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Simultaneous photometric measurements of meso-
spheric OH night airglow emissions have been made 
from two stations, Gadanki (13.5°N, 79.2°E) and Kol-
hapur (16.8°N, 74.2°E), India during February–March 
2010 to study the differences in the observed wave 
characteristics. Our results reveal the wave peri-
odicities to be similar at both locations, which ranged 
from 2 to 8 h. The inferred Krassovsky parameters 
(η = |η|eiϕ) show large variability, with ranges of |η| 
varying from 2.4 to 4.2 over Gadanki and from 2.2 to 
6.3 over Kolhapur. The phase values of Krassovsky 
parameter, ϕ, exhibit variation from –101° to –202° in 
Kolhapur data and –38° to –93° in Gadanki data. The 
deduced vertical wavelengths indicate that the observed 
waves were propagating upwards with vertical wave-
lengths varying from –26 to –62 km. We note that the 
observed night-time OH emission profile shows the 
peak of emission at ~ 85 km in Kolhapur and at 
~ 90 km in Gadanki in the corresponding months. 
These observed characteristics of waves and the cause 
of noted differences are discussed. 
 
Keywords: Airglow emissions, low latitudes, meso-
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THE temporal variations of mesospheric OH night air-
glow intensities and rotational temperatures are known to 
be caused by the passage of gravity waves and tides of 
lower atmospheric origin. At mesospheric altitudes,  
amplitudes of these waves and tides become so large that 
they govern the observed variability in mesospheric wind 
and temperature fields. There are several reports that  
study the long as well as short-period wave features with 
the help of mesospheric airglow emissions. For example, 
Takahashi et al.1 report the detection of planetary waves; 
Taylor et al.2 and Taori et al.3 report tidal features. Apart 
from these long-period waves, there are several reports 
on the short-period gravity wave features at mesospheric 
altitudes4–7. In particular, the photometric measurements 
can be utilized to characterize the dynamical features by 
Krassovsky analysis8, which relates the percentage inten-

sity changes to the associated temperature. The Krasso-
vsky parameter is a complex quantify explained as 
 
 η = |η|eiϕ, (1) 
 
where the magnitude of η is defined as 
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where δ represents the amplitude of the wave perturba-
tion in intensity ( )I and temperature T  and the over bar 
of the quantity is the time-averaged mean for that wave 
perturbation. ϕ is the phase difference between intensity 
(ϕ 

I) and temperature (ϕ T) waves and is defined as fol-
lows. 
 
 ϕ = ϕ I – ϕ T, (3) 
 
