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Abstract 7 

The Mesosphere transitional region over low latitude is a distinct and highly turbulent zone of the 8 

atmosphere. A transition mesosphere region is connected with dynamic processes, particularly 9 

gravity waves, as a causative of an inversion phenomenon. Mesospheric inversions have been the 10 

subject of numerous investigations, but their formation mechanisms are still poorly understood. In 11 

this article, an attempt has been made to investigate the upper and lower inversion phenomena and 12 

their causative mechanisms using long-term SABER observations in the height range of 60-100 13 

km during the period of 2005-2020 over a low-latitude region (3-150 N). The results indicate that 14 

the frequency of occurrence rate for the upper inversion is below 40%, whereas for the lower 15 

inversion, it is below 20%, indicating that the upper inversion is dominant over the lower inversion. 16 

The upper inversion exists in the height range of 78-91 km with an inversion amplitude of ~20-80 17 

k and a thickness of ~3-12 km, whereas the lower inversion is confined in the height range of 70-18 

80 km with an inversion amplitude of ~10-60 k and a thickness of ~4-10 km. The gravity wave 19 

indicator potential energy depicts high energy (below 100 J/kg) in the upper mesosphere region 20 

(90 and 85 km) compared to the lower mesosphere region (75 and 70 km) with less than 50 J/kg. 21 

The stability criteria from Brunt-Vaisala frequency (N2) indicate instability in the upper 22 

mesosphere region (90 and 85 km) with very low values relative to the lower mesosphere region 23 

(75 and 70 km), which supports the higher frequency of upper inversion compared to lower 24 

inversion. This result leads us to the conclusion that a high amount of gravity wave potential energy 25 

is a consequence of the high instability in the upper inversion relative to the lower inversion. 26 
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 Introduction 32 

The mesosphere dynamic regions act as a transition zone to the lower and upper atmospheric wave 33 

processes (tidal waves, planetary waves, and gravity waves). It is a well-known fact that 34 

atmospheric waves, especially gravity waves (GWs) generated from the lower atmosphere, 35 

propagate into the middle and upper atmospheres, break in the mesosphere region during 36 

propagation, and dissipate their energy and momentum into the background atmosphere, 37 

influencing the dynamics of the mesosphere thermal structure, global atmospheric circulation, 38 

variability, and even the MIL phenomenon (Lindzen, 1981; Holton, 1983). The Mesospheric 39 

Inversion Layer (MIL) is a feature of the mesosphere region in the temperature profile. The MIL 40 

is a symptom (sign) of wave saturation in the mesospher because the temperature inversion occurs 41 

at altitudes when the lapse rate is less than half of the dry adiabatic lapse rate (Sica et al., 2007). 42 

Temperature inversions have been omnipresent features in the mesosphere regions for decades, 43 

and they have been comprehensively studied in the past by using all sorts of available techniques 44 

(e.g., lidar, radar, rocket sonde, and satellite) over different geographic locations. 45 

Because of gravity waves (GWs) momentum and energy deposition, it is thought to be the principal 46 

mechanism driving large-scale circulation and coupling of distinct atmospheric layers, as well as 47 

inversion phenomena (Fritts and Alexander, 2003; Lindzen, 1981; Smith, 2012). In addition, the 48 

gravity wave-breaking influence on mesosphere dynamics is an attempt to demonstrate the 49 

emergence of the inversion phenomenon over mid and high latitudes (Gan et al., 2012; 50 

Walterscheid and Hickey, 2009; Collins et al., 2011; Szewczyk et al., 2013). Observational and 51 

modeling approaches have been used to investigate GWs as the causative of inversions (Fritts, 52 

2018; Collins et al., 2014; Sridharan et al., 2008; Ramesh and Sridharan, 2012; Ramesh et al., 53 

2013, 2014, 2017). The effect of gravity waves in the mesosphere inversion based on temperature 54 

variability is studied particularly over the mid- and high-latitudes (Singh and Pallamraju, 2018; 55 

Fritts et al., 2018). As a result, the inversion phenomenon has been the topic of numerous studies 56 

in mesosphere dynamics, yet the mechanisms of development have been poorly understood. 57 

Regarding low latitudes, there are very less number of studies on the altitudinal, latitudinal, and 58 

longitudinal variability of the mesosphere inversion phenomenon associated with gravity wave 59 

activity. This provides motivation to investigate the mesosphere inversion phenomenon and its 60 

association with gravity wave activity, along with stability criteria using Brunt-Vaisala frequency 61 

