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Abstract: The Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) tem-
perature measurements at low latitudes from 89 km to 97 km were used to derive the F10.7 and Ap
index trends, and the trends were compared to model simulations. The annual mean nonzonal (e.g.,
at the model simulation location at 18° N, 290° E) SABER temperature showed a good-to-moderate
correlation with F10.7, with a trend of 4.5-5.3 K/100 SFU, and a moderate-to-weak correlation with
the Ap index, with a trend of 0.1-0.3 K/nT. The annual mean zonal mean SABER temperature was
found to be highly correlated with the F10.7, with a similar trend, and moderately correlated with
the Ap index, with a trend in a similar range. The correlation with the Ap index was significantly
improved with a slightly larger trend when the zonal mean temperature was fitted with a 1-year
backward shift in the Ap index. The F10.7 (Ap index) trends in the simulated O, and the o(1s)
temperature were smaller (larger) than those in the annual mean nonzonal mean SABER temperature.
The trends from the simulations were better compared to those in the annual mean zonal mean
temperature. The comparisons were even better when compared to the trend results obtained from
fitting with a backward shift in the Ap index.

Keywords: airglow temperature; solar cycle variation; geomagnetic activity; SABER

1. Introduction

Several studies have used airglow intensity or airglow temperature measurements to
find trends in temperature [1-6]. These studies have focused on finding a linear trend or
a solar trend using F10.7 as a proxy for solar cycle variation, since the solar radio flux at
10.7 cm (2800 MHz) is an excellent indicator of solar activity. The recent simulation studies
by the authors of [7,8] showed that airglow intensities of OH(8,3), O, atmospheric band,
and O('S) Greenline in the Mesosphere and Lower Thermosphere (MLT) region responded
to the influences of the CO, increase and the F10.7 and Ap index variations. In these
studies, OH Chemistry Dynamics (OHCD) and Multiple-Airglow Chemistry Dynamics
(MACD) airglow models [9-12] were used to simulate airglow response to the influences.

In Part 1 of this series by the authors of [13], the OHCD and the MACD model were
used to simulate airglow intensity-weighted temperatures of the aforementioned airglow
under the influence of the CO; increase and F10.7 and Ap index variations from 1960 to
2019. Their simulation results were in agreement with the findings from other studies,
i.e., solar response in temperature still remains one of the major sources of variations.
The implication of this finding is that solar variations may interfere with the detection of
human-induced temperature trends in the middle atmosphere [14,15]. In addition, their
simulations also indicated that, due to the increase of CO, gas concentration, the cooling
trend would become more significant with time and would be detectable in the long-term
observations if the increase of CO, continues at a steady rate. A surprising result from
these simulation studies was that airglow intensities and airglow temperatures in the MLT
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region also responded to geomagnetic activity (using the Ap index as a proxy since it
provides a daily average level for geomagnetic activity) rather significantly.

To the best of our knowledge, none of the current trend studies that utilized observa-
tional data have examined the geomagnetic response of temperature in the MLT region.
This provides us a strong motivation to examine whether an Ap index trend, in addition to
an F10.7 trend, exists in the observational data. The Sounding of the Atmosphere using
Broadband Emission Radiometry (SABER) onboard the Thermosphere Ionosphere Meso-
sphere Energetics Dynamics (TIMED) satellite has been measuring kinetic temperature
since 2002. The remote sensing data provide a great opportunity for comparison with
model simulations. In this work, SABER kinetic temperature data at the location of the
model simulations (18° N, 290° E) were used for the trend analysis for the comparisons to
the trend results obtained from the model simulations.

The paper is the Part 2 of the series “Trends in the Airglow Temperatures in the MLT
Region” and is organized as follows. The data source for SABER kinetic temperature is
described in Section 2. The results are presented in Section 3. The discussion is in Section 4
and the conclusions are in Section 5.

2. SABER Data

The SABER instrument onboard the NASA’s TIMED satellite has been routinely
measuring kinetic temperature since 2002. The temperature was retrieved from the mea-
surements of the CO, emission at 15 um [16]. We used the level-2 temperature data which
was downloaded from SABER’s website. The SABER kinetic temperature near the location
of the model simulations (18° N, 290° E) was selected to find the annual mean temperature
from 2002 to 2019. A bin size of 4 degrees in latitude and longitude (i.e., 2°) and a bin
size of 2 km (£1 km) in altitude were used. The SABER temperature error is estimated to
be ~4 K (~2%) in the 80-100 km altitude range [17]. The error range is also listed on the
SABER website. Given that the errors or uncertainties associated with the temperature
were small, they should not affect the trend results derived from the temperature.

