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Key Points: 11 

• Representative altitude of temperature estimated from FWHM is slightly lower 12 

than meteor peak height by about 2-3 km. 13 

• MHC creates remarkable asymmetry in the height profile of the correlation 14 

between the FWHM and layer-mean temperature. 15 

• The state of the background atmosphere is intrinsically reflected in the MHC 16 

and therefore in the observed FWHM. 17 

18 
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Abstract 19 

The mesospheric temperature estimation from meteor height distribution is reevaluated 20 

by using the Sounding of the Atmosphere using Broadband Emission Radiometry 21 

(SABER) and the King Sejong Station meteor radar observations. It is found that the 22 

experimentally determined proportionality constant between the full width at half 23 

maximum (FWHM) of the meteor height distribution and temperature is in remarkable 24 

agreement with theoretical value derived from the physics-based equation and it is nearly 25 

time-invariant for the entire observation period of 2012-2016. Furthermore, we newly 26 

found that the FWHM provides the best estimate of temperature at slightly lower height 27 

than the meteor peak height (MPH) by about 2-3 km. This is related to the asymmetric 28 

distribution of meteor echoes around MPH, which is known to be caused by the meteor 29 

echo height ceiling effect (MHC). At higher altitude above MPH, the meteor detection 30 

rate is greatly reduced due to the MHC and the cutoff height for this reduction follows a 31 

fixed molecular mean free path of the background atmosphere. This result indicates that 32 

the meteor height distribution can be used to estimate the mesospheric temperature even 33 

under the asymmetric meteor echo distribution caused by the MHC at high altitude. 34 

35 



 3 

1. Introduction 36 

Recent advances in the performance of meteor radar have enabled continuous 37 

observations for the daily mesospheric temperature and hourly neutral winds in the 38 

mesosphere and lower thermosphere region. As meteoroids enter the earth’s atmosphere, 39 

they undergo ablation due to collisional heating with atmospheric constituents, leaving 40 

cylindrical ionized meteor trails behind them. By observing these meteor trails with a 41 

meteor radar, one can extract a variety of essential information on the background 42 

atmosphere as well as the meteors [McKinley, 1961; Ceplecha et al., 1998; Holdsworth 43 

et al., 2004]. While the neutral winds can be directly obtained from the measurement of 44 

Doppler shift of backscattered signals, the temperature near the mesopause region has 45 

been conventionally estimated from the diffusion coefficients of underdense meteor 46 

echoes based on the dependence of the diffusion coefficient on the atmospheric 47 

temperature and pressure [Tsutsumi et al., 1994; Chilson et al., 1996; Kim et al., 2012, 48 

and references therein]. However, Eshleman [1957] provided a theoretical basis for the 49 

relationship between the atmospheric density scale height and the height range of detected 50 

meteor echoes. This relationship was developed by showing that the width of the height 51 

distribution of detected meteors is a nearly linear function of the density scale height 52 

[Younger, 2011]. Lee et al. [2016] demonstrated that there exists a clear linear 53 

relationship between the full width at half maximum (FWHM) of the height distribution 54 

of detected meteor echoes and the temperature retrieved from the Aura Microwave Limb 55 

Sounder (MLS) based on a basic theory and observations. They further showed that the 56 

temperature estimated from this relation is in better agreement with satellite temperature 57 

measurements compared with conventionally estimated temperature from meteor decay 58 

times. Although it was successfully shown that meteor height distribution provides 59 
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mesospheric temperature, the MLS temperature data has a poor height resolution (~10 60 

km), which is nearly comparable to the FWHM in the mesosphere. Therefore, the 61 

resulting temperature from the FWHM was assumed to be a layer mean temperature at 62 

near the meteor peak height (MPH). Furthermore, a meteor radar has a limitation on the 63 

height range of meteor detection; it depends on radar specifications such as a pulse 64 

repetition frequency and a radio wavelength [Cervera and Reid, 2004]. 65 

 66 

In this study, we reexamine the temperature estimation procedure from the FWHM with 67 

the emphasis of the invariance of proportionality constant between the FWHM and 68 

background temperature not only from theoretical consideration but also from meteor 69 

radar and TIMED/SABER observations. In addition, we also evaluate the validity of 70 

temperature estimation from the FWHM under the meteor echo height ceiling effect 71 

