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* UV radyasyon (A < 400 nm) : Diinya atmosferi’nin isitilmasi ve dinamigi
icin en 6nemli radyasyon kaynagidir.

* Kisa-donemli deg. (D6nme) & Uzun-donemli deg. (Gilines Cevrimi)

* UV radyasyondaki kisa-donemli degisim : Giines lizerindeki parlak ve
karanlik lekelerin birbirlerine gore degisimlerine baghdir : Glines ¢evrimi
esnasinda, Diinya lizerinde de etkisini gosterecektir.

* Fakulalar, kisa UV dalgaboylarinda ¢ok daha etkin ve baskindir (A < 300
nm).

* Glines lekeleri, 300 nm’den ¢ok daha biiyiik dalgaboylarinda (goériinir
dalgaboylari) cok 6nemli hale gelmektedir.

* Glines’in UV radyasyonundaki zaman ve tayf degisimleri, atmosferik yapiy1 anlamak ve-I
model kurmak igin gereklidir.

* SAC 23: Manyetik olarak zayiftir; kiiciik gilines-leke grup sayilari ve plaj yilizey alanlari
bakimindan zayiftir; biiyiik glines-leke grup sayilari ve fakiila alanlar fazladir; Mg Il indeksi,
F10.7 ve E10.7 SACs 21 and 22’den zayiftir. UV tayf ¢izgilerinde giiglii SSI degisimi gorulmiistir.
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Table 1. List of the selected data for UV spectral ranges used in the present analysis is given. The space
flight experiments and data archives are indicated as well.

Selected Data
for Processing The Spaceflight Experiments and Data Archives
and Origin Region

1981-1986 1987-1990  1992-1996  1997-2001  2003-2009
cycle 21-D®  cycle 22-A?  cycle 22-D  cycle 23-A  cycle 23-D
121.5 nm (Lyman a) SME SME UARS UARS SORCE
emission (NSSDC) (NSSDC) (GDAAC) (GDAAC) (LISIRD)
Trans. Region
200.5 nm - 300.5 nm SME SME UARS UARS SORCE
emission (NSSDC) (NSSDC) (GDAAC) (GDAAC) (LISIRD)
Chromosphere
ISSN SIDC SIDC SIDC SIDC SIDC
Solar Surface
¢ Descending
b Ascending ]

-
* Gozlemsel veri —> 0.5 nm dalgaboyu araligi

I
| * Secilen dalgaboylari : 121.5 nm, 200.5 nm, 246.5 nm, 279.5 nm, 280.5 nm, 285.5 nm,
| 286.5 nm, 289.5 nm, 298.5 nm ve 300.5 nm.
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f* Data Analiz Yontemi : (a) Secilen verileri ¢ikarmak ve derlemek. |
| (b) Veriyi ayni tiirden veri toplulugu haline getirmek. )
; (c) Elde edilen veriye istatistiksel islem uygulamak (regression ve I
. correlation analiz yontemi) |

I * jstatistiksel islem : (a) Eksik verilerin interpolasyon yontemiyle tamamlanmasi. I
; (b) Timed average and smoothed average.

(c) Regression analizi (dogrusal egilim olusturmak igin) [
[ (d) Korelasyon katsayilarini hesaplamak.

(e) Eldeki verinin zaman serisi analizini yapmak.

*200.5 nm - 300.5 nm dalgaboylarina karsilik gelen tayf ¢izgileri: Cll, Coll, Cr i, Fe ll, Mg Il
h&k, Mn Il, Ni Il ve Ti ll (Harrison, 1939 ve Doschek et al., 1977) —>(< 2 x 10"4 K.)

*120 nm - 400 nm : T (eff) < 5770 K ve azalan giines aktivitesiyle isinim azalir.
(He ligin) 587.5 nm : T (eff) > 5770 K ve azalan giines aktivitesiyle isinim artar.

M Olasi Aletsel Problemler: 1

(1) SORCE (UARS) : UV’de 6nemli buylikliikte bir degisim: 1630 nm — 2423 nm &
300 nm - 400 nm dalgaboyu araliklarinda diisiik sinyal-giiriltii orani (Ball et al., 2012).

(2) SORCE/SIM : TSI ve goriiniir tayfta negatif korelasyon & UV araliginin yakininda guiglii ve
pozitif degisim (Wehrli et al., 2012).