The authors of [13] simulated the airglow-intensity weighted OH(8,3), Oy, and o(s)
temperatures for the aforementioned location to deduce the F10.7, Ap index, and CO,
trends in the simulated temperatures. Intensity-weighted temperature was obtained from
the kinetic temperature weighted by airglow intensity [18], so the intensity-weighted tem-
perature at peak height could be considered as kinetic temperature at that altitude. The
SABER temperature data at 3 altitudes (89 km, 95 km, and 97 km) were selected for com-
parison to the OH(8,3), O, and O(!S) intensity-weighted temperatures, respectively, from
the Scenario 3 simulations by the authors of [13]. These airglow intensity-weighted tem-
peratures are called airglow temperatures hereafter to be consistent with the terminology
used in the Part 1 paper, i.e., OH temperature stands for OH airglow intensity-weighted
temperature and so forth. The 3 altitudes were chosen because they are near the peak
heights of the airglow emissions under consideration. Detailed information about the
simulation results and the F10.7 and Ap index data sources used in this study can be found
in the Part 1 paper [13]. The F10.7 values and Ap index values from 2002 to 2019 were
taken from NASA’s website and the World Data Center for Geomagnetism at the Kyoto
website, respectively. They were further averaged to produce the annual averages. Annual
averages of the F10.7 and Ap index values were used in this study. Data sources for SABER,
F10.7 and Ap index values can be found in the Acknowledgements.

3. Results

The annual mean SABER temperature data at the model simulation location was
fitted with F10.7 or Ap index to find the trend. The SABER temperature at 89 km (axis on
left, blue line with dots) and F10.7/Ap index (axis on right, red line for F10.7 and brown
dashed line for Ap index) from 2002 to 2019 were plotted in Figure 1a. As can be seen,
the SABER temperature overall displayed a variation similar to the F10.7 variation and
loosely displayed the Ap index variation. The temperature data as a function of the F10.7
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(in red dots) and of Ap index (in brown triangles), along with the fitting trend lines (red
line denotes F10.7 trend and brown line denotes Ap index trend), were plotted in Figure 1b.
The F10.7 and Ap index trends at 89 km were 5.29 £+ 1.33 K/100 SFU, with R = 0.71, and
0.32 £ 0.12 K/nT, with R = 0.56, respectively, where R is the correlation coefficient. This
indicates that the annual mean SABER temperature at 89 km had a moderate correlation
with the F10.7 and a modest correlation with the Ap index. The simulated OH temperature
taken from [13] had a low correlation with the F10.7 (—0.69 £ 0.28 K/100 SFU, R = 0.31)
and a modest correlation with the Ap index (—0.12 £ 0.02 K/nT, R = 0.54). In addition,
both the F10.7 and Ap index trends were negative.

Annual Average of SABER Temperature
89 km, 18" N, 290° E
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Figure 1. Annual average of SABER temperature at 18° N, 290° E at 89 km. (a) Time series of temperature (blue line with
dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of temperature as a function of the F10.7 (red
line and dots) and of the Ap index (brown dashed line and triangles).

The SABER temperature (axis on left, blue line with dots) at 95 km and the F10.7/Ap
index (axis on right, red line for F10.7 and brown dashed line for Ap index) as a function
of year was plotted in Figure 2a, and the trend analysis results can be seen in Figure 2b.
As the figure shows, the annual mean kinetic temperature at 95 km displayed a sim-
ilar pattern of the F10.7 variation, but it was not as obvious with the Ap index vari-
ation. The SABER temperature at 95 km displayed good correlation with F10.7 with
a trend of 5.23 £ 0.95 K/100 SFU (R = 0.81) and a modest correlation with the Ap in-
dex, with a trend of ~0.28 £ 0.1 K/nT (R = 0.56). The simulated O, temperature taken
from [13] showed a moderate correlation with the F10.7 (R = 0.61), with a smaller trend,
4.1 £ 0.7 K/100 SFU, and a very high correlation with the Ap index (R = 0.93), with a larger
trend of ~0.6 & 0.03 K/nT when compared to the SABER temperature.
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Figure 2. Annual average of SABER temperature at 18° N, 290° E at 95 km. (a) Time series of temperature (blue line with
dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of temperature as a function of the F10.7 (red
line and dots) and of the Ap index (brown dashed line and triangles).

