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below minus 5% of the normal. Positive relationship 
between CEI and rainfall fits in some years 1984, 1988, 
1990, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 2000 
and 2003; but, does not fit in some years 1985, 1986, 
1987, 1989, 1991, 1999, 2001, 2002 and 2004.  

 
There is no attempt here to find the reason why 

should change in baroclinicity (extra-tropical  cyclone 
activity over mid-latitudes) from April to May be related 
to June to September rainfall. We are contemplating that 
the trend (increase/decrease) in the number of extra-
tropical cyclones in the months of April to May in the belt         
40-50° S in comparison to 50-60° S belt in the South 
Indian Ocean, may contain a trend for monsoon months 
which in turn will influence the concurrent rainfall (Sikka 
and Gray 1982). The monsoon flow over India originates 
from around sub-tropical high of South Indian Ocean. 
Most changes in structure and / or location of sub-tropical 
high (Particularly in lower troposphere) during the pre-
monsoon season are influenced by the passing of extra- 
tropical cyclones during this season (April & May).  
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DEPLETION OF OZONE AND ITS EFFECT ON 
NIGHT AIRGLOW INTENSITY OF Na 5893 A° AT 
TRIVANDRUM (8.25° N, 76.9° E) AND HALLEY 
BAY (76° S, 27° W) 
 

1. In a dark moonless night away from city light, a 
certain amount of light is observed to come from space. 
Excluding the light from stars, zodical belt, galaxy and 
that scattered by atmospheric particles, the remaining light 

of about 40% is produced by the self luminiscence of 
atmospheric atoms and molecules and it is called airglow. 
Na 5893A° line is one of the important emissions of 
airglow spectrum. The excitation mechanism of sodium 
airglow line indicates that the intensity of Na 5893A° line 
is affected with the depletion of ozone. The global ozone 
assessment confirms that ozone is declining everywhere 
with smaller amount (Jana et al., 2001). But Farman et al. 
(1985) first reported that dramatic decrease of ozone 
concentration takes place at Antarctica during spring  
time.  Afterwards it was verified by different investigators  

TABLE 1 
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Volume emission rates of Na 5893A° 

 

Altitude  
(km) 

Number densities (atoms / cc) Volume emission rates (Q) of Na 5893A° 

n(Na)×10-3 n(O) ×10-11 n(O3) ×10-7 Trivandrum           
n(O3) × 10-7 at           

peak emission light 

Halley Bay             
n(O3) ×10-7 at               

peak  emission light 

Normal Trivandrum Halley Bay 

85 1.0 1.00 10.0 10.221 11.429 2.60 2.657 2.971 
86 1.4 1.29 10.2 10.425 11.657 4.76 4.865 5.440 
87 1.8 1.58 10.4 10.630 11.886 7.69 7.860 8.790 
88 2.2 1.87 10.6 10.834 12.115 11.34 11.590 12.960 
89 2.6 2.16 10.8 11.040 12.343 16.18 16.540 18.492 
90 3.0 2.45 11.0 11.243 12.572 21.02 21.480 24.024 
91 3.5 2.99 8.5 8.688 9.714 23.12 23.621 26.424 
92 4.0 3.52 6.0 6.133 6.857 21.96 22.445 25.090 
93 3.6 3.98 5.0 5.110 5.714 18.63 19.042 21.292 
94 3.3 4.43 4.0 4.090 4.572 15.07 15.400 17.224 
95 3.1 4.54 3.0 3.070 3.429 10.98 11.223 12.550 
96 3.7 4.85 2.7 2.759 3.086 9.19 9.393 10.500 
97 2.3 4.86 2.4 2.453 2.743 6.90 7.052 7.890 
98 1.8 4.88 2.1 2.146 2.400 4.79 4.896 5.474 
99 1.4 4.76 1.8 1.840 2.050 3.21 3.281 3.670 
100 0.9 4.63 1.5 1.533 1.714 1.63 1.667 1.863 

 
 
 

