations during spring
to episodic Saharan dust events and their subsequent dep-
osition and fertilization to the eastern Mediterranean surface
waters. Finally, a summary of the results and the main
conclusions are given in section 7.

2. Material and Methods

[7] Bulk aerosol samples were collected at a rural site on
the south-eastern coast of Turkey (Erdemli, 36°33N and
34°15'E) using Whatman 41 cellulose fiber filters (20 cm x
25 em), and at a remote focation on the northem coast of
Crete (Finokalia, 35°24'N and 25°60'E) on 0.45 pm Gelman
Zefluor PTFE filters using hi-vol and low-vol samplers,
respectively. Sampling has been carried out at daily inter-
vals at Erdemli. It has varied in the range from 3 to 48 hours
at Finokalia. The sampling locations are illustrated in
Figure 1. For more details on local conditions of the
sampling sites and aerosol collections, please refer to
Kubilay et al. [2000], Ozsov et al. [2000], Mihalopoulos
et al [1997] and Kouvarakis et al [2000].

[8] The major soluble ion species within the atmospheric
aerosol extracts were analyzed by ion chromatography (1)
using a Dionex AS4A-SC column with an ASRS-T suppres-
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Figare 1. Location map of the eastern Mediterranean and
the sampling site on the island of Crete (Finokalia) and on
the southern coast of Turkey (Erdemli). R, M, and 8 refer to
approximate locations of Rhodes, Mersa Matruh, and
Shikmona gyres of the Levantine Basin, respectively. I in
the greater Mediterranean Sea plot represents the region of
the Tonian Sea. . ,

sor. $0;% (sample volume: 100 u) was determined with an
isocratic elution at 2.0 mi min ' using a Na,COs/MNaHCO,
cluent. MSA~ (sample volume: 500 pl) was determined
with isocratic ehition with a 2.5 mM Na,B,O; eluent and a
flow rate of 2.0 ml min’ | For cations a CS12-8C column
was ‘used with a CSRS-1 suppressor. Separation was
achieved under isocratic conditions with a 20 mM MSA
eluent and a flow rate of 1.0 ml min . The reproducibility
of the measurements was better than 29 and the detection
limit corresponded to 2 pmol m > for a mean air volume of
1000 m’. Non-sea-salt sulfate concentrations were calcu-
lated using Na' as a conservative tracer of sea-salt origin.
More details on the analytical technique are given by
Baboukas et al. 20001, .
[o] Air mass back irajectories were provided by the
European Centre for Medium Range Weather Forecasts
(ECMWF). The trajectories show routes of air masses
arriving between the surface and 850 hPa at the sampling
sites for the past 72 howrs. -

3. General Characteristics of the Biack Sea and
Eastern Mediterranean Ecosystems in Relation to

Oceanic Production of Atmospheric Sulfur
3.1. Black Sea Ecosystem Characteristies
{10] Riverine discharge into the northwestern part of the
Black Sea has been altered considerably since the 1970s
owing to the diminishing net fiesh water inflow (due to the
construction of dams). There has also been an enhancement in
the nutrient fluxes (due (o polly 1hie hae lead 1o the
development of massive eutrophs ,
in the nutrient content of surlace s iy
been the dramatic change in the e
all trophic levels. Phytoplankion conmans

27-3

species succession have been shifted from a diatom-domi-
nated siliceous system to a dinoflagellate and coccolitho-
phorid-dominated nonsiliceous system [Humborg et al.,
1997]. The number of species observed to bloom has
doubled, areal coverage of the blooms has expanded ten-fold
{Zaitsev and Mamaey, 1997], and the natural phytoplankton
annual cycle with spring and autumn maxima has been
replaced by a pattern involving a series of exceptional
maxima [ Fimaz et al., 1998]. Quantitative evaluation of the
factors controlling these ecosystems changes and their impli-
cations on the overall biogeochemical characteristics of the
water column have been reviewed by Oguz et al- 120017,

{11] The observed SeaWil'S-derived surface chiorophyll
concentrations persistently range (every year since [997)
from ~10 15 mg m ' They prevail over the basin
throughout the autumm, winter, and early spring, suggesting
high biological activity throughout the sea within the second
half of the 1990s [see Oguz et al., 2002, Figures 7 and 8]. In
addition, the SEAWIFS chlorophyll patterns revealed com-
plex spatial structure around the periphery of the basin
where the meandering Rim._Current circulation system
maintains a continuous supply of nutrients from the north-
westeen shelf into the basin [see Oguz et af., 2002, Figure
12]. The ovenall production is especially strong in the .-
heavily polluted waters of the northwestern shelf, as well
as of the adjacent Azov Sea on the north and the Marmara
Sea to the southwest, which interact with the Black Sea
through the Kerch and Bosphorus Straits, respectively.
These regions, constituting almost 30% of the Black Sea
total surface arca, are identified by permanently hggh surface
chiorophyil concentrations greater than 5 mg m™~, irrespec-
tive of the seasons.

{12] A major proportion of productivity in the region
appears to be composed of strong DMS producers, such
as haptophytes (including coccolithophorids and small flag-
ellates) and small dinoflagellates especially during the
spring and summer months {Moncheva et al., 1998; Eker
et al., 1999; Cokacar et al., 2001]. All the available findings
suggest that within the last 2 decades, the Black Sea
ecosystem has transformed from a mesotrophic system with

3 limited plankton productivity into a potential year-round
DMS supplier for the atmosphere over the Black Sea-
Aegean Sea- eastern Mediterranean Sea system. Unfortu-
nately, the measurements providing quantitative estimates
for the annual DMS and MSA procuction rates and their
ceasonal variations are not presently available for the Black

Sea, ,
f11] The coccolithoprid E Auxleyi has always been one of
the predominant species in the Black Sea plankton com-
munity. They have been traced by a high carbonate content
in sediment cores [Hay and Honjo, 1989; Tekiroghi-et al.,
2001], by in situ measurements [Sorokin, 1983; Benli, 1987;
Mankovsky et al, 1996; Uysal et al, 1998}, and from
Coastal Zone Color Scanner (CZCS) imagery [Sur et al;
1994] in different parts of the basin, some periods during
. the late spring-summer and the autumn-early winter. Using
the 8-day composile, 9-km resolution, level 3 SeaWiF3
water-leaving radiance data (normalized as if it would be
measured on the ocean surface with the sun directly over-
head) for 19972000, the temporal and spatial character-
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Figure 2. SeaWiFS-derived 8-day-composite coccolith distributions within the
(a) 137144 (end of May), (b} 153160 (early June), (c) 161168 (mid-
(€) 177184 (early July),

Tuly 1998 period at Julian days
June), (d) 169-176 (late-June),

42° 28

30°

Black Sea during May—

and (f) 185-192 (mid-July). Black represents

the regions covered by coccoliths, shading represents the regions without coccoliths, and white shows no

data due to cloud coverage.

istics of the blooms have been identified in the surface
waters of the Black Sea according to the distinct spectral
signatures of coccolith platelets [(Cokacar et al., 2001]). The
pixels satisfying the prespecified ranges of five distinct
combinations of mean normalized water leaving radiances
at 443, 510, and 555 nm have been considered to represent
high concentrations of coccoliths,

[14] According to this analysis, the Black Sea experiences
high reflectance patches of coccolith platelets throughout
the basin each year during the May-July period (Figures 2
and 3). During 1998, the bloom marked in Figure 2 by black
areas seemed to originate from the southeastern part of the
Black Sea toward the end of May (Figure 2a), and then
rapidly spreads throughout the basin within a week (Figure
2b), and persisted on a basinwide coverage for the entire
month of June, 1998 (Figures 2c and 2d). The bloom began
to diminish by early July (Figure 2e), and finally disap-
peared toward the end of July (Figure 2f).

