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Abstract

Twilight Photometer observations were carried out at low latitude station Kolhapur (16039’42.2” N, 74014’20.8” E) India,

during the period 1 January 2009 to 31 December 2011 to yield a reasonable qualitative picture of the day-to-day variability

of the vertical distribution of the atmospheric aerosols from about 6 km to a maximum of 350 km. In this study an attempt

was made to observe twilight airglow red lines using the vertical profiles of aerosols. The rate of change of red light due to

the twilight airglow shows narrow peaks with ˜ 600-1000% rise in intensity than due to aerosol twilight glow. The principal

aspiration of this study is to highlight the conspicuous capability of Semiautomatic twilight photometer to study the twilight

airglow emission lines. Twilight Photometer, although currently seldom used, is still a very effective and the most appropriate

ground based passive remote sensing tool for long-term monitoring of different atmospheric components in a wide range of

altitude for day-to-day basis. It is an efficient system having a simple and inexpensive underlying principle of operations, yet

exhibits extremely accurate and precise usage and can be operated by even a person of average skill. However, it can be seen

that the resultant data was consistent with nearest peer technologies, such as LIDARs, Balloon-Borne instruments, rocket

measurements, satellite observations etc. It is the first attempt in India to obtain the twilight airglow data using Twilight

photometer.
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Abstract 7 

Twilight Photometer observations were carried out at low latitude station Kolhapur 8 

(16039’42.2” N, 74014’20.8” E) India, during the period 1 January 2009 to 31 December 2011 to 9 

yield a reasonable qualitative picture of the day-to-day variability of the vertical distribution of 10 

the atmospheric aerosols from about 6 km to a maximum of 350 km. In this study an attempt was 11 

made to observe twilight airglow red lines using the vertical profiles of aerosols. The rate of 12 

change of red light due to the twilight airglow shows narrow peaks with ~ 600-1000% rise in 13 

intensity than due to aerosol twilight glow. The principal aspiration of this study is to highlight 14 

the conspicuous capability of Semiautomatic twilight photometer to study the twilight airglow 15 

emission lines. Twilight Photometer, although currently seldom used, is still a very effective and 16 

the most appropriate ground based passive remote sensing tool for long-term monitoring of 17 

different atmospheric components in a wide range of altitude for day-to-day basis. It is an 18 

efficient system having a simple and inexpensive underlying principle of operations, yet exhibits 19 

extremely accurate and precise usage and can be operated by even a person of average skill. 20 

However, it can be seen that the resultant data was consistent with nearest peer technologies, 21 

such as LIDARs, Balloon-Borne instruments, rocket measurements, satellite observations etc. It 22 

is the first attempt in India to obtain the twilight airglow data using Twilight photometer.  23 

 24 

 25 
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1. INTRODUCTION 27 

 Twilight sounding method (TSM) is widely used by several investigators in all over the 28 

world to study the atmospheric aerosols (microscopic suspended particles of dust, soot, smoke, 29 

or chemicals) (Jadhav et al. 2000). The observations of the rate of change of zenith sky 30 

illumination during the twilight period were carried out at low latitude station Kolhapur 31 

(16039’42.2” N, 74014’20.8” E), during the period 1 January 2009 to 31 December 2011, using 32 

newly developed Semiautomatic Twilight Photometer. In this study an attempt was made to 33 

observe twilight airglow red lines.  34 

The airglow is the radiation emitted over a wide spectrum originating from the chemical 35 

de-excitation of molecules in the mesosphere and thermosphere (Bellisario et al. 2020). 36 

Discovered by Meinel (1950), it has been studied for decades. First investigations were made by 37 

ground-based observations (Chamberlain & Roesler, 1955) and rocket measurements (Baker & 38 

Stair, 1988). Satellites allowed direct observation of the nightglow outside the atmosphere with a 39 

large spatial and temporal coverage. Among them, HRDI (Burrage et al., 1994), SABER (Marsh 40 

et al., 2006), WINDII (Shepherd et al., 2012), or more recently GOMOS (Bellisario et al., 2014) 41 

built the main climatology of the various sources of the nightglow. 42 

The airglow i.e. photochemical luminescence (which is also called chemiluminescence) is 43 

caused by the chemical reactions of incoming solar radiation with atoms and molecules present 44 

in the upper atmosphere. Sunlight supplies the energy needed to raise these materials to excited 45 

states, and these excited atmospheric molecules and atoms return to their ground state producing 46 

emissions at particular wavelengths (Rafferty, 2015). The airglow is accordingly very broadly 47 

classified as day-airglow, twilight airglow, and night airglow (Chattopadhyay & Midya, 2006). 48 