TABLE 2 
 

Yearly variation of intensity of Na 5893 A° line at Trivandrum and Halley Bay 
 

Year Mean                
O3 (DU)              

at 
Trivandrum 

% O3 depletion 
from mean          

at            
Trivandrum 

Mean          
O3 (DU)          

at                   
Halley Bay 

% O3 depletion 
from mean          

at  
Halley Bay 

Peak volume 
emission rate of  
Na 5893A° at 
Trivandrum 

Peak volume 
emission rate of 
Na 5893A° at 
Halley Bay 

Intensity of 
Na 5893A° 

at 
Trivandrum 

Intensity of         
Na 5893A°        

at               
Halley Bay 

1979 266.34 0.72 303.73 15.04 23.29 26.59 163.01 186.18 
1980 270.27 2.21 301.75 14.29 23.63 26.42 165.42 184.97 
1981 266.13 0.64 298.42 13.03 23.27 26.13 162.87 182.93 
1982 266.01 0.60 286.09 8.36 23.26 25.05 162.81 175.37 
1983 260.33 -1.55 289.70 9.72 22.76 25.37 159.33 177.57 
1984 257.52 -2.61 272.28 3.12 22.52 23.84 157.61 166.89 
1985 267.34 1.10 263.72 -0.12 23.37 23.09 163.62 161.65 
1986 260.18 -1.60 270.77 2.55 22.75 23.71 159.25 165.97 
1987 262.51 -0.72 254.54 -3.59 22.95 22.29 160.67 156.03 
1988 262.94 -0.56 282.24 6.89 22.99 24.71 160.93 172.99 
1989 267.81 1.28 261.90 -0.81 23.42 22.93 163.91 160.53 
1990 271.25 2.58 250.39 -5.17 23.72 21.92 166.02 153.47 
1991 267.43 1.14 257.21 -2.58 23.38 22.52 163.68 157.66 
1992 261.85 -0.97 250.62 -5.08 22.89 21.95 160.27 153.62 
1993 258.35 -2.29 247.82 -6.14 22.59 21.70 158.13 151.90 
1994 259.12 -2.00 233.48 -11.57 22.66 20.45 158.60 143.12 
1995 - - - - - - - - 
1996 263.25 -0.44 203.68 -22.86 23.02 17.83 161.13 124.84 
1997 269.57 1.94 250.84 -4.99 23.57 21.97 164.98 153.76 
1998 265.89 0.55 237.32 -10.12 23.25 20.78 162.73 145.46 
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Figs. 1(a-c).  Volume emission rates of Na 5893A° at (a) normal 
period, (b) Trivandrum (8.25° N, 76.9° E) and          
(c) Halley Bay (76° S, 27° W) respectively 

 
 
 
throughout the world (Midya and Jana, 2002). If ozone 
hole is created at any place in the atmosphere, O3 
concentration also decreases in other regions due to 
atmospheric diffusion and circulation (Midya et al. 2001). 
From the excitation mechanism of Na 5893A°, the volume 
emission rate of Na 5893A° is calculated for normal 
period. From the volume emission rate curve, the intensity 
of Na 5893A° is calculated. Following this process, the 
intensity of the same line for the two stations namely, 
Trivandrum (8.25° N, 76.9° E) and Halley Bay (76° S, 27° 
W), are calculated for other years, considering the 
depletion of O3. The nature of variations of the intensity of 
Na 5893A° line are compared for the above stations. Ions, 
atoms and molecules are not visible to us. From the 
variation of intensity of airglow emission line which is 
related to O3 concentration, one can estimate the variation 
of number density of different types of ions, atoms and 
molecules. In this paper, we have calculated the variation 
of airglow intensity of Na 5893A° for above stations and 
compared the nature of variations. This process may be 
continued for other stations also. 

2. Discussions and conclusion - Chapman (1939) 
first discussed the photochemistry of Na. The excitation 
mechanism is as follows:  
 

( ) 2
2*K* OPNaONaO 1 +→+  

 
( ) ( ) ( )5893Ah SNaPNa 22* υ+→  

 
NaO* may be produced by other way :  
 