[1s} During the same period (May—July) of 1999, the
bloom structure possessed a more patchy character (Figure
3). It commenced to spread from the northern peripheral
waters of the eastern basin during mid-May (Figure 3a),
eventually covering the entire eastern basin by the end of
May and the early June (Figures 3b and 3c), and then

expanded into the western basin toward the end of June
(Figures 3d and 3e). By mid-July, some scattered coccolith
patches remained noticeable in the eastern basin (Figure 31).

[1s] 1t should be noted that the Sea of Azov and the
western shallow coastal waters are excluded from the
interpretation of the data in these figures in order to avoid
contamination from high-turbidity shelf waters. Although
the current versions of the SeaWiFS algorithms are not
reliable enough to infer E. Mixlevi blooms in turbid waters,
these heavily polluted regions, known (o be very productive
for alimost the entire year, are characterized by complex
phytoplankton species structure capable of producing DMS.

3.2. Eastern Mediterranean Sea Ecosystem
Characteristics

[17] In contrast to the Black Sea, the Meditermnean Sea,
particularly the Eastern Basin, is an extremely oligotrophic
system [Dugdale and Wilkerson, 1988; Azov, 1991; Yacobi
el al., 1995} In the eastern Mediterranean Sea, the bio-
logical production most actively takes place only along
selected coastal and peripheral waters [Psarra et al,,
2000}, and in the Rhodes cyclonic gyre [Napolitano et al.,
2000]. The rest (ie., the anticyclonic gyres of the Ionian
basin and the anticyclonic Mersa-Matruh and Shikmona
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Figure 3.

May—July 1999 period at Julian days (a) 129-136

(mid-June), (d) 169-176 (late-June),

SeaWiFS-derived 8-day-composite coccolith distributions within the Black Sea during the

{mid-May), (b) 145152
(e) 177-184 (early July), and (1) 185

{late May), (¢) 161168
=192 (mid-July). Black

represents the regions covered by coccoliths, shading represents the regions without coceoliths, and white

shows no data due to cloud coverage.

gyres of the Levantine basin

highest concentrations of

concentrations are approximately

Nezlin, 2000, Figure I].

[18] The sediment trap measurements performed from
November 1991 to August 1994 at 3000 and 3500 m depths
in the westernmost part of the eastern Mediterranean

et al., 2000] indicated that coccolithophores

huxleyi) are the most dominant and abundant phytoplankton
group with the highest fluxes taking place during March-—
supported by the
[1993] and Balopoulos
et al. [1996]. The trap data further suggested that even
dominated the system,
its abundance within traps rarely reached the bloom level.
The annual total coccolith flux of 1.0 x 10!° coccoliths m™ 2
" was actually 10— 100 times lower than those measured
in other oceanographic regions [see Ziveri o al., 2000] and

April—May. These findings are also
measurements of Knappertsbusch

though coccolithophore production

yro

as well as the Cretan Sea) in
comparison has a low productivity. The monthly averaged
pigment concentrations derived from the CZCS data for the
eastern Mediterranean during the period 19791985 reveal
~02mgm™* during the Decem-
ber—March period [see Ziveri of al., 2000, Figure 6]. These
an order of magnitude
smaller than the corresponding values in the Black Sea [see

in the Black Sea [Hay and Honjo, 1989). Because of their
relatively low abundance, their detection by the SeaWiFs
SENsors is not as successful as in the Black Sea.

[19] Some correlations between the episodic increases of
coceolith Nuxes and periods of wel deposition of Saharan
dust are evident from the trap data [ Ziveri et al, 2000]. This
relation has been explained by the fertilization of the sea
with inorganic phosphorus, which is known to be the most
limiting nutrient [Zohary and Robares, 1998] controlling E.
huxtevi production in the eastern Mediterranean. The pos-
sibility of episodic phytoplankton blooms triggered by
almospheric deposition of nitrogen, phosphorus and iron
has also been pointed out by Guerzoni et alf, [1999]. A
similar relationship has been suggested over geological
timescales by Henriksson et al. [2000]. The laboratory
experiments carried out by Savdam and Senyuva [2002]
have provided an independent confirmution that phosphorus
and iron are the two most dominant nutrients within Saharan
dust particles. For some cases, when dust depositions leads
to sufficiently strong fertilization of the surface waters
within a reasonably large area, it is possible to identify
enhanced E. fuvleyi production events by the AVHRR
satellite imagery in the form of localized high-reflectance

[Ziveri
(mainly E
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Figure 4. Distributions of (a) aerosol methanesulfonate (MSA in ng m™?y and (b) non-sea-salt (nss)
sulfate concentrations (in pg m™Yy in samples collected during January 1996 to December 1999 at
Erdemli (Turkey) and Finokalia (Crete) shown by open circles and solid stars, respectively.

patches [Saydam and Polat, 1999]. In the subsequent
sections, we will provide some case studies showing the
impacts of such events on the increase of MSA concen-
trations at Erdemli and Finokalia.

