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The paper presents an analysis of structure constant parameter (Cn2) over Guwahati (26.2°N, 91.75°E) in relation to 
tropospheric dynamics involving atmospheric variabilities, like temperature, potential temperature and specific humidity. Data 
collected from radiosonde  operated at Guwahati are utilised for drawing seasonal profiles of Cn2 up to the tropopause height. 
The results show that depending on season, the average values of Cn2 may vary between 10-14.5 and 10-19 m-2/3 and that their 
magnitude decreases gradually to reach a minimum of -18.3 m-2/3 at around 10 km and then starts increasing up to the 
tropopause height of 15-16 km. The analysis, further, demonstrates that Cn2 value reaches maximum in summer and minimum 
in winter, within the height range of 1-10 km. But beyond the altitude of 10 km, Cn2 shows higher values in winter as compared 
to its summer time counterparts. The paper also highlights that at pre earthquake (EQ) ambiences, this parameter may dip down 
by two to three orders of magnitude from its average normal range. The seasonal transition pattern of Cn2 with height and the 
EQ time changes in Cn2 features are put to a correlative analysis with the tropospheric dynamics for an explanation.  

Keywords: Atmospheric structure constant, Tropospheric temperature, Potential temperature gradient, Specific humidity, 
Atmospheric turbulence 
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1 Introduction 

The atmospheric structure constant (Cn2),
 is a 

parameter that reflects random fluctuations of 
atmospheric refractive index. In steady conditions, this 
index decreases monotonically with height, but the 
atmospheric medium often remains in a turbulent state 
caused by factors such as irregular heating of the earth’s 
surface, forced cooling and also by natural or manmade 
perturbations. These turbulent states, generally, produce 
eddies with spatial and temporal scales. Such eddies 
carry turbulent kinetic energy (TKE), i.e. the energy per 
unit mass associated with eddies. In the process of 
dissipations in the atmospheric medium, large eddies 
shrink to small eddies, resulting in decrease of TKE to 
zero, a process known as inertial cascade process. Such 
transfer of large eddies to small one transferring their 
energy into the medium, is generally proportional to the 
dissipation rate. Therefore, atmospheric cascade process 
is associated with transfer of energy from the kinetic 
field leading to formation of irregularities and eddies in 
the fluid1. The size of the irregularities is defined by the 
parameter Cn2.  

During recent years, there has been emphasis on 
understanding the lower atmospheric dynamics 
through analysis of Cn2 features in diurnal and 

seasonal terms2-6. This parameter is also used for 
predicting fast changing fluctuation and attenuation of 
radio waves while travelling through lower 
atmosphere7-9. Further, as lower atmospheric 
dynamics are highly sensitive to variations in 
temperature, pressure and humidity, Cn2 may suffer 
changes with atmospheric situation, like in worst 
weather ambiances3,10. One can, therefore, expect 
modification of this parameter by earthquake (EQ) 
preparatory processes when atmospheric variabilities 
get modulated by seismic induced energy sources11,12.  

With the above background, the paper aims at to 
characterize the seasonal variation of Cn2 over 
Guwahati (26.2°N, 91.75°E) using five years of 
Radiosonde (RS) data available from Regional 
Meteorological Centre, Guwahati and Wyoming 
University. Further, the paper examines possible role 
of EQ induced effects, if any, on Cn2, during a few 
major EQ events. 
 
2 Data and Methodology  

In this paper, Cn2 is determined by using RS data. 
The RS contains a radio transmitter with sensors to 
measure pressure, temperature, humidity as well as 
wind speed and direction at different heights of the 
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atmosphere starting from the surface to around 30 km. 
The entire package of transmitter and sensors is carried 
aloft by a spherically shaped free flying balloon 
released from surface, generally, two times a day, i.e. at 
0000 and 1200 hrs UTC. The data launched at different 
meteorological stations around the world are available 
to public users, provided by the University of 
Wyoming (http://weather.uwyo.edu/upperair/sounding. 
html). The Cn2 values are calculated by using Eqs (1) 
and (2) with the data from the above website.  

The expression for Cn2 is defined by Eq. (1) as7: 
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where, a2, is a dimensionless constant within 1.5 and 

3.5 but most commonly taken as 2.8 (Ref. 13); ∞′ , a 

numerical constant, generally, taken as unity; lo, the 
buoyancy/outer scale length of the turbulence 
spectrum; and M, the vertical gradient of potential 
refractive index fluctuations. This gradient is 
expressed as14,15: 
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where, T, is the ambient temperature in K; P, the 

pressure; q, the specific humidity (SH); and θT, the 
potential temperature (PT), given as: 
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where, P0, is the standard atmospheric pressure; and 
Z, the height in meters. 