(i)  MNaOMONa *K2 +→++  
 
(ii)  MNaOMONa 2

K
2

3 +→++  
 
  2

*K
2 ONaOONaO 4 +→+  

 
(iii) 2

*K
3 ONaOONa 5 +→+  

 
where M represents a third body required to carry 

away excess energy and momentum. Kl, K2, K3, K4       
and   K5 are the rate co-efficients having numerical     
values   4 × 10-11 cm3 s-1, 7 × 10-33 cm6 s-1, 2 × 10-33cm6 s-1,           
1 × 10-11 cm3 s-1 and 6.56 × 10-12 cm3 s-1, respectively              
(Kvifte, 1973). Ghosh and Midya (1987) showed that the 
volume emission rate of reaction (iii) at 90 km is greater 
than those of reactions (i) and (ii). Thus it may be 
concluded that O3 plays an important role for the emission 
of 5893A° line. The volume emission rate of NaO* by 
reaction (iii) is given by  

 
n (NaO*) = K5 n (Na) n (O3)  
 
Ignoring the quenching terms, the rate of production 

of Na * is  
 

n(Na*) = K1 n(NaO*) × n(O)  
 
  =  K1 K5 n(Na) n(O) n(O3)  

 
 

Using the number densities of Na, O and O3 given in 
Table 1, the volume emission rate of n(Na*) for normal 
period and for the year 1979 are calculated for the said 
two stations and are shown in Figs. 1(a-c), respectively. 
Night time n(Na) is taken from rader laser data of Gibson 
and Sandford (1971), n(O3) and n(O) are taken from 
Krassovosky (1971) and Jachia (1977), respectively. 
Intensity is then calculated from the volume emission rate 
curve with the help of the following equation.  

 
Intensity = ½ × layer thickness ×  peak volume 

emission rate.  
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TABLE 3 
 

Seasonal variation of intensity of Na 5893A° line at Trivandrum and Halley Bay 
 

Month Mean                    
O3 (DU) 

Trivandrum 

% O3 depletion 
from mean at 
Trivandrum 

Intensityof                  
Na 5893A° at 
Trivandrum 

Mean                         
O3 (DU) at                
Halley Bay 

% O3 depletion  
from mean at           
Halley Bay 

Intesity of           
Na 5893A° at           
Halley Bay 

January 245.99 -6.50 151.32 306.43 14.70 185.63 

February 249.35 -5.22 153.39 289.39 8.32 175.30 

March 258.17 -1.87 158.81 282.61 5.79 171.21 

April 267.60 1.71 164.60 278.68 4.32 168.83 

May 272.76 3.67 167.78 272.78 2.10 165.24 

June 276.68 5.17 170.21 266.88 -0.10 161.68 

July 276.16 4.97 169.88 261.98 -1.94 158.70 

August 276.67 5.16 170.19 255.07 -4.52 154.52 

September 260.34 -1.05 160.14 210.70 -21.13 127.64 

October 267.52 1.68 164.56 202.59 -24.17 122.72 

November 257.13 -2.26 158.18 258.99 -3.05 156.90 

December 248.71 -5.47 152.99 319.87 19.73 193.77 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figs. 2(a&b).  Yearly variations of intensity of Na 5893A° line at 

(a) Trivandrum (8.25° N, 76.9° E) and (b) Halley 
Bay (76° S, 27° W)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figs. 3(a&b).  Seasonal variations of intensity of Na 5893A° line at 

(a) Trivandrum (8.25° N, 76.9° E) and (b) Halley 
Bay (76° S, 27° W)   

 

 

 

(b) 
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The intensity of 5893A° line is calculated for the 
normal period and it is 161.84 R, which fairly agrees with 
accepted value and that for the year 1980 becomes         
165.42 R for the station Trivandrum and 184.97 R for the 
station Halley Bay (76° S, 27° W). Following this process, 
the intensity of 5893A° line for different years are 
calculated theoretically for the stations Trivandrum and 
Halley Bay for the period 1979-1998 shown in Table 2. 
The variations of intensities are shown in Figs. 2(a&b). It 
is clear from Fig. 2 that the rate of decrease of intensities 
of Na 5893A° line for Trivandrum and Halley Bay are 
0.0299R and 2.4038R per year, respectively. The 
excitation mechanism clearly reveals that the volume 
emission rate of Na* is directly proportional to the 
concentration of O3. So the intensity of Na 5893A° line 
will be governed by the concentration of O3. If the 
concentration of O3 decreases, the intensity of Na 5893A° 
line will also decrease. Since the rate of decrease of O3 at 
Trivandrum is less than that at Halley Bay, the rate of 
yearly decrease of Na intensity at Trivandrum will be less 
than that at Halley Bay, which has been shown in our 
result. The intense decrease at Halley Bay is due to the 
dramatic decrease of ozone at Antarctica.  
 