4. Seasonal Variations of MSA and NSS-Sulfate
Concentrations

[20] The variations of daily measured MSA and nss-
sulfate concentrations during the 4-year period from January
1996 up to the end of 1999 a Erdemli and Finokalia
stations are shown in Figure 4. Two important features are
immediately noticeable from these data sets: (1) Both
indicate a clear signature of seasonal variations, with high
summer to low winter valfues, and (2) the amplitude of
variations at Erdemli are almost twice that of those detected
at Finokalia. The mean concentrations of MSA over the
measurement geriods were 44.6 + 48.5 at Erdemli and 26.5
+20.1 ng m™ at Finokalia. The corresponding nss-sulfate
concentrations were 6.97 + 5.08 and 4.08 + 2.40 pg m™3,
The presence of high standard deviations in the data,
comparable to the mean values, indicates significant short-
tenm variability on the order of a few days to a week,
especially during the spring and autumn transitions. The
MSA concentrations at Erdemi acquired their peak vahues
of greater than 200 ng m? in 1996, and around 150-200
ng m™ in 1998 and 1999, High concentrations are con-
sistently observed during late May and early June, and are

maintained throughout June and July (Figure 4a). These

values are among the highest measured in the world (see

Table 1). The peak concenirations during the same months

are ~75-100 ng m™* at Finokalia,

{21] The level of winter-to-summer variations are reduced
by 50% when all the data are pooled together to construct a
composite, monthly mean annual data set which filters out
short term variations. Even in this case, order of magnitude
seasonal differences are evident in the data, especially at
Erdemli (Figure 5a). The highest Erdemli MSA concen-
trations of ~100 ng m™? oceur during June and July. They
are almost double those observed in April-May and
August~September, which signifies the initiation and ter-
mination phases of the enhanced . huxieyi activity in the
Black Sea, respectively. The December—!anuary~February
concentrations below 10 ng m >, on the other hand, are the
lowest of the year. Instead of » Gaussian type distribution at
Erdemli, the MSA concentrations at Finokalia maintain
more or less a uniform leve! of around 40 ng m™ during
the June-September period with a slightly higher concen-
tration (~50 ng m™) in May. October and November are
the only two months where the monthly mean MSA con-
centrations of Finokalia (~30 ng m™’) exceed those
observed at Erdemli (~20 ng m™?).

[22] The nss-sulfate concentrations follow similar trends
(Figures 4b and 5b). The peak values at Erdemli exceed 20
pg m? every year; even values up to 35 1g m> are
measured during the summer season (Figure 4b). The
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Figure 5. Monthly mean distributions of (a) acrosol methanesulfonate (MSA in ng m”“‘) and (b) non-
sea-salt (nss) sulfate concenirations (in pg m ) at Brdemii (Turkey) and Finokalia (Crete) shown by
 dotted and hatched bars, respectively. The monthly means are constructed by forming 2 composite annual

data set,

cotresponding maximum concentrations, on the other hand.
are around 10 pg m* at Finokalia. Once again, the
concentrations are approximately halved in the composite,
monthly averaged data sets (Figure 5b). From Table 1, it
may be noted that the range of values of nss-sulfate
concenirations are extremely high when compared with
other data sets from different marine regions of the world.
The Erdemli mean value of ~7 g m™ exceeds the values
of the North Atlantic (Iceland) by almost 3 times, and i5.20
times the values a1t some equatorial open Pacific and
Antarctic: stations. The monthly averaged MSA 1o nss-

sulfate percentage varies between a minimum of 0.2% in
wintet and a maxinm of 1.2% in summer for both Erdemti
and Finokalia. Such extremely low values throughout the
year would suppest additional contributions of nss-sulfate
by means of frequent incursions of pollutant air’ masses
from the three continents surrounding the eastern Mediter-
ranean Sea: .

[23] Assuming that it can be extrapolated to summer
temperatures dod:coastal marine atmosphere of the eastern
Mediterranean, the empirical relation suggested by Bates ef
al. [1992} implies that more than 25% of the measured nss-
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sulfate are predominamly formed from complex heteroge.-

O Erdeml Beous processes [Davis e al., 1999; Legrand ey al., 2001].
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5. Influence of the Black Seq Late Spring-
- - Summer Biological Production on the Aerosol
Composition of the Eastern Mediterranean
Atmosphere

b
k-

S
=
i
H
i
i
€
i
§

4
1

f24] The back-trajeetory analysis of lpeal air masses sug-
.......... - £ests a clear connection between high biological production
in the Black Sea and 4 considerable increase in (he Erdeml;
and Finokalia MsA Concentrations during the summer
months. Here, e focus our attention to the Ju;1e~]1:!y
periods of 199g and 1999 for which we have a common
data set for both the Riack Sea £, fuexleyi bloom activities
I F M aAm I 7 4 5 ¢ N p and sulfur aerosol concentrations at Erdeml; and Finokalja, 1t
has already been Stated that Jtme-ﬂluly corresponded to
Figure ¢, Monthly mean pbercent distributions for the  maximum E huxleyr Populations in the Black Sea (see
biogenic contribution of nss-sulfate estimated by the Figures 2 and 3).
empirical relation [Bares e al., 19921 ot Erdemli (open o X
circlesy and Finokalia (solig stars), 5.1 Black Sea-Erdemli Teleconnection
511, Summer 199g
[25] The back»trajecmry analysig Suggested three digtine
periods of atmospheric b(’}zmdary layer meridional transport
sulfate at Erdemli is estimated 1o have a biogenic origin. - from (he Black Sea toward Erdeml; during June 1998,
during summer (Figyre 6). This contribution may be ag high  These periods, as wel] as otherg during July and August,
as ~50%, during July, The monthly mean bi()genica”y are indicated in Figure 7 by hatched bars superimposed on
derived nss-sulfate coneentrations are apoyy 2.5, 6.0 and the temporal variations of MSA concentrations during
4.0 pg m? for June, July, and August, respectively, The Mareh-mmxgust 1998, The first event persisted approxi-
corresponding value of the biogenic contribution of pye. mately for the firg | 0 days of the month, whereas the
sulfate at Finokalia is around 20%, in July and is Supported  secongd and third opeg were shorter and lasted for only 3
independem!y by the estimate of 24697 from the DMS days during 16 |8 June and for 5 days during 26-3¢ June,
Measurements at the same site [Kowvargfe €l al., 2002]. respectively, The low-level boundary layer transport had 3
This implies (hat the Bates ¢r 47 [1992] empirical relation. similar monthly strucryre in July ag well. It continued
ship applies reasonably well for the eastery Mediterranean during the firg 8 days in July 1998, followed by two more
conditions, We note, however, tha this simplistic approach weekly events during 14-.7] July and 25-3 July 1998
may be questionable and subject to errors I MSA and nss- with some interruptions in between, Thus, the overall
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Figure 7, Temporal distribution of aerosol MSA concentrations (sofiq liney in samples collected during
March—August 1998 at Erdemlj (Turkey). Daily rain EVents are indicated by dotted lines, The periods of
northerly transports from the Black Sea are shown by hatched bars,
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Figure 8. The 3-day air mass back trajectories showing the transport of air masses to the sampling sites
at Frdemli and Finokalia from the Black Sea region at selected times during June-July 1998. For
Erdemti, blue curves represent the trajectories for 2—6 June, green for 17 June, light blue for 23 June, red
for 2630 June, and black for 1-8 July 1998, For Finokalia, blue curves represent the trajectories for 5
7 June, red for 2830 June, and green for 22 and 28 July 1998.

.

duration of transport from the Black Sea amounts to roughly
two thirds of this period. The trajectories from selected days
of these events are shown in Figure 8. This period was
completely dry, without any precipitation, as indicated by
the rain data in Figure 7.