(N2) over the low latitudinal band (3-150 N) using long-term SABER observations during 2005-62 
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2020. This is organized as follows: The data and method of extracting the mesosphere inversion 63 

phenomenon are presented in Section 2, and their results are described in Section 3. 64 

Finally, Section 4 presents the conclusions. 65 

2. Observation and Data analysis 66 

2.1 SABER Observation 67 

The TIMED/SABER satellite was launched on December 7, 2001, to set on an elliptical orbit at 68 

an altitude of about 625 km with an inclination of 740 from the equator. The SABER instrument 69 

makes 15 orbits; each orbit takes 97 minutes (1.6 h) and provides about 1400 profiles; each profile 70 

takes 58 seconds. This TIMED/SABER satellite provides temperature profiles with good spatial 71 

and temporal resolution to investigate mesosphere dynamics and their atmospheric wave processes 72 

(Nath, O., and Sridharan, S., 2014; Gan et al., 2012; Bizuneh et al., 2022; Lingerew et al., 2023). 73 

In the present study, the SABER vertical temperature profiles in the region of 60-100 km altitude 74 

during the period January 2005-December 2020 over the low latitudes (3-150 N) are used to 75 

investigate the dynamics of the lower and upper mesosphere inversion phenomena and their 76 

causatives, as shown in Figure 1. The monthly mean temperature of the mesosphere region (60-77 

100 km) shows a maximum temperature of 200-240 K in the height range of 60-70 km, with the 78 

minimum temperature declining to around 160-180 K in the height range of about 95-100 km 79 

throughout the period. 80 

 81 

Figure 1. The monthly mean mesosphere temperature variability in the height range of 60-100 km 82 

during December 2005-January 2020 over the low latitude.  83 

2.2 Analysis technique 84 

Mesosphere inversions of temperature are identified based on their characteristics-thickness, and 85 

amplitude-corresponding to an altitude and temperature difference between the top and bottom 86 
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levels (Leblanc and Hauchecorne, 1997; Fechine et al., 2008). In this investigation, the upper and 87 

lower mesosphere inversions are identified using the following criteria: (1) The bottom level of 88 

the lower and upper inversions is above 65 and 80 km, and its top level of inversion is below 78 89 

and 92 km, respectively; (2) the amplitude is considered larger than 5 K; and (3) the thickness is 90 

greater than or equal to 2 km following the procedure. Inversions that satisfy the above-mentioned 91 

criteria are considered significant. Based on this sequence of temperature inversion, diagnostic 92 

techniques were applied to the daily SABER observation data during the period 2005-2020 over 93 

low latitudes. This inversion of the mesosphere temperatures is related to their instabilities. 94 

Brunt-Vaisala frequency is used to characterize atmospheric stability. 95 

                                                              N2(𝑧) =
g(𝑧)

𝑇0(z)
(

𝜕𝑇0(𝑧)

𝜕𝑧
+ Γ𝑑)                                     (1) 96 

Where g is the acceleration due to gravity, N is the Vaisala frequency, T0 is the background 97 

temperature, estimated based on the third-order polynomial fitting, Γ𝑑 =
g

𝑐𝑝
⁄  is the adiabatic lapse 98 

rate, and 𝑐𝑝 = 1004 𝐽 𝐾−1 𝑘𝑔−1 is the specific heat capacity of the atmosphere at constant 99 

pressure. When Vaisala frequency N2, is statically positive, the atmosphere is stable. While the 100 

frequency N2, is negative, the atmosphere is unstable, in which the atmospheric lapse rate, Γ =101 

−
𝜕𝑇

𝜕𝑧
 is larger than the adiabatic lapse rate,  

g
𝑐𝑝

⁄ ≈ 9.5 𝐾 𝑘𝑚−1, the atmosphere is unstable.  102 

The third-order polynomial fit of the least squares has been applied to estimate the background 103 

temperature (T0) from the observed temperature (T) following the procedure adopted by Ramesh 104 

and Sridharan (2012). In order to identify the impacts of gravity waves on atmospheric temperature 105 

variability, the perturbed temperature (Tp) is estimated by subtracting the background from the 106 

observed temperature data (T). 107 

                                   Tp = T − T0                                                              (2) 108 

After the perturbed temperature is calculated, a 1-hour interval of the cutoff frequency of the low-109 

pass band filter is used to remove the planetary and tidal wave contributions in order to extract 110 

short-period gravity waves. This filtered perturbed temperature, Tp, is used to estimate the 111 

potential energy (EP) (John and Kumar, 2012) to understand the atmospheric gravity waves. 112 