 
 
 
 

The intensities of Na 5893A° line are calculated 
theoretically for different months in a year with the help 
of ozone depletion for the above months for the period 
1979- 1998, for Trivandrum and Halley Bay, respectively 
and shown in Table 3. The variation of intensity of Na 
5893A° line for the above two stations for different 
months are shown in Figs. 3(a&b). It is clear from Fig. 3 
that maximum intensity occurs for the month of May and 
minimum intensity occurs for the month of December at 
Trivandrum (8.25° N, 76.9° E) but in case of Halley Bay 
(76° S, 27° W), maximum intensity occurs during the 
month of December and minimum occurs for the month of 
October. Intensity gradually increases from the month of 
January, attains its maximum for the month of June, then 
gradually decreases and attains its minimum value for the 
month of December at Trivandrum (8.25° N, 76.9° E). But 
for Halley Bay (76° S, 27° W) maximum ozone 
concentration occurs for the month of December and 
January, then gradually decreases, attains minimum for 
the month of October, then gradually increases. The 
minimum intensity during the month of October at Halley 
Bay is due to the dramatic decrease in ozone concentration 
at Halley Bay during spring time because of special 
atmospheric climatic condition at Antarctica during spring 
time. The special atmospheric conditions of Antarctica are 
as follows (Jana et al., 2001).  

(i)  During Antarctic spring, temperature becomes very 
low (-80° C).  
 
(ii) Concentrations of C1 and oxides of chlorine are 
elevated.  
 
(iii) Concentrations of oxides of nitrogen becomes low 
and  
 
(iv)  Large amount of polar stratospheric clouds appear. 
These are supported by several expeditions.  
 

References 
 

Chapman, S., 1939, “Notes on atmospheric sodium”, Astrophys, J., 90, 
309-316.  

Farman, J. C., Gardiner, B. G. and Shankline, J. D., 1985, “Large losses 
of total ozone in Antarctica reveal seasonal ClOx\NOx 
interaction,” Nature, 315, 207-210.  

Ghosh, S. N. and  Midya, A. S. K., 1987, “Evening twilight enhancement 
of airglow emissions at Calcutta and co-variation of emissions,” 
Ind. J. Radio and Space Phys., 16, p277.  

Gibson, A. J. and Sandford, M. C. W., 1971, “The seasonal variation of 
the night time sodium layer”, J. Atmos. Terr. Phys, 33,           
1675-1684.  

Jachia, L. G., 1977, “SAO Special Report No. 375 Smithsonian 
Institution Astrophysical Observatory”, Cambridge, 
Massachusetts.  

Jana, P. K., Midya, A. S. K. and De, U. K., 2001, “Shbrt-term ozone 
trend in India”, Ind. J. Radio and Space Phys., 30, 176-180.  

Krassovosky, V. I., 1971, “The hydroxyl emission problem and paths of 
its solution”, Ann. Geophys, 27, 211-221.  

Kvifte, G., 1973, “In B. M. Macormac (ed.), Chemistry Problems of the 
upper atmosphere”, p158.  

Midya, S. K., Sarkar, H. and Manna, A., 2001, “Antarctic ozone 
depletion-its effect on the variation of Li 6708A° emission line 
intensity at McMurdo and Halley Bay”, Czech J. Phys, 51,    
609-614.  

Midya,  A. S. K. and Jana, P. K., 2002,  “Atmospheric ozone depletion 
and its effect on environment”, Indian J. Phys., 76B, 2,               
107-138. 

 P. K. JANA    
S. C. NANDI* 

 
Institute of Education (P.G.) for woman, Chandernagore, 
Hooghly - 712 138, West Bengal, India 
*Serampore High School, Serampore, Hooghly - 712 201, 
West Bengal, India 
(2 November 2004, Modified 24 January 2005) 

 