A similar plot for the SABER annual mean temperature at 97 km altitude is shown in
Figure 3. We can see that the temperature in Figure 3a behaved similarly to the temperature
at 95 km. The temperature variation roughly resembled the F10.7 variation and showed a
trend of 4.49 + 1.2 K/100 SFU, with a moderate R value of 0.68. It did not resemble the
Ap index variation well, with a trend of 0.11 £ 0.12 K/nT, R = 0.23. The simulated o('s)
temperature, on the other hand, showed a weak correlation with F10.7, with a smaller
trend of 2.0 £ 0.57 K/100 SFU (R = 0.42), and a strong correlation with Ap index, with
a larger trend of ~0.41 £ 0.03 K/nT (R = 0.89). The trends from the model simulations
and the SABER temperature measurements are placed side by side in Table 1 for easier
inspection. Overall, the SABER temperature at the three altitudes displayed a good-to-
moderate correlation with the F10.7, with a trend in the range of 3.29-6.62 K/100 SFU
centered around 5 K/100 SFU. The Ap index trend in the region between 89 km and 95 km,
excluding the trend at 97 km because of its low correlation, showed a trend in the range of
0.2-0.4 K/nT centered around 0.3 K/nT.

Admittedly, the model simulation values from [13] do not compare that well to the
values using the annual mean nonzonal SABER temperature as shown in Table 1. The
authors of [13] intentionally did not include dynamics in the model simulations so that
they could better assess the influences of solar variation, geomagnetic activity, and CO,
increase on the airglow temperatures. In that regard, perhaps a better comparison between
the model simulations and observations would be to use the results from the zonal mean
SABER temperature. It would also be interesting to see how the trends in the SABER
temperature could change when the temperature is zonally averaged to minimize the
dynamical influences from gravity waves, planetary waves, or tides.
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Annual Average of SABER Temperature
97 km, 18" N, 290" E
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Figure 3. Annual average of SABER temperature at 18° N, 290° E at 97 km. (a) Time series of temperature (blue line with
dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of temperature as a function of the F10.7 (red
line and dots) and of the Ap index (brown dashed line and triangles).

Similar plots as those in Figure 1a,b are shown in Figure 4a,b using the zonal mean
SABER temperature at 89 km. Comparing Figures 1a and 4a, we can see that the zonal
mean data resembled the F10.7 variation much better, as also indicated by the correlation
coefficient of R = 0.90 in Figure 4b in comparison to R = 0.71 in Figure 1b. However, the
F10.7 trend in the zonally averaged data was found to be 3.95 £ 0.49 K/100 SFU, which is
smaller than the F10.7 trend in Figure 1b. As for the Ap index trend, the zonally averaged
data showed a slightly larger correlation coefficient R = 0.6 and a smaller Ap index trend of
~0.2 £ 0.07 K/nT when compared to the values in Figure 1b.

Figure 5a shows the annual mean zonally averaged SABER temperature at 95 km and
Figure 5b shows the trend analysis results. Comparing Figure 5a to Figure 2a, we can see
that the zonal mean data at 95 km also resembled the F10.7 variation better, showing a
higher correlation (R = 0.93). Both data in Figures 2b and 5b showed an almost the same
F10.7 trend ~5.2 K/100 SFU. As for Ap index trend, the trends in Figures 5b and 2b did not
show any significant difference. Both datasets had a similar Ap index trend in the range of
0.25-0.28 K/nT and a similar R value (0.56-0.58).
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Annual Average of Zonal Mean SABER Temperature
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Figure 4. Zonal mean annual average of SABER temperature at 18° N at 89 km. (a) Time series of temperature (blue line
with dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of temperature as a function of the F10.7
(red line and dots) and of the Ap index (brown dashed line and triangles).

Table 1. F10.7 and Ap index trends with correlation coefficient R obtained from the simulated airglow
temperatures and annual mean SABER temperature measurements at 18° N, 290° E.