Uzun-donemli belirsizlikler: = 0.5 - 0.1 % (200 nm — 300 nm); = 0.2 — 0.05 % (310 nm - 400
nm); 0.05 % (400 nm — 1600 nm) (Ermolli et al., 2013).
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Fig. 1. (a.1). (a.2), (a.3) indicate the SSI intensity data for 121.5 nm, 285.5 nm, 300.5 nm versus years
for the descending phase of SAC 21 from 8 October 1981 to 31 December 1986 and (b.1), (b.2), (b.3) indicate
the SSI intensity data for 121.5 nm, 285.5 nm, 300.5 nm versus years for the ascending phase of SAC 22
from 1 January 1987 to 13 May 1989. A relatively compatible correlation to SAC variation is observed
for the SSI intensity of the selected spectral lines 121.5 nm, 285.5 nm and 300.5 nm from the year 1981
to 1990. However, coefficients of determination (R?) values have still lower proportion of the variance for
some wavelengths as seen in Figs. (b.2), (a.3) and (b.3).
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Fig. 2. (c.1), (c.2), (c.3) indicate the SSI intensity data for 121.5 nm, 285.5 nm, 300.5 nm versus years

for the descending phase of SAC 22 from 31 December 1991 to 31 December 1996 and (d.1), (d.2), (d.3)
indicate the SSI intensity data for 121.5 nm, 285.5 nm, 300.5 nm versus years for the ascending phase of
SAC 23 from 1 January 1997 to 15 October 1999. A relatively compatible correlation to SAC variation is
observed for the SSI intensity of the selected spectral lines 121.5 nm, 285.5 nm and 300.5 nm from the year
1991 to 2000. However, coefficients of determination (R?) values have still lower proportion of the variance
for some wavelengths as seen in Figs. (c.2), (c.3), (d.2) and possible (d.3).
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Correlation coefficient values correspond to the intensity profiles of the selected spectral lines.
Spectral Lines Correlation Coefficients (r.)
1981-1986 1987-1990 1992-1996 1997-2001 2003-2009
121.5 nm 0.93 0.94 0.93 0.89 0.83
285.5 nm 0.76 0.31 0.37 0.54 0.03
300.5 nm 0.18 0.34 0.50 0.06 -0.74
d

Fig. 3. (e.1), (e.2), (e.3) indicate the SSI intensity data for 121.5 nm, 285.5 nm, 300.5 nm versus years
for the descending phase of SAC 23 from 14 May 2003 to 14 June 2008. Positive correlation is observed for
the SSI intensity of the selected spectral lines 121.5 nm and 300.5 nm from the year 2003 to 2009. In contrast
to this, the correlation is not qualified for 285.5 nm as seen in Fig. (e.2) and this nonadaptive variation
is supported by a very low coefficient of determination value as R* = 0.001. In any case, it shows that the
unerpected increasing of 300.5 nm spectral line from the year 2003 to 2009 is caused by solar structure, not
from the instrumental effect. High correlation of R? = 0.55 value indicates to this.
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Fig. 4. (a) From the top to the bottom (a-f), variations of the standardized daily values of the selected
band intensities with the corresponding elements 121.5 nm (Lyman o), 246.5 nm (Fe II), 279.5 nm (Mg
II), 286.5 nm (Cr II), 298.5 nm (Fe II) and ISSN are given, respectively. Standardized values are shown as
data points. Solid lines correspond to smnoothed data creating by moving average of 61 points. The horizontal
aris corrvesponds to the period 8 October 1981-31 December 1986; (b) The same parameters for the period 1
January 1987-13 May 1989; (c) The same parameters for the period 3 October 1991-31 Decemnber 1996 and
(d) The same parameters for the period 1 January 1997-15 October 1999. The only unexrpected variation is
seen for the Fe Il elemment (298.5 nm) after the middle of 1996 for the decreasing phase of SAC22.
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Table 3. Correlation coefficient values correspond to the standardized daily values of the selected spectral
lines with ISSN.
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A Statistical Analysis of Solar Surface Indices Through the Solar Activity
Cycles 21-23

Umit Deniz Goker, Jagdev Singh, Ferhat Nutku, Muthu Priyal
(arXiv: 1604.03011v1) (submitted to Sun and Geosphere)

I goriintusii, gunes diski uUzerindeki parlak ve karanlik bdlgelerin
I etkilerinin analizini yapmakla miimkiin olacaktir. Giines leke boyutu ve I
grup tiriline gore, glines yuzey indislerinin zaman serisi analizi. I

* Bliyuk SGs (D, E, F ve G) : oncl ve takip eden leke gruplarinin herI
| ikisinde de penumbra bulunmaktadir.