                      Ep(z) =
1

2
(

g(z)

N(z)
)

2
(

Tp(z)

T0(z)
)

2

                                                             (3) 113 
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These fluctuations are extracted and subjected to further analysis to estimate the potential energy 114 

of the waves as a function of altitude, z, which quantifies the wave activity of the region under 115 

study. 116 

3. Results and discussion 117 

3.1  Identification and Characteristics of the Lower and Upper MLT Inversion  118 

The daily SABER temperature profiles of upper and lower mesosphere during the period of 2005–119 

2020 over low latitudes (3-150 N) are depicted in the form of contours in Figure 2(a and c). The 120 

corresponding contours drawn in the lower panels of Figure 2(b and d) are the daily inversion 121 

mesosphere temperature profiles. The upper panel on the left side of Figure 2(a) represents the 122 

daily upper mesosphere observed temperature variability, which is depicted in the range ~(180-123 

205 K) at the height around ~80-90 Km, and the right upper panel of Figure 2(c) represents the 124 

lower mesosphere temperature variability at the range around ~(180-220 K) at the height around 125 

~70-80 Km.  126 

Whereas, the left side of the lower horizontal panel of Figure 2(b) represents the upper inversion 127 

layer of temperature around ~(180-220 K) at the upper mesosphere region around ~(80-90 Km) is 128 

minimum compared to the right side of the lower panel of Figure 2(d) of the lower inversion 129 

temperature in the range ~(180-225 K) at the lower mesosphere region in the height around ~(70-130 

80 Km), which refers to the temperature gradient from negative to positive observed due to external 131 

or internal drivers. 132 

 133 
Figure 2. The upper and lower mesosphere observed temperatures in the first horizontal panel at 134 

(a and c) with their inversions in the second horizontal panel at (b and d). 135 
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The observed temperatures in the first horizontal panel, as indicated in Figure 2(a and c), have 136 

shown minimum values when compared to the SABER inversion temperatures in the second 137 

horizontal panel (Figure 2(b and d)). Our findings are similar to previous reports by Siva Kumar 138 

et al. (2001), which show that the base of the lower mesospheric inversion layer (MILs) lies in the 139 

range of 73-79 km, with a peak of about 76 km. Similarly, Szewczyk et al. (2013) reported double 140 

mesospheric inversions at 71-73 km altitude with minimal amplitude compared to upper inversions 141 

at altitudes of 86-89 km. 142 

 143 
Figure 3. The frequency occurrence rate (percentage) of the (a) upper and (b) lower inversion 144 

temperatures during 2005-2020 over low latitudes. 145 

Further, the frequency occurrence (%) of mesospheric inversion layers (MILs) is investigated for 146 

the period 2005-2020, and the results are displayed in the form of a histogram in Figure 3(a) for 147 

the upper MIL and in Figure 3(b) for the lower MIL. The mean frequency occurrence rate of the 148 

upper inversion is approximately below 40%, and the maximum rate of the upper inversion lies 149 

between 60% and 78%, particularly in the years 2008, 2010, and mid-2016. While the mean 150 

frequency occurrence rate of the lower inversion is below 20%, In general, the occurrence rate of 151 

the upper inversion is relatively high compared with the lower inversion, which could be related 152 

to the atmospheric wave activities, particularly gravity wave activity, which is high in the upper 153 

mesosphere compared to the lower mesosphere atmospheric region (Hauchecorne et al., 1987; 154 

France et al., 2015). 155 

Generally, the mesospheric inversion layer phenomenon is characterized by identifying inversion 156 

base height, inversion amplitude, and inversion thickness. The temperature and height differences 157 

between the inversion layers at the bottom and top are defined as the amplitude and thickness. The 158 
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frequency of occurrence of amplitude, thickness, and base height of inversion are shown in the 159 

form of the histogram for upper and lower mesosphere in Figure 4(a-f) along with standard 160 

deviations (SD). In the left vertical column, three rows represent a histogram of (a) amplitude, (b) 161 

thickness, and (c) the base of the upper MIL phenomenon. The corresponding three rows of the 162 

right vertical column represent (d) amplitude, (e) thickness, and (f) the base of the lower MIL 163 

phenomenon. 164 

 165 
Figure 4. Histogram occurrence of mesosphere inversions. The first vertical panel represents the 166 

upper inversion distribution of (a) amplitude, (b) thickness, and (c) base, and the corresponding 167 

distribution in the second vertical panel is the lower inversion of (d) amplitude, (e) thickness, and 168 

