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INTRODUCTION

FabryCP er ot int erf er ome te r measu rem ents have b een m ade f ro m Ar equi pa (16 °27’ 56.60 ’’S ,
71°29 ’35.6 6’’W), Pe ru s inc e 19 83. T hese measu re men ts de termin ed the seasonal and sola r cycle
depen dence of the nigh tti me the rm osphe ric ne ut ral win ds and te mpe rat ures a nd thei r
relati onship t o equa to rial airglo w deple tions [e. g., Bion di and Meriw eth er, 1985 ; Me riwe the r e t
al., 1997, Biondi et al., 1999].

FPI measu re men ts ove r Pe ru made fro m Jica ma rca (1 1 ° 5 7’29. 72’’S, 7 6 ° 5 1’32. 44’’W) s i nce 200 9 ,
and fr om Nazca (14 ° 58’2 1.72’’S , 74 ° 53 ’29.0 1’’W) s ince 20 11 we re used in n um ero us mo re
recen t stu dies and in cli matol ogical n eut ral wi nd mod els [e.g., D rob et a l., 20 15; Me riwe the r et a l.
2016]. The ext ens ive the Per uvian of th ermosph eric neu tral m easure me nts f or s ignifican tly mo re
detaile d studies o f thei r quie t and sto rm ti me vari ability a nd of t hei r drif t coupli ng to plas ma
drifts measured by Jicamarca radar.

We presen t o ur i nitial resul ts on th e resp onse of nig ht time th ermosph eric neu tral winds to
enhance d ge oma gne tic activi ty us ing d ata du ring and af ter th e Apr il an d May 2 016 geo magne tic
s torms analyzed with the us ing the novel technique presented by Harding et al. [2015].

METHODOLOGYABSTRACT

We used zon al an d m eri dional win ds meas ure men ts f ro m t he Fa bryC Per ot I nte rf ero me ters (FPI) a t
Jicama rca, Nazca and A requi pa a nd io noson de da ta fro m t he Jicama rca Ra dio Obse rva tory to s tudy
night time dis t urb ance dyna mo wi nd e ffects over Pe ru d ue to the May 2016 and Ap ril 2012
geomag netic s t orms. We used t he nov el data tech nique develo ped by Ha rding et al [ 2015 ] to
obtai n t he s moo thes t the rm osphe ric wi nd field f rom t he li neC ofCs igh twi nds measu red by the FP I
netwo rk. The qui etC tim e wi nd pat ter n a re i n go od agre eme nt wit h r esults fr om th e HW M14. The
storm an d p ost sto rm zonal winds a re westwa rd, have la rge ampli tu des ( up to a bou t 80 m/s) ove r
the whol e nig ht time pe rio d a nd l ast f or ab out 3 days af te r the sto rm mai n. T he me ridio nal wind
dis tur bances have a mpli tudes of u p t o ab out 50 m/s but are s hor tClive d (li feti mes ab ou t 2C 3 ho urs )
and h ave fas ter rec overy ti mes . The DW M mod el s igni ficantly un der estim ate th e a mpli tudes and
lifeti me of the zo nal win d dis t ur bances an d does acco un t fo r th e sho rtCliv ed m eri dional wind
dis tur bances . TIEGC Msim ulati ons cor rec tly t he sto rm and post sto rm westwa rd wi nd d is tu rbanc es
and t he t he fas ter decay o f t he m eri dional wind per tu rba tio ns , bu t ove resti mate th e life time of the
zonal wind dis turbances .
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• FabryE Pe rot In te rfe ro me ter ne tw ork : Mecha nicalCOp tical i nstr um ent des ig ned to collec t ai rglo w
phot os us ing am etal on and a 63 0n m oxyge n line fil ter. L ocated at 3 speci fic loca tions : Jica marc a
(MRH), Nazca(NZK ) a nd Ar equi pa( A3O), as o bserve d in Figu re 1, t hey poin t to diffe re nt c ommo n
locatio ns and cardi nal p oin ts in the sky to ma p o ut the th ermosph eric wind. Thes e
instru me nta tion has bee n t aking dat a s ince 198 3 a t A3O, s ince 2 009 at MR Ha nd s ince 2 011 a t
NZK as observed in Figure 2 collecting up to 47535 hours of operation s ince 2009.

Figure 1 . Geog raphic l ocatio ns of the F PI ne two rk in P er u
labeled as MR H, NZK and A 3O. Mul ti poin t l ocatio ns o f
the data r ecor ded by e ach of the inst ru men t (blue ,
green an d r ed dots ) wi th co mmon volu me l ocati ons
(yellow dots ).

Figure( 2.( Timeline( of( the( number( of( operations ( available( for( each( FPI.( Colored( regions (
show( the( number( of( quiet( time( hours ( available(for( each(FPI.

SUMMARY

RESULTS

• We have prese nte d e qua tor ial FP I wi nd measu re men t d uri ng the large May 2 016 and A pril 201 2
geomag netic s to rms a nd use d io noson de measur eme nts to moni to r t he heigh t o f t he eq uat orial F
layer an d t he q uality of the F PI da ta. Th e obse rved s torm a nd p ostCs t orm ef fects r esult dis tu rba nce
dynam o p rocess [ e.g., Blanc and Rich mon d, 1 980] d riven by e nhanc ed e nergy de pos iti on i nto th e
high altitude ionosphere.