I Kiicliik SGs : (A ve B : penumbra yok) ; (C, H ve J : en azindan bir ana I
lekede penumbra bulunmaktadir) |

* TSI (karanlik giines-lekeleri ve parlak fakiila alanlarinda degisim) I

I* SAC 23 (parlak fakiila ve kromosferik plaj alanlarinda belirgin birI
| azalma; karanlik fakiila ve plaj oraninda azalma)

I* Ca Il K-akisi gozlemleri onemlidir ¢linkii plaj alanlarn glines
yiuzeyinden gelen toplam manyetik akinin yarisina sahiptir.

* Analizlerimizde (veri, plot c¢izgileri, dagilm ve bar pIotIarlnda)I
IPython kitiiphanelerini kullandik (Pandas, NumPy & SciPy andl
I Matplotlib)

-




Python ile Analiz Yontemleri

(1) Aylik ortalamalari alinmis glines leke sayilari, manyetik alan, TSI, FA, Ca Il K-akisi, PA ve
FA/Ca Il K-akisi orani verileri her ay icin gruplandi (aggregate function of arithmetic mean)

(2) Gruplama sonrasi, giines leke sayilari ve glines yiizey indis verileri ayni ay ve yil olmak
Uzere birlestirildi (merging operation)

(3) SGs ve glines yiizey indisleri i¢cin «Cross-correlation analysis» uygulandi (aylik ortalama
veriler i¢in - unsmoothed merged)

(4) Zaman serilerinin hareketli ortalamasi (rolling_mean function of Pandas) —— uygulanan
pencere boyutu 7 giindiir.

(5) Bar grafikleri, zaman serisi verilerinin yillara gére gruplanmasi ve aritmatik ortalama yoluyla
her bir yil i¢in verilerin ortalamasi alinarak olusturulmustur.

(6) Herbir glines leke sayisi, tiim tirler (gruplara) ait glines leke sayilarinin toplamina béliinerek
normalize edilmistir.

(7) Normalizasyon sonrasi, giines leke sayilari yillara ve her bir yilin da ayrica ortalamasi
alinacak sekilde gruplanmistir.

NN ) : (AR g ops W |
(8) Her bir yil i¢in ortalama giines leke sayilarinin normalizyonu: | 7555 * 7558 “ 755y “ 7ssv ~ |

(9) Bar grafikleri gizimi icin yillik gruplama ve ortalama (dagilmadan arinma) : Her bir yil igin
turlerine gore giines leke sayilarinin goreli degisimi.

(10) Pearson product-moment korelasyon katsayisi (Pandas corr_function for dataframes)
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(a) Time series of AB, C and H type SGs and SSCs are compared with absolute value of
the monthly grouped and averaged magnetic field. Thick lines are 15 day simple moving

averages.
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(b) Time series of DEF type SGs and SSCs are compared with absolute value of the
monthly grouped and averaged magnetic field. Thick lines are 15 day simple moving
averages.
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(a) Time series of monthly grouped and averaged TSI are compared with AB, C and H
type SGs and SSCs. Thick lines are 15 day simple moving averages.
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(b) Time series of monthly grouped and averaged TSI are compared with DEF type SGs
and SSCs. Thick lines are 15 day simple moving averages.

Figure 1. The z-direction denotes the years and the y-direction denotes the monthly mean SGs and SSC numbers (right) and monthly
mean magnetic field (left). The magnetic data start from January, 16 1982 and complete May, 1 2014 while SGs and SSC numbers start
from January, 16 1982 to May, 1 2014. The SG and SSC numbers of AB, C and H in Fig. (a) and DEF in Fig. (b) are shown with blue,
red, green and violet, respectively while magnetic field is shown with purple color in both figures.

Figure 2. The z-direction denotes the years and the y-direction denotes the monthly mean SGs and SSC numbers (right) and monthly
mean TSI (left). The TSI start from January, 16 1982 and complete December, 16 2008 while SGs and SSC numbers start from January,
16 1982 to December, 16 2008. The SGs and SSC numbers of AB, C and H in Fig. (a) and DEF in Fig. (b) are shown with blue, red,
green and violet, respectively while TSI value is shown with purple color in both figures.
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(a) Time series of monthly grouped and averaged Can K-flux are compared with
time series of AB, C and H type SGs and SSCs. Thick lines are 15 day simple
moving averages.
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(b) Time series of monthly grouped and averaged Can K-flux are compared with

time series of DEF type SGs and SSCs. Thick lines are 15 day simple moving
averages.
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(c) Time series of monthly grouped and averaged FA are compared with time series
of AB, C and H type SGs and SSCs. Thick lines are 15 day simple moving averages.
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(d) Time series of monthly grouped and averaged FA are compared with time series
of DEF type SGs and SSCs. Thick lines are 15 day simple moving averages.