The twilight glow is defined as the airglow emission at a time when sunlight is shining on the 49 

emitting region of the atmosphere from below. This is distinct from the dayglow where the 50 

sunlight enters from above, and from the nightglow where sunlight is absent. The definition 51 

implies that the sunlight is responsible for the excitation of the twilight glow in a direct or 52 

indirect manner (Agashe 1987). The twilight airglow is further classified as: Morning twilight 53 

airglow and Evening twilight airglow. Among the various sources of emission, the Airglow 54 

contributions average 40 percentages of total brightness of the sky that can be observed in a 55 

moonless night. 56 
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   The Twilight photometric data provides vital statistical information about attitudinal 57 

separation of Twilight airglow red lines. As soon as the sun has just set, the brightness of the sky 58 

decreases rapidly, thereby enabling us to see the airglow that is caused from such high altitudes 59 

that they are still fully sunlit until the sun drops more than about 18° below the horizon. During 60 

this time, red emissions from the sodium layer and 630 nm oxygen lines are dominant, during 61 

civil and nautical twilight. Once astronomical darkness has set in, the emission line due to 62 

formation of Nitric oxide is dominant, and atmospheric scattering of starlight occurs. 63 

The twilight sounding method (TSM), although they have a much longer observational 64 

history in the field of atmospheric aerosols, can be used for Twilight glow observations. Here, 65 

the earth's shadow scans through the emission layer giving valuable altitudinal information; at 66 

the same time, it leaves the lower atmosphere in the dark and facilitates observations. Hunten 67 

(1967) made the interpretation of twilight measurements by using Spectrographs are identical 68 

with those designed for aurora and nightglow studies having very high speed. Swider (1969) has 69 

suggested that Simultaneous measurements of several spectral emissions during twilight would 70 

be useful and would help to define the energy range of the electrons involved. Thus, a 71 

measurement at the time when there is topside excitation, that is, when the conjugate point is 72 

sunlit, should give a different and higher profile than either the day glow or nightglow. 73 

Researchers all over the world used various instruments to sturdy twilight airglow 74 

phenomenon. Pick et al. (1971) conducted twilight airglow measurements of OH and O2 using 75 

Balloon-Borne instruments. A gondola carrying a grating spectrometer for the 1–2 μ region and 76 

filter photometers with pass bands at 1.27 μ and 1.66 μ was flown from Fort Churchill. The 77 

equipment was maintained at a height of 42 km through evening and morning twilights. The 78 

variation of the O2 IR atmospheric band at 1.27 μ was measured for morning and evening high 79 

latitude summer twilight. Moreels et al. (1973) designed and constructed the high-altitude 80 

Balloon-borne three-channel day glow photometer with the intention of making a series of 81 

observations of the Q branch of the OH 8-6 band during flights through morning and evening 82 

twilights. Moos & Fastie (1967) reported far UV photometer measurements of the (dawn) 83 

twilight airglow. Optical emissions from chemically active airglow layers at mesopause altitudes 84 

are readily monitored by ground and space based low light imaging systems (Taylor, 1997). The 85 

NASA Global‐scale Space‐based observations of twilight airglow is conducted by using the 86 
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Limb and Disk instrument. It is an ultraviolet imager and spectrograph that observes light from 87 

the upper atmosphere of the Earth. At night but near twilight, Solomon et al. (2020) realized 88 

broad regions of faint emissions of airglow light, particularly during winter. These are caused by 89 

electrons that are created by ionization on the dayside, and then transported along field lines 90 

from magnetically conjugate areas in the other hemisphere, where those areas are still 91 

illuminated.  92 

The observation sight, R. K. Nagar, Kolhapur, Maharashtra, India is located at 93 

16039’42.2” N, 74014’20.8” E and 613 meters elevation. This sight is free from large-scale 94 

industrial and urban activities. It is mainly surrounded by residential area and agricultural land. 95 

The observational sight is free from urban light pollution. It belongs to Class-4 according to 96 

Bortle Dark Sky Scale. Its sky description comes under the Rural/Suburban transition zone 97 

(given by light pollution map). According to Indian climatic zone map this sight comes under 98 

‘Tropical wet & dry’ climate zone (based on the Köppen climate classification). 99 

 100 

 101 

 102 

 103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 
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2. INSTRUMENTATION AND METHODOLOGY  111 

The instrument, Semiautomatic Twilight Photometer, was newly designed, developed and 112 

installed at Kolhapur, Maharashtra, India. The system is a ground based passive remote sensing 113 

technique mainly used to monitor the vertical distribution of the atmospheric aerosols. It is a 114 

simple and inexpensive but very sensitive instrument and hence operated continuously for 115 

monitoring the day-to-day observations, at any place.  116 

The semiautomatic twilight photometer consists of a simple experimental set up. It 117 

comprises of a pleno-convex lens of diameter 15 cm having a focal length of 35 cm. A red band-118 

pass glass filter peaking at 660 nm with a half bandwidth of about 50 nm and transmission ≥ 119 