(f) base over the low latitude during the period 2005–2020. 169 

The upper inversion amplitude exists in the range between 20 and 80 K, with a peak value of 38 170 

K following a Gaussian distribution with large standard deviations (SD) of 18.6 (Figure 4(a)). The 171 

thickness of the inversion layer for upper MILs has existed in the range of 3-9 K, with the most 172 

probable value of 5.5 K and a low standard deviation (SD) of 2.3 (Figure 4(b)). The base height of 173 

the upper MIL ranges from 77.5 to 90 km, with a peak value of around 78 km showing a lower 174 

standard deviation (SD) of 2.8. Whereas, the lower inversion amplitude is depicted in the range 175 

between 10 and 60 K with a peak of 25 K and standard deviations (SD) of 14.5 (Figure 4(b)). The 176 

thickness of an inversion has appeared in the range of 3-8 Km, with the most probable value of 3.8 177 

Km and a low standard deviation (SD) of 1.72 (Figure 4(d)). The base height of the lower inversion 178 

is in the range of 69 and 78 km, with a peak value around 73 km, showing a lower standard 179 

deviation (SD) of 2.07. 180 
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3.2  Latitudinal Variations of Mesospheric Inversion Layers (MILs) 181 

In this section, the spatiotemporal (latitudinal-time) variability of the MIL phenomenon is 182 

characterized based on amplitude, thickness, and base over the low latitude band (3-150 N) during 183 

the period of 2005-2020 using the corresponding contour plots of time vs. latitude in Figures 5(a), 184 

5(b), and 5(c), respectively. The Upper MILs phenomenon is observed around 80-90 km, with the 185 

maximum amplitude in the range of 90-120 K over all the latitude bands (50-120 N) during 2005, 186 

2007, mid-2011, 2013, 2015, 2016, mid-2019, and 2020. The inversion thickness depicted in the 187 

second horizontal panel, as shown in Figure 5(b), is displayed with a maximum range of ~(8-12 188 

Km) over the entire latitudinal region (3-150 N). Figure 5(c) displays the relative maximum 189 

inversion base height around ~(84-88 Km) in the latitudinal range between 4 and 140 N during 190 

2006, 2008, 2010, 2012, 2016, and 2018. 191 

 192 
Figure 5. The daily upper inversions (~80-90 km) of (a) amplitude, (b) thickness, and (c) base 193 

height during 2005-2020 over latitudinal variation. 194 

Similarly, the latitudinal variations of the lower inversion (MILs) phenomenon based on their 195 

characteristics amplitude, thicknesses, and base height are depicted in the form of contour plots of 196 

time vs. latitude in Figure 6(a, b, and c), respectively, over the altitudinal range around ~(70-80 197 

km). The lower inversion amplitude is depicted in the range of ~30-60 k over all latitudinal bands 198 

except the maximum range of ~(80-100 k) during 2013, 2015, 2016, and 2019 in different 199 

latitudinal regions enclosed in the range between 5 and 140 N. Figure 6(b) displays the inversion 200 

thickness of 5-7 km over the entire latitude band, except for the maximum thickness of 8-10 km. 201 

The inversion of base height (76-80) is depicted in Figure 6(c) over all latitudes and periods except 202 

2008, 2014, and mid-year 2018 with maximum base height. Figures 5 and 6, clearly show that the 203 
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high amplitude and thickness of the upper inversion in comparison with the lower inversion 204 

indicate a highly dynamical phenomenon over the upper mesosphere region. 205 

 206 
Figure 6. Same as figure 5, but for the lower mesosphere inversions (~70- 80 km). 207 

From Figures 5 and 6, it is clearly observed that the upper inversion amplitude and thicknesses 208 

show high values in comparison with the lower inversion, indicating a highly dynamic 209 

phenomenon over the upper mesosphere region. 210 

3.3 Separations of the Perturbed Temperature in the Mesosphere Region 211 

Perturbed temperature profiles (Tp) at inversion days during the period of 2005-2020 in the upper 212 

and lower mesosphere regions can further be used to calculate the potential energy of gravity waves 213 

and Brunt-Vaisala frequencies (N2). The procedure for calculating perturbation temperature (Tp) is 214 

mentioned in the methodology part. 215 

First, the daily upper inversion profiles are identified in the upper mesosphere region during the 216 

entire observational period of 2005-2020, as displayed from the contour plot in Figure 7(a). It is 217 

noted that the inversion temperature is in the range of ~170-220 K with less detectable variability. 218 

