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ABSTRACT

We used zon al an d m eri dional win ds meas ure men ts from the Fa bry- Perot | nte f ero me ters (FPI) a t
Jicama rca, Nazca and Arequi pa a nd io noson de da ta from the Jicama rca Ra dio Obse va tory to's tudy
nighttime disturbance dynamo wind eflects over Peru due to the May 2016 and Aprl 2012
geomag netic storms. We used the nov el data technique developed by Harding et al [2015] to
obtai n the s moo thes t the m osphe ric wi nd field from the li ne- ofsigh twi nds measu red by the FPI
netwo k. The qui et-time wind patternareingood agre eme nt withresults from the HW M14. The
stormandp oststormzonal winds a re westwa rd, have la rge ampli tu des (up to a bout80 m/s) over
the whol e nig httime periodandlastfor about 3 days after the stom main. T he me ridio nal wind
disturbances have a mpli tudes of uptoab out 50 m/s but are s hortive d (I feti mes ab out2-3 ho urs )
and have fas ter rec overy ti mes. The DW M mod el signi ficantly un derestim ate th e a mpli tudes and
lifeti me of the zonal wind disturbances and does account for the shortlived meri dional wind
distur bances. TIEGC Msim ulati ons correc tly the stormand post stom westwa rd wi nd d istu rbanc es
and the the fas ter decay ofthe m eri dional wind pertu rba tio ns, bu tove resti mate th e life time of the
zonal wind disturbances.

Faby-Perot inteferometer measurements have been made from Arequipa (1627 56.60"S,
71729735.6 6"W), Pe russinc e 19 83. T hese measu re men ts de termin ed the seasonal and sola rcycle
dependence of the nightime the mospheric neutral winds and te mperatures and thei r
relati onship to equa torial aiglow deple tions [e. g, Biondi and Meriw ether, 1985; Meriwe ther et
al, 1997, Biondi et al,, 1999).

FPImeasu re men ts ove rPe ru made fio mJica ma rca (11°57°29.72”S,76°5 132 44”W) si nce 2009,
and from Nazca (14 * 58'21.72"S, 74 * 53'29.01"W) since 2011 we re used in numerous more
recen tstu dies and in cli matol ogical n eutral wind mod els [e.g., Drob etal, 20 15; Me riwe the ret al.
2016]. The extensive the Peruvian of th ermosph eric neutral m easure me nts for significan tly mo re
detaile d studies of their quiet and storm time vari ability and of their diift coupling to plas ma
diifts measured by Jicamarca radar.

We present our initial results on the response of nighttime thermospheric neutal winds to
enhance d ge oma gne tic activity using d ata during and after the April and May 2 016 geo magne tic
stoms analyzed with the using the novel technique presented by Harding etal. [2015].

The standad me thod of estima ting the zo nal and me ridi onal winds consists i nexp ressing the
wind co mpo nents in terms o fsmo oth p re- dete rmined fu nctio ns. Rece ntly, Ha rding et al. [2015 ]
described a novel analysis technique for estimating the neutral wind field using mul tisite
observa tions tha t makes no assumptions on func tional depe ndence of the wind field. This
techni que determines the smo oth estwind field tha tag rees with obse rvati ons using an inve rse
optimization  theory.

Inthis proced ure, the line of sight win d veloci ties from the FPI network, are used to estimate
the the mospheric wind map that best fits the data, under the constraint of finding the
smoothest win d field (define d in terms of the roug hness of the wind field). The roughness is
defined to the first and second derivatives on every pixel of the field.

This procedu re was a pplie d fo rthe ex tensive data base availabl e to get the zonal a nd meri diona |
equatorial winds for the central region of Peru. For this we did not estima ted by the vertica |
winds d e to red uce the numbe r of unk nowns to esti mate toanduseda gidof11x11 points
due to the small number of FPI in the network.
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Figure 3.Th ermosph eric wind map forthe central region of Peru forthe 8
May at0145 UT (2045 LT)estimated from the FPInetwork measurements.