85% is used. The aperture of 0.6 cm diameter placed at the focal length of convex lens, provides 120 

approximately 10 field of view. The detector is a photomultiplier tube (PMT-R669). The PMT 121 

requires high voltage supply of about 600V. The output signal (current) of the PMT, used for 122 

detecting the light intensity during the twilight period, is very low. It is of the order of 123 

nanoamperes to microamperes. The newly invented Fast Pre-amplifier amplifies the amplitude or 124 

strength of this low signal. The more details about this modified instrument are enclosed 125 

elsewhere (Mane & Mane 2021). The digital multimeter, Rishcom-100, having an adapter can 126 

store the data automatically for every 10 seconds in the form of date, time and intensity in Volts. 127 

During evening, the twilight photometer is operated for a time spell of ~90 minutes after the 128 

local sunset and during morning; it is operated ~90 minutes before the sunrise. It is able to probe 129 

in the atmosphere from 6 km to 350 km.  130 

Observed time ‘t’ and intensity ‘I’ are two important parameters of the twilight technique, 131 

constitutes raw data. This raw data was utilized for the calculation of shadow height (h). Further, 132 

it is used for the analysis of ‘(1/I) (dI/dh)’ value, where ‘I’ is the observed intensity, ‘dI’ and ‘dh’ 133 

are the differences in intensities and shadow heights respectively observed at time ‘t’ and ‘t+dt’. 134 

Shah (1970) described the method for calculating the earth's geometrical shadow height (h). 135 

Thus, the earth's geometrical shadow height (h) is defined as the vertical height from the 136 

observer on the surface of the earth, where the solar ray grazing the surface of the earth meets the 137 

line of slight. Therefore,  138 

h = R [secant () – 1]                ... (1) 139 
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Here, ‘R’ is radius of earth and ‘’ is sun's depression below observer’s horizon. 140 

Thus, profiles of Altitude (shadow height, h) against ‘(1/I) (dI/dh)’ value obtained during 141 

twilights were plotted. Many of such graphs were studied and discussed the results. This is being 142 

ground based passive remote sensing instrument, the sky needs to be clear at morning and 143 

evening twilight observations.  It is important to note that being a tropical location, the 144 

availability of optically clear sky makes the statistics biased. The maximum number of cloud free 145 

morning and evening twilights were monitored. 146 

 147 

 148 

 149 

 150 

 151 

 152 
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3. RESULTS AND DISCUSSION 163 

Principally, profiles of Altitude against ‘(1/I) (dI/dh)’ value obtained during twilights 164 

were used for study of vertical distribution of aerosols. Hence, they are called as vertical profiles 165 

of aerosols. Figure-1 represents aerosol vertical profile free from twilight airglow activities.  The 166 

rate of change of red light due to the twilight airglow would shows narrow intense peaks on the 167 

vertical profiles of aerosols. The intensity of these lines is ~600% to 1000% higher than typical 168 

natural twilight glow due to aerosols. In semiautomatic twilight photometer a red glass filter 169 

peaking at 660 nm with half bandwidth of about 50 nm is used. Therefore, the twilight glow lines 170 

having wavelengths in between 6100 Å and 7100 Å were detected by this instrument. In the 171 

following subsections, twilight airglow red emissions are discussed in the descending order of 172 

their altitudinal existences.   173 

The airglow normally occurs in layers at varying altitudes above the earth's surface, the 174 

height or heights and the thicknesses of the layers depending on the production mechanism and 175 

therefore on such factors as the composition and its variation with height. The intensity of 176 

emission lines may be patchy in nature and the size of these patches may be of the order of 177 

thousands of kilometers (Silverman, 1970). Twilight offers an opportunity to observe resonant 178 

scattering of sunlight on layers. As the Earth's shadow scans through the layers, the changes of 179 

intensity allow their heights to be measured. The fact of the attitudinal separation of the Twilight 180 

photometric data is utilized to determine the altitude and thickness associated with the bright 181 

airglow layers in the existing work. Megrelishvili (1958), made intensity measurements of the 182 

twilight glow using twilight photometer, in U.S.S.R, in a direction 70° from the zenith in the 183 

Sun's meridian plane, at two different wavelengths, one at 9400 Å and the other at 5270 Å. He 184 

did not observe any maximum on the curves of ‘1/I (dI/dh)’ against ‘h’ for 5270 Å but observed 185 

two maxima, one at about 47 km and the other at about 100 km for 9400 Å.  186 

All the figures in-between Figure-1 to Figure-9 demonstrates the profiles of ‘Altitude’ 187 

against ‘(1/I) (dI/dh)’ value. For each of these graphs, X-axis symbolizes ‘(1/I) (dI/dh)’ value and 188 