(i.e. a negative ϕ means temperature wave leads the  
intensity wave). Further, the vertical wavelength (λz) can 
also be estimated using the calculated η and ϕ values as 
described by Tarasick and Hines9. 
 There are several cases of isolated wave event chara-
cterization using the Krassovsky analysis at OH emission 
altitudes10–16. However, only few of them are from low 
and equatorial latitudes that provide the Krassovsky para-
meters with respect to the wave periodicity (ranging from 
0.5 to 12 h). One of them is by Viereck and Deehr17 
spanning the wave-period ranges 1–20 h, and by Reisin 
and Scheer18 who focused mainly on the semidiurnal tidal 
fluctuations. These efforts have been further extended by 
Lopez-Gonzalez et al.19 with the help of spectral airglow 
temperature imager (SATI) measurements. Recently, 
Ghodpage et al.20 have observed waves having period  
between 2 and 12 h, which propagate upward from the 
measurements of the O(1S) 557.7 nm and OH(7,2) band 
from a low-latitude station, Kolhapur, during 2004–2007 
in night airglow data. It is important to note that simulta-
neous mesospheric OH measurements with the aim to 
compare the Krassovsky parameters from different low-
latitude stations have not been done so far. We planned a 
campaign from Gadanki (13.5°N, 79.2°E) and Kolhapur 
(16.8°N, 74.2°E) stations in the Indian sector to monitor 
mesospheric OH emissions during the period February–
March 2010 (as these months are known to provide more 
optically clear night sky compared to other months). The 
aim of the present study is to provide additional informa-
tion on Krassovsky ratio from the Indian sector and also 
to investigate that observed differences in wave charac-
teristics in terms of Krassovsky parameters. 
 The instrumentation used in the present study is as fol-
lows. The mesosphere lower thermosphere photometer 
(MLTP) uses narrow bandwidth (FWHM ~ 0.4 nm) inter-
ference filters (5 cm diameter) having high transmission 
coefficients (40–70%) and low temperature coefficient 
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(~ 0.012 nm/°C) to monitor OH(6–2), O2(0–1), O(1D) and 
O(1S) emissions. The MLTP has full field-of-view of 4°. 
All the filters are mounted in a filter wheel (housed in a 
temperature-controlled chamber), which is rotated to  
insert the desired filter into the optical path. In this study 
an observation cycle consists of 10 sec integrations  
repeating each filter at 90 sec interval. The MLTP uses 
Hamamatsu H7421-50 photomultiplier module as the de-
tector which has wide spectral response (~ 160–900 nm) 
and peak cathode sensitivity of ~ 4 × 106 at 840 nm. 
Cooling with the help of Hamamatsu C8137 ensures a 
low dark count ~ 150 counts/sec at 0°C. The detector 
sampling is synchronized with the filter rotation through 
a trigger. A menu-driven computer software is used for  
ascertaining the above control operations and data-
saving. Details of MLTP with initial results and valida-
tion are discussed elsewhere21,22. The photon counts  
recorded are then used to estimate the mesospheric tem-
perature by ratio method as described by Meriweather23. 
The errors in the temperature estimates (caused by uncer-
tainty in the spectroscopic constants and instrumental 
limitations) are not more than 5%, which gives a tem-
perature precision of ~ 2 K. In the present study the 
MLTP was pointed towards zenith and only mesospheric 
OH emission measurements are utilized. 
 The multi-spectral photometer measures night airglow 
emissions at OH(8,3), O(1D) and O(1S) wavelengths near 
simultaneously. The utilized interference filters (10 cm 
diameter) have full width at half maximum ~ 1 nm. These 
filters have transmission efficiency ~ 30–65% at 24°C 
and a low temperature coefficient (~ 0.018 nm/°C). The 
integration time for each emission monitoring is 10 sec. 
The field-of-view of the photometer is 10°. As the stepper 
motor rotates, a filter wheel keeps each filter in the field-
of-view one by one. At the beginning and after the end of 
each rotation, the filter wheel is brought to the home  
position which further aligns the filters in the field-of-
view. The stepper motor rotation and home position sens-
ing are controlled by the computer. The photomultiplier 
tube, EMI9658B is used as detector. A high-gain trans-
impedance amplifier is used in the signal amplification in 
order to convert the weak (in the range of nA) output cur-
rent of the photomultiplier into corresponding voltage 
form. Output is further recorded in the computer in ana-
logue format in terms of arbitrary units along with time. 
Because the aim of the present study is to compare the 
mesospheric wave characteristics, only OH measurements 
are presented. 
 We carried out a coordinated campaign during Febru-
ary–March 2010 to compare the gravity wave characteris-
tics from Gadanki and Kolhapur. Owing to the tropical 
latitude behaviour only two common nights with clear 
sky conditions were available for detailed analysis, when 
more than 5 h of observation could be made. We present 
these observations and results in the following para-
graphs. 