• Aut oma ted FPI ne two rk en ables la rge dat abase to mo nito r e ffec ts of t he dis tu rbanc e win d
dynam o. T he wi nd map estima to r b rings a be tte r s moo th field estim atio n ov er noisy
measurements for quiet and dis turbed periods .

• HmF2 proves to be a good method way to monitor the quality data of FPI wind estimation.
• Our data sho w large (u p to ab out 80 m/s) night time wes twar d dis tu rba nces lasting fo r abou t 3

days and shortClived northward/southward perturbations with faster recovery.
• Empi rical model HW M1 4 [ D rob et al. 2 015] shows a gene ral agre eme nt fo r q uiet pe riod bu t d oes

not reproduce the dis turbed periods .
• Empi rical m odel DW M07 [E mme rt et al. 20 08] und erest ima tes t he dis tur bance winds f or th e Post C

s torm rec overy and sh ows a fast er recove ry o f abo ut 1 day wi th per tu rba tions o f 3 m/s tha t are no t
cons is tent with measured perturbations .

• TIEGCM model s t udies cor rectly p redic t westwa rd sto rm an d post sto rm win d dis tu rbanc es and
faster d ecay of m erid ional wi nd pe rt ur bati ons , bu t over estima te t he life tim e of t he zonal pos t
s torm winds by a fact of about two.

• We are car ryin g ou t ext ens ive stu dies on th e seasonal a nd sola r cycle o f t he dis t ur bance wi nds an d
on their relationship to storm time plasma drifts measured by the Jicamarca radar.

The sta nda rd me tho d of estima ting t he zo nal a nd me ridi onal winds cons is ts i n exp ress ing th e
wind co mpo nen ts in terms o f smo ot h p reC dete rmined fu nctio ns . Rece ntly, Ha rding et al. [ 2015 ]
describe d a n ovel analys is techni que for estim atin g th e ne ut ral win d fiel d us ing mul tiCs it e
observa tions tha t makes n o assum ptio ns on f unc tional depe nde nce of the wind field. This
techni que det ermines the smo oth estwi nd field tha t ag rees with obse rvati ons us i ng an inve rse
optimization theory.

In t his p roced ur e, the line of s ight win d veloci ties fro m the FPI ne two rk, a re used to esti mat e
the the rm osphe ric wi nd map tha t b est fi ts t he da ta, und er the const rain t o f fi nding th e
smoot hest win d field (d efine d in terms of th e roug hness of th e wind field ). The r ough ness is
defined to the firs t and second derivatives on every pixel of the field.

This pr ocedu re was a pplie d fo r t he ex tens ive data base availabl e t o get th e zonal a nd meri dion a l
equat ori al winds for t he cent ral regi on of Pe ru. Fo r this we did no t estima ted by t he ver tica l
winds d ue to red uce the nu mbe r of unk nowns to esti mate t o an d use d a gri d o f 1 1x11 poin ts
due to the small number of FPI in the network.

Figure 4. Quie t ti me (aver age K p< 3 over the pr evious 9 ho urs ) e qua to ria l
thermospheric wind variability over Peru for May 2010C2016.

• The zonal wi nds a re east war d th ro ugho ut the nigh twit h a maxi mu m o f abo ut 120 m/s at ab out 02 LT (2 1
UT) with a seco nda ry maxi mu m at a bou t 03 LT (0 8 UT) in Fig ure 4 . This pa tte rns agr ees wit h th e
climatology presented by Meriwether et al [2008].

• The me ridio nal winds are st rongly sou thwa rd at ea rly nigh t and dec reases in magni tud e as the nigh t
prog resses . Th ey ar e close to zero fr om abo ut mid nigh t t o close to sunr ise, also c ons is ten twi th resul ts
from earlier s tudies .

• The m easure d win ds are i n a ge nera l agr eem ent with the clima tological Horizon tal Win d Mod el [ Dro b e t
al., 2015]. This is expected s ince this models used extens ive Peruvian FabryCPerot measurements .

The data qu ality of t he wi nd me asure men ts is direc tly rela ted t o the airgl ow i nte ns ity, w hich v aries wit h
changes in th e O prod uctio n layer. This heig ht is usually high est shor tly af ter sunse t, as a result o f th e
pre reversal en hance men t o f the eq uato rial ver tical dri fts . T his can be m onit ore d wi th th e Hm f2 reco rde d
with a ion osond e at JRO. On the oth er han d, t his ris ing of th e laye r cause plasma i nstabil ities like Spr ead CF
caus ing bo th lack of Hm f2 da ta an d weak ai rglo w int ens ity. T hese heig ht per tu rba tions a re d ue t o en hance d
geomagnetic activity indicated by the geomagnetic indices shown in the top panels of Figure 5.