Y-axis indicates ‘Altitude in kilometers’. Here ‘E’ stands for graph of Evening twilight and ‘M’ 189 

denotes graph of Morning twilight. The aerosol vertical profiles within altitudinal intervals of 190 

6km - 360 km are considered here. Altitude of twilight airglow emission peak and thickness is 191 

mentioned for each graph.  192 
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3.1. Ionized Nitrogen (N2) emission 193 

According to Hunten (1967) photoelectrons could be descending from great heights 194 

where solar radiation is still intense, and ionizing the nitrogen (N2) at a fixed height of around 195 

300 km. The spectrum of ionized nitrogen (N II) is built up from 6482.05 Å & 6610.56 Å and 196 

6482.70 Å emission from (N I) (Fowler & Freeman, 1927). 197 

Figure-2 shows twilight airglow emission of ionized nitrogen. Excited nitrogen molecules 198 

and nitrogen molecular ions produce red lines. One perceptible point was that for the entire three 199 

years, frequency of N2 emission was lowest for the period free from strong meteor activities; 200 

whereas maximum for the month of December and January, the period followed by two strong 201 

meteor activities Geminids (14th December) & Quadrantids (3rd January) and several weak & 202 

medium meteor activities. N2 emission for month of December showed two broad and intense 203 

peaks during 14th December & 19th December, 2010 during active period (Dec 13-Dec 16) of 204 

Geminids meteor activities. A quite different picture was observed during month of January; at 205 

the time of several weak & medium meteor activities. During month of January, Twilight 206 

photometer detected closely spaced two emissions with narrow thickness above 300 km. The 207 

lower layer is thicker than the upper one. The height and thickness of both the emissions showed 208 

day-to-day variability. The intensity of emissions was lower during January as comparison with 209 

that of December emissions.  210 

Our observations for ionized Nitrogen (N2) emissions are supported by several earlier 211 

researchers. Jenniskens (2004) reported the discovery of the N2
+ A-X Meinel band in the 780–212 

840 nm meteor emission from two Leonid meteoroids. The N2 electronic transition appears 213 

readily in most discharges containing air or nitrogen. It occurs in emission spectra from the 214 

Earth's upper atmosphere, associated with phenomena including aurorae [Ashrafi et al. 2009] and 215 

sprites [Bucsela et al. 2003 & Luque et al. 2011]. Western et al. 2019 recorded N2 emission from 216 

9000 to 15700 cm−1 i.e. from ~6369 Å to 11111Å at Doppler-limited resolution, on a Fourier 217 

transform spectrometer. The research effort described by Thomas J. Immel et al. (2020); 218 

indicated that photoelectron populations stimulate emissions of N2 are easily observed from 219 

space-based platforms. The dissertation by Murray Donald, (2007) and recent work by Eastes, 220 

(2000) focused on the N2 Lyman-Birge-Hopfield (LBH) band (a1Πg−X1Σg+) emissions from 221 

the Earth's aurora and daytime airglow. They used them for remote sensing of thermospheric 222 
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temperature profiles. N2 LBH emissions occurring in the dayglow radiate in the UV between 223 

1270 and 2400 Å. 224 

3.2. Forbidden Red Doublet of oxygen emission (6300 Å & 6364 Å) 225 

It is well known that [OI] 630 nm emission in the nighttime originates mostly from the 226 

bottom side of the F-region at about 250 km altitude in low and middle latitudes by the 227 

dissociative recombination process (Mukherjee et al. 2008) given by:  228 

O2 + e → O + O∗ (1D);  229 

O∗ (1D) → O + hν (λ = 630 nm).  230 

The rate of this reaction is nearly proportional to the rate of recombination in the F2 layer 231 

(Mukherjee et al. 2000). In the thermosphere around 250 km, the 630 nm emission intensity 232 

strongly depends on the density of O ion, O molecule and electrons in the F-region. In addition, 233 

the intensity decreases when the ionospheric layer moves up and vice versa (Parihar et al. 2012). 234 

Figure-3 shows twilight airglow emission due to excited oxygen atoms. In this study 235 

oxygen emission red lines of 6300 Å & 6364 Å are deteced in between the altitudes 200 and 300 236 

km. Intensity of oxygen red emission is moderate to high with width 4 to 10 km.  The red 237 

emission of atomic oxygen (OI 630 nm) is the brightest discrete line observed in the low-latitude 238 

twilight airglow. Our observations of twilight airglow emission due to excited oxygen atoms are 239 

analogues to the observations made by Mukherjee G. K. (2006) at the same station. He used a 240 

