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Abstract

The climatology of atomic oxygen (O) in the MLT (mesosphere and lower thermosphere) is balanced by O production via

photodissociation in the lower thermosphere and recombination in the upper mesosphere. The motivation here is to establish

the intra-annual variation in the eddy diffusion coefficients and eddy velocity in the MLT based on the constituent climatology

of the region. The analysis method, originally developed in the 60’s (Colegrove et al. 1965), was refined for a study of MLT

global inter-annual variations in global mean values (Swenson et al. 2018, 2019, respectively) ,(S19). In the this study, the

intra-annual cycle was divided into twenty-six (two-week) periods for each of three zones, the northern hemisphere (NH, 15 to

55 degrees ), southern hemisphere (SH, -15 to -55 degrees ), and the equatorial region (EQ, 15 to -15 degrees ). Sixteen years of

SABER O density measurements (2002-2018) and MSIS 2.0 model N , O and T profiles (80-96 km) were determined for each of

the periods and zones for determination of O eddy diffusion velocities and fluxes. Atomic oxygen diffusive fluxes ([O]*v, 80-96

km) are balanced by the continuity of chemical loss, but the intra-annual variation of k$ {zz}$ (determined from v ) and [O] are

determined separately. The major findings include: 1) A dominant AO below 87 km in the NH and SH zones, with the largest

variation in amplitude between winter and summer at 83 km. 2) A dominant SAO at all altitudes (80-96 km) in the EQ zone.

3) Intra-annual variability in the global average [O] and k$ {zz}$ contribute to variability of O eddy transport in the MLT.
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ABSTRACT
 

 The climatology of atomic oxygen in the MLT (mesosphere and lower thermosphere) is balanced by O production via photo-
dissociation in the lower thermosphere and recombination in the upper mesosphere. The motivation here is to establish the intra-
annual variation in the eddy diffusion coefficients and eddy velocity in the MLT based on the constituent climatology of the
region.

  The analysis method, originally developed in the 60’s (Colegrove et al. 1965), was refined for a study of the MLT global inter-
annual variations and global mean values (see Swenson et al. 2018, 2019, respectively).  In the this study, the intra-annual cycle
was divided into twenty-six (two-week) periods for each of three zones, the northern hemisphere (NH, 15 to 55  ), southern
hemisphere (SH, -15 to -55  ), and the equatorial region (EQ, 15 to -15 ). Sixteen years of SABER O density measurements
(2002-2018) and NRLMSIS 2.0 (Emmert et al., 2020) N  , O  and T profiles (80-96 km) were used for each of the periods and
zones for the determination of O eddy diffusion velocities and fluxes.

  Atomic oxygen diffusive fluxes ([O].v , 80-96 km) are balanced by the continuity of chemical loss, but the intra-annual
variation of k  (determined from veddy) and [O] are determined separately.

  The major findings include:

1) A dominant AO below 87 km in the NH and SH zones, with the largest variation in amplitude between winter and summer at
83 km. 

2) A dominant SAO at all altitudes (80-96 km) in the EQ zone.

3) Intra-annual variability in the global average [O] and k  contribute to variability of O eddy transport in the MLT.
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METHOD
 

 

The video describes the method and an intoduction to the results.

 

Atomic oxygen (O)  is produced via photodissociation above 110 km, and lost, primarily through chemical recombination,  with
a maximum loss near 88 km. 

Fig 1. MLT O transport schematic.

The primary transport mechanism for O is diffusion, where the total diffusive flux (nv), and velocity is the sum of the molecular
and eddy components (eqn 1, S19).   