Trend R Trend R
Simulated OH temperature SABER at 89 km

T = (—0.0069 £ 0.0028) x F10.7 +195.43  0.3088 T = (0.0529 +0.0133) x F10.7 4 184.86 0.7051
T = (—0.1168 £ 0.0236) x Ap + 196.1 0.5448 T = (0.321+£0.119) x Ap +187.1 0.56
Simulated O, temperature SABER at 95 km

T = (0.041 £ 0.0070) x F10.7 + 193 0.6075 T = (0.0523 £ 0.00948) x F10.7 +178.03  0.8093
T = (0.5960 £ 0.0321) x Ap + 190.21 0.9253 T = (0.275 £ 0.102) x Ap + 180.65 0.5568
Simulated O('S) temperature SABER at 97 km

T = (0.020 £ 0.0057) x F10.7 +191.88 0.4172 T = (0.0449 £+ 0.012) x F10.7 + 177.61 0.6847

T = (0.4084 £ 0.0275) x Ap + 189.02 0.8899 T = (0.114 £0.122) x Ap + 181.03 0.2278
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Annual Average of Zonal Mean SABER Temperature
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Figure 5. Zonal mean annual average of SABER temperature at 18° N at 95 km. (a) Time series of temperature (blue line

with dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of temperature as a function of the F10.7

(red line and dots) and of the Ap index (brown dashed line and triangles).

Figure 6a,b show the time series of the zonally averaged annual mean SABER tem-
perature at 97 km and the trend results, respectively. Comparing Figure 6a to Figure 3a,
we can see that the zonal mean temperature better resembled both the F10.7 and Ap index
variation. Regarding the trend values at 97 km, the zonal mean and nonzonal mean data
showed a similar F10.7 trend, 4.9 K/100 SFU for the former and 4.5 K/100 SFU for the
latter, but the correlation coefficient was much higher (R = 0.92) for the zonal mean data.
As for the Ap index trend, the zonal mean temperature had a larger value (0.23 K/nT)
and a better correlation (R = 0.56) than the values using the nonzonal mean temperature.
The trend analysis results of the annual mean zonal mean SABER temperature at the three
altitudes are listed in Table 2.

A better correlation with F10.7 and Ap index is seen in the zonal mean temperature
data for all three altitudes. At 89 km, both the F10.7 and Ap index trends in the zonal
mean data were smaller than the trends in the nonzonal mean data. A better correlation
with F10.7 is seen in the zonal mean data, whereas the zonal mean and nonzonal mean
data had a similar degree of correlation with Ap index. At 95 km, the zonal and nonzonal
mean temperature showed similar F10.7 and Ap index trends. The F10.7 trends at 97 km
were similar but the Ap index trend in the zonal mean temperature was larger. When
we compare the trends in the zonal mean SABER temperature to the trends in the model
simulated O, and O('S) temperatures, we can see that the zonal mean SABER temperature
at 97 km showed an Ap index trend value closer to that in the simulated O('S) temperature.
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Annual Average of Zonal Mean SABER Temperature
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Figure 6. Zonal mean annual average of SABER temperature at 18° N at 97 km. (a) Time series of temperature (blue line
with dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of temperature as a function of the F10.7
(red line and dots) and of the Ap index (brown dashed line and triangles).

Table 2. F10.7 and Ap index trends with correlation coefficient R obtained from the zonal mean
SABER temperature measurements.

SABER Trend R
89 km T = (0.0395 + 0.00486) x F10.7 + 186.94 0.8972
T = (0.203 £ 0.067) x Ap + 188.96 0.6041
95 km T = (0.0522 +0.00512) x F10.7 + 178.52 0.9309
T = (0.248 £0.0873) x Ap + 181.38 0.5791
97 km T = (0.0491 £ 0.00505) x F10.7 + 177.02 0.9247
T = (0.226 £0.0841) x Ap +179.78 0.5580

4. Discussion

The simulated OH temperature showed a much smaller and negative F10.7 trend
and a negative Ap index trend, whereas the annual mean nonzonal SABER temperature
at the OH peak height showed positive trends, as shown in Table 1. The F10.7 and Ap
index trends were smaller in the zonal mean temperature, as shown in Tables 2 and 3.
Admittedly, the results at the OH airglow peak altitude from satellite measurements and
simulations do not agree. The reason is that, as discussed by the authors of [13], “the F10.7
and Ap variations have not been carried below 110 and 90 km, respectively” [19]. The
authors of [13] used the OHCD model, which employed the Naval Research Laboratory
Mass Spectrometer and Incoherent Scatter Radar-00 (NRLMSISE-00) empirical model, as
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their reference model in their simulation work. If the F10.7 and Ap index variations are
not carried explicitly below the airglow altitudes in the reference model, airglow models
such as the OHCD model will only be able to simulate temperature variation induced
by the F10.7 or Ap index variation that is inherently embedded in the data used by the
empirical model.