CCD based all-sky imaging system to monitor various nightglow emissions (OI 630-nm, OI 241 

557.7- nm, OI 777.4-nm, Na (589.3-nm) and hydroxyl (OH) airglow) at the same low latitude 242 

station, Kolhapur (16.8°N, 74.2°E) in India to study the characteristics of night airglow 243 

variations observed during the period of a moderate/weak geomagnetic storm on February 5, 244 

2000. He observed that the maximum altitudes of OI 630.0-nm and OH Meinel band emissions 245 

are 250 and 87 km, respectively.  246 

Former and recent airglow scientists all over the world studied mainly about emission of 247 

atomic oxygen (OI 630 nm) & OH. Hays et al. (1969) have measured the temperature by 248 

interferometric means using the 6300 A [O1] line during a magnetic storm in 1968 at Ann Arbor, 249 

Mich. (geogr. lat. 42° 16 N, long. 83° 44' W). During a part of the time a stable auroral red arc 250 

(SAR) was present. They found no detectable temperature difference within and outside the arc. 251 
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They found also that the temperatures responded to the changes in magnetic activity rapidly, 252 

with a phase shift of the order of 3 hours. The peak emission rate of 630-nm airglow occurs at 253 

250–260 km [Kubota et al., 2000; Ogawa et al. 2002]. The dissociative recombination of ions 254 

and electrons is the main source of OI 630 nm emission in the F region. Variations in their 255 

intensities are closely correlated with variations in the electron concentration and neutral 256 

composition at these altitudes (Leonovich et al. 2011). 257 

3.3. Emission involved in formation of nitric oxide (NO) molecule 258 

The main components of air in the thermosphere include helium, atomic nitrogen, and 259 

atomic oxygen. Nitric oxide (NO) is one of the major background constituents in the lower 260 

thermosphere and its presence can have direct and indirect consequences to Earth's radiation 261 

budget. NO densities vary with solar and geomagnetic activity. Solar radiation (soft X-rays and 262 

UV) is responsible for dissociating the strong N2 and O2 bands. The total number density of 263 

SOFIE observations show the NO reservoir to be at approximately 100 km, with changes 264 

throughout the year in the altitude of the maximum density. An NO reservoir is present between 265 

100 and 110 km altitude (Siskind et al., 1998; Sheese et al., 2013) and the main production 266 

processes of NO involve the interaction of ground-state and excited nitrogen with molecular 267 

oxygen, while destruction occurs primarily via ground-state nitrogen, ionized molecular oxygen 268 

and solar UV radiation (Barth, 1995). Nitric oxide (NO) molecule such formed is not stable (it is 269 

a very reactive molecule) as it has an odd number of electrons. It rapidly oxidizes to form 270 

nitrogen dioxide (NO2). In this process, a photon is emitted. This photon may have any of several 271 

different wavelengths’ characteristic of nitric oxide molecules. NO & NO2 such formed are 272 

rapidly interconverted in the sunlit atmosphere on a timescale of seconds. 273 

Figure-4 shows twilight airglow emission caused by formation of a molecule of nitric 274 

oxide (NO). This is the brightest emission in the passband of the present study. The peak of the 275 

emission is located between 110 & 120 km. The thickness of the emission is very low (~1.5 km). 276 

Hendrickx et al. 2018 showed the mean NO density between 90 and 140 km altitude. 277 

3.4. Metallic emission (Sodium and Lithium emission) 278 

The formation of distinct layers of metal atoms such as sodium, Lithium etc. around 90 279 

km takes place due to the ablation of meteoroids in the upper atmosphere [Plane, 2003]. The 280 

sodium layer located at 80–105 km and having a depth of about 5 km refers to a layer within the 281 
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Earth’s mesosphere of unbound, non-ionized sodium atoms. Atoms of sodium in this layer are 282 

typically in an excited state, and radiate four red lines between 6500 and 6700 Angstroms. The 283 

resulting radiation is one of the sources of airglow (Ageorges et al. 1999).  284 

Other metallic species that can create airglow in the atmosphere are lithium (Li) 285 

(Donahue, 1959). Li emission line near 6708 Å has been reported by Delannoy and Weill (1958) 286 

to be present on twilight spectrograms. This emission is the impact of dissociative excitation 287 

given by Henrikson (1980):   288 

LiO*+ O → Li* + O2  289 

Li* → Li + hν (6708 Å) 290 

Figure-5 shows twilight airglow metallic emissions of sodium and lithium. Twilight 291 

emissions of alkali metals like Lithium (at 671nm) and Sodium (between 650 and 670 nm) are 292 

located form ~80 to 105 km. These emissions were observed in almost all months of the 293 

observation period. One significant thing to note here is that very narrow and brighter emission 294 

lines were detected after strong meteor activities. However, the emissions observed followed by 295 

weak & medium meteor activities were boarder but weaker in intensity. This indicates ZHR 296 

dependency of alkali metals emissions. [ZHR: Zenith Hourly Rate, the average maximum 297 

number of shower meteors visible per hour if the radiant is located exactly overhead]. [More 298 

details regarding meteor activities are enclosed elsewhere (Mane & Mane, 2021)].  299 