Figure 3. The z-direction denotes the years and the y-direction denotes the monthly mean SGs and SSC numbers (right) and Caul
R-flux (a, b) and FA (c, d) (left). The Can K-flux and FA data start from April, 25 1988 and complete April, 3 2014 while SGs and
SSC numbers start from April, 25 1988 to April, 3 2014. The SGs and SSC numbers of AB, C, H and DEF in Figs. (a-d) are shown with
blue, red, green and violet, respectively while Can K-flux and FA are shown with purple color in both figures.
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(a) Comparison of Can K-flux with normalized average sunspots
counts in a time scale of a year is shown. The time intervals cor-
respond to the Can K-flux are June, 15 1988 March, 1 2014.
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(b) Comparison of FA with normalized average sunspots counts in a
time scale of a year is shown. The time intervals correspond to the
FA are June, 15 1988-March, 1 2014.
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(c¢) Comparison of PA with normalized average sunspots counts in a
time scale of a year is shown. The time intervals correspond to the
PA are June, 15 1986-June, 15 2005.
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(d) Comparison of grouped ratio of FA to Can K-flux with PA and
FA, and Can K-flux in a time scale of a year is shown. The horizontal
axis corresponds to the period August, 3 1988 June, 27 2005.

Figure 4. Variations of monthly mean Can K-flux, FA and PA data and sunspot numbers versus years are given. The horizontal axis
corresponds to the period June, 15 1988 March, 1 2014 for the Figs. 4(a) and 4(b) while it corresponds to the period June, 15 1986-June,
15 2005 and August, 3 1988-June, 27 2005 for the Figs 4(c) and 4(d), respectively. The y-axis on the left-hand sides show the Can K-flux,
PFr -and % witty the purpte oolor while the averaged SSC numbers for AB, C, H and DEF classes are indicated on the right-hand sides
of the y-axis with blue, red, green and light-green colors for the Figs. (a), (b) and (c), respectively. In addition to this, the y-axis on the
left-hand side shows the grouped ratio of FA to Can K-flux with the purple color while the PA and FA, and Can K-flux are the blue,
red and green colors are indicated on the right-hand side of the y-axis in Fig. (d).
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(a) Time series of monthly grouped and averaged PA compared with time series of AB, C,
H and DEF type sunspot counts are given. Thick lines are 15 day simple moving averages.
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Figure 5. The z-direction denotes the years and the y-direction denotes the monthly mean SGs and SSC numbers (right) and the
monthly grouped and averaged PA (left) in Fig. (a). Besides, the y-direction denotes the monthly grouped and averaged FA and Can K-
flux (right) and the monthly grouped and averaged PA (left)in Fig. (b). The SSCs data start from April, 17 1988 and finish in December,
20 2005 while PA and FA, and Can K-flux data start from April, 17 1988 till to December, 20 2005. In Fig. 5 (a), the PA is shown with
purple color while AB, C, H and DEF are shown with blue, red, green and yellow colors, respectively. In Fig. 5 (b), the PA is indicated
with purple color while FA and Ca i K-flux are shown with blue and red color, respectively.



SONUCLAR VE TARTISMA

1- Calismanin esasi: 1981-2009 vyillann arasinda, 121.5 nm-300.5 nm dalgaboylari araligindaki SSI
degisimlerinin istatistiksel analizi & 1981-2010 yillari arasinda tayf salma cizgilerinin standardize edilmesi
ve ISSN data analizleri.

2- SSI analizi ve standardizasyonda, MATLAB & Giines yiizey indislerinin analizinde, Python programlama
dilleri kullanilmistir.

3- 300.5 nm’de UV salma cizgi siddetinde, negatif bir korelasyon bulduk (intensity degerindeki artis: 1.66%)
& bu da 298.5 nm’de Fe Il iyonuna karsilik gelmektedir. Bunlar kromosferde iiretilen gizgilerdir.

4- En iyi fit degeri (121.5 nm) icin elde edilmistir. R*2, 285.5 nm i¢in, 1987’nin basindan beri uyumsuzdur ve
en buylik uyumsuzluk SAC 23’tedir & 300.5 nm icin ise ¢ok daha iyi sonuglar vermektedir.

5- rc en iyi sonuglari SAC 21'de 121.5 nm ve 285.5 nm i¢in vermektedir & 121.5 nm ve ISSN arasindaki en iyi
negatif fit SAC 23’de goriilmektedir & 300.5 nm’de de ayni sekilde en iyi negatif fit goriilmektedir. Biyiik
SGs’larin artan sayisi, goreli olarak ¢ok daha iyi rc degerini vermektedir.