INTRODUCTION

INSTRUMENTATION & DATABASE

«Fabry-Pe rot In te rfe ro me ter ne tw ork : Mecha nical-Op tical i nstrum ent desig ned to collec tai glow
phot os using am etal on and a 63 On m oxyge n line fil ter. L ocated at 3 speci fic loca tions: Jica marc a
(MRH), Nazca(NZK ) a nd Arequi pa( A30), as o bserve din Figure 1, they point to diffe re ntc ommon
locations and cardinal points in the sky to map out the thermospheric wind. These
instume nta tion has bee n taking data since 1983at A30, since 2009 at MRHand since 2011 at
NZKas observed in Figure 2 collecting up t047535 hours of operation  since 2009,

Figure 1. Geog raphic | ocatio ns of the F Pl ne two rk in P eru
labeled as MRH, NZK and A30. Multi pointlocations o f
the data recorded by each of the instrument (blue ,
green and red dots ) with common volume | ocati ons
(yellow dots).

RESULTS

The zonal wi nds a re eastward th ro ugho ut the nigh twith a maxi mum o fabo ut 120 m/s atabout 02 LT 21
UT) with a secondary maximum at about 03 LT (08 UT) in Figure 4. This pattems agrees with the
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geomagnetic activity indicated by the geomagnetic

climatology presented by Meriwether

et al [2008].

« The me fidional winds are strongly southwa rd at eary night and dec reases in magnitude as the nigh t
prog resses. They are close to zero from abo ut mid nigh ttoclose to sunrise, also ¢ onsisten twi th resul ts
from  earlier studies.

The m easure d win ds are i n a ge nera | agreem ent with the clima tological Horizon tal Wind Model [Dobe t
This is expected since this models used extensive Peruvian Fabry-Perot measurements.

The data quality of the wind measure ments is direc tly rela ted to the airgl ow i nte nsity, w hich v aries with
changes in the O prod uction layer. This heig ht is usually highest shortly after sunset, as a result of the
pre reversal en hance mentof the eq uato rial vertical di fis. T his can be m onitore d with the Hmf2 recorde d
witha ion osond e at JRO. On the oth er han d, this rising of the laye rcause plasma i nstabil ities like Spread £
causing both lack of Hm f2 da ta an d weak ai rglo wintensity. T hese heig ht pertu rba tions a re d ue to en hance d

indices shown in the top panels of Figure 5.
08-11 MAY 2016

themospheric  wind variability over Penu for May 2010-2016.
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The lar ge ini tial wes tward win d dist urb ances we re o bserve d at abo ut 06 UT (01 o
LT)on8 May whic h pe rsisted throug hou tthe nig htin Fi gure 5. In this case the re
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were lage relatively short-lived northward wind perturba tions near 06 UT.
Aso, there is a increment of the HmF2 at about 02 UT (21 LT) which onse t

g

Spread-F instabilities around midnight and about 08 UT (03LT).

e QUIET <kp>= L 1 —— JR0 IONOSONDE
05.2016.

Large wes tward win d p ertu rbati ons w ere obse ved from about 03 t010UTon
9 May, follow ing the | arge increase in the HmF2 shown by the ion osonde data .
Stong spread F occumence precluded HmF2 m easure me nts be twee n 01: 30

09

S

and 03:30 UT. Large southward perturbation  is observed at midnight.
The a mpli tud es of the wes tward wi nd pertu tba tions were significa ntly smalle r
on10 May. In this case the there was again a la rge sh ort Jived no rthward win d
perturbati on around 06 UT. The ionosond e stopp ed op e tions d ue to 5o me
maintenance  procedure.
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Figure 7. (Left panels) Nighttime winds duing and after the Apil 2016 storm and the
cormes pon ding q uie tti me p atterns. (Rig ht panels ) com parisons o f the disturbance measu red winds
and predictions from the DWMO7 model.

« Thedata show westward pe rturb atio ns ofa bout-80 m/s for 24 April at mi dnight while for the
DWMO7 show perturbations of about -20m/s and throughout the night Large northwa rd
pertubation  are not reproduced by the DWMO7.

* Large wes tward pe rturbati ons (a bout100 m/s)arealso obse ved for 25 Apiil aound 03UT (21
LT) which are not rep rod uced by the DW MO7. Similarly, the no rthward pertu rba tions are not
rep rod uced by the DWMO7. T he smal ler westwa rd me ridio nal p ertu rbati ons on 26 27 April are
not accounted for by the DWMO7 as well.