Gu et al. (1995), obtained Sodium density profile with airborne Na LIDAR with peak 300 

density at 94 km with Full-Width Half-Maximum (FWHM) of 0.6 km. Those profiles are similar 301 

to our twilight airglow profiles. This hypothesize that twilight airglow profiles obtained using 302 

Twilight Photometer can provide information about density of relevant components in the 303 

Earth’s atmosphere at the particular altitude.     304 

The study of twilight airglow metallic emissions is having very long history. Jones (1959) 305 

conducted observations of twilight airglow for lithium emission. They exhibit completely 306 

different seasonal behavior. In the extra tropics’ Na varies annually, with a pronounced 307 

wintertime maximum and summertime minimum. However, K varies semiannually with a small 308 

summer time maximum and minima at the equinoxes (Plane, J. et al. 2014). Sullivan & Hunten 309 

(1964) used a birefringent filter photometer to measure the weaker twilight emissions due to free 310 
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lithium and potassium atoms. They used an interference wedge photometer to monitor the 311 

twilight sodium emission simultaneously. They observed that at twilight lithium emission has 312 

been found, showing a correlation with the occurrence of the Leonid meteor shower. Sodium is 313 

also having origin from meteorites. According to them, the maximum concentration of lithium 314 

occurs at 80 km, approximately 11 km below the sodium peak, while the maximum 315 

concentration of potassium occurs at about the same height as the sodium peak. Gault et al. 316 

(1969) made Twilight observations of upper atmospheric sodium, potassium, and lithium for 317 

over one year. Their results indicate that sodium and lithium layers are both at about the same 318 

height of around 90 km and a lower height of about 85 km was obtained for the potassium 319 

layer.  320 

The dayglow height profile is also of interest, especially in connection with the 321 

photochemistry of sodium. Hunten & Wallace (1967) obtained two good profiles of the emission 322 

for comparison with twilight measurements using sodium dayglow photometers flown on 323 

Aerobee rockets. They observed that in June, the twilight and daytime abundances were the 324 

same; the vertical distributions agreed fairly well. In April, the daytime abundance was greater 325 

by a factor of about 1.45; the heights were again nearly the same. Midya et al. (2001) reported 326 

that both chemical kinetically and practically, Li 6708 Å line intensity decreases proportionally 327 

with dramatic depletion of ozone at two Antarctic survey stations.    328 

3.5. Hydroxyl (OH) band emissions 329 

OH, shows red twilight enhancement at 6329 Å. The height of peak emission layer is 330 

~90km. A possible mechanism for hydroxyl emission was first proposed by Bates and Nicolet 331 

(1950): 332 

Chemiluminescence cycle 333 

H + O3 → OH (ν ≤ 9) + O2, 334 

OH + O → O2 + H. 335 

The vibration-rotation bands of OH are, the most intense emissions of the night airglow. 336 

Though controversy exists, the most favored mechanism at this time is that proposed by 337 

(Silverman, 1970): 338 

H + O3→ OH* + O2 339 
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According to Bellisario et al. (2020), the OH vibrational states originate from the reaction 340 

between H and O3 and the ozone photodissociates during the day. Vibrational-rotational levels at 341 

∼85 km, OH is very short-lived produced by  342 

O3 + γ → O + O2, O + H2O → 2OH.  343 

Figure-6 shows OH twilight airglow layer. In the present study it was noticed that 344 

vibrationally and rotationally excited OH radicals emit red line in a narrow layer centered at ~83-345 

87 km. Similar results are reported by Ghodpage et al. (2013, 2014) at the same station 346 

Kolhapur. They made simultaneous MLTP measurements of mesospheric OH night airglow 347 

emissions from two stations, Gadanki (13.5° N, 79.2° E) and Kolhapur (16.8° N, 74.2° E), India 348 

during February-March 2010. They observed that the observed nighttime OH emission profile 349 

shows the peak of emission at ~ 85 km in Kolhapur and at ~ 90 km in Gadanki in the 350 

corresponding months.  351 

Supporting studies are presented by many investigators. Shefov (1968, 1969) has found 352 

periodic variations in the rotational temperature of the hydroxyl emission for as long as 30 days 353 

after the magnetic storm commencement. For the hydroxyl emission, the energy release involved 354 

in these radiations on a planetary scale was of the same order as that of the entire energy of the 355 

geomagnetic storm. The production of OH* has a peak at altitudes of 80-90 km above ground. 356 