In various degrees, the temperature measurements at the three altitudes used in this
study all displayed that the temperature variation generally resembled the F10.7 variation.
It also resembled the Ap index variation but to a lesser degree. The atmospheric response
to solar input might take up to several years [20], and it has been reported that a phase
difference (time-lag) might exist between solar input and solar response which can affect
the magnitude of the solar response coefficient [20,21]. It was found that the correlation
would be improved when a time lag was applied to the datasets (Holmen et al., 2014). Since
F10.7 and Ap index are correlated (see the discussion in Part 1 of the series by the authors
of [13] and also [22]), it is plausible that a time lag also exists between the temperature and
Ap index if a time lag exists between the temperature and F10.7.

We noticed that there seemed to be a 1-year time lag in some years between the SABER
temperature and Ap index and that the Ap index variation preceded the temperature
variation. Therefore, we also did a trend analysis with a 1-year shift in Ap index but
kept the time series of annual mean zonal mean SABER temperature intact to see if the
correlation of Ap index with the temperature would improve. We list the trend analysis
results for the three altitudes in Table 3 and only show the results for 95 km in Figure 7.
Figure 7a shows the annual mean zonal mean SABER temperature at 95 km (axis on left)
and F10.7 and Ap index (axis on right) with Ap index being shifted 1 year backward, i.e.,
the original Ap index value in 2003 is now the value for 2002, the original value in 2004 is
now the value for 2003, and so forth. Comparing Figures 5a and 7a, we can see that the
annual mean zonal mean SABER temperature variation resembled the Ap index variation
much better, as shown in Figure 7a. Figure 7b displays the trend analysis results, showing
a much higher correlation with Ap index when the Ap index was shifted 1 year backward.
The correlation coefficient between the temperature and the shifted Ap index changed from
R = 0.58 (in Figure 5b) to R = 0.82. The significant improvement in the correlation when
there was a 1-year shift in Ap index was also seen for the 89 km and 97 km altitude.

When we examine the values in Table 3 and compare them to the values in Table 2,
several things are noted: (1) The annual mean zonal mean SABER temperature at the
three altitudes in Table 3 all had a strong correlation with both the F10.7 and Ap index, as
indicated by the high R values. (2) The F10.7 trend values in Table 3 were about ~6-7%
lower but remained close to the values in Table 2 for all three altitudes. Note that the
correlation between the annual mean zonal mean SABER temperature and F10.7 was
slightly different from the correlation coefficients in Table 2 because the fitting data range
was 1 year shorter. (3) The Ap index trends in Table 3 were ~30% larger than the values
in Table 2 for all three altitudes and showed a much stronger correlation. These results
indicate that annual mean zonal mean SABER temperature was highly correlated with Ap
index when the Ap index was shifted 1 year backward. We should note that even without
the shift in Ap index, the temperature also demonstrated a moderate correlation with Ap
index. Another thing to be noted is that such time lag was not seen in the model-simulated
airglow temperatures by Huang and Vanyo (2020) [13]. The cause for the time delay of
SABER temperature response to geomagnetic activity, if it is real, is still unknown and is
beyond the scope of the current study. It is hoped that our study will bring this to the
attention of the scientific community for further investigation.
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Annual Average of Zonal Mean SABER Temperature
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Figure 7. Annual average of zonal mean SABER temperature at 18° N at 95 km with the Ap index shifted 1 year backward.
(a) Time series of temperature (blue line with dots), F10.7 (red line), and Ap index (brown dashed line). (b) Trend analysis of
temperature as a function of the F10.7 (red line and dots) and of the Ap index (brown dashed line and triangles).

Table 3. F10.7 and Ap index trends with correlation coefficient R obtained from the zonal mean

SABER temperature measurements fitted with 1-year shift in the Ap index.

SABER Trend R
89 km T = (0.0369 + 0.00439) x F10.7 + 187.28 0.9084
T = (0.258 £ 0.0436) x Ap + 188.64 0.8367
95 km T = (0.0493 £ 0.0045) x F10.7 + 178.89 0.9429
T = (0.325 £ 0.0589) x Ap + 180.9 0.8182
97 km T = (0.0464 + 0.00457) x F10.7 +177.37 0.9344
T = (0296 £0.06) x Ap +179.34 0.7866

When we compared the trend results from [13] to the results from the annual mean
zonal mean SABER temperature without a shift in Ap index, we noted that the F10.7 (Ap
index) trends were larger (smaller) in SABER temperature at the O, and O(!S) peak heights.
Comparing the simulation results to the results obtained from the temperature fitted with
a l-year shift in the Ap index, we found that the Ap index trends in the annual mean
zonal mean SABER temperature became larger and closer to the Ap index trends from the

simulations at the O, and O('S) peak heights.