 To quantify the wave parameters observed in the data, 
a simple best-fit cosine model3 is utilized and the perio-
dicity, phase and amplitude of wave perturbation in the 
data are estimated for intensity and temperature data  
independently. The modelled best-fit solutions are then 
used to get the amplitude and phase information of the 
dominant oscillations. For example, the nocturnal vari-
ability of temperature and intensity data noted on 8–9 
March 2010 over Gadanki is shown in Figure 1, where 
Figure 1 a plots the mean temperature deviations (norma-
lized to their mean temperature values) and Figure 1 b 
plots the mean intensity deviation (normalized to their 
mean intensity values). The connecting lines in the plots 
show the normalized mean deviations in Figure 1 a and b, 
and the filled circles show 0.5 h averaged data on which 
the best-fit analysis was carried out. The solid red lines in 
each plot show the best-fit results. To elaborate that the 
best-fitted wave represents our data sample, plotted to-
gether in dashed purple lines and dotted blue lines are 
forced-fitted values for shorter and longer period waves 
than the best-fitted periodicity. We can see that only best-
fitted ~ 5.9 h wave represents our nocturnal variability 
and hence we conclude that the ~ 5.9 h wave is dominant 
in temperature and intensity data with amplitudes ~ 4.5% 
and 16.5%. Further to find the second dominant wave in 
our data, we subtract the best-fit model data from the 
normalized mean deviation data to obtain the residuals. 
These 0.5 h averaged data of residual temperature and  
intensity data are shown in Figure 1 c and d respectively. 
The solid red lines show the best-fit results for the resid-
ual variability. It is clear that in the residual data, domi-
nant waves in temperature and intensity data have a 
periodicity of ~ 2.4 and 2.6 h respectively. 
 When it comes to Kolhapur data (Figure 2), the mean 
of airglow intensity is 1.6 arbitrary units and temperature 
data are 202.2 K. Similar to Figure 1, Figure 2 shows the 
mean deviations of mesospheric temperatures (Figure 2 a) 
and intensity (Figure 2 b) normalized to their mean values 
over Kolhapur with respect to local time for 8–9 March 
2010 observations. The solid red lines in each plot show 
the results of the best-fit cosine model. The presence of 
~5.2 and 5.8 h waves is noteworthy in the nocturnal tempe-
rature and intensity variability, with amplitudes ~ 2% and 
10% respectively. The residuals from the best-fit model 
data (deviations) that provide information on the second 
dominant wave in the nocturnal data are plotted in Figure 
2 c and d. These show the nocturnal variability for resi-
dual temperature and intensity data respectively. The 
best-fit analysis reveals the presence of ~ 2.8 and 3.1 h 
waves respectively, in the temperature and intensity resi-
duals. 
 While comparing the wave parameters obtained from 
Gadanki and Kolhapur, although the occurrences of similar 
waves should be ascertained with parameters such as hori-
zontal and vertical wavelengths, in the absence of these 
values we assume that similar wave period observation 
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Figure 1. Nocturnal variability in the mesospheric OH emissions during 8–9 March 2010. (a) and (b) plots the mean deviations 
in temperature and intensity data normalized to their mean values, whereas (c) and (d) show their residual variability obtained by 
removing the cosine model fitted data. Filled circles show the 0.5 h averaged data. Solid red lines in each plot show the result of 
best-fit cosine model which estimates the dominant wave periodicity, amplitude and phase of waves in the data obtained over 
Gadanki, while the purple dashed and blue dotted lines show the forced oscillations. It is noteworthy that best-fitted model closely 
follows the 0.5 h average data. 

 
 