(MHC). The meteor radar observation at King Sejong Station and TIMED/SABER 72 

instrument are briefly introduced in section 2. Section 3 describes a theoretical derivation 73 

of the linear relationship between the FWHM and background temperature. The results 74 

of this study are presented in section 4 with relevant discussions. Finally, this is followed 75 

by a conclusion in section 5. 76 

77 
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2. Observations 78 

2.1 King Sejong Meteor radar 79 

Meteor radar has been used to continuously monitor atmospheric winds and temperatures 80 

in the mesosphere and lower thermosphere for several decades. Korea Polar Research 81 

Institute (KOPRI) has been operated a meteor radar at King Sejong Station (KSS) in 82 

Antarctica (62.22°S, 58.78°W) in collaboration with Chungnam National University, 83 

Korea, since March 2007. The KSS meteor radar using a frequency of 33.2 MHz transmits 84 

7.2 km width, 4-bit complimentary coded circularly polarized pulses at a pulse repetition 85 

frequency of 440 Hz. The transmitter has a peak power of 12 kW and a duty cycle of 86 

8.4%. The receiver is composed of two perpendicular interferometric baselines as a 87 

standard antenna configuration [Jones et al., 1998] to determine the angle of arrival of 88 

backscattered signal from meteor trails [Holdsworth et al., 2004; Lee et al., 2013]. 89 

It collects underdense meteor echoes within a horizontal radius of about 250 km from the 90 

radar site. The number of meteor echoes from the KSS meteor radar reaches up to 40,000 91 

meteors per day in summer but it declines to about 15,000 in winter. The large number of 92 

meteor echoes enables us to obtain reliable meteor samples even beyond the typical 93 

meteor detection height of 80-100 km with a better temporal resolution. 94 

 95 

In this study we used 5-year-long meteor radar data from 2012 to 2016 to ensure better 96 

statistics of meteor distribution even under the minimized meteor detection rate in winter. 97 

Phase difference error of meteor echo derived from 6 receive antenna pairs is limited to 98 

be less than 6-degree to determine the most accurate meteor height distribution. In 99 

deriving a linear relationship between the width of meteor height distribution and the 100 

SABER temperature, the geometric height of meteor echoes was converted to 101 
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geopotential height to correctly compare with the proportionality constant derived from 102 

the fundamental hydrostatic equation. 103 

 104 

2.2 TIMED / SABER 105 

The Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) 106 

instrument is one of four instruments on NASA's TIMED (Thermosphere Ionosphere 107 

Mesosphere Energetics Dynamics) satellite to measure the limb emission in the ten 108 

broadband infrared channels covering from 1.27 𝜇m to 17 𝜇m. The profile of kinetic 109 

temperature is obtained from the 15 𝜇m radiation of CO2 from 15 km to 120 km altitude. 110 

The SABER instrument views the atmospheric limb perpendicular to the satellite orbital 111 

track in an altitude of about 625 km and an inclination of 74°. In order to keep the SABER 112 

instrument on the anti-sunward side, the TIMED satellite performs yaw maneuvers about 113 

every 60-day period. Consequently, the latitude coverage on a given day extends from 114 

about 52° in one hemisphere to 83° in the other and this results in only six months of 115 