6- Plaj bolgeleri, SSI icin ¢cok 6nemlidir ¢linkii ayni plaj bolgelerinde oldugu gibi SSI radyasyonunun biiyuk
bir kismi da kromosferden gelmektedir.

7- iyonlarin plotlarina geldigimizde, 246.5 nm (Fe Il) i¢in, R*2 nin tutarliigi SACs 21 ve 22’de ¢ok iyi iken;
SAC 23’de belirsizlik yaklasik 30%’dur ve bu tutarsizlik, rc hala iyi bir pozitif fite sahipken bile devam
etmektedir. En iyi rc degerleri, 279.5 nm (Mg Il) icin SACs 21 ve 22’de goériilmustir.

8- Ozellikle SAC 23’iin azalan evresinde, R*2 nin aciklanamayan degisimi ve ISSN verileri ile uyumsuz
degisimi cok daha belirgindir.

9- En iyi RA2 degeri ve rc ye gore negatif degisim, SAC 23’iin azalan evresinde Cr Il (286.5 nm) iyonunda ve
Fe Il (298.5 nm) iyonunda goriiliir ve bu iyonlar ISSN ile ters orantili olarak degisir. Fakat, 298.5 nm icin
artis, SAC 22’nin azalan evresinde de goriiliir ve 1996’dan itibaren artmaya devam etmektedir.



10- R"2 degerleri 6zellikle SACs’n,n azalan evrelerinde yiiksektir ¢linkii ekstra ve bozucu etkiler s6zkonusu
degildir (flares, CMEs, vs.)

11- Kiigiik SGs genellikle ISSN ile baglantili iken, biiyiik SGs ise fakiilar alanlar ile baglantiidir. Fakiiler
alanlar, TSlI’de etkilidir & Plaj alanlari, bolgesel manyetik alana etki etmektedir.

12- Biiyiik ve kiiglik SGs sadece SAC 22’de benzer zaman degisimleri gostermislerdir. AB ve C tiirii SGs’'leri
SAC 21 ve 22’de ¢ok sayida iken, DEF gruplarn tiim ¢evrimlerde 6nemli bir degisiklik gostermemislerdir. Bu
biiyiik lekeler 6zellikle TSI ve SSI degisimleri ile baglantilidir.

13- SAC 23’de plaj bolgelerinin toplam ve ortalama alanlari azalmistir ve plaj alanlari C tiirii SGs’lan ile ¢ok
daha iliskilidir. Plaj alanlarinin giines yiizeyinde kapladiklari alan 2002’nin ortalarindan itibaren azalmaya
baslamistir.

14- Fakiilar alanlar 1996’dan 2009 ortalarina kadar artmistir ve 2010’da tekrar artmaya baslamistir. Fakiilar
alanlar, biiyiik SGs’lari ile orantilidir ve biiyiik SGs’lari 6zellikle 2002’den sonra ¢ok daha aktiftir.

15- Fakilalar, plaj alanlar evrimlesmeden dnce evrimlesmeye baslamislardir ve fakiilar alanlar 2001’den
itibaren yiiksek oranda iken Ca Il K-akisi ise bunun tam tersidir.

16- Giines yiizey indislerine ait zaman serisi analizlerimiz, SSI, iyonlar ve ISSN degisimlerinin istatistiksel
sonuglari ile uyumludur, ¢iinkii 285.5 nm’de SSI degisimi 1987’den itibaren sapmaya baslamistir; halbuki
300.5 nm tayf ¢izgisi 2003’den sonra artmaya baslamistir. 1987 ve 1996 onemli yillardir, ¢linkii fakiilar
alanlar 1996’da artmaya baslamistir ve 1999 yilinda Ca Il K-akisi ve fakiilar alan uyumu birbirinden
uzaklasmaya baslamistir. Giines ylizeyinde fakiilar alanlarin kapladigi alan 1990’da maksimumdaur.

17- Sekil 4(c)-e’den goriilecegi gibi, SAC 23’iin azalan evresinde 2003’den 2010’a kadar azalma daha az iken,
Fe 1l (298.5 nm) iyonu i¢in 1996’da artis baslamistir.

18- Bu calisma, giines lekeleri/ leke gruplari sayisi ve sinifi; fakiilar alanlar; Ca Il K-akisi ve plaj alanlarinin,
SSI, kimyasal element iyonlari ve ISSN lizerinde ne kadar 6nemli bir etkiye sahip oldugunu gostermistir.