emphasizes the presence of similar wave events at both 
locations. Note that both (nocturnal and residual) domi-
nant wave periods on 8–9 March 2010 show a similar pe-
riodicity over Gadanki and Kolhapur. This obviously 
signifies a large latitudinal extent of these waves, which 
is similar to the results obtained by Taori and Parihar21. It 
is interesting to note that Gadanki data show further 
shorter wave periodicities to exist, which are not present 
in the Kolhapur data. Partially, this may be due to the 
higher temporal resolution of Gadanki data. Temporal 
resolution is poor in the Kolhapur data because in this  
period, multi-spectral photometer over Kolhapur was  
operated in meridian scanning mode and as cautioned by 
Hines and Tarasick24, we have only used zenith observa-
tion to calculate the Krassovsky parameter. Therefore, we 
avoid discussions on the observed shorter period waves 
over Gadanki. 
 Figures 3 and 4 show the nocturnal variability observed 
in Gadanki and Kolhapur data on 10–11 February 2010. 
The legends to these figures are the same as described in 
earlier cases. It is noted that the Gadanki data on this 
night reveal the presence of 7.5 and 2.6 h wave periods 
with the relative intensity and temperature perturbation 
amplitudes for the dominant longer-period wave to be 
~ 2.5% and 1% respectively. The Kolhapur data also 
show the dominant wave periods to be ~ 8.0 and 4 h. The 

relative intensity and temperature perturbation amplitudes 
for the dominant long-period wave over Kolhapur are 
~ 13.5% and 2.1% respectively. It is important to state 
that small differences in wave periodicity do not neces-
sarily mean a different wave because of complex dynamical 
conditions at mesospheric altitudes. On 10–11 February 
2010, the residual temperature and intensity data show 
the presence of ~ 2.6 h wave over Gadanki. One may also 
note large amplitudes of short-period waves with ~ 0.6 h 
periodicity. Regarding the differences in the observed 
wave periods at Gadanki and Kolhapur, it is possible that 
the nonlinear interaction between the prevailing short-
period waves over Gadanki may have a role, of which we 
are unsure. Further, regarding the long-period wave, the 
possibility of tidal aliasing cannot be ruled out because of 
limited night-time measurements. However, as the best-
fit results suggest, the 0.5 h averages of the observed data 
are well represented by the best-fitted wave and there-
fore, most often it is the shorter wave periods which are 
not well accounted in the best-fitting. Therefore, we  
believe that our deduced wave periodicity, amplitude and 
phases are very close to the true oscillation parameters 
observed on these particular nights. 
 The waves observed at OH altitudes can be characterized 
with the help of amplitude ratio and phase difference bet-
ween intensity and temperature waves (eqs (1) and (2)). 
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Figure 2. Same as Figure 1, but for Kolhapur data. 
 

 

 
 

Figure 3. Same as Figure 1, but for 10–11 February 2010. 
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Figure 4. Same as Figure 2, but for 10–11 February 2010. 
 
 
The amplitude of Krassovsky ratio η represents the trans-
fer function for a wave to convert the intensity perturba-
tions into temperature25,26. Normally, this ratio ranges 
from ~ 0.5 to 12 with the least number for dissipating or 
trapped waves27,28. We utilize amplitudes normalized to 
the mean values of intensity and temperature data to cal-
culate the Krassovsky ratio. 
 In Figure 1, we note that dominant long-period wave 
has periodicity ~ 5.9 h with amplitudes ~ 8.4 K and 990 
counts in temperature and intensity data respectively. The 
mean temperature and intensity values were ~ 208.4 K 
and 6218 counts respectively. This results in |η| of ~ 3.6. 
The phase difference between intensity and temperature 
waves was obtained with the cross-correlation analysis of 
the best-fitted waves. The phase of the waves over 
Gadanki was ~ 23.2 and 21.5 h for temperature and inten-
sity data respectively, which results in a phase difference 
of ~ 1.7 h in intensity and temperature wave, i.e. ϕ value 
of –101 ± 30°. Similarly, for shorter period (periodicity 
~ 2.4 h), the |η| and ϕ values are found to be ~ 2.9 and  
–109 ± 25°. On this night, corresponding observations 
from Kolhapur (Figure 2) reveal the temperature and in-
tensity waves to have amplitudes of ~ 2.3 K and 0.11  
arbitrary units respectively. Further, Kolhapur data reveal 
the phase of temperature and intensity waves to occur at 
~ 23.1 and 24.3 h IST. These result in |η| of ~ 5 and  