Above this height, the production is limited by the rapid fall off in ozone concentration and 357 

below it is limited by the onset of rapid quenching of the excited products by collisions more 358 

frequent at the higher atmospheric pressures. The balance between the two processes creates the 359 

narrow OH airglow layer (Chamberlain, 1962).  A more detailed study by Yee et al. (1997) using 360 

HRDI (High Resolution Doppler Imager) results from UARS (Upper Atmosphere Research 361 

Satellite) showed that the peak altitude of the night time OH emissions could occur anywhere in 362 

the range 86–91 km. Rocket measurements by Baker & Stair (1988) found a normal peak altitude 363 

of ~87 km and a width of 8 km. She & Lowe (1998) and Oberheide et al. (2006) confirmed that 364 

this interpretation is an accurate assessment of the time averaged height and width of the layer.  365 

3.6. Emission of RED Sprites 366 

Sprites are large-scale electrical discharges that occur high above a thunderstorm or 367 

cumulonimbus clouds, giving rise to a quite varied range of visual shapes. They are triggered by 368 
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the discharges of positive lightning between the thundercloud and the ground. Sprites are optical 369 

emissions in the mesosphere mainly at altitudes 50–90 km. They are caused by the sudden re-370 

distribution of charge due to lightning in the troposphere that can produce electric fields in the 371 

mesosphere in excess of the local breakdown field. The resulting optical displays can be 372 

spectacular (Boccippio et al. 1995).  373 

Earlier scientists described that emissions of sprites are related a thunderstorm or 374 

cumulonimbus clouds or lightning. In the present study it was observed that emission of red 375 

sprites during twilight appeared at the arrival or departure phase of different types of middle 376 

level and low-level clouds. They emit red lines in a narrow layer centered at altitudes 50–75 km 377 

with moderate to high intensity.  This is being tropical station different types of clouds were 378 

found in between the days with clear skies. During the observations of 2009-2011; visual 379 

observations of different types of clouds were noted down. Figure-7 shows some examples of 380 

emission of red sprites during existing twilight studies.  381 

It was often observed that sprites were arrived at the withdrawal phase of large quantity 382 

of Nimbostratus clouds. For example: We seen Nimbostratus clouds during 9th- 12th January 383 

2009 and the morning twilights of 13-01-2009 reflected red sprites with wide-rang peak emission 384 

at altitude 55.53 km.  Same type of observation reported in case of sprites emissions of the 385 

morning twilights of 28-04-2009. Here, during previous two days 26th & 27th April 2009, sky 386 

was occupied with Nimbostratus clouds. Further, sprites appeared during morning twilight of 25-387 

1-2009 and at the same time Nimbostratus clouds looked at west horizon.     388 

Sometimes sprites were detected at arrival of cumulonimbus clouds. For example: the 389 

evening twilights of 15-02-2009 acquired intense narrow peak of red sprites emission at altitude 390 

51.26 km and on the next day during morning cumulonimbus clouds visual at west horizon. They 391 

were also present at east horizon on the same day of evening twilight observation of narrow 392 

sprites with very large intensity during 06-04-2009.  393 

Stratocumulus clouds also take part in red sprites emission. At the afternoon of 18th 394 

March 2009 sky was filled with stratocumulus clouds. By evening, the winds had blown away 395 

the clouds, and clear sky observations produced red sprites emission at altitude 76.18 km. 396 

Further, sprites seemed during evening twilights on a day when the morning dew fell. For 397 
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example: weaker & narrow sprites during evening twilights of 22-11-2009. Large quantity of 398 

dew fell during morning at the same day as this is the winter season in India.  399 

Fair weather cumulous clouds play important role in the sprite formation. Sprites formed 400 

on both onset and offset of fair-weather cumulous clouds. Two of such examples furnished 401 

herewith. Sprites of 23-01-2010 formed at onset and those of 26-02-2010 at offset of fair-402 

weather cumulous clouds.  403 

Our observations of altitude of sprites are well agreements with those with earlier 404 

observations. According to Lyons & Schmidt (2003), sprites have since been witnessed 405 

thousands of times. Sprites often occur in clusters, lying 50 kilometers to 90 kilometers above 406 

the Earth’s surface. Sprites’ images were recorded by Nielsen et al. (2013) at 1 ms resolution 407 

occurring in a highly structured mesosphere.  These images revealed several new properties 408 

about sprite. Very recently, NASA astronauts took a new set of pictures from the International 409 