[26] June 1998 MSA and nss-sulfate measurements al
Erdemli encompass only the period between |2 and 24
June. In this period, the MSA concentrations tended to
increase gradually (cf. Flgure 7y from the 3-day mean values
of~125 and ~135 ng m > to the maximum value of 203 ng

-3 dunng 18 June. The subsequent 3-day mean value of
]51 ng m~> was then reduced to ~80 ng m” * during the
next 3 days, when the transport from the Black Sea was
temporarily interrupted (cf. Figure 7). The 13-day mean
value for the whole measurement period corresponds ‘to
~160 ng m~>. The MSA concentrations of 131 and 162 ng
m~? measured during 23 July 1998 seem to suggest that
such high values also persisted during the last week of June.

[27] Figure 9 shows a specific example for such events on
12 June 1998. The high coccolith accumulations in the
Black Sea are shown by the turquoise color relative to the
dark blue coverage of the eastern Mediterranean represent-
ing the absence of any E. huxleyi bloom activity during the
same period. As shown in Figure 9, the air mass trajectories
link the Black Sea DMS production to hlgh level MSA and
nss-sulfate concentrations of 136 ng m™ and 12.2 ug m ™,
respectively, measured at Erdemli on 16 June 1998, The
corresponding values of 47 and 5.1 pg m™> measured at
Finokalia do not suggest such an efficient teleconnection
mechanism during this particular event. Figure 10 shows the

case a week later (24 June 1998) when the low-level
transport from the Black Sea to the measurement sites has
already shifted toward the northwest over the continental
landmass. The MSA and nss-sulfate concentrations then
decreased during this period to 59 ng mPand 5.1 pgm ™,
respectively at Erdemli and to 47 ngm > and 8.4 yg m > at
Finokalia.

[28) It'is interesting to note that the reductmn in the MSA
values to an average value of 47 ng m™? during 8—13 July
1998 matches perfectly with the loss of teleconnection due
to the diversion of low-level air transport from northerlies to
west-northwesterlies, (i.e., from the Black Sea toward con-
tinental Europe), as shown in Figure 7. Once the northerly
transport was established again in 14 July, the Black Sea-
Erdemli teleconnection brings the MSA concentrations
immediatety back fo their previous level. Their 15-day
mean value during the second half of July is ~120 ng

m~*, Following a gmdml reduction of concentrations at the
end of July, they remam more or less at a steady level
around 40—60 ng m~? throughout August 1998. As stated
in section 3, this period corresponds to the termination
phase of the summer E. /uxlevi bloom episode, even though
some flagellate production might continue to take place
within deeper parts of the euphotic zone below the seasonal
thermocline.

5.1.2. Summer 1999

[29] ‘According to the air mass trajectory analysis (Figure
9), the teleconnection between the Black Sea and Erdemli is
established in summer 1999 during the last week of May,
following a 3-week-long. transport from. the south and

:
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Figure 9. SeaWirs true color image for 12 June 1998 (Julian day 163} for the Black Sea-Aecgean Sea-

eastern Mediterranean Sea System. The enhanced Emilianiy huxlevi bloom activity within the Black Sea
18 clearly depicted by the turquoise color, in contrast to the rest of the system shown by the dark blue
color. Also superimposed on this picture are the J-day air mass back trajectories for 16-17 June. 1998,

southwest over the Sahara and the Mediterranean Sea. A
composite of these summer northerly transport events super-
imposed on temporal variations of MSA concentrations g
shown in Figure 2. The northerly transport lasts from 27
May to 9 June. Prior to the northerly transport, the hack-
ground concentration at Erdemli was around 90 ng m 7,
This level of relatively high concentrations should he

production, as will be described
in more details in section 6. The MSA concentrations
attained o mean value of - HO ng m™? during 27 May 1o
9 June 1999 Following an mterruption period of 912
June, it persists during the rest of lune and within the first
half of July 1999 except two more short-term mterruption
events (Figure 12y, The shott-term shift in (he air mass

mamtained due 1o local
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Figure 10. The 3-day air mass back trajectories showing the transport of air masses to the sampling sites

at Erdemli (left) and Finokalia (right) from continent

trajectories was immediately seen in the Erdemli MSA
concentrations by an almost 50% reduction to 50—60 ng
m™? during 9—-12 June 1999. A similar reduction was also
seen to take place during 1820 June and 25-27 June as a
result of other diversions in the trajectory path from the
Black Sea. Otherwise, the MSA concentrations remained
around 100120 ng m™? in June and the first week of July
with the highest measured values of ~150 ng m~? on 21
June and 11-12 July 1999. Following a short interruption
of the transport from the Black Sea and subsequent decrease
in MSA concentrations during 16~ 19 July, the teleconnec-
tion and higher levels of MSA concentrations persist
another week within the second half of July. The Erdemli
MSA concentrations increases from ~60 to ~110 ng m?
during this event. Thereafter, as in the case of previous year,
the concentrations decrease gradually in August.

5.2. Black Sea-Finokalia Teleconnection

[30] The air mass back-trajectory analyses at Finokalia
indicated that low level air transport dominated preferen-
tially from the Western Mediterranean during May-July
1998 and 1999. Finokalia was therefore not affected to the
same degree by the Black Sea biogenic transport as
Erdemli. During 1998, the teleconnection with the Black
Sea is established only occasionally during 8- 14 May, 4--7
June, 27 June to 2 July, and 19-3] July (Figxure 8).
Following the relatively lower values of ~30 ng m "~ during
1-3 June, the MSA concentrations increased to the mean
value of 62 ng m™ during the 4-7 June transport ‘event.
Thereafter, they decreased slightly to the mean value of ~45
ng m™’ during the rest of June, except with a slight increase
to ~55 ngm™ during the week teleconnection event of late
June-early July. The rest of July 1998 is characterized by
MSA concentrations of less than 30 ng m>.

[31] The northerly air mass trajectories were also observed
occasionally during 7- 11, 14—17, and 2627 June 1999 and
5-9,12—14, and 17-20 July 1999 (Figure !1). The first two
events in June ensured MSA concentrations above 50 ng
m™* with a maximum value of 80 ng m ™ being measured on
7 July 1999. The MSA concentrations typically varied
between 20 and 30 ng m ? during the rest of June and early
July with some occasional daily values up o 40 ngm™>. Two
peak values of 74 and 81 ng m > measured during 12 and 20

al Europe on 24 June 1998,

July coincided with short-term episodic transports from the
Black Sea.

[32] The air mass trajectory analysis for Erdemli and
Finokalia therefore points to an unprecedented influence
of Black Sea biological production on the eastern Medi-
terranean sulfur budget. This interaction allows us to
provide a more definitive interpretation for the causes of
temporal and spatial variabilities observed in the summer
MSA measurements of the eastern Mediterranean. The fact
that the Finokalia site is not influenced by air masses from
the Black Sea as frequently as the Erdemli site would
explain its relatively lower observed concentrations during
the summer months.