SABER data available every year in high latitude regions above 52°. The height 116 

resolution of the data varies with altitude and it is about 2 km in the region of meteor 117 

detection. The SABER data used in this study are version 2.0, which includes non-LTE 118 

temperature inversions in the upper mesosphere and lower-thermosphere due to the 119 

departure from LTE in the CO2 15 𝜇m vibration-rotation band for the kinetic temperature 120 

determination above 70 km altitude [Mertens et al., 2001; 2004]. The SABER 121 

temperature and geopotential height data were restricted to the distance of less than 500 122 

km from the location of KSS to directly compare with the FWHM derived from meteor 123 

radar observations during the period of 2012-2016. 124 

125 
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3. Theoretical Consideration of FWHM and temperature 126 

 127 

According to Lee et al., [2016], most of the observed underdense meteor echoes show 128 

specific height distributions being primarily determined by background atmospheric 129 

pressure. Figure 1 shows the MPH (blue open squares) and FWHM (red-shaded area) 130 

obtained from the fitting procedure with a Gaussian curve applied to the daily meteor 131 

height distribution from 2012 to 2016. The background atmospheric pressure field from 132 

the MLS measurement is also presented by solid line contours. It is important to note that 133 

the MPH closely follows the constant pressure level and a fixed portion of the height 134 

distribution (i.e., FWHM) of observed meteor echoes exists within two constant pressure 135 

levels around the MPH as shown in Figure 1. As meteors penetrate into the Earth’s 136 

atmosphere down to about 120 km height, they produce meteor trails, which are 137 

composed of metallic ions and electrons by collisions with atmospheric constituents 138 

[Love and Brownlee, 1991; Rogers et al., 2005]. This collisional heating process is 139 

critically affected by background atmospheric pressure which is a function of density and 140 

temperature. Therefore, the height distribution of meteor echoes, represented by the 141 

FWHM, is determined by the state of the background atmosphere. 142 
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 143 

Figure 1. Temporal evolution of constant pressure surfaces of the neutral atmosphere from Aura MLS (both 144 
filled and line contours) and meteor peak detection heights (blue open diamond) with full width at half 145 
maximum (FWHM) of meteor height distribution (red shaded area) from meteor radar observations at King 146 
Sejong Station, Antarctica in 2012-2016. Two constant atmospheric pressure (P1, P2) levels being strongly 147 
correlated with the FWHM are also presented. 148 
 149 

The linear relationship between the FWHM and temperature can be derived from the 150 

conventional atmospheric statics: the variation of pressure with height can be determined 151 

from the ideal gas law and the hydrostatic equation [Andrew et al., 1987]: 152 

 153 
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integrated over the region between two given constant pressure levels of 𝑃-(𝑍-) and 158 

𝑃1(𝑍1) to obtain the hypsometric equation: 159 

 160 

𝑍1 − 𝑍- =
*
)

𝑇𝑑 ln 𝑃%6
%7

.      (2) 161 

 162 

The height difference 𝑍1 − 𝑍-  in equation (2) corresponds to an atmospheric layer 163 

between the two constant pressure levels. Since the FWHM of the meteor height 164 

distribution nearly coincides with the atmospheric layer as in Figure 1, it can be used to 165 

estimate the mean temperature of the layer from the equation (2): 166 

 167 

𝑇 = 𝐶 ∙ FWHM                                          (3) 168 

 169 

where FWHM = 𝑍1 − 𝑍- and the proportionality constant 𝐶 = )
*
ln %6

%7

>-
. Here the 170 

layer mean temperature is defined as: 171 

 172 

𝑇 =
+?	#$ %A6

A7

?	#$ %A6
A7

            (4) 173 

 174 

As is revealed from the definition of the layer mean temperature given by Equation (4), 175 

the mean temperature can be defined for any kinds of temperature profiles even vertically 176 

rapidly varying temperature structure in atmosphere. 177 

Equation (3) clearly shows that the neutral temperature near the meteor peak height can 178 

be determined by the FWHM alone with a proportionality constant. The constant can be 179 



 10 

empirically determined based on a linear relationship between the observed FWHM and 180 

temperature. It turns out that the determined proportionality constant dose not vary with 181 

time and can be considered to be a ‘constant’ over the entire observation period. The 182 

constant can also be estimated with pressure measurements from SABER observations. 183 