ϕ ~ –82 ± 32°. Similarly, the shorter-period wave over 
Kolhapur exhibited –58 ± 24° and 2.2 to be the phase and 
amplitude of the Krassovsky parameter respectively. 
 On 10–11 February 2010, we note the long-period 
wave to exhibit a periodicity ~ 7.5 h (Figure 3). The domi-
nant long-period wave amplitudes over Gadanki are 
~ 0.8 K and 92 photon counts for temperature and inten-
sity data with their mean values ~ 200 K and 5849 counts. 
This results in |η| values ~ 4.2. The phase ϕ value for this 
wave was found to be about –141 ± 40°. The long-period 
wave in Kolhapur data had periodicity of ~ 8 h for which 
the amplitudes are estimated to be ~ 2 K and 12.6% for 
temperature and intensity data respectively, with mean 
values ~ 202.4 K and 2.2 arbitrary units, i.e. |η| ~ 6.3. The 
phase ϕ is estimated to be –38 ± 20°. One may note the 
significant difference in the Krassovsky parameters for 
long-period waves in Gadanki and Kolhapur observa-
tions. The short-period wave over Gadanki has a perio-
dicity of ~ 2.6 h, whereas the Kolhapur data show the 
short-period wave to be of ~ 4 h periodicity, which seems 
to be significantly different. However, as stated earlier, 
because of the presence of a short-period 0.6 h wave in 
Gadanki data, the possibility of nonlinear wave–wave  
interaction cannot be ruled out, which we are unsure of at 
present. The short-period wave over Gadanki (2.6 h wave 
period) shows the |η| and ϕ values to be ~ 2.4 and 
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Table 1. Derived wave parameters of Kolhapur and Gadanki data with standard errors 

 Gadanki Kolhapur 
 

 Wave period  ϕ  (degree) ±  λz (km) ±  Wave period  ϕ  (degree) ±  λz (km) ±  
Date (h) |η| error error (h) |η| error error 
 

8 March 2010 5.9 3.6 –101 ± 30 –58 ± 20 5.2 5.0 –82 ± 32 –60 ± 26 
8 March 2010 2.4 2.9 –109 ± 25 –47 ± 28 2.8 2.2 –58 ± 24 –43 ± 18 
10 February 2010 7.5 4.2 –141 ± 40 –62 ± 12 8.0 6.3 –38 ± 20 –50 ± 20 
10 February 2010 2.6 2.4 –202 ± 45 –49 ± 23 4.0 3.6 –93 ± 38 –26 ± 12 

 
 
–202 ± 45° respectively, whereas these values for the 
short-period wave over Kolhapur (~ 4 h wave period) are 
calculated to be ~ 3.6 and –93 ± 38° respectively. Table 1 
summarizes the calculated values of the Krassovsky  
parameters over Gadanki and Kolhapur. There are differ-
ences in the observed wave magnitudes which may be 
due to (i) the altitude differences of observations at two 
locations, (ii) highly variable mesospheric wave dissipa-
tion processes, and/or (iii) the multi-wave-mode coupling 
processes. The Krassovsky parameters, being sensitive to 
the above, are a suitable tool for these studies. 
 Overall, the |η| values vary from ~ 2.4 to 4.2 over 
Gadanki and ~ 2.2 to 6.3 over Kolhapur. The ϕ values, on 
the other hand, reveal large differences and vary from  
–101° to 202° over Gadanki and –38° to –93° over Kol-
hapur. Further, we also estimate the mean vertical wave-
length λz with the help of |η| and ϕ values, which vary 
from –50 to –62 km for long wave period over Kolhapur 
and Gadanki. In case of short-period waves, the vertical 
wavelengths vary from –26 to –49 km. Comparisons of 
the deduced wave parameters are shown in Table 1. It is 
interesting to note that the deduced vertical wavelength 
values compare well with those reported by Guharay et 
al.11,29. It is worth mentioning here that theoretical work 
of Hines and Tarasick24 suggests that negative values rep-
resent the upward propagating gravity waves and hence 
our observations reveal that on both nights we noted  
upward propagating waves. 
 As mentioned above, the deduced Krassovsky para-
meters show large differences from one night to another,  
indicating a highly dynamical mesosphere; a fact which 
other workers have also demonstrated. For example, 
Reisin and Scheer12 found mean values of |η| = 5.5 ± 0.6 
and ϕ = –66° for OH. In a further report by the same  
authors18, based on 5-year observations, they found the 
mean |η| of ~ 5.6, although they mention that for waves of 
periodicity 1000 sec to 3 h, |η| is ~ 3.4. In another study, 
based on long-term observations with a spectral airglow 
temperature imager (SATI) from a mid-latitude station, 
Lopez-Gonzalez et al.19 reported a mean |η| of approxi-
mately ~ 8.6 for the OH data (with very large variability). 
Guharay et al.29 found that for wave periods varying from 
6 to 13 h, |η| varies from ~ 1.7 to 5.38 and the phase var-
ies from –13° to –90°. Similarly, Aushev et al.10 show the 
amplitude of Krassovsky parameters (for wave periods 