6. Contribution of Saharan Dust Events to
Oceanic Production of Atmospheric Sulfur

[33] The contribution of Saharan-based aeolian supply of
nutrients on the generation of the toxic dinoflagellate
Gymnodinium breve blooms along the west Florida shell
and the eastern Gulf of Mexico has been recently reported
by Walsh and Steidinger [2001] and Lenes et al. [2001]. Our
analysis of the data during spring months of 1998 and 1999
also seems to suggest contribution of Saharan-based aeolian
supply to increase in the MSA concentrations of the eastern
Mediterranean atmosphere. Their link is established by
temporal enhancement of DMS production of the eastern
Mediterranean surface layer through its fertilization by wet
deposition of phosphate, iron; and other nutrients supplied
during these dust transports events.

[24] Two sets of 3-day back trajectories shown in Figure
Hla indicate that the entire eastern parts of the eastern
Mediterranean Sea are influenced by two simultaneous
Saharan dust transport events during the first half of May
1998. The Saharan dust supply, commenced at the begin-
ning of the month (implied by similar back trajectories as in
Figure 13a), is deposited eventually over the basin as
indicated by precipitation monitored at the local meteoro-
logical station near the Erdemli site during 9 and 10 May
1998 (cf. Figure 7). The precipitation should affect different
areas of the basin at different time intervals and therefore
should lead to a longer period of deposition of dust particles
with a subsequent increase in phytoplankton production.
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Figure 11. Same as Figure 8 except for June—July 1999. For Erdemli, red curves represent the
trajectories for 28--30 May, blue for selected days during 1-29 June, and green for 514 July 1999. For
Finokalia, violet curves represent the trajectories for 7, 9, 14, 17, and 26 June, and yellow for 6,9, 14, 17,

and 19 July 1999.

These sequences of events are seen in an abrupt increase in
MSA concentrations from ~10-20 ng m ™~ measured dur-
ing the first 10 days of May to 60 ng m ™ at Finokalia and
95 ng m™? at Erdemli during 11 May 1998 (cf. Figure 7).
The next event took place a week later. Following the
precipitation recorded at Erdemli during 18-20 May, the
MSA concentrations increased even further to 72 ng m ™ at
Finokalia and 111 ng m™* at Erdemli during 22--23 May

1998. The precipitation seemed to have a temporally
adverse effect on sulfur aerosols by reducing their concen-
trations via wet deposition scavenging. For example, the 3-
day mean MSA concentrations of 79 ng m* during 1517
May prior te the precipitation event at Erdemli decreased to
the mean value of 55 ng m™ at the time of the precipitation
event (18-20 May), and then increased to the 3.day mean
value of 111 ng m ™ during 2224 May 1998 (cf. Figure 7).
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Figure 12. Temporal distribution of aerosol MSA concentrations (continuous line) in samples collected
during March—August 1999 at Erdemli (Turkey). Daily rain events are indicated by dotted lines. The
periods of northerly transports from the Black Sea are shown by hatched bars.
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. Figure 13.  The 3-day air mass back trajectories suggesting Saharan-originated mineral dust transport to
the sampling sites at Erdemli and Finokalia with long fetch over the eastern Mediterranean Sea during {(a)

11 and 17 May 1998 and (b) 18 and 27 April 1999,

A similar event was also observed to take place in April
1998 ‘at Erdemli. The MSA concestrations, which had
already elevated to 74 ng m”> during 13-14 April, have
reduced sharply to'the mean value of 10 ng m ? during 15+
16: April at the time of precipitation, and then incressed 1o a
mean value of 145 ng m > within the next 3 days.

[3s] Depending on the direction of air masses across the
eastem Mediterranean Sea and patchiness of precipitation
associated with local meteorological conditions. the
Saharan-derived production will exhibit some variabitity
over the basin. Figure 13b shows an example for a dust
transport and deposition event during April 1999 tha
incteases the MSA corncentrations only at Erdemli, while
the Cretan side remains unaffected. Following the dust
transport during the first week of April 1999 and subsequent
wet deposition on 7-8 April, the Erdemli MSA concen-
tmtlons reduced firstto 12 ng m * then increased up to 79 ng
m "’ during 911 April (cf. Figure 12). As the Saharan-
based dust transport continued to affect the Levantine basin,
the next rain evﬁrﬂ; reduced the MSA concentrations tempo-
rarily t0 33 ng m ° during 13-14 April. The concentrations
then increased to a mean value of 72 ng m ' during 16-18
April, and 87 ng m * during the following 3 days {c[. Figure
12). The corresponding MSA concentrations at Finokalia
during the same period, on the other hand, were not more
than 20 ng m >, They increased gradually to ~150 ng m™>
during 27-79 April at Erdemil, whde the Finokalia concen-
trations did not exceed 30-40 ng m ™’ during the same time
period. In addition to poor local production, the Finokalia

'Even monthly mean values of ~100.0g m’

site does not receive marine originated sulfur aerosols from
the western basin due to ;ts poor biological productivity.

7. - Summary and Cenclusions

[36} ‘The present work reports for the first time the resulfs
from a 4-year-lohg tiine series ‘on MSA and nss-sulfate
concentrations in the easternmost part of the eastern Med-
iterranean; The origin of unexpectedly high sulfate aerosol
productions over this very poor productive sea is elucidated.
Our analyses are based on the measurements at two coastal
sites; one located near Erdemli, along the Mediterrancan
coast of Turkey; representative of the northeastem part of
the Levantine basin of the eastern Mediterranean; and the
other located on the island of Crete, almost 1000 km west of
Erdemli; representative of the westernt basin of the eastern
Mediteitanean. These data sets are complemented by Sea-
WiES time series data in order to relate ‘their temporal
variations to biological production in the region. Air mass
back-trajectory “analyses was also used to explain these
variations i terms of local versus remote biogenic sources.

{37} The measurements at Erdemli suggesthigh (>150 ng

’) MSA concentrations during June—Jul ily of edch year:
obtained from

the .composite dala set ‘exceed many of those measured
globally. The corresponding biogenically derived monthly
mean nss-sulfate concentrations are ~2.5, 6.0, and 4.0 jig
m ? for June, July, and August. Again, high values detected

‘suggest a very efficient ocean-atmosphere coupling of the
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sulfur cycling and lateral transport over the region. One of
the key factors contributing to such high sulfate aerosol
concentrations over the northeastern part of the eastern
Mediterranean is the persistence of northerly low-level
boundary layer atmospheric transport prevailing over the
region during the summer months. The other main factor is
the presence of high and almost continuous phytoplankton
production over the entire Black Sea as a result of its intense
eutrophication that developed within the last 2 decades.
DMS-producing species (such as coceolithophorids, flagel-
lates, etc.) constitute a major part of the total phytoplankton
community. Therefore the Black Sea serves as a year-round
active source for the generation of sulfate aerosels within its
atmosphere. It would not, therefore, be surprising to measure
higher MSA and nss-sulfate concentrations over the Black
Sea when compared to the northeastern Levantine basin.
However, no such measurements are yet available.