Since this paper is focused on finding trends in the temperature induced by the
influence of solar variations and geomagnetic activity, annual averaged values should
be used. We notice that the day-to-day variability of geomagnetic activity was more
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variant than that of solar variation, so a question might arise as to whether the annual
averaged Ap index values should be used. However, we are looking at the trends on a
much larger timescale rather than on the daily basis, so the annual averaged values of Ap
index should be used. This is supported by our results, which show that geomagnetic
activity affects the temperature in a way that can be quantified by a trend line, with a
correlation coefficient that should not be dismissed. In addition, since the F10.7 and Ap
index are closely correlated (please see the discussion in Part 1 and in this paper), it is
justified to look at the trend caused by the annual mean values of the Ap index. How
the temperature responds to the daily variability of geomagnetic activity is an interesting
subject but is beyond the scope of this paper.

Note that the model simulations were for a fixed location at (18° N, 290° E), so the
trend results are valid only for that location. The trend results may not apply to other
locations at different latitudes and longitudes. It would be interesting to examine the trends
at other locations to better understand the differences due to the use of different locations,
but this will be conducted in a future study. Regarding the use of airglow intensity-
weighted temperatures, we agree that the selected SABER temperature is not weighted
by the airglow intensities at the three altitudes, but the simulated airglow temperatures
are intensity weighted. As we mentioned earlier in Section 2, the intensity-weighted
temperatures were obtained using the kinetic temperature weighted by intensity, so the
intensity-weighted temperature should be close to the kinetic temperature at the peak
height. We note that there was a broad range of altitude overlap for O, and O('S) emission
layers. However, the intensity-weighted temperature at the respective peak height would
still dominate, it can therefore represent the temperature at its respective peak height.

5. Conclusions

Annual mean nonzonal mean SABER temperature at low latitude near the model
simulation location at (18° N, 290° E) was analyzed to find the F10.7 and Ap index trends at
three altitudes (89 km, 95 km, and 97 km). The temperatures at the three altitudes showed
a good-to-moderate correlation with the F10.7, with a correlation coefficient R value in the
range of 0.7-0.8, and a moderate-to-weak correlation with the Ap index, with the R value
in the range of 0.2-0.6. The temperature showed a F10.7 (Ap index) trend in the range of
4.5-5.3 K/100 SFU (0.1-0.3 K/nT) in the altitude range of interest.

We also analyzed the annual mean zonal mean SABER temperature and found that
it showed a much better correlation with F10.7 for all three altitudes, with a F10.7 trend
in the range of 4.0-5.2 K/100 SFU. We also found a better correlation with the Ap index
for all three altitudes, with an Ap index trend in the range of 0.2-0.25 K/nT. We further
experimented with the trend analysis by fitting the annual mean zonal mean temperature
with a 1-year shift in Ap index. The results obtained all displayed an even higher correlation
with both the F10.7 and Ap index. The F10.7 trend was in the range of 3.7-4.6 K/100 SFU
and the Ap index trend was in the range of 0.26-0.31 K/nT.

Comparing the trends from annual mean nonzonal mean SABER temperature to those
from [13], it was found that the F10.7 (Ap index) trend in the SABER temperature was about
1 K/100 SFU (0.3 K/nT) larger (smaller) than the trend in the simulated O, temperature.
Comparing to the simulated O('S) temperature, the annual mean nonzonal mean SABER
temperature had a larger F10.7 trend, with a difference of ~2.5 K/100 SFU between the
F10.7 trends, and a smaller Ap index trend, with a difference of ~0.3 K/nT. The trends in
the simulated OH temperature and those in the SABER temperature at 8 km do not agree.
The simulated OH temperature showed an anticorrelation with the F10.7 and Ap index,
while the SABER temperature showed a F10.7 trend of 5.3 K/100 SFU and an Ap index
trend of 0.3 K/nT.

Based on these values, it is noted that the model simulations by the authors of [13] for
O, and O('S) temperatures compare better with the trends obtained from the annual mean
zonal mean SABER temperature than with the results obtained from the nonzonal mean
SABER temperature, and they compare even better with the trends when the temperature
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was fitted with a 1-year shift in the Ap index. Our trend results using satellite measure-
ments and the trends from model simulations reported in Part 1 of the series indicate that
temperature in the MLT region is correlated with the F10.7 and Ap index, suggesting that
both the solar variation and geomagnetic activity play a role in temperature variation.
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