From 5-year averaged values of log-D 𝑃- = −2.07 ± 0.044, log-D 𝑃1 = −2.95 ± 0.009 184 

from the SABER pressure measurements during the period of 2012-2016, the ratio 185 

between two pressure levels, 𝑃- 𝑃1 is determined to be 7.59. Then the proportionality 186 

constant in equation (3) can be estimated to be about 16.28 when the gravitational 187 

constant g and gas constant R are approximately 9.47 and 287.06, respectively, in the 188 

region of given pressure levels of P1 and P2 near 90 km altitude. In the following section, 189 

we will empirically determine the constant using the measurements of FWHM and 190 

temperature and will compare it with the estimated constant from the pressure 191 

measurements. 192 

 193 

4. Results and Discussions 194 

4.1 Empirical estimation of proportionality constant  195 

Using the FWHM and temperature measured from the KSS meteor radar and SABER, 196 

respectively, we can determine the proportionality constant during 2012-2016 period. 197 

Figure 2 shows the scatter plots of the daily FWHMs derived from the KSS meteor radar 198 

versus the TSABER at around 87 km for a year of 2013 (a) and for the entire observation 199 

period of 2012-2016 (b). In contrast to MLS temperature data used in our previous study 200 

[Lee et al., 2016], SABER temperature measurements above KSS are only available in 201 

its south viewing geometry due to yaw maneuvers about every 60 days. This 202 

observational limitation gives rise to fewer temperature data points available for the 203 



 11 

determination of proportionality constant, which is why there are few data points in the 204 

middle of the scatterplot in Figure 2. Nevertheless, it has a much better height resolution 205 

than MLS temperature measurement: the height resolution of SABER observation is 206 

about 2 km while the resolution of MLS observation is about 10~13 km, which is almost 207 

comparable to the FWHM. This characteristic of SABER observation allows us to find 208 

the representative altitude of the estimated temperature from the FWHM [Liu et al., 209 

2017]. 210 

 211 
Figure 2. Scatter plots of the daily FWHM of the meteor height distribution versus the average value of the 212 
SABER temperatures near the mesopause region at King Sejong Station in (a) 2013 and (b) recent 5 years 213 
from 2012-2016. The blue solid line depicts the linear regression. The histograms of the two independent 214 
temperature measurements from the SABER (blue) and MLS (red) and FWHM data are also presented to 215 
show the number of data used in the linear least squares. 216 
 217 

There is an obvious linear relationship between TSABER and FWHM with notably high 218 

correlation coefficients. The slopes in Figure 2 represent the proportionality constant 219 

between the FWHM and TSABER. Table 1 shows yearly slopes during the 5-year 220 

observation period. Note that the slopes are almost invariable within the associated error 221 

ranges during the entire observation period of 2012-2016. They also agree well with the 222 

proportionality constant in equation (3) with SABER pressure measurements. Lee et al. 223 

[2016] using the Aura/MLS temperature data obtained notably smaller slope value of 224 

15.71 with a worse correlation coefficient between the FWHM and temperature, which 225 
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might be due to the poor height resolution of MLS temperature data in the MLT region. 226 

It should be emphasized that the essential point of this procedure is the invariance of the 227 

proportionality constant between the FWHM and temperature near the MPH. Therefore, 228 

once it is determined from the independent measurement of temperature, it can be used 229 

to estimate the temperature from the meteor radar observation of the FWHM alone 230 

without any additional assumed parameter. 231 

Table 1. Slope values and correlation coefficients exhibiting a linear relationship between the SABER 232 
temperature and the FWHM from the meteor radar at KSS from 2012 to 2016. 233 

