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Motivation

Figure from Krall et al., 2020

Lower layerLower layer

The formation of the lower layers (below 105km) has been a topic of controversy.

Krall et al., 2020 proposed that in the absence of the zonal wind, the meridional 
wind could form the lower layer.

Haldoupis and Shalimov 2021 argue that this is not possible because the 
contribution factor for the zonal wind is higher than for the meridional wind. 
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Unique set of data with descending 
layers and neutral winds

• Hysell et al., 2014 proposed a
technique to estimate neutral winds
using the dual beam capabilities at
Arecibo.

• During two World Day campaigns in
2013 and 2014 this mode was
performed, where layers, neutral
winds, temperatures and other
neutral fluid parameters can be
observed in the MALT region from
altitudes between 95 km to 130 km.

Arecibo – dual beam data
Neutral winds 95km -130 km

Figure from Nossa, 2016
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Unique set of data with descending 
layers and neutral winds
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• Neutral winds are the main explanation  
for the descending metallic layer 
formation.  

• However, the short term variability of the 
layers can be explained using neutral 
fluid parameters, like Shear or the 
Richardson number.  This set of data 
allow us to obtain these parameters.

• For some days, dominant meridional
winds are observed in conjunction with
the low altitude layers ( ).

Figure from Nossa, 2016

Arecibo – dual beam data
Neutral winds 95km -130 km
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Layer formation  mechanism 
(assuming magnetic field dipole)
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Figure adapted from Haldoupis, 2011

For the northern hemisphere
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Declination is negative for the 
Caribbean and the US East coast

Map taken from NOAA’s webpage
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Vertical ion drift
(assuming magnetic field with D≠ ")

A complete expression for the vertical ion drift is obtained, including Declination (D):

Assumptions:  
- Neglect ion inertia
- Quasi neutrality
- Ignoring effects of gravity pressure gradients and electron-neutral collisions

with: 

Neglecting the electric 
field contribution:

where #$, #% are the 
horizontal wind 
contribution factors.

&'=#() + #$++ #%,
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Zonal and Meridional wind 
contributions

• Traditional methods (D=0) 
showed that the contribution 
factors don’t change the sign.

• However, when considering 
D<0 over Arecibo, the 
contribution factor ratio 
changes for lower altitudes 
(ℎ ≲ 115 km).

Ø 1. Meridional winds become 
more important. 

2.  Meridional shear 
mechanism is reversed below 
115 km.  
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1.  Ratio of the wind factor contribution

• The ratio of the contribution factors 
of the winds show that for the 
traditional method (! = 0$), the 
meridional winds had to be at least 
50 times greater than the zonal 
winds to have an impact in the 
formation of the layers.

• However, when using D = −12.5$, 
the ratio shows that the meridional 
winds have to be only 5 times 
greater than the zonal winds.  
Examples of those magnitudes are 
found in the data.

+,/+.

Dipole model
! = 0$

! = −12.5$

! = −12.5$

1.  Meridional winds become more important
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New layer formation mechanism 
for lower altitudes when D< "

Dipole mechanism
D= "
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a) Zonal (u) wind shear b) Meridional (v) wind shear
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<latexit sha1_base64="JL6XpJew5NowO/yM3RVN9YUSY5M=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWAQUoVdkWghGtDCMoKbBJIlzE5mkyGzs8vMrBCWPIONhSK2voydnV2ewMYXcHIpNPGHgY//P4c55/gxZ0rb9qeVWVpeWV3Lruc2Nre2d/K7ezUVJZJQl0Q8kg0fK8qZoK5mmtNGLCkOfU7rfv9qnNfvqVQsEnd6EFMvxF3BAkawNpZ7jc6R3c4X7JI9EVoEZwaFy9HX6Pv9ol5t5z9anYgkIRWacKxU07Fj7aVYakY4HeZaiaIxJn3cpU2DAodUeelk2CE6Mk4HBZE0T2g0cX93pDhUahD6pjLEuqfms7H5X9ZMdHDmpUzEiaaCTD8KEo50hMabow6TlGg+MICJZGZWRHpYYqLNfXLmCM78yotQOy455dLJrV2oFGGqLBzAIRTBgVOowA1UwQUCDB7gCZ4tYT1aL9brtDRjzXr24Y+stx8+LJLH</latexit>