Based on an inversion temperature profile, the background temperature (T0) is calculated by 219 

applying a 3rd order polynomial fit, and the corresponding contour plot is drawn in Figure 7(b). This 220 

background temperature clearly displays identifiable periodic variability in the range of ~195-197 221 

K around ~82-87 km. While the perturbed temperature profiles (Tp) are based on the difference 222 

between the observed inversion temperature (T) and the corresponding background temperature 223 

profiles (To), they display in the range of -25 to +25 K, as shown in Figure 7(c). 224 
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 225 
Figure 7. The upper mesosphere temperatures in the vertical panel are: (a) inversion day observed 226 

temperature; (b) background temperature; and (c) perturbed temperature in the upper mesosphere 227 

region. 228 

A similar procedure has been applied to calculate the perturbed temperature (Tp) as well as the 229 

observed and background temperature during the period of 2005-2020 in the lower mesosphere 230 

region, and their corresponding contours are displayed in Figure 8(a-c). The observed temperature 231 

of lower inversion in Figure 8(a) depicted a range of ~170-220 K and the background temperature 232 

of lower inversion in the range of ~ 195-210 K with their maximum values of ~200-210 K over 233 

the height of ~70-72 Km as shown in Figure 8(b). Whereas the perturbed temperature in Figure 234 

8(c) is presented in the range between -25 and 20 K. It is noted that the upper mesosphere perturbed 235 

temperature is at its maximum compared to the lower mesosphere region, which may be due to a 236 

high dynamic phenomenon. 237 

 238 
Figure 8. Same as figure 7, but for the lower mesosphere atmospheric region. 239 
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3.4 Effects of Gravity Waves on Mesosphere Inversions and associated 240 

Instability 241 

In this section, an attempt has been made to investigate the longitudinal variability of gravity 242 

waves' contribution to the mesospheric inversions (MILs) phenomenon by calculating potential 243 

energy and their instability based on Bruent-Vaisala frequency (N2) using perturbed temperatures. 244 

A one-hour interval cut-off frequency of a low-pass band filter is applied to a perturbed 245 

temperature to remove unwanted influences on an inversion during the period 2005-2020 at 246 

selected heights of 90, 85, 75, and 70 km, as depicted in Figure 9 (a, b, c, and d), represented by a 247 

blue line plot. The reason behind using the low-pass band filter is to eliminate the influence of 248 

long-period oscillations such as tidal or planetary waves. The effects of the low-pass filter are 249 

clearly visible before and after applying the filter in Figure 9(a and b) for the upper mesosphere 250 

region at 90 and 85 km and in Figure 9(c and d) for the lower mesosphere region at 75 and 70 km. 251 

The amplitude of the perturbed temperature is reduced to the range around ~(-10 to 10 K), and the 252 

data is smoothed by eliminating higher frequencies. 253 

 254 
Figure 9. Perturbed temperature profiles before (red color) and after (blue color) applying the low-255 

pass band filter for the upper (85 and 90 km) and lower (70 and 75 km) regions. 256 

By using the time series of filtered perturbed temperature data at selected heights of 90, 85, 75, 257 

and 70 km, the potential energy (Ep) is constructed based on the formula mentioned in the 258 

methodology section, since gravity wave activity is projected by potential energy calculation by 259 

numerous authors (Tsuda et al., 2000; Wang and Geller, 2003; Liu et al., 2014; Thurairajah et al., 260 

2014). The spatiotemporal variability of gravity wave potential energy is shown in Figure 10(a and 261 
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b) for the upper mesosphere region at (90 and 85 km) and Figure 10(c and d) for the lower 262 

mesosphere region at (75 and 70 km). 263 

 264 

Figure 10. Gravity wave potential energy for the upper (85 and 90 km) and lower (70 and 75 265 

km) mesosphere regions. 266 

The maximum gravity wave potential energies in the range around ~70-90 J/kg are observed over 267 

the longitudinal regions of 45-470 E, 430 E, and 440 E during 2011, 2017, and 2019  (Figure 10(a)) 268 

for upper mesosphere inversions at 90 km, whereas low potential energy around ~10-60 J/kg is 269 

presented all over the longitudinal region from 33-480 E.  While at 85 km shown in Figure 10(b), 270 

the maximum potential energy is around ~(70-100 J/kg) over the longitudinal (340, 440, and 460) 271 

regions during the period of 2014, 2016, and 2018. The low potential energy between 20 and 70 272 