Figure( 5.( (Left( panels )( Zonal( and( meridional( equatorial( nighttime( winds ( over( Peru( during( and( after( the( May(
2016( s torm( and(their( quiet( values ( (smooth( curves).( (Right( panel)( HmF2( measured( by(the( Jicamarca( ionosonde.( (

• The lar ge ini tial wes twar d win d dis t urb ances we re o bserve d at abo ut 06 UT ( 01
LT) on 8 May whic h pe rs is ted thr oug hou t t he nig ht in Fi gur e 5. In this case the re
were la rge relat ively sho rt Clived n or thwa rd wind per tu rba tions near 06 UT .
Also, th ere is a incre men t of the HmF2 a t abo ut 02 UT (2 1 LT) which onse t
SpreadCF instabilities around midnight and about 08 UT (03 LT).

• Large wes twar d win d p er tu rbati ons w ere obse rved fr om abo ut 03 to 1 0 UT o n
9 May, follow ing the l arge incr ease in the HmF2 shown by the ion osonde da ta .
Stro ng spr ead F occu rr ence p reclu ded HmF2 m easure me nts be twee n 01: 30
and 03:30 UT. Large southward perturbation is observed at midnight.

• The a mpli tud es of th e wes twar d wi nd per tu rba tions were s ignifica ntly smalle r
on 10 May. In this case the th ere was again a la rge sh ort Clived no rt hwar d win d
per tur bati on ar oun d 06 UT. The ion osond e stopp ed op era tions d ue to so me
maintenance procedure.

• The westwa rd a nd no r thwa rd pe rt ur bati ons are g one f or 1 1 May a nd win d
came back to no rmal . Th e HmF2 is also o bserve d t o co me b ack to no rm al wit h
the PRE at early night and increment at early morning.

• The zonal wind res id uals and th e DWM07 [E mmer t e t al. 2 008 ] in Fig ure
6 show westw ard pe rt ur bati ons f or 8 May. DW M0 7 sho ws a maxi mum
per tur bati on of ab out C 40m/s at 08 UT (03 LT) where as the data zona l
wind sh ow a maxi mum pe rt ur bati on of a bou t C 80 m/s arou nd 06 UT (01
LT). The large shor tClive d nor thw ard pe r tur bati on is not re pro duce d by
the DW M07, which p redic ts only sou thwest pe rt ur bati ons f or the same
time.

• Large westwa rd pe rt ur bati on is observ ed fo r th e zonal win ds thr ough
the nig ht f or 9 May w hich a re no t r epr oduc ed by the DW M07. T his
model pre dicts a maxim um o f C10 m/s westwar d per tu rba tion a t early
night o nly. Similarly, t he sout hwa rd pe rtu rba tio n is not re pro duced by
the DWM07.

• Small westward pe rtu rba tio ns of a bou t C2 0m/s th ro ugho ut the nigh t and
a large nor thwa rd per tu rba tion peak of a bou t 50 m/s at 06 UT (01 LT) are
observe d on the zonal a nd m eri dional wi nds at 1 0 May w her eas the
DWM07 does not predict dis turbances for this night.

• Small wes twar d pe rt ur bati on is s till obse rved ar oun d 02 to 04 UT fo r 11
May b ut a nd t he re is no not iceable per tu rba tio n fo r t he m eri diona l
winds . DWM07 predicts no dis turbances for this day.

• The d ata show westwa rd pe rt urb atio ns o f a bou t C 80 m/s for 24 A pril at mi dnigh t while fo r the
DWM07 sh ow p er tu rbat ions of a bou t C 20 m/s and th roug hou t the nigh t. La rge n or thwa rd
perturbation are not reproduced by the DWM07.

• Large wes twar d pe rt ur bati ons (a bou t 1 00 m/s) ar e also obse rved for 25 Ap ril a rou nd 03 UT (21
LT) which are no t rep rod uced by th e DW M07. Si milarly, t he no rth war d per tu rba tions are n o t
rep rod uced by th e DWM07. T he smal ler westwa rd me ridio nal p er tu rbati ons o n 26 C27 A pril a re
not accounted for by the DWM07 as well.

Figure 7. (Lef t pan els ) Night tim e winds d uri ng and a fte r t he A pril 2 016 sto rm and the
corres pon ding q uie t ti me p att er ns . (Rig ht panels ) com par isons o f t he dis t ur bance measu red winds
and predictions from the DWM07 model.

Hours  per year
Total

<2009 2009 2010 2011 2012 2013 2014 2015 2016

JRO - 888 2664 2425 3272 2438 2343 2624 1711 18365

A3O 7547 1130 1490 - 1337 1846 818 1457 1465 17090

NZK - - 96 2119 3434 2780 619 753 2279 12080

Table( 1.(Number( of(operation( hours ( for( available( for( each(FPI.

Figure 3. Th ermosph eric wi nd map fo r t he cen tral regi on of Pe ru fo r t he 8
May at 0145 UT (2045 LT) estimated from the FPI network measurements .
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Figure 6. (Lef t panel ) Co mpa risons of th e night tim e winds duri ng and af ter t he May 20 16 storm and t he
corres pon ding p redic tions by th e Horizo ntal Wi nd Mod el ( HW M14). (Rig ht panel ) Co mpa risons o f t he
dis turbance measured winds and predictions from the DWM07 model.