D < 0
<latexit sha1_base64="65KsDucoWMYAHPKBhjo6KpWkQFc=">AAAB/XicbVDLSgMxFM34rPU1PnaCBIvQVZkRXzsLbly2YB/QDiWTpm1okglJRqxDceV/uHGhSLf2O9z5Df6E6WOhrQcuHM65l3vvCSWj2njel7OwuLS8sppaS69vbG5tuzu7ZR3FCpMSjlikqiHShFFBSoYaRqpSEcRDRiph93rkV+6I0jQSt6YnScBRW9AWxchYqeHud2CdEa2RlCq6h753Bru84Wa8nDcGnCf+lGSuBsPi99PhsNBwP+vNCMecCIMZ0rrme9IECVKGYkb66XqsiUS4i9qkZqlAnOggGV/fh8dWacJWpGwJA8fq74kEca17PLSdHJmOnvVG4n9eLTatyyChQsaGCDxZ1IoZNBEcRQGbVBFsWM8ShBW1t0LcQQphYwNL2xD82ZfnSfkk55/nToteJp8FE6TAATgCWeCDC5AHN6AASgCDB/AMXsGb8+i8OO/OYNK64Exn9sAfOB8/yYuYfQ==</latexit>

h � 105km

~5x

~5x

x

x

<latexit sha1_base64="VMdqisTSYyXCiEyaYWw+UzKFyZg=">AAAB6nicbZDLSgMxFIbP1Futt6obwU2wCF2VGRF1Z8GNy4r2Au1QMmmmDc0kQ5IR6tBHcONCEbcufA4fwZ1P4FMIppeFtv4Q+Pj/c8g5J4g508Z1P53MwuLS8kp2Nbe2vrG5ld/eqWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/YtRXr+lSjMpbswgpn6Eu4KFjGBjreta+66dL7gldyw0D94UCuff7/Jr7y2qtPMfrY4kSUSFIRxr3fTc2PgpVoYRToe5VqJpjEkfd2nTosAR1X46HnWIDq3TQaFU9gmDxu7vjhRHWg+iwFZG2PT0bDYy/8uaiQnP/JSJODFUkMlHYcKRkWi0N+owRYnhAwuYKGZnRaSHFSbGXidnj+DNrjwPtaOSd1I6vnIL5SJMlIV9OIAieHAKZbiEClSBQBfu4RGeHO48OM/Oy6Q040x7duGPnNcfUU2SMw==</latexit>

Vz

<latexit sha1_base64="VMdqisTSYyXCiEyaYWw+UzKFyZg=">AAAB6nicbZDLSgMxFIbP1Futt6obwU2wCF2VGRF1Z8GNy4r2Au1QMmmmDc0kQ5IR6tBHcONCEbcufA4fwZ1P4FMIppeFtv4Q+Pj/c8g5J4g508Z1P53MwuLS8kp2Nbe2vrG5ld/eqWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/YtRXr+lSjMpbswgpn6Eu4KFjGBjreta+66dL7gldyw0D94UCuff7/Jr7y2qtPMfrY4kSUSFIRxr3fTc2PgpVoYRToe5VqJpjEkfd2nTosAR1X46HnWIDq3TQaFU9gmDxu7vjhRHWg+iwFZG2PT0bDYy/8uaiQnP/JSJODFUkMlHYcKRkWi0N+owRYnhAwuYKGZnRaSHFSbGXidnj+DNrjwPtaOSd1I6vnIL5SJMlIV9OIAieHAKZbiEClSBQBfu4RGeHO48OM/Oy6Q040x7duGPnNcfUU2SMw==</latexit>