The total turbulent energy density spectrum 
consists of a production region, the inertial sub-range 
and the dissipation region. Most of the turbulence 
production energy input occurs at scale sizes between 
6lo and lo/6, where, lo/6, is defined as the onset of the 
inertial sub-range. The outer scale lo is presumed to be 
around 10 m10, although no direct evidence is 
available on the thickness of a turbulent layer3.  

Taking RS data at an interval of 1 km height, the 
gradients of potential temperature (∂θ/∂z) and specific 
humidity (∂q/∂z) are computed up to the height of 15 km. 
From the gradients so obtained, M values are 
calculated by using Eq. (2) and Cn2 profile is then 

drawn [Eq. (1)] for morning and evening hours of 
each day taking lo to be 10 m with values of constants 

‘a’ & ∞′ as 2.8 and 1, respectively3,4,13. From these 
profiles, monthly average Cn2 value is calculated. 
Finally, to attain the climatological variation of this 
parameter, the 5-years mean of monthly average Cn2 
profiles are averaged. In this analysis, June-August 
are taken as summer months, September-November as 
autumnal equinox and December-February as winter 
season while months from March-May cover vernal 
equinox period. 

 
3 Results and Discussion 

Considering the significant role played by PT and 
SH on Cn2 [Eq (2)], it is essential to analyse variation 
pattern of these two parameters with height. 
Therefore, PT and SH from 1 to 15 km altitude are 
calculated using temperature, humidity and pressure 
data of RS for each day of a month. In Figs 1(a and b), 
summer time representative profiles for PT and SH, 
respectively are presented. The figure shows that PT 
decreases with a constant rate up to the height of 9-10 km 
but beyond this altitude, a break in the PT gradient is 
noted. The SH profile also presents a constant 
decrease of its value up to a height of 6 km but its 
gradient changes once it crosses this altitude and 
attains zero value at a height of 10 km. Next, from the 
SH and PT profiles, the value of M is calculated using 
Eq. (2) individually for each day from the total of 
3000 such profiles covering five-year study period. 
Finally, Eq. (1) is used for evaluating Cn2 profile from 
1 to 15 km height by incorporating the corresponding 
vertical gradient of potential refractive index value 
(M). The profiles of M and Cn2 for each month is 
drawn by averaging each day profile of a month and 
the 3-months mean is then calculated to receive the 
seasonal pattern. The height variation of M and 
logCn2 of a summer day of the year 2007 are 
presented in Figs 1(c and d), as a representative 
profile of this month. The breakdown in the slope of 
M profile at a height of 8-10 km [Fig. 1(c)] is similar 
to that observed in the PT variation pattern of  
Fig. 1(a). It is seen that logCn2 varies from -14 m-2/3 to 
-18.8 m-2/3 up to the height of 10 km but above this 
altitude, it shows an abrupt increase till it reaches the 
tropopause height. In general, Cn2 attains the highest 
value within the height interval of 1-3 km. In the 
middle troposphere (3-10 km), the logCn2 value 
gradually decreases to reach minimum (-18.8 m-2/3) at 
a height of 9-11 km. 
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3.1 Month-to-month variation of Cn2  

From large number of individual profiles, variation 
of Cn2 for each month is calculated. The logCn2 - 
height profile so obtained is then averaged for each 
month covering five-year period and the profiles so 
obtained are presented in Fig. 2. 
 

The finer features of logCn2 for each month within 
the height range 1-15 km are presented in Table 1. It 
is seen from the table that over Guwahati, logCn2 may 
reach a maximum value of -14.3 m-2/3 and a minimum 
of -18.3 m-2/3, which varies from month-to-month. 
Further, the table shows that logCn2 gradually 
decreases with height up to 10 km in each month and 
then it changes its value once its crosses this altitude. 

Such changes in logCn2 gardient in the range 1-10 km 
and 10-15 km are shown in Figs 3 (a and b), 

respectively. The figure shows that Cn2 atatins 
maximum value in the months of June and July up to 
the height of 10 km but beyond this range, Cn2  
abruptly decreases to reach a lowest value as comapred 
to other months of the year.  
 

3.2 Seasonal variation of Cn2 

The seasonal Cn2 profiles are then drawn and five 
years average seasonal logCn2 - height variation 
pattern for four seasons is presented in Fig. 4. The 
profiles show that up to the height of 10 km, Cn2 
attains higher value during summer and autumnal 
equinox and lowest value during winter and vernal 
equinox season, but above this altitude Cn2 goes 
minimum in summer and maximum in winter and 
vernal equinox season as reflected in profiles of each 
individual month of Fig. 2. 

