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Abstract 

    The short-period (about 5-10 min) atmospheric gravity waves (AGWs) were observed in the 
mesopause region over Abastumani in by the hydroxyl infrared all-sky imager. The specifics of 
their propagation are given. The importance of these small-scale AGWs for monitoring the wave-
like processes in the mesopause and study the lower-upper atmosphere coupling in the Caucasus 

region caused by orographic effects are also noted.         

 

    1. Introduction 

     Atmospheric gravity waves (AGWs) play important role in the lower and upper atmosphere 

dynamical processes [1,2]. It is important to study the generation of these waves, the influence of 

their propagation and dissipation on the atmospheric structure and behavior as well. Luminous 

layers of the upper atmosphere, including hydroxyl OH bands (maximum luminous layer about 87 

km height), sensitive to propagation AGWs [3, 4, 5]. The observed mesopause short-period (with 

duration 5-10 min) and longer period waves activity express the properties of the  seasonal 

variations of the regional and global scale dynamical phenomena [6, 7]. The modern imager 

systems allow us to study two-dimensional pictures of AGWs propagation in the upper atmosphere 

including mesopause [8]. 

    In this work the parameters and two-dimensional picture of the short-period AGWs propagation 

in the mesopause observed from Abastumani Astrophysical Observatory by the hydroxyl infrared 

all-sky imager are demonstrated which are obtained for the first time in the Caucasus region.  The 

importance of these phenomena is noted for study the lower and upper atmosphere coupling 

processes under various helio-geophysical conditions. By use of dispersion equation for AGWs, the 

importance of background wind velocity for their vertical propagation and identification of a 

possible source of their generation in the lower atmospheric layers are noted.    
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    2. Short-scale mesopause region AGWs observed by hydroxyl infrared  all-sky imager and its 

possible theoretical description  

     The mesopause hydroxyl OH bands are one of the brightness objects in the upper atmosphere 

nightglow spectrum [7, 9. 10, 11]. The sufficient part of hydroxyl emission is in the infrared region 

of its spectrum. The mesopause temperature is estimated by OH bands emission [Fishkova, Shefov]. 

Ground based observations of the nightly behavior of the hydroxyl emission intensities show the 

propagation of atmospheric waves and their properties in the mesopause region [7]. The 

monitoring of dynamical processes by the hydroxyl infrared all-sky imager (wavelength >1500 nm) 

have been carried out in Abastumani Astrophysical Observatory since September 2014. The field of 

view of the imager system covers the region over the Big and Small Caucasus  and Black Sea within 

the radius of 150 km in the mesopause, which could play an important role in dynamical processes 

in this region.  

    In the wave-like processes observed by all-sky imager system the presence of waves with 6-10 

min periods are noted. Such short-period AGW-type waves appear occasionally and the duration of 

their presence do not exceed 40-45 min. Such short-period waves - so called ripples [3,4,7] - can be 

excited in situ by nonlinear as well as possibly other processes, also can be coupled with lower 

atmospheric variations, including orographic effect.    

    In figure 1 the pictures of temporal development of the short-period AGWs observed from 

Abastumani by the hydroxyl infrared all-sky imager on September 1-2, 2014 (upper panels) and on 

August 11-12, 2015 (lower panels), are shown. In analogy with [8, 12, 13, 14] for 1-2.09.2014 

observation, the estimated wave period is  T≈7.5 min, horizontal wavelength ≈7 km and phase 

velocity of horizontal propagation (to the North-East) ≈15 m/s. For 1-2.08.2015 observations, the 

estimated wave period is  T≈9.8 min, horizontal wavelength ≈13.5 km and phase velocity of 

horizontal propagation (to the to the North-East) ≈23 m/s.   

    The waves demonstrated in figure 1 correspond to the propagation of short-period AGWs in the 

mesopause region. The observed phase velocities (15 m/s and 23 m/s) of these waves are close to 

background wind velocities characteristic to the mesosphere and lower thermosphere regions and can 

influence their propagation and evolution [3, 4, 7]. 
The propagation of AGWs with g  frequency in the isothermal atmosphere in the case of presence the 

horizontal (x directed) background wind with velocity ou  can be described by the following  
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Fig. 1. The short-scale atmospheric gravity waves in the mesopause region observed from 

Abastumani by the hydroxyl infrared all-sky imager on September 1-2, 2014 night UT= 00:07:56, 

UT=00:24:41 (upper panels) and August 11-12, 2015 night UT= 18:07:32, UT=18:13:25 (lower 

panels).    

 

dispersion relation [1,3]:  
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Here    2
1

/)1( Hgb    is the isothermal Brunt-Väisälä frequency. g  is the acceleration due to 

gravity,   2
1

gHcs   is the speed of sound,   is the ratio of the specific heats  4.1 , H is 
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atmospheric scale height, 
x

xk


2
   , and  are horizontal and vertical wavenumbers,  x  and z   are 

the horizontal (x directed) and vertical wavelengths, respectively.  
    The maximal frequency of AGWs (cut-off frequency) described by Eq. (1) is the Brunt-Väisälä 

frequency 
b  and corresponding minimal period for the mesopause region is about 5 min for 

atmospheric scale height H=5 km. In the case of absence of the background horizontal wind ( 0ou ) 

we can estimate the vertical z  wavelength of the observed AGWs, Eq. (1), the direction of 

propagation and consequently a possible source of its generation in the lower atmospheric layers.      

In the figure 1, in case of short-period AGWs of the mesopause region, the dispersion Eq. (1) for 

the vertical wavenumbers (in case 0ou ) give the values kmz 6  (1-2.09.2014) and kmz 8  

(11-12.08.2015) are demonstrated. According to Eq. (1), the background wind velocities around 

smuo /4010  , typical for the mesosphere-lower thermosphere heights [15], can change AGWs 

frequency by 
oxg uk  , which is about the same order as AGWs frequency )0(  ogg u , in 

case of absence of the background horizontal wind.  