The  integral loss rate of O, via chemistry, is assumed to be supplied by the downward diffusive flux (eqn 2).  Note in the
presentation eddy flux is a catch-all term in this context, since [O] could include contributions from large scale waves (e.g., tides)
and vertical winds.

https://www.dropbox.com/s/93fomzv51azx0vz/Poster_vid_r3.mp4?dl=0


12/29/2020 AGU - iPosterSessions.com

agu2020fallmeeting-agu.ipostersessions.com/Default.aspx?s=2F-B8-9B-BE-35-35-D2-B8-46-57-F6-9A-75-42-D8-3B&pdfprint=true&guestview=true 4/13

The year was divided into 26, 2-week periods, for 3 zones, the NH, SH, and the EQ .  A consideration for the two-week
minimum is the diffusion times between altitudes of production and loss (see S19).  in each zone, for each period, 16-year
average SABER O (Mlynczak et al. 2013) density profiles were used, and N , O , and T values were determined from NRLMSIS
2.0 model (Emmert et al. 2020), where 40  latitude was used for the NH and SH, and 0  for the EQ.  The eddy velocity is
determined by subtracting the molecular component (eqn 3), and subsequently, k  values were determined (eqn 4).

In summary, the climatology of composition, including SABER [O], was used to determine the diffusion velocity (and k ) in
each zone.  The eddy diffusion velocity is strongly related to the vertical gradient in [O], and weakly on the O density.  The intra-
annual variation in [O] may have separate variations due to planetary waves, production vs solar elevation angle, as well as other
geophysical forcing.  The NRLMSIS 2.0 values for each of the temporal/spatial zones used an average F  value for the 16-year
period and the seasonal variation (day of year). 
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ANALYSIS-AO AND NH,SH

Fig 2. (a), (c), (e) Variation of k  with the day of year in the NH, EQ, and SH latitude bands. Each colored line represents a
different altitude in the range of 80-100 km. (b), (d), (f).  (b) Variation of k with day of year and altitude also in the NH, EQ,
and SH latitude bands.

 

Significant observations:

1) The AO is evident at low altitudes, peaking in summer in both the NH and SH.  The AO is much weaker in the EQ zone.

2) The SAO dominates the EQ zone, with near equal amplitudes of k at all altitudes.  The amplitude is significantly larger at
spring equinox than fall.

Fig 3. (a) K vs DOY for the NH 96, 91, 87, and 83 km.  The AO, has a minimum at winter solstice and a maximum at summer. 
(b) Same as (a) except the SH.  
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Fig 4.   k  vs DOY for the NH (solid) and SH (dashed) at 83 km.  The AO amplitude is a factor of 3-4x change from winter to
summer. 

 

Fig 5.  k vs altitude for summer and winter soltice in the NH.  The downward flux of O at 96 km should account for the change
in the integral loss of O for the two k  profiles.
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Fig 6.  The intra-annual variation of k  (left) and [O] (right) are shown with vertical scale illustrating a scale of change.

Fig 7.  The intra-annual variation of the eddy flux, in the NH at 96 km has a maximum in summer, with lower values in fall, and
significantly lower in spring.  The vertical arrow illustrates the required change between summer and winter that is required to
account for the change in the AO loss of O below 87 km.  
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ANALYSIS-SAO,  GLOBAL AVERAGES

Fig 8.  k vs DOY for 96, 91, 87, and 83 km for the EQ zone.  Note the amplitude of the SAO is minimal at 83 km, but nearly
constant above, with a factor of 3 change from summer to spring equinox, and a factor of 2 between summer and fall equinox.

Fig 9.  Annual average k  vs altitude for the NH, SH, and EQ zones. The NH and SH profiles are nearly identical.  The EQ
profile is almost constant with altitude. 

  On explanation for the larger and near constant profile in the low latitudes is 1) the likely difference in the shape of the profile
with altitude is wave-tide interaction, where the low latitude presence of the diurnal tide couples with AGWs, resulting in shear
and convective instabilities, and a larger k .   2) In addition, the well understood stratospheric dynamics which filter waves from
reaching the MLT region is minimal at the low latitudes, enabling waves to propagate to the MLT during all seasons.

________________________________________

Intra-annual Global Means
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Fig 10. (a) Intra-annual variations in O density averaged between -/+ 55 deg at 96 km, describes an AO amplitude of 10%. (b)
The global average kzz vs day of year for SABER at 96 km.   There is a negligible difference between winter and summer,
although the SAO is significant.