 
 
Fig. 1 — Profiles of: (a) Potential temperature (PT); (b) Specific humidity (SH); (c) Potential refractive index gradient; and (d) Refractive 
index structure constant parameter (Cn2) (representative pattern) 
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Fig. 2 — Climatological (2006–2010) mean of log Cn2 for different months (January–December) over Guwahati (Contd.) 
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Fig. 2 (Contd.) — Climatological (2006–2010) mean of log Cn2 for different months (January–December) over Guwahati 
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3.3 Relation of Cn2 with Earthquake (EQ) 

The key parameters in modifying irregularity size 
is temperature and humidity, therefore, whenever 
there is a significant change in these parameter, its 
effect on Cn2 is also observed. One such situation is 
the EQ preparatory process. Because there are large 
number of reports on changes in temperature before 
and during an EQ, be it surface temperature, the sea 
surface temperature (SST) or surface latent heat flux 
(SLHF)12,16-24. It is expected to see the effect in the 
turbulence size structure at EQ time. Therefore, Cn2 
gradient is examined before a few strong EQs events 
(Table 2). 

3.3.1 China earthquake on 12 May 2008  

The China EQ of magnitude 7.9 occurred at 
31.021°N and 103.367°E on 12 May 2008. On this 
occasion, surface Cn2 value for each day of the EQ 
month May 2008 is calculated and the profile so 
obtained is presented in Fig. 5. One can see that there 
is a drastic reduction in Cn2 by 12.5% from its average 
just one day prior to the EQ day. Along with the Cn2 
variation for May 2008, the day-to-day variation of 
Cn2 is presented in Fig. 5 for May 2009 where there 
was no EQ, i.e. there was no major EQ (M>7) over 
this region. The abnormal decrease of logCn2 reaching 
a value as low as -18 m−2/3 on 11 May 2008  suggests 

Table 1 — Mean of log Cn2 for different months (January–December) over Guwahati during 2006-2010 
 

Height, m January February March April May June July August September October November December 

1000 -14.84 -15.07 -15.07 -14.85 -14.77 -14.47 -14.48 -14.52 -14.61 -14.33 -14.80 -14.93 

2000 -15.08 -15.48 -14.86 -15.00 -14.78 -14.81 -14.86 -14.83 -14.78 -14.86 -14.86 -14.96 

3000 -15.62 -15.72 -15.77 -15.37 -15.15 -14.98 -15.02 -15.09 -15.03 -15.12 -15.52 -15.57 

4000 -16.17 -16.18 -16.08 -15.79 -15.28 -15.30 -15.23 -15.35 -15.25 -15.63 -16.07 -16.10 

5000 -16.64 -16.59 -16.86 -16.12 -15.67 -15.57 -15.48 -15.50 -15.59 -15.98 -16.61 -16.68 

6000 -17.08 -17.05 -17.29 -16.77 -16.17 -15.91 -15.75 -15.91 -15.89 -16.40 -16.85 -17.04 

7000 -17.29 -17.29 -17.41 -16.79 -16.62 -16.43 -16.03 -16.05 -16.47 -16.73 -16.97 -17.31 

8000 -17.28 -17.63 -17.50 -17.22 -16.95 -16.78 -16.57 -16.54 -16.64 -17.00 -17.23 -17.35 

9000 -17.47 -17.77 -17.44 -17.37 -17.20 -17.28 -17.00 -16.97 -17.21 -17.38 -17.47 -17.65 

10000 -17.35 -17.73 -17.33 -17.31 -17.37 -17.85 -17.46 -17.41 -17.73 -17.73 -17.59 -17.80 

11000 -17.31 -17.75 -17.21 -16.93 -17.66 -18.10 -17.99 -17.59 -18.12 -18.00 -17.63 -17.85 

12000 -17.17  -16.98 -17.39 -17.82 -18.22 -18.13 -17.38 -18.26 -18.04 -17.39 -17.80 

13000 -17.33  -17.15 -17.54 -17.84 -18.15 -17.97 -18.12 -18.09 -18.03 -17.68 -17.66 

14000 -17.42  -17.30 -17.55 -17.59 -18.31 -18.18 -18.13 -18.26 -18.09 -17.76 -17.38 

15000 -17.28  -16.99 -17.34 -17.62 -17.79 -17.82 -17.69 -17.67 -17.54 -17.58 -17.16 

 

 
 

Fig. 3 — log Cn2 variation at: (a) lower and (b) higher heights 
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possible contribution of  EQ preparatory processes in 
modifying the structure constant parameter. 
 