Year Number of data Slope 
𝑔
𝑅
ln

𝑃-
𝑃1

>-

 
Correlation 
coefficient 

2012 112 16.56 ± 0.51 16.17 0.95 

2013 105 16.77 ± 0.57 16.29 0.95 

2014 109 16.90 ± 0.56 16.29 0.94 

2015 108 16.62 ± 0.64 16.09 0.94 

2016 109 16.54 ± 0.56 16.31 0.94 

2012-2016 543 16.68 ± 0.26 16.28 0.93 

 234 

235 
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4.2 Meteor echo height ceiling effect on the temperature estimation 236 

 237 

The estimated temperature using Eqs.(2)-(4) is the mean temperature between the two 238 

constant pressure levels as shown in Figure 1 and then it seems plausible that the mean 239 

temperature represents the temperature at around the meteor peak height (MPH) for the 240 

pressure levels around the FWHM. In order to confirm this representative altitude of the 241 

estimated temperature with the FWHM, we performed a correlation analysis between the 242 

FWHM and layer mean temperatures at different altitudes. Figure 3 shows the height 243 

profiles of the correlation coefficient between the FWHM and SABER temperature 244 

during the period of 2012-2016. For this analysis the SABER temperatures were averaged 245 

at every 1.2 km height within 2.4 km width to obtain daily layer-mean temperatures for 246 

each year. It is clear in the figure that the best correlation occurs at slightly lower height 247 

(~87 km) than the MPH (88-91 km) by about 3-4 km. The temperature estimation 248 

procedure using the meteor decay times, however, assumed that the representative altitude 249 

of the estimated temperature is around the meteor peak height, which is about 90 km 250 

altitude [Kim et al., 2012; Meek et al., 2013]. A notable asymmetry in the correlation 251 

coefficients around the maximum correlation height is another important feature in Figure 252 

3. The correlation coefficient more rapidly decreases at the altitude above the MPH than 253 

below and this indicates that the meteor height distribution above the MPH is not only 254 

controlled by the background atmospheric state but other factors must be also involved. 255 
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 256 

Figure 3. The height profile of correlation coefficient of the FWHM and SABER temperatures in 2012-257 
2016. The height information of the maximum correlation coefficient and its value in each year are also 258 
summarized. The dotted vertical line indicates a correlation coefficient of 0.9 and the gray shaded box 259 
denotes the height range of the MPH variation during the observation period. 260 
 261 

The height distribution of meteor echoes detected by meteor radar depends not only on 262 

the physical characteristics of meteors and the state of the atmosphere but also on the 263 

operational parameters of meteor radar such as a radio wavelength and a pulse repetition 264 

frequency. Meteor radar observation shows limited height range of detecting meteors for 265 

a given radio wavelength. The backscattered signals from meteor trails beyond this range 266 

are significantly attenuated to be detected [Thomas et al., 1988; Steel and Elford, 1991]. 267 

This limitation is inherently present in the meteor radar observations, which is known as 268 

the meteor echo height ceiling effect (MHC). Immediately after meteor ionized trails are 269 

formed, they rapidly expand in a radial direction to reach a finite radial extent called an 270 
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initial radius within the interval that meteoric ions are in thermal equilibrium with 271 

surrounding atmosphere [Jones, 1995]. As the atmospheric density decreases with 272 

increasing height, the initial radius of meteor trail gets increased and becomes greater 273 

than a quarter of the radio wavelength, which significantly attenuates echo strength due 274 

to the lack of phase coherence from the signals reflected from the different spots in the 275 

meteor trail cross-section [Younger et al., 2008]. In general, the meteor trails from fast 276 

meteors are produced at higher altitudes and hence meteor radar observation misses the 277 

significant part of meteors above certain altitude because of the MHC [McKinley, 1961; 278 

Campbell-Brown and Jones, 2003]. 279 

 280 

According to the echo attenuation theory, there are three major factors controlling the 281 

attenuation in the amplitude of meteor echoes from underdense meteor trails. Previous 282 

studies reviewed these attenuation factors and quantified their influences on MHC 283 