Vz

<latexit sha1_base64="VMdqisTSYyXCiEyaYWw+UzKFyZg=">AAAB6nicbZDLSgMxFIbP1Futt6obwU2wCF2VGRF1Z8GNy4r2Au1QMmmmDc0kQ5IR6tBHcONCEbcufA4fwZ1P4FMIppeFtv4Q+Pj/c8g5J4g508Z1P53MwuLS8kp2Nbe2vrG5ld/eqWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/YtRXr+lSjMpbswgpn6Eu4KFjGBjreta+66dL7gldyw0D94UCuff7/Jr7y2qtPMfrY4kSUSFIRxr3fTc2PgpVoYRToe5VqJpjEkfd2nTosAR1X46HnWIDq3TQaFU9gmDxu7vjhRHWg+iwFZG2PT0bDYy/8uaiQnP/JSJODFUkMlHYcKRkWi0N+owRYnhAwuYKGZnRaSHFSbGXidnj+DNrjwPtaOSd1I6vnIL5SJMlIV9OIAieHAKZbiEClSBQBfu4RGeHO48OM/Oy6Q040x7duGPnNcfUU2SMw==</latexit>

Vz

<latexit sha1_base64="VMdqisTSYyXCiEyaYWw+UzKFyZg=">AAAB6nicbZDLSgMxFIbP1Futt6obwU2wCF2VGRF1Z8GNy4r2Au1QMmmmDc0kQ5IR6tBHcONCEbcufA4fwZ1P4FMIppeFtv4Q+Pj/c8g5J4g508Z1P53MwuLS8kp2Nbe2vrG5ld/eqWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/YtRXr+lSjMpbswgpn6Eu4KFjGBjreta+66dL7gldyw0D94UCuff7/Jr7y2qtPMfrY4kSUSFIRxr3fTc2PgpVoYRToe5VqJpjEkfd2nTosAR1X46HnWIDq3TQaFU9gmDxu7vjhRHWg+iwFZG2PT0bDYy/8uaiQnP/JSJODFUkMlHYcKRkWi0N+owRYnhAwuYKGZnRaSHFSbGXidnj+DNrjwPtaOSd1I6vnIL5SJMlIV9OIAieHAKZbiEClSBQBfu4RGeHO48OM/Oy6Q040x7duGPnNcfUU2SMw==</latexit>

Vz

2.  Meridional shear mechanism is reversed below 115 km.

• Negative declination means that because $% < 0 below 115 km over Arecibo, 
then the meridional wind should be reversed to  form a layer at that altitude.
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New layer formation mechanism 
for lower altitudes when D< "

ẑ
westward wind (u<0)

Ion layer

Zonal (u) and meridional (v) wind

northward wind (v>0)
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• Horizontal winds should be in 
the north-west quadrant of the 
hodograph for altitudes below 

110km over Arecibo.

The arrows on the hodograph mark altitudes:  
red at 97km, 

black at 105km, 115km, and125km
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Conclusions

• The meridional winds could have an important role in the formation of the 
lower metallic layers (near 100km) over the Caribbean and the East of US.
Neutral wind measurements show cases of layer formation near 100 km, 
associated with strong meridional winds and weak zonal winds.

• A corrected layer formation mechanism is obtained for lower altitudes 
(h<115 km) for Arecibo when a complete magnetic field model (D = -12.5 
deg) is used.  The meridional winds mechanism is reversed with respect 
to the original model (using D=0).  In the plots it means blue over yellow or 
southward over northward winds.

• The ratio of the contribution factors of the horizontal wind component at 
altitudes near 100km shows that strong meridional winds could overcome 
the effect of zonal winds (ratio~5 when using a complete magnetic field 
model vs ratio ~50 using a dipole model).

• A combination of the horizontal winds is considered to explain some of the 
lower layers observed in the data, where north-westward winds are 
present.


