L ong-term trends at the geomagnetic equator: Trend analysis

Meyer A. Merino', Melissa E. Medrano?, Alejandro Palacios', Blas F. de Haro Barbas®, Ana G. Elias®, Enrique L. Rojas?
1. Universidad Peruana de Ciencias Aplicadas, Lima, Peru

2. Universidad Nacional de Tucuman, Tucuman, Argentina

3. Cornell University, New York, USA

mmerino@upc.edu.pe
\ZI

: . Building MSTL
u 5.0 . : : '
I ntrOdUCtlon ;ET & o :. ey , A ﬂ y : M " . b e Here | will follow the algorithm proposed by Bandara(2011):
| | i i j S o0 gt B R o
According to the l|teratur§, it has bee.n estgbllshed the importance of . ey e FrgE T - “|'|| i i e RN ooviciis for Secompoaliion
greenhouse gas concentrations in trends in the ionosphere. However, recent S . , T 2. Sort PeriodsArray in ascending order.
works suggest the role of the Earth's magnetic field (Qian, 2021; Elias, 2022). In sl __ w , . , , 3. Defin [(TAmESkl SIS a0 C WL gHuEREERIL and chosan hour
, _ , , , 0 50 100 150 200 250 300 350 4. Define Seasons = Zeros((NumSeasons, TimeSeries.shape[0]))
this work, experimental results on ionospheric parameters trends linked to the DOY 5. Define GEEAORRIIS  TIRE E 1T
geomagnetic field secular variation and solar influence are analyzed.. N - L " s | 6. Main iteration:
é? 2.5 - i o f:;.fzy: ;.‘ffﬁ SE® g, AT I for IterRefine in NumIterRefine:

' . ' u . i " . \2./ d ‘ ut it : RN I ;l!. ‘lri!: : | ; ! : 5
The ionosonde used in Jicamarca Radio Observatory (JRO) is the "Digisonde T 25 15 . for i in range(PeriodsArray.shape[0]):
Portable Sounder” (DPS) from Lowell Digisonde International. The DPS < -501 | | |

L , , 751 | | ¥ | | | | DeSeasonal = DeSeasonal + Seasons[i]
acquisition system comes with a data processing software called ARTIST 60 50 100 ) 160 150 200 stUfit = STL(DeSeasonal, period=PeriodsArray[i])

' ' . . . ' 10.7 (s.t.u - ;
(Automatic Real-Time Ilonogram Scaler with True heights), which s 50— D SIERRI S [ T e SOHR T
: : : : : y a8 _ DeSeasonal = DeSeasonal - stlfit.seasonal
responsible for the automatic scaling of the echoes, and the inversion of R - o o o |
parameters 20
E%‘ZS' g y n B ow e ¥y % ¥l O S R 7. Calculate Trends = stlfit.trend
o , —5.0'7 . & = . @ I 8. Calculate Residue = stlfit.resid
The SAO format was initially developed to store the ionograms processed by Y . , E -
. ' . 0 5 10 15 20

ARTIST. However, it was the creation of the SAO 4.1 format (currently used in Hour | aorith
JRO) that has allowed it to become the standard format for the exchange of Figure 7. MSTL algorithm (Bandara, 2011).
lonograms produced by different acquisition systems. In this sense, an Figure 4. Discrepancies (A = ionosonde - ISR) between digisonse and ISR foF2 . Time Series of m_hmEF2 at 12 h LT
application was written in Python that processes the SAO files to generate data between 2001 and 2020. = 400 N et » P

PP ython P | . generat 5 o0 MWMWMM@WW%WWMWM% ¥, Sy o A
files that shows the date and time in UT (the correction with the local time is e
-5.00 h) and also different values of F2 parameters. Z %@g

= tola
200 A
16 1 g 100 1 . - § 0 Ubpsmmnacs: ol lec Al i sl et Mipaal S Ll Jaat 3 St Jsi sl et o ol ...»-v.a.":u;r;; Srileeiiiony s, ¢ Al st vaal)
\_c\/l i ‘ k3 > o \Va! e the 1 o L LTS L e O AL L T it AR TR £ h [ SIS U T 1 S i i o TR TH 3ee Ty e =l et it R L 1. ja iy SRR T T RPRRR AT S hewy

B A R ENE W R SN a0
§ ) B .5} < _100 4 g v e _ B . %% 4 ’ 9 ¢ ; = 25 . | | | e

= T T S | S S S : & 14 s . € % : ' : ' =l . A e S AN e e e ik e S e AR RN A NI e M S O 8, L VR T
S W TR PRI ENEEET T 4. © e bR FERAARS N IZE B R e 4. 0 50 100 150 200 250 300 =

T % Gl § RES I b b g % il B Vi 0 TN i it i A it Rt L e g it it i Sy W ¢ 3 R0 e,
<~ -5y b R SR LTS 200 ~-251 W ¥ & s |
4 SRR 3 3 i
4 T T T T E T E - é 50 WW% Ll et ; ¥ 2 “f"sﬁ'& »‘f.‘.-@'!‘*a. @Wrﬁ,w‘%‘”‘w el
2004 2008 2012 2016 2020 % 102 - | . , i' _58: Ty PV gt f-t%ﬁ.m‘?«éﬁemq-,g;?ﬁ_m%‘ - .<'*Tv*f“\%'1,‘53"‘*5!'«*’?:‘.«,&‘*”“@5’5 W, T AR b e Ve Ay e Ahows o 1 g T pei*
£ B

450 < _100 - y . § 18: —_—

400 —200 1k ' ‘ ' . . . : &2 —10 - : ; ; I - —
—_ " . 60 80 100 120 140 160 180 200 2004 2008 2012 2016 2020
E 350 &;‘:;‘” (\;‘2 4: . F10.7 (s.t.u)

5 0 RO SRR . T Figure 8. MSTL descomposition of TS of hmF2 at 12 h LT.
2001 % . ; ; i | l j j | | i | . I [ I ! L I l : E 7 - Time Series of m_foF2 at 12 h LT
E S S A I , A
2004 2008 = 2012 2016 2020 < —100 1 T T T i ' : : | : ' | % 12 | | WWM%\& i Mwmw,,ﬁﬁ MM
ates =200 4
0 5 1'0 15 20 g 89 -
Figure 1. Time series of foF2 and hmF2 at 12 h LT between 2001 and 2020.. Hour 3
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