[Thomas et al., 1988; Steel and Elford, 1991]. Since the detailed examination of three 284 

attenuation factors is beyond the scope of this study, we only give a brief overview of 285 

them and find which one is the most important in meteor echo attenuation. The reduced 286 

electron density and its weighting function (zeroth-order Bessel function) oscillating 287 

positive and negative regions with a radial distance in the meteor trail with a larger initial 288 

radius makes backscattered signal too weak to be detected by radars (Initial radius factor, 289 

𝛼P) [McKinley, 1961; Younger et al., 2008]. The signal attenuation is also generated by 290 

the diffusion during the time of meteor trail formation due to the finite velocity of the 291 

meteoroid (Finite velocity factor, 𝛼Q ). If the inter-pulse period of a meteor radar is 292 

comparable or longer than the meteor decay times, it is more likely that meteor trail 293 

detected by one pulse decays below the threshold of meteor recognition before the arrival 294 
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of successive pulse (Pulse repetition rate factor, 𝛼%). 295 

 296 

In the temperature estimation procedure using the FWHM of meteor height distribution, 297 

it is critically important to take account of the MHC caused by these attenuation factors 298 

on the meteor radar observations. Although the background atmospheric pressure field 299 

primary factor to determine the FWHM, the MHC also contributes to the FWHM by 300 

reducing the detection of high altitude meteor trails. It should be noted that proportionality 301 

constants derived from least-squares method using the SABER temperature and the 302 

FWHM are slightly larger (1.4-3.7%) than values from equation (3) with SABER 303 

pressure measurements as shown in Table 1. The underestimated FWHM due to the MHC 304 

probably makes systematic difference between two constants over entire observational 305 

period. In this study, we calculated the three attenuation coefficients using key parameters 306 

obtained from meteor radar observations to examine how much the FWHM can be 307 

affected by the MHC and how it can influence on the temperature estimation. 308 
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 309 

Figure 4. (Left) The height variation of yearly mean three attenuation coefficients and their one standard 310 
deviations (color-filled horizontal bars) calculated from the KSS meteor radar observations in 2014, (Right) 311 
the normalized percentage of yearly mean total attenuation coefficients in 2014-2016. 312 
 313 

We applied an attenuation theory described in Steel and Elford [1991] and Ceplecha et al. 314 

[1998] to the KSS meteor radar data to calculate the attenuation coefficients. Figure 4 315 

presents the height profiles of three attenuation coefficients with standard deviations 316 

calculated from the data in 2014. Because the KSS meteor radar has a large pulse 317 

repetition frequency (PRF), the inter-pulse period is much shorter than decay times of 318 

most observed underdense meteor trails. Hence, the pulse repetition rate factor (blue filled 319 

triangle) should be negligible in the meteor signal attenuation throughout all the altitude 320 

region and the net attenuation of meteor echo is dominated by 𝛼P and 𝛼Q as depicted in 321 

Figure 4. The 𝛼P, in particular, dramatically decreases as the initial radius (r0) increases 322 
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with height. This indicates that the amplitude of radar signals scattered from meteor trails 323 

is severely declined at higher altitude above about 95 km. As for the finite velocity factor, 324 

𝛼Q, since it is basically related to the background atmospheric state, the height variation 325 

of 𝛼Q remarkably coincides with that of meteor decay times, which steadily decreases 326 

with height because of the exponential decrease of the background pressure within about 327 

82-97 km altitude range [Singer et al., 2008; Kim et al., 2010]. As shown in Figure 4, the 328 

MHC generated by 𝛼P  and 𝛼Q  reaches maximum (i.e., minimum attenuation 329 

coefficients) at about 100 km and this altitude is known to be a typical cutoff height for 330 