[38] The summer is not a particularly productive season
for the Black Sea. The most abundant phytoplankton species
prone to sulfate production in this season are the coccoli-
thophorids E. huxlevi. The SeaWiFS mean normalized water
leaving radiance data suggests its basinwide blooming
within the surface mixed layer during June and July every
year. This activity is further complemented by subsurface
flagellate production below the seasonal thermocline. The
low-level meridional atmospheric transport therefore carries
sulfate aerosols, generated as a byproduct of summer bio-
logical production, over Anotolia into the marine atmos-
phere of the northern Levantine Sea. This process occurring
approximately from the end of May to the end of September.
However, the western basin of the eastern Mediterranean
around the island of Crete does not receive sulfate containing
aerosol from the remote Black Sea. The peculiar regional
atmospheric circulation systems over the Black Sea-Aegean
Sea-eastern Mediterranean Sea region can only sustain
approximately half of the lateral aerosol flux supplied to
the northeastern Levantine basin. In the summer months, the
total absence of precipitation ensures that there are no losses
through wet depositions. The region is also usually charac-
terized by weak winds. Sulfate aerosol concentrations can
therefore be present at high levels during the summer
months. More time series measurements at additional sites
between Erdemli and Finokalia are needed to more precisely
resolve the spatial variability.

{39] The lateral aerosol supply from the Black Sea termi-
nates afler September as the direction of low level air
transport is shifted preferentially to westerlies during the
autumn and winter months, As both the eastern Mediterra-
nean (the local source) and the Western Mediterranean (the
remote source) do not possess any appreciable biogenic
production during these seasons, the MSA and biogenically
derived nss-sulfate concentrations remain at their lowest
concentrations both at Erdemli and Finokalia. The estimated
biologically derived nss-sulfate concentrations are negli-
gible from October to April, while the presence of more
than 3 pg m™> monthly averaged total nss-sulfate concen-
trations suggests substantial aerosol supply from anthropo-
genic sources of continental Europe.

[40] The data reveal considerable short-term variability
(weekly) in the MSA and nss-sulfate concentrations during
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spring months. A closer inspection of the data suggests that
these variations in fact correspond to atmospheric and
oceanic events triggered by episodic Saharan dust storms
over the eastern Mediterranean. Although such storms may
oceur over the year, only those concurrent with sufficient but
short-term rainfalls and dissolution of aeolian nutrients in the
water are biogenjcally important. Shori-term rainfall is
necessary for wet deposition of dust minerals; longer dura-
tion rainfalls, as in the winter months, may lead to a complete
washout of sulfate aerosol particles from the atmosphere.
April-May is the most favorable periods for such events.
When the MSA, air trajectory, and rainfall data are evaluated,
it is apparent that Saharan dust particles are first transported
over the sea, then undergo wet deposition. The rainy period
coincides with an immediate drop in MSA concentrations
due to washout. However, as soon as the rain stops, MSA
concentrations revert back to their prerainfall concentration,
which can only be possible through local biogenic produc-
tion as 4 response to fertilization of the surface waters by dust
minerals, The Erdemli data suggests two or three such events
per month during April-May periods.

[21] In the current study, we highlight a series of pro-
cesses working concurrently to explain the variations of
aerosol sulfate concentrations within the eastern Mediterra-
nean atmosphere. As the region offers a relatively closed
system with a very strong signatures in the ocean-atmos-
phere sulfate cycling. it may serve as an ideal environment
{o carry oul more detailed interdisciplinary studies to under-
stand the details of the many processes of global importance
controfling the functioning of the sulfate cycling from
oceanographic, atmospheric, and climatic perspectives,

[42] Acknowledgments. This study was funded by Middle East Tech-
nical University (METU)Y, AFP-2001-07-01-01 Project, the Turkish Scien-
tific and Technical Research Council (TUBITAK), 100Y121 Project, the
World Meteorological Organization (WMO) through special service agree-
ments between WMO and N. Kubilay (5.115/A/CNS and 18.637/A/CNS),
and the EU project ADIOS (EVK3-CT-2000-00035). 1t is a contribution to
the Black Sea-ODBMS Project sponsored by the NATO Science for Peace
Program. Mustala Kogak benefited from a research feflowship of START 1o
work at the University of Crete. Nikos Mihalopoulos acknowledges the
travel support provided by TUBITAK during his visit to Erdemti, We thank
Emin Ozsoy for making available the ECMWF trajectory analyses through
collaboration with the Turkish State Meteorological Office. We would also
like to thank Dennis Savoie for compiling the data set used in Table 1. The
SeaWiF$ Project, and the Distributed Active Archive Center at the Goddard
Space Flight Center, are thanked for the production and distribution of the
data. The comments by fwo aponymous reviewers were helpful to clarify
several points in the manuscript.

References

Azov, Y., Bastern Mediterranean: A Marine desert?, Mar Poll. Bull., 23,
225-232. 1991

Baboukas, E. D)., M. Kanakidou, and N. Mihalopaulos, Carboxylic acids in
gas and particulate phase above the Atlantic Ocean, J. Geophys. Res.,
105, 14459~ 14,471, 2000

Balopoulos, ., ef al, A synthesis of preliminary results from multidisci-
plinary oceanographic studies in the South Aegean Sea and the straits of
Cretan Arc (abstract), paper presented at Second Workshop of the Med-
iterranean Target Project, sponsor, Crete, Greece, 1996,

Bates, T. S., 1. A. Cathoun, and P. K. Quinn, Variations in the methane-
sulfonate to sulfate molar ratio in submicrometer marine aerosol particles
over the south Pacific acean, J. Geophys. Res., 97, 98599865, 1992.

Benli, H., Investigation of plankton distribution in the southern Black Sea
and its effect on particle flux, in Particle Flux in the Ocean, edited by E. T.




KUBILAY ET AL.: EASTERN MEDITERRANEAN AEROSOLS

Degens. E. Izdar, and S. Honjo. Mitt. Geol. Palaeonwl, Inst. Univ.
Hamburg, 62, 7787, 1987.