Space Station during night time in the frame of the NASA Crew Earth Observations program, 410 

giving a new opportunity to observe in color sprites and their parent lightning flashes. The sprite 411 

vertical structure extends from 55 to 85 km in the red filter image (Jehl, 2013). 412 

3.7. Multilayered Twilight airglow red emissions  413 

Some times more than one twilight airglow red lines in the pass-band of twilight 414 

photometer had visible on the same aerosol vertical profile. Two such examples are herewith. 415 

Figure-8 shows two different types of twilight airglow red emissions on 01-02-2011. Red sprite 416 

emission having peak altitude at 55.25 km with thickness of 1.62 km and closely spaced two 417 

emissions of ionized Nitrogen (N2) with narrow thickness above 340 km are noticed here. As 418 

usual the lower layer is thicker than the upper one. Mid of January to first week of February is 419 

the coldest period during the winter in India. Hence it is the period of morning dew fall and fog 420 

formation. Such an atmospheric activities are related to the red sprite emission.    421 

Figure-9 demonstrated three-layered twilight airglow red emissions on 09-02-2009; one 422 

Hydroxyl (OH) emission at 81.13 km with thickness 6.86 km, second one is Metallic emission 423 

(Altitude of Peak: 88.75 km; Thickness: 7.17 km) and third emission of Nitric Oxide (NO) 424 

formation (Altitude of Peak: 140.84 km; Thickness: 5.53 km). All these three emissions are 425 

related to the metallic layers formed due to the ablation of meteoroids in the upper atmosphere. 426 
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Several weak and medium meteors are active in the ending of January & beginning of February. 427 

This may be the reason for multilayered emission.  428 

These observations of multilayered twilight airglow emissions emphasize the 429 

distinguished twilight airglow exploring feature of Twilight photometer. Other known 430 

instruments are unable to provide information about multilayered airglow emission at one 431 

glance.     432 

 433 

 434 

 435 

 436 

 437 
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4. SUMMERY AND CONCLUSION 448 

Maximum of all kinds of red twilight airglow emissions except red sprites were detected 449 

during the months of mid of December to mid of February, the period free from contamination 450 

due to different types of clouds. The emissions from the mesosphere and the lower thermosphere 451 

have been identified with some certainty, along with the major excitation processes, a fruitful 452 

possibility exists for detailed long-term study from the ground. Few if any developments of 453 

technique are needed; the main lack is a wide distribution of observing stations, with continuing 454 

programs. Moreover, because of the inherent variability and poor weather, it is necessary to 455 

accumulate several years of data at any station before the typical behavior can be deduced. 456 

Hence it is needed to study the maximum variability in spatial and temporal distribution and 457 

notice variation in chemical nature over observation regions. Because of these phenomena, 458 

various atmospheric oscillations were observed. 459 

This study highlights the important characteristic of Twilight photometer, producing 460 

statistics about multilayered airglow emissions at one glance. However, it is not sufficient to 461 

study altitudinal separation of these lines only. As twilight airglow lines are strong functions of 462 

their wavelengths; it is essential to conduct the multi-spectral twilight photometer measures. 463 

Hence, it is essential to use filters peaking at different wavelengths with narrow pass-band for 464 

detail study of twilight airglow emissions. Twilight photometer can provide an opportunity to 465 

change the filters very easily.  466 

The main aim of this study is to highlight the conspicuous capability of Semiautomatic 467 

twilight photometer to study the twilight airglow emission lines. Twilight photometer, although 468 

currently seldom used, is still a very effective and the most appropriate ground based passive 469 

remote sensing tool for long-term monitoring of atmospheric components and different 470 

atmospheric parameters in a wide range of altitudes for day-to-day basis. It is an efficient system 471 

having a simple and inexpensive underlying principle of operations, yet exhibits extremely 472 

accurate and precise usage and can be operated by even a person of average skill. However, it 473 

can be seen that the resultant data was consistent with nearest peer technologies, such as 474 

LIDARs, Balloon-Borne instruments, rocket measurements, satellite observations etc. It is the 475 

first attempt in India to obtain the twilight airglow observations using Twilight photometer.  476 
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Figure-1: Aerosol vertical profile free from twilight airglow activities 705 
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Figure-2: Twilight airglow emission of ionized nitrogen (N2) 717 
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Figure-3: Twilight airglow emissions due to excited oxygen atoms 720 
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Figure-4: Twilight airglow emission caused by formation of a molecule of nitric oxide (NO) 723 
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Figure-5: Twilight airglow metallic emissions of sodium and lithium 727 
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Figure-6: OH, twilight airglow layer 728 
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Figure-7: Emission of red sprites during twilight 738 
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Figure-8: Two-layered Twilight airglow red emissions 741 
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Figure-9: Three-layered Twilight airglow red emissions 743 
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