J/kg appears in all the longitude (33-48) regions. The gravity wave potential energy is presented 273 

in Figure 10 (c and d) for the lower mesosphere region at 75 and 70 km. At a height of 75 km, the 274 

maximum potential energy appeared in the range of 40-50 J/kg over the longitudinal (460, 420, 400, 275 

370, 360, and 380) region during 2011, 2012, 2017, 2013–2015, 2018, and 2020. Similarly, Figure 276 

10(d) depicts the gravity wave potential energy in the range of 2–30 J/kg for the lower mesosphere 277 

region at 70 km over the longitudinal region (33-480). Out of which, the maximum potential energy 278 

is found in the range between 25 and 30 J/kg in a certain longitude region and time period. The 279 

result concludes that the observation of high potential energy in the upper mesosphere region is 280 

due to the deposition of high energy and momentum at the background temperature by gravity 281 

wave breaking, which could influence the dynamics of the inversion phenomenon. The gravity 282 
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wave dynamics are multi-scale in nature; small-scale waves might contribute predominantly to 283 

instabilities, turbulence, and mixing (Liu and Meriwether, 2004; Szewczyk et al., 2013). 284 

Hence, in this part, an attempt has been made to investigate the gravity wave contribution to the 285 

MIL phenomenon of an unstable region based on the Brunt-Vaisala frequency calculations as 286 

mentioned in the methodology. The spatiotemporal variability of Vaisala frequency is displayed 287 

in the contours in Figure 11(a and b) for the upper mesosphere region (90 and 85 km) and in Figure 288 

11(c and d) for the lower mesosphere region (75 and 70 km). Based on N2, the upper inversion 289 

instability is maximum at 90 km (~0.027) and at 85 km (~0.029) relative to the lower inversion 290 

instability at 75 km (~0.033) and 70 km (~0.035). This result leads us to the conclusion that a high 291 

amount of gravity wave potential energy is a consequence of the high instability of the upper 292 

inversion relative to the lower. 293 

 294 

Figure 11. Brunt-Vaisala frequency (N2) profiles for the upper (85 and 90 km) and lower (70 295 

and 75 km) mesosphere regions. 296 

4. Conclusions 297 

In this article, 16 years of SABER mesosphere temperature profiles are utilized to investigate the 298 

MIL phenomenon and its causative mechanism through gravity wave potential energy (PE) and 299 

instability criteria of Bruent-Vaisala frequency (N2) over low latitude bands (3-150 N). The 300 

observational conclusions from this chapter are drawn as follows: 301 
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 The frequency of occurrence in the upper and lower mesosphere regions reveals that the mean 302 

occurrence rate for upper mesosphere inversions lies below 40% and for lower inversions 303 

below 20%. 304 

 Based on the analysis of frequency of occurrence on mesospheric inversion layer (MIL) 305 

characteristic features, it is revealed that the most probable value for upper inversion amplitude 306 

is 38 k with standard deviations (SD) of 1.72 k, inversion layer thicknesses are 5.5 km with 307 

SD of 2.3 km, and the base height is 78 km with an SD of 2.8 km. Whereas the lower inversion 308 

amplitude is 25 K with an SD of 14.5 K, the inversion layer thickness is 3.8 km with SD of 309 

1.72 km and a base height of 73 km with an SD of 2.07 km. 310 

 The gravity wave indicator potential energy depicts high energy (below 100 J/kg) at the upper 311 

mesosphere region (85 and 90 km) compared to the lower mesosphere region (75 and 70 km) 312 

with less than 50 J/kg. 313 

 The stability criteria at the mesosphere region are indicated by Brunt-Vaisala frequency (N2), 314 

which shows low values at the upper mesosphere region (90 and 85 km) relative to the lower 315 

mesosphere region (75 and 70 km), leading to the conclusion that the high potential energy at 316 

the upper mesosphere region is due to the instability over that region, which gives rise to large 317 

inversion phenomena. 318 

 In general, we concluded that the processes in the atmosphere vary from region to region. As 319 

a result, the atmospheric state varies significantly with altitude as well as from place to place 320 

and time to time. 321 
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