3.3.3 Japan earthquake on 11 March 2011 

The Japan EQ of magnitude 9 occurred at 38.322°N 
and 142.369°E on 11 March 2011. In this event too, 
logCn2 values near to the epicentre, as presented in Fig. 
6, display a 13% drop from its normal magnitude, two 
days before the EQ event. Such changes in logCn2 are 
not detected in any other day of this or other months. As 

 
 

Fig. 4 — Seasonal variation of log Cn2 for the summer, autumnal equinox, winter and vernal equinox 
 

 

Fig. 5 — Diurnal variation of Cn2 profile over China for May 
2008 [prior, during and after the China earthquake on 12 May 
2008 shown by black line and the normal days variation shown by 
red line]  

Table 2 — Earthquakes under consideration 

Epicenter position S No Date 

Latitude,  
oN 

Longitude, 
oE 

Depth,  
km 

Magnitude 

1 12.05.2008 31.021 103.367 33 7.9 

2 11.0.2011 38.322 142.369 30 9 

3 09.01.2013 25.4 94 75 5.9 
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an example, the logCn2 variation is also presented, for a 
non-EQ month of March 2010, i.e. there was no major 
EQ (M>7), in Fig. 6. The figure shows that there was no 
abnormal variation in this parameter during the non-EQ 
month and the sudden drop of Cn2 prior to strong EQ of 
Japan may be associated with EQ induced effect.  
 

3.3.3 Myanmar Earthquake on 9 January 2013 

It is also significant to note that even during EQs of 
moderate strength, there may be situation when 
marginal changes in Cn2 may be detected. As an 
example, Cn2 variation is presented during a moderate 
EQ of M=5.9, that occurred at a location 25.4°N and 
94°E, on 9 January 2013. It is seen that Cn2 at the 

epicentre site decreases by 0.4% before the EQ, but 
unlike the strong EQ events, the change is marginal 
and recovery period of three days (Fig. 7) from the 
EQ time Cn2  to its average value is large. 

In order to associate such changes in Cn2 with the 
EQ evets, the modification in temperature are further 
calculated. For this purpose the diurnal peak of 
temperature, i.e. Tmax is extracted for each day and the 
average Tmax value is calculated for the EQ month. 
The percentage deviations in maximum temperature 
(δTmax) is calculated from their monthly average 
values and the result is plotted in Fig. 8. It is noted 
that in all the three EQ cases there is a significant 
drop in temperature near the epicenter position as  
marked in Fig. 8. In the China EQ of 12 May 2008, 

 
 

Fig. 8 — Percentage deviations of temperature from the average magnitude for: (a) China; (b) Japan; and (c) Myanmar EQ [arrow shows 
the EQ day] 

 
Fig. 6 — Diurnal variation of Cn2 profile over Japan for March 
2011 [prior, during and after the Japan earthquake on 11 March 
2011 shown by black line and normal days variation shown by 
red line] 

 
Fig. 7 — Diurnal variation of Cn2 profile [prior, during and after 
the earthquake of 9 January 2013 (marked in black); Cn2 variation 
during a non-EQ month presented by red line] 
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the temperature decreased by 78% from its avarage 
value, while for Japan EQ of 11 March 2011, 
temperature showed a very strong dip 250% and for 
moderate EQ of 9 January 2013, a decrease of only 
40% from the avearge Tmax value was noted. 
However, more case studies on variation of Cn2 at 
different EQ magnitudes and depths are planned to be 
conducted in future.  
 
4 Conclusion 

In the present paper, the monthly as well as 
seasonal characteristics of turbulence parameter (Cn2) 
over Guwahati (26.2°N, 91.75°E) are analysed and 
the role of EQ prepartory processes in modifying this 
parameter is examined.  

From the results, it is observed that Cn2 has wide 
fluctuations in summer and autumn season than 
compared to the winter and vernal equinox months. 
The summer Cn2 values from the surface up to the  
9-11 km height are larger compared to the other 
seasons. A region of minimum Cn2 values is observed 
at nearly 10 km in all seasons where the potential  
temperature gradients have a significant change. Due 
to the excess humidity present in the lower 
atmosphere, it is likely that Cn2 shows higher values 
within 1-6 km height3,6,10. This factor also has a 
control in the variation of Cn2 in its seasonal pattern. 
In winter and vernal equinox seasons with very low 
humidity in the background, the Cn2 attains the lowest 
value as compared to the summer and autumn months 
when humidity attains the seasonal peak over 
Guwahati as is seen from Fig. 9, where five years 
avearge seasonal variation characteristics of humidity 

(RH) over this sation, are shown. The significant low 
value of RH (40-57%) during winter and vernal 
equinox months (December –May) and excess of RH 
(60-70%) in summer and autumn equinox months 
(June-November) as seen from the figure, might have 
an effect  in controlling the Cn2 magnitude at different 
seasons.  

Along with humidity, temperature also plays a key 
role in modifying Cn2. In this regard, the temperature 
profile over Guwahati in different seasons is 
presented in Fig. 10. It is seen from the figure that 
temperature maintains the expected pattern up to 10 
km height where summer values are higher as 
compared to winter and vernal equinox season. But it 
is interesting enough to note a break in the profile at 
around 10 km height, when temperature during 
summer shows a decrease in its value as compared to 
winter and vernal equinox season. This feature is 
similar to that observed in Cn2 profile in Fig. 4 
indicating a significant role played by temperature 
and humidity on the structure constant parameter. 
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