ranging from 2.2 to 4.7 h) to vary from 2.4 to 3.6 and 
phase to vary from –63° to –121°. It is noteworthy that 
our values broadly agree with those of Guharay et al.11,29, 
Reisin and Scheer12,18 and Viereck and Deehr17, whereas 
they are somewhat different from the values reported by 
Lopez-Gonzalez et al.19. 
 Of relevance to the observations is the fact that there is 
large scatter within different reports with no consensus in 
the calculated Krassovsky parameters. There may be 
various reasons for the observed differences between 
various reports. One of the possible causes may be due to 
the oxygen profile variability30 from one station to  
another as the |η| depends on [O] profile and complex OH 
chemistry25. Another cause could be the quenching of 
molecular lines by collision with perturbed molecules 
during the transitions from different vibration levels31. 
Also, an altitude difference of OH layer from one loca-
tion to another may be responsible for the observed dif-
ferences. At the same time, variation in the background 
wind conditions may also alter the deduced parameters. 
In particular, Makhlouf et al.31 attempted to account for 
the η characteristics by modifying Hines’ model and  
using a new photochemical dynamical model (PDM); but 
were unable to explain the appearance of the negative 
phases. Hines and Tarasick24 found a wide range of η 
variability. Further, Hines and Tarasick32 discussed the 
necessary correction for thin and thick layer approxima-
tions for the calculation of η from airglow emissions due 
to gravity waves interaction. They also pointed out that 
OH emission intensity, which affects the derived η, does 
not depend on the oxygen profile and other minor spe-
cies; which contradicts the existing theory25,30,33. In short, 
there is no single accepted theory for the observed vari-
ability in Krassovsky parameters and investigators have 
been showing large ranges of η and ϕ values. In the pre-
sent study, we also note that the observed vertical wave-
length (VW) values of Gadanki and Kolhapur data show 
large differences from one night to another (Table 1). The 
mean VW for long-period nocturnal wave varies from  
–60 (–58) to –50 (–62) km in Kolhapur (Gadanki) data 
from one night to another. Similarly, the VW for the short-
period wave varies from –43 (–47) km to –26 (–49) km in 
Kolhapur (Gadanki) data from one night to another. We 
note that the mean VW values for long and short-wave 
values are larger over Gadanki in comparison to the  



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 104, NO. 1, 10 JANUARY 2013 104 