  The measurement of a 10% amplitude of [O] density at 96 km, was also observed in OH airglow by the GOMOS instrument on
Envisat with an amplitude of 9.6% from OH emission (Chen et al. 2019).   Similar, analysis by Zhao et al. (2015) and
Lednyts’kyy et al. (2017) determined AO amplitudes of 7% and 11%, respectively.

Fig 11.  The global average k  vs day of year for SABER at 96 km (dotted) and Qian et al. (2009). The mean k  for the
compared plots is nearly identical, but there are significant differences in the intra-annual variations. 

The Qian et al. determination of k  was deduced largely from satellite drag data, whereas the global average values are based on
the O climatology in the MLT.  At least one partial explanation is the intra-annual variation of [O] at 96 km (see Fig. 10), is
similar but the intra-annual amplitude of [O] (and flux) is much less than the k plot of Qian et al.  

zz zz

zz

zz 



12/29/2020 AGU - iPosterSessions.com

agu2020fallmeeting-agu.ipostersessions.com/Default.aspx?s=2F-B8-9B-BE-35-35-D2-B8-46-57-F6-9A-75-42-D8-3B&pdfprint=true&guestview=true 10/13

Fig 12.  k vs altitude for the global average (GA) of SABER O from this study are compared with the values determined in the
S19 study.

An analysis of the factors responsible for the difference between the global mean k  from SABER in S19 and this study.  One
main cause is due to the [O] densities in this study being ~20% less at 96 km, and 50% lower at 83 km.  The [O] column density,
80-96 km, is 33% less in this study, which results in a larger diffusion velocity.  That is approximately 1/2 the difference.  Other
contributions are under study.
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SUMMARY
 

 

The AO variation in k  peaks in summer (near solstice) and is a minimum in winter, with an amplitude change of a factor of 3-
4x at 83 km between solstices. The AO amplitude of O density at 96 km determined herein (10%) and also by Chen et al. 2019 of
9.6% (and others) is consistent with the necessary change in flux between winter and summer.  The climatology of the MLT
k  supports the Qian et al. 2009 annual mean value, but not the variability in the downward flux at 96 km. 

The analysis of k  in the EQ region revealed a large SAO amplitude of 3x from solstice to spring equinox, and 2x from summer
solstice to fall equinox.

The annual-average EQ k  profiles are uniform with altitude, with a value of 1.1 10  cm s . The uniformity with altitude and
larger values than at mid latitudes are hypothesized to be due to;

1) the presence of the diurnal tide and subsequent turbulence from wave-tide coupling, and

2) less stratospheric wave filtering at the EQ allows waves generated in the troposphere to reach the MLT.
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ABSTRACT
The climatology of atomic oxygen in the MLT (mesosphere and lower thermosphere) is balanced by O production via
photodissociation of O  in the lower thermosphere and recombination in the upper mesosphere. This work serves to establish
a climatology of eddy diffusion and eddy diffusive velocity, including its intra-annual variations in the MLT based on the
climatology of the region as a function of latitude and altitude. Atomic oxygen k  velocity profiles and fluxes (80-96 km) are
balanced by the continuity of chemical loss, a method originally developed in the 1960’s, was refined in 2019, in order to
determine global mean k  profiles. In the current study, the intra-annual cycle was divided into twenty six (two-week
periods) for each of three zones, the northern hemisphere (NH, 15 to 55 ), southern hemisphere (SH, -15 to -55 ), and the
equatorial region (EQ, 15 to -15 ). Sixteen years of TIMED SABER O density measurements (2002-2018) and the most
recent MSIS model N , O , H, and temperature profiles were used to calculate the chemical loss rates and determine the eddy
diffusive velocities and fluxes of atomic oxygen. Our primary findings include a dominant SAO (semiannual oscillation) at
all altitudes between 80-96 km at the equator, and a dominant AO (annual oscillation) below 87 km in the NH and SH, with a
factor of 3-4 k  increase from winter to summer at 83 km. Although k  variability in the NH and SH is minimal at 96 km, an
important height for thermospheric and ionospheric global circulation models, the O density increases by a factor of 1.5
between winter and summer.
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