Burgermeister, S., and H. W, Georgii, Distribution of methanesulfonate,
nss-sulfate and dimethlysulfide over the Atlantic and the North Ses,
Atmeos. Environ., Part A, 25, 387595, 1991,

Charlson, R. J., J. E. Lovelock, M. O. Andreae, and 8. G. Warren, Oceanic
phytoplankton, atmospheric sulphur, cloud albedo and climate: A geo-
physiological feedback, Nonwe, 326, 655-0661, 1987,

Charlson, R. J., 1. Longner, H. Rodhe, C. B. Leavy, and S. G. Warren,
Perturbation of the Northern Hemisphere rmadiative balance by backscat-
tering from anthropogenic sulphate aerosols, Tellus, Ser AB, 43. 152~
163, 1991,

Cokacar, T., N. Kubilay, and T. Oguz, Structure of F. huxleyi blooms in the
Black Sea surface waters as detected by SeaWiF§ imagery, Geophys. Res.
Lert., 28, 4607 -4610, 2001,

Davis, D)., et al., Dimethyl sulfide oxidation in the equatorial Pacific: Com-
parison of model simulations with field observations for DMS, S0,.
H,S04(g), MSA(g), MS, and NSS, J. Geophys. Res.. 104, 37655784,
1999.

Dugdale, R. C., and F. P. Wilkerson, Nutrient sources and primary produc-
tion in the Eastern Mediterranean, Oceanol. Acta, 9, 179184, 1988,
Fker, E., L. Georgieva, L. Senichkina, and A. E. Rdeys, Phytoplankton
distribution in the western and eastern Black Sea in spring and autumn,

ICES J Mar. Sci, 56, 15-22, 1999,

Ganor, E., H. A, Foner, H. G. Bingemer, R, Udisti, and 1. Setter, Biogenic
sulphate generation in the Mediterranean Sea and its contribution to the
sulphate anomaly in the aerosol over Ismae! and the Eastern Mediterra-
nean, Atmos. Environ,, 34, 34533462, 2000,

Guerzoni, S., et al., The role of atmospheric deposition in the biogeochem-
istry of the Mediterranean Sea, Prog. Oceanogr.. 44, 147 - 190, 1999
Hay, B. I, and S. Honjo, Particle deposition in the present and Holocene

Black Sea, Oceanography, 2, 2631, 1989

Henriksson, A. S., M. Sarnthein, G. Eglinton, and J. Poynter, Dimethylsul-
fide production variations over the past 200 ky. in the equatorial Atlantic:
A first estimate, Geology, 28, 499 302, 2000

Hiellbrekke, A.-G., Data report 1998, Part 1, Annual sammaries, EMEP/
CCC Rep. 3/2000, Norw. Inst. for Air Res.. Kjeller, Norway, 2000,

Humbeorg, C., V. Itekkot, A. Cociasy, and B. v. Bedungen, Effect of Da-
nube River dam on Black Sea biogeochemistry and ecosystem structure,
Nature, 386, 385--388, 1997.

Knappertsbuch, M., Geographic distribution of living and Holocene cocco-
lithophores in the Mediterranean Sea, Mar. Micropaleontol., 21, 219
247, 1993,

Kouvarakis, G.. and N, Mihalopounlos, Seasonal variation of gaseous di-
methylsulfide and sulfir species in aerosol phase in the Eastern Medi-
terranean atmosphere, Atmos. Environ., 36, 929938, 2002,

Kouvarakis, G., K. Tsigaridis, M. Kanakidou, and N. Mihalopoulos, Tem-
poral variations of surface regional background czone over Crete Island
in southeast Mediterranean, J. Geophys. Res., 105, 43994407, 2000,

Kouvarakis, G., H. Bardouki, and N. Mihalopoulos, Sulfur budget above
the eastern Mediterranean: Relative contribution of anthropogenic and
biogenic sources, Tellus, Ser: B, 54, 201212, 2002

Kubilay, N., 8. Nickovie, C. Moulin, and F. Dulac, An illustration of the
transport and deposition of mineral dust onto the eastern Mediterranean,
Atmos. Environ., 34, 12931303, 2000,

Legrand, M., L. Sciare, B. Jourdain, and C. Genthon, Subdaily variations of
atmospheric dimethylsulfide, dimethylsulfoxide, methanesulfonate, and
non-sea-salt sulfate aerosols in the atmospheric boundary layer at Du-
mont d"Urville (coastal Antarctica) during summer. J. Geophys. Res.,
106, 14,409 - 14,422, 2001.

Lenes, J. M., B. P. Darrow, C. Cattrall. C. A, Heil, M. Callahan, G. A,
Vargo, and R, H. Byme, Iron fertilization and the Trichodesmium re-
sponse on the west Florida shelf, Linmol. Oceanogr, 46(6), 1261 -
1277, 2001,

Luria, M., B, Lifschitz, and M. Peleg, Particulate sulfate levels at a rural site
in Israel, J. Atmos. Chem., 8, 241250, 1989,

Mankovsky, V. L, V. L. Viadimirov, £. 1. Afonin, A, V. Mishonoy, M. V.,
Solovev, B. E. Anninskiy, L. V. Georgieva, and O. A, Yunev, Long-term
variability of the Black Sea water transparency and factors determined its
strong decrease in the late 1980s, early 1990s, technical report, 32 pp.,
Mar. Hydrophys. Inst,, Sevastopol, Ukraine. 1996,

Mihalopoulos, N., E. Stephanou, M. Kanakidou, S. Pilitsidis, and . Bous-
quet, Tropospheric acrosol fonic composition in the eastern Meditera-
nean region, Tellus, Ser. B, 49, 1-13, 1997,

Moncheva, S., G. Stereva, A. Krastev, N. Bodeanu, A, Kideys, and S.
Bayraktar, Vertical distribution of summer phytoplankton in the western
Black Sea during 19911995 with respect to some environmental fac-
tors, in NATO TU-Black Sea Project: Ecosystem Modeling as a Manage-

27 -15

ment Tool Jor the Black Sea. edited by L. Ivanov and T. Oguz. pp. 327~
330, Khuwer Acad., Norwell, Mass,, 1998,

Napolitano, B, T, Oguz, P, Malonette-Rizzoli, A, Yilmaz, and B, Sansone,
Simulations of biological production in the Rhodes and lonian basing of
the eastern Mediterranean, J. Mar: Sust., 24. 277~ 298, 2000.

Nezlin, N. P, Unusual phytoplankton bloom in the Black Sea during 1998 -
1999: Analysis of remotely sensed data, Oceanslogy, 41, 375 - 380, 2000,

Oguz, T., H. W. Ducklow. I. E. Purcell, and P. Malanotte-Rizzoli, Modeling
the response of top-down control exerted by gelatinous carnivores on the
Black Sca pelagic food web, L Geophys, Res., 106, 45434564, 2001,

Oguz, T., A, G. Deshpande, and P. Malonetie-Rizzoli, The role of mesos-
cale processes controlling biological variability in the Black Sea coastal
waters: Inferences from SeaWiFS-derived surface chlorophyfl field, Cont.