SUMMARY

+ Wehave prese nte d e qua torial FP | wind measu e men td uring the large May 2016 and April 2012
geomag netic stoms a nd use d io noson de measureme nts to monitorthe heigh to fthe eq uatorial F
layeran d the q uality of the F Pl da ta. The obse rved s torma nd p oststorm ef fects result distu tba nce
dynam o p rocess [e.g., Blanc and Rich mon d, 1980] d riven by e nhanc ed e nergy de positi oni nto the
high altitude ~ionos phere.

Automa ted FPI network enables large database to monitor effects of the dis turbanc e wind
dynamo. The wind map estmator brings a better s mooth field estimation over noisy
measurements  for quiet and disturbed  periods.

* HMF2 proves tobe agood method way tomonitor the quality data of FPI wind estimation.
Our data show large (up to about 80 m/s) nighttime wes tward distu rba nces lasting for about 3
days and shortlived northward/southward ~ perturbations  with faster recovery.

+ Empirical model HW M14[Drob et al. 2015] shows a gene ral agre eme nt fo rq uiet pe riod butd oes
not reproduce the disturbed periods.

Empi rical m odel DW MO7 [E mme rt et al. 20 08] und erestima tes t he dis turbance winds for th e Post-
storm rec overy and sh ows a faster recove ry o fabo ut 1 day wi th pertu rba tions o f3 m/s tha tare no t
consistent with measured perturbations.

TIEGCM model studies correctly predic t westwa rd stom and post stom wind distu anc es and

faster d ecay of m erid ional wind pe rturbations, but overestima te the lifetime of the zonal pos t
storm  winds by a factof about two.
We are carryin g ou textensive stu dies on th e seasonal a nd sola rcycle o fthe dist urbance wi nds an d

on their relationship to storm time plasma drifts measured by the Jicamarca radar.

MERIDIONAL WIND (mis)

The westwa rd and northwa rd pe rturbations are gone for 11 May and wind
came back to nomal.The HmF2 is also o bserve dtocome back to nomal with
the PRE at early night and increment at early moming.

Figure 5. (Left panels) Zonal and meridional equatorial

nighttime winds over Peru during and after the May

2016 stom  and their quiet values (smooth curves). (Right panel) HMF2 measured by the Jicamarca ionosonde.

Table 1. Number of operation

QUIET TIME HOURS FOR NEUTRAL WINDS
CRITERIA: KP<=3.0 DURING ACQUISITION AND KP<=3.0 FOR 9.0 HOURS BEFORE

‘= QUIET TIME ON JICAMARCA

= QUIET TIME 6N AREQUIPA

available for each FPI. Colored regions
show the number of quiet ime hours available for each FPI.

Figure 2. Timeline of the number of operations
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Figure 6. (Left panel ) Compa isons of the nighttime winds during and after the May
corres pon ding p redic tions by the Horizo ntal Wind Mod el (HW M14).
distutbance measured winds and predictions from the DWMO7 model.
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The zonal wind resid uals and the DWMO7 [E m merte tal. 2 008 ]in Fig ure
6show westw ard pe rturbati ons for 8 May. DW MO 7 shows a maxi mum
pertur bati on of about -40m/s at 08 UT (03 LT) where as the data zona |
wind show a maxi mum pe rt urbati on of a bou t-80 m/s around 06 UT (01
LT). The large shortlive d northw ard pe rturbati on is not re pro duce d by
the DW MO7, which p redic ts only southwest pe rturbati ons for the same
time.

Large westwa rd pe rturbati on is observed for the zonal winds through
the nig ht for 9 May w hich are not reproduc ed by the DW MO7. T his
model pre dicts a maximum of -10m/s westward perturba tion at eary
night o nly. Similarly, the southwa rd pe rtu ba tion is not re pro duced by
the DWMO7.

Small westward pe tu tba tio ns of a bou t-2 0m/s th o ugho ut the nigh tand
alarge northwa rd pertu tba tion peak of a bout50 m/s at06 UT (01 LT) are
observed on the zonal and mer dional winds at 10 May w hereas the
DWMO7 does not predict disturbances for this night.

Small wes tward pe rturbati on is still obse rved around 02 to 04 UT for1l
May but and there is no noticeable perturbation for the meridiona |
winds. DWMO7 predicts no disturbances for this day.
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