30 MHz meteor radar observation, representing the limitation height of the observation 331 

[Olsson-Steel and Elford, 1987; Thomas et al., 1988]. Because of this MHC, signals 332 

backscattered from meteor trails are significantly attenuated at higher altitudes, which 333 

causes far worse correlations between the height distribution of meteor echoes and the 334 

background atmospheric temperatures as shown in Figure 3. 335 

 336 

According to Figure 4, we found the MHC for the KSS meteor radar is primarily 337 

controlled by the initial radius and finite velocity factors. If we assume that the 338 

distribution of meteor speed does not vary much over the 5-year observation period, the 339 

two major attenuation processes should mainly be affected by the background 340 

atmospheric density. Since the molecular mean free path is inversely proportional to the 341 

atmospheric density it is more intuitive to describe the relation between the background 342 

atmosphere and the initial radius. Figure 5 illustrates the height distribution of meteor 343 

echoes recorded on a single day in 2016 and the height profile of the molecular mean free 344 

path calculated from the MLS pressure measurement. Note that the number of meteor 345 

echoes observed at a given height bin above the MPH more rapidly decreases with height 346 
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than below. Jones and Campbell-Brown [2005] showed that the initial radius of meteor 347 

trails is about 1-2 m at the altitude of 95 to 100 km for a meteoroid falling with a speed 348 

of 40 km/s and they deduced a relationship between meteor speed V and the initial radius 349 

ri: 𝑟S~𝑉>D.1. The molecular mean free path is approximately one-third of the initial radius 350 

[Manning, 1958]. When the MHC is most effective at around 97 km altitude (see Figure 351 

5), the mean free path is about a few tens of centimeters with the initial radius of about 352 

2~3 m, which corresponds to approximately a quarter of wavelength of the KSS meteor 353 

radar (9.03 m). This indicates that the MHC occurs within a fixed range of mean free path 354 

as shown in previous studies (Pellinen-Wannberg and Wannberg, 1994; Westman et al., 355 

2004); in other words, it occurs at a certain atmospheric state. For the KSS meteor radar, 356 

the MHC mostly occurs at around 97 km altitude, which exists way above the MPH as 357 

shown in both Figure 4 and Figure 5. Consequently, it can be concluded that the MHC 358 

affecting meteor height distribution above the MPH is mainly controlled by the 359 

background atmospheric condition and in turn, this provides an essential validation of the 360 

temperature estimation from the FWHM. 361 
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 362 

Figure 5. The histogram of a meteor height distribution observed by the KSS meteor radar on a single day 363 
in 2016 using a 500 m bin. The blue dashed line presents the mean free path of the background atmosphere 364 
calculated from the MLS observation. The gray-colored horizontal bar indicates the height layer where 365 
rapid decrease in meteor detection rate due to the meteor echo height ceiling appears. The typical range of 366 
molecular mean free path that activates meteor echo height ceiling due to the initial radius and finite 367 
velocity factors is depicted by a gray-colored vertical bar. 368 

369 
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5. Conclusions 370 

In this study, the temperature estimation procedure from the FWHM is reevaluated by 371 

verifying the temporal invariance of the proportionality constant between the FWHM and 372 

mesospheric temperature over the entire observation period of 2012-2016. Their linear 373 

relationship with a proportionality constant is experimentally demonstrated from the 374 

SABER temperature and meteor radar observations in the 5-year observation period. The 375 

slope of the SABER temperature and FWHM is more consistent with theoretically 376 

derived proportionality constant than those from the MLS temperature in Lee et al. 377 

[2016]. Compared to the MLS data, much better vertical resolution of the SABER 378 

temperature enabled us to find that the mesospheric temperature estimated from the 379 

FWHM represent the temperature at around 87±2 km altitude, which is slightly lower 380 

than the meteor peak height by about 2-3 km. The lower representative altitude of the 381 

estimated temperature results from the asymmetric meteor echo distribution, being much 382 

lower meteor detection rates above the MPH, which is caused by the meteor echo height 383 

ceiling effect (MHC). Since the MHC well reflects the background atmospheric state, the 384 

FWHM derived from the KSS meteor radar can be used to estimate a mesospheric 385 

temperature accurately. 386 

387 
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