Kolhapur data. We can also compare of VW values with 
existing reports. For example, Reisin and Scheer18 found 
a mean VW of approximately –30 km (with 40 km vari-
ability), which is somewhat in agreement with our values, 
whereas there are significant differences from the VW 
values (–10 to –20 km) reported by Lopez-Gonzalez et 
al.19. Takahashi et al.15 reported the VW values to vary 
from 20 to 80 km, which is in agreement with our results. 
More recently, Ghodpage et al.20 analysed the long-term 
nocturnal data of 2004–2007 and also observed that the VW 
lies between –28.6 and –163 km. Our results are in agree-
ment with this reported value of VW. 
 One may argue that the observed differences in Krass-
ovsky parameters may be because of different seasons 
and years. In the present study, we note larger values of η 
over Kolhapur data compared to the Gadanki data for 
long wave on similar dates, which indicates a larger  
intensity to temperature perturbation ratio over Kolhapur 
during the passage of the wave. This could be due to the 
differences in the dynamical processes between Kolhapur 
and Gadanki. We believe that as the gravity wave ampli-
tudes grow exponentially with height, a difference in the 
peak emission altitude may give rise to such noted differ-
ences. To identify this, in Figure 5 we plot the OH vol-
ume emission rate profile for these locations (obtained 
from the SABER instrument on-board the thermosphere 
ionosphere mesosphere energetic and dynamics (TIMED) 
satellite). The selected latitude–longitude grids are 9°N to 
19°N and 74°E to 84°E for Gadanki and 11°N to 21°N 
and 69°E to 79°E for Kolhapur. The criteria for the selec-
tion of SABER data are such that: (i) the SABER pass 
should be during typical observation times (i.e. night-
time); (ii) the SABER pass should be available at both the 
 
 
 

 
 

Figure 5. The OH emission profiles obtained by the SABER instru-
ment on-board Thermosphere Ionosphere Mesosphere Energetic and 
Dynamics satellite mission corresponding to the locations Kolhapur 
and Gadanki (source: http://saber.gats-inc.com/). 

latitude and longitude and (iii) it should not be twilight 
time. Note that the SABER pass over Kolhapur was at 
about 23.7 IST, while over Gadanki it was at about 
03 IST (i.e. 27.2 IST). Such a night happened to be 18 
February 2010 (Figure 5). We can observe that the alti-
tude of OH layer at Kolhapur is near 85 km, while over 
Gadanki it is approximately 90 km. The cause of such a 
variability in OH emission profile may be due to the 
ozone and water vapour availability at mesospheric alti-
tudes and their latitudinal variations. More studies on this 
aspect and that the OH emissions may have a systematic 
latitudinal variability are beyond the scope of the present 
study. We assume that the observed differences in Krass-
ovsky parameters may be because of this, which may play 
an important role by affecting oxygen profile as well as 
quenching. This indicates the importance of the altitude 
variation of airglow emissions while making an inter-
comparison from one station to another and from one sea-
son to another. 
 In conclusion, our results show that though observed 
wave periodicities were same over Gadanki and Kol-
hapur, the amplitude and phase of the derived Krassovsky 
parameters show significant differences. We show that 
the representative SABER profile indicates a difference 
in OH emission altitudes which may possibly be the 
cause of such observations. More data are needed to carry 
out a wider study to provide further insights into the 
characterization of the waves. 
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yield of rice–wheat cropping system 
 
S. K. Jalota1,*, Harsimran Kaur1, S. S. Ray2,  
R. Tripathy2, B. B. Vashisht1 and S. K. Bal3 
1Department of Soil Science and 3Department of Agro-Meteorology, 
Punjab Agricultural University, Ludhiana 141 004, India 
2Agro-Ecosystems Division, Space Applications Centre,  
Ahmedabad 380 015, India 
 
Climate data recorded for the last 40 years (1971–
2010) at meteorological station of Punjab Agricultural 
University, Ludhiana (Central Indian Punjab) and  
future changes in climate data derived from three 
General Circulation Models (GCMs), viz. HadCM3, 
CSIRO-Mk2 and CCCMA-CGCM2, were analysed. 
Past data showed increase in temperature, decrease in 
open pan evaporation and irregular trends in rainfall. 
Amongst GCMs, the HadCM3 model showed rela-