_ Shelf Res., 22, 14771492, 2002,

Ozsoy, T.. C. Saydam, N. Kubilay, and 1. Salihoglu, Aerosol nitrate and
non-sea-salt sulfate over the eastern Mediterranean, Global Atmoes. Ocean
Syst., 7, 185227, 2000,

Pearm, 8., A, Tsclepides. and L. Ignatiades, Primary productivity in the
oligotrophic Cretan Sea (NE Mediterranean), Seasonal and interannual
variability, Prog. Oceanogr., 46, 187-204, 2000.

Sattzman, E. 8., I, L. Savoie, J. M. Prospero, and R. G. Zika, Methane-
sutfonic acid and non-sea-salt sulfate in Pacific air: Regional and seasonal
variations. .JJ. Ammos. Chem 4, 227 - 240, 1986,

Saydam, A. C., and L. Polat, The impact of Saharan dust on the occurrence
of algae bloom. in Proceedings of the EUROTRAC Symposium 98,
edited by P. M. Borrell and P. Borrell, pp. 656663, WilTpress, South-
ampton, England, 1999,

Saydam, A, C.. and H. Z. Senyuva, Deserts: Can they be the potential sup-
pliers of bivavaliable iron?, Geophys. Res. Lert., 29, 1524, doi:10.1029/
2001GLOT3562, 2002

Sorokin, Y. 1., The Black Sea. in Fswaries and Enclosed Seas. Ecosyst.
Horld, vol. 26, edited by B. H. Ketchum, pp. 253-292, Elsevier Sci..
New York, 1983,

Sur, Ho L, E. Ozsoy, and 0. Untiiata, Boundary current instabilities, upwel-
ling. shelf mixing and eotrophication processes in the Black Sea, Prog.
Oceanogr, 33, 249302, 1994

Tekiroglu, E.. V. Ediger, S, Yemenicioglu, 8. Kapur, and E. Ak¢a, The
experimental analysis on the late’ quaternary deposits of the Black Sea,
Oceanol. Acra, 24, 51-67, 2001,

Uysal, Z.. A. E. Kideys, L. Senichkina, L. Georgieva, D. Altukhov, L.
Kuzmenko, L. Manjos, E. Mutls, and E. Fker, Phytoplankton patches
formed along the southern Black Sea coast in spring and summer 1996, in
NATO TU-Black Sea Project: Ecosystem Modeling as o Management
Tool for the Black Sea, edited by L. Ivanov and T. Oguz, pp. 151~
162, Kluwer Acad.. Norwell, Mass., 1998,

Walsh, J. I, and K. A, Steidinger. Saharan dust and Florida red tides: The
eyanophyle connection, J. Geophys, Res, 106, 11,597 - 11612, 2001
Wylie, D, 1 and S, 1 de Mora, Atmospheric dimethylsulfide and sulfur
species in gerosol and rainwater at a coastal site in New Zealand,

J. Geophys. Res., 101, 21,041.-21.049, 1996,

Yacobi, Y. Z.. T. Zohary, N. Kress, A. Hecth, R. D. Robarts, M. Waiser, A.
M. Wood, and W, K. W. Li, Chlorophyil distributicn throughout the
southeastern Mediterranean in relation to the physical structure of the
water mass, J. Mar Svst.. 6, 179189, 1995,

Yimaz, A, (. A Yunev, V. L Vederikov, S. Moncheva, A. S. Bologa, A
Coctasu, and D. Ediger, Unusual temporal variations in the spatial dis-
tribution of chlorephyll-a in the Black Sea during 19901996, in NATO
TU-Black Sea Project: Fcosystem Modeling as a Management Tool Jor
the Bluck Sea, edited by L. 1. Ivanov and T. Oguz, pp. 105-120, Kluwer
Acad., Norwell, Mass., 1998,

Zaftsev, Y. and V. Mamaey, Marine Biological Diversity in the Black Sea:
A Sy Of Change And Decline, Black Sea Environ, Ser., vol. 3, 208 pp.,
U.N. New York. 1997,

Zivert, P, A, Rutten, G. 1. de Lange, 1. Thomson, and C. Corselli, Present-
day coceolith fluxes in central castern Mediterranean sediment traps and
surface sediments, Palacogeogr. Paleoclimatol. Palaeoecol., 158, 175~
195, 2000.

Zohary, T., and R, D. Robarts, Experimental study of microbial P limitation
in the eastern Mediterranean, Limnol. Oceanogr., 43, 387395, 1998.

T. Cokacar, M. Kogak, N. Kubilay, and T. Oguz, Institute of Marine
Sciences, Middle East Technical University, P.K. 28 Erdemli, leel 33731,
Turkey. (kubilay@ims.metu.edutr; oguz(@ims.metu.edu.trj

. Kouvarakis and N, Mihalopoulos, Environmental Chemical
Processes Laboratory, Department of Chemistry, University of Crete,
PO, Box 1470, 71409 Heraklion, Greece. (Kouvarak@ichemistry.uoe.gr
mithalo@chemistrv.uoe go




	00000001.TIF
	00000002.TIF
	00000003.TIF
	00000004.TIF
	00000005.TIF
	00000006.TIF
	00000007.TIF
	00000008.TIF
	00000009.TIF
	00000010.TIF
	00000011.TIF
	00000012.TIF
	00000013.TIF
	00000014.TIF
	00000015.TIF
	00000016.TIF
	00000017.TIF
	00000018.TIF
	00000019.TIF
	00000020.TIF
	00000021.TIF
	00000022.TIF
	00000023.TIF
	00000024.TIF
	00000025.TIF
	00000026.TIF
	00000027.TIF
	00000028.TIF
	00000029.TIF
	00000030.TIF
	00000031.TIF
	00000032.TIF
	00000033.TIF
	00000034.TIF
	00000035.TIF
	00000036.TIF
	00000037.TIF
	00000038.TIF
	00000039.TIF
	00000040.TIF
	00000041.TIF
	00000042.TIF
	00000043.TIF
	00000044.TIF
	00000045.TIF
	00000046.TIF
	00000047.TIF
	00000048.TIF
	00000049.TIF
	00000050.TIF
	00000051.TIF
	00000052.TIF
	00000053.TIF
	00000054.TIF
	00000055.TIF
	00000056.TIF
	00000057.TIF
	00000058.TIF
	00000059.TIF
	00000060.TIF
	00000061.TIF
	00000065.TIF
	00000066.TIF
	00000067.TIF
	00000068.TIF
	00000069.TIF
	00000070.TIF
	00000071.TIF
	00000072.TIF
	00000073.TIF
	00000074.TIF
	00000075.TIF
	00000076.TIF
	00000077.TIF
	00000078.TIF
	00000079.TIF
	00000080.TIF
	00000081.TIF
	00000082.TIF
	00000083.TIF