     Figure 1 shows that the short period AGWs activity can cover the whole field of view of the all-

sky imager above Abastumani. In this case it is possible to estimate mean background wind and its 

horizontal inhomogeneity, which influence wave propagation, as well as their dissipation  [5]. So, 

the mesopause region observations, using modern imager technique, allow us to reveal short and 

long scale variations characteristic for this region, which cannot be described by current global 

circulation models [15] and is the field of our future investigation.   
3. Conclusion 

The monitoring of the mesopause over Caucasus by all-sky imager in the hydroxyl infrared 

band from Abastumani shows that short-period AGWs propagate quite frequently in this region. 

The two-dimensional images of AGWs evolution gives possibility to find location of their 

generation, taking into account background wind. It also shows their importance in investigation 

the lower and upper atmosphere coupling caused by orographycal  effects of the Caucasus region. 

The importance of the observed short-period AGW in the region  caused by orographic effects are 

noted to study the lower-upper atmosphere coupling.  
 

Acknowledgements 

This work has been supported by ShotaRustaveli National Science Foundation grant No 31/56. 

 References 

[1]   Hines, C.O., Can. J. Phys., 1960, v.38, pp. 1441–1481.  

[2]   Didebulidze, G.G., Pataraya A.D.  J. Atmos. Sol.-Terr. Phys., 1999, v.61, pp. 479-489. 
[3]    Didebulidze G.G., Chilingarashvili S.P., Kvavadze N.D., Sharadze Z.S., Phys. Chem. Earth B., 2000, 

v. 25(5/6), pp.443-446.  
[4] Didebulidze, G.G., Chilingarashvili, S.P., Toroshelidze, T.I., J. Atmos. Sol.-Terr. Phys., 2002, v.64, 

pp.1105-1116.  

 [5]  Didebulidze, G. G., Kafkalidis, J. F., Pataraya, A. D. J. Atmos. Sol.-Terr. Phys., 2004, v. 66, pp. 715-

732.  



 94 

[6]   Yue, J., Nakamura, T., She, C.-Y., Weber, M., Lyons, W., Li, T. Ann. Gephys., 2010, v. 28, pp. 

1401-1408.  

[7] Khomich, V.Yu., A.I. Semenov, and N.N. Shefov. Airglow as an Indicator of Upper Atmospheric 

Structure and Dynamics, 2008, Springer, Berlin Heidelberg. 
[8]  Taylor, M.J., Ryan, E.H., Tuan T.F. and Edwards E., Evidense of preferential directions for gravity 

wave propagation due to wind filtering in the middle atmosphere, J. Geophys. Res., 1993, 98(A4), pp. 

6047-6057. 
[9]  Фишкова Л.М., 1983. Ночное излучение среднеширотной верхней атмосферы Земли, Тбилиси, 

«Мецниереба». 

[10] McDade, I.C., Murtagh, D.P., Greer, G.H., Dickinson, P.H.G., Witt, G., Stegman, J., Thomas, I., 

Jenkins, D.B., Planetary and Space Science, 1986, v.34, pp.789–800;  

[11] Mcdade, I.C., Llewellin, E.J., Murtagh, D.P., Greer, G.H., Planetary and Space Science, 1987, v. 35 

(9), pp.1137–1147.  

 [12] Cai, X., Yuan, T., Zhao, Y., Pautet, P.-D., Taylor, M. J. ,  Pendleton, W.R.  J. Geophys. Res.:  Space 

Physics, 2014, v. 119 (8), pp. 6852-6864.  

[13] Bossert, K., Fritts, D.C., Pautet, P.-D., Taylor, M. J., Williams, B.P., Pendelton, W.R. J. Geophys. 

Res.: Atmospheres, 2014, v.  119(16), pp. 9765-9778. 

[14]  Nielsen, K., Taylor, M. J., Hibbins, R. E., Jarvis, M. J., Russell, J. M. J. Geophys. Res., 2012, v. 117, 

D05124, doi:10.1029/2011JD016261. 

[15] Picone, J.M., Hedin, A.E., Drob, D.P., Aikin, A.C., J. Geophys. Res., 2002, v. 107(A12), 

http://dx.doi.org/10.1029/2002JA009,430.  
  

აბასთუმანთან სრული ცის იმიჯერული სისტემით დამზერილი მეზოპაუზის 

რეგიონის მოკლეპერიოდიანი ატმოსფერული გრავიტაციული ტალღები 

გიორგი ჯავახიშვილი 

ე.ხარაძის აბასთუმნის ასტროფიზიკური ობსერვატორია 

ილიას სახელმწიფო უნივერსიტეტი 

რეზიუმე 

აბასთუმნიდან ჰიდროქსილის ინფრაწითელი ზოლის სრული ცის იმიჯერული 

სისტემის გამოყენებით მეზოპაუზის რეგიონში დამზერილია მოკლეპერიოდიანი 

(დაახლოებით 5-10 წთ პერიოდის ხანგრძლივობით) ატმოსფერული გრავიტაციული 

ტალღები (აგტ) და ნაჩვენებია მისი გავრცელების ზოგიერთი თავისებურებანი.    

აღნიშნულია ამ მცირემასშტაბოვანი ტალღების მნიშვნელობა, როგორც მეზოპაუზაში 

ტალღური პროცესების მონიტორინგისათვის, ასევე კავკასიის რეგიონში ოროგრაფიული 

ეფექტებით გამოწვეული  ქვედა და ზედა ატმოსფეროს კავშირების შესასწავლად.  

 

 

 


