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Abstract:  

The process of turbulence generation is always associated with rapid fluctuation of the air density which 

in turn can modulate the radio refractive index of the atmosphere. Radio waves propagating through such 

a turbulent medium may undergo severe attenuation. Intensity of the atmospheric turbulence is generally 

expressed as the refractive index structure constant, generally termed as Cn
2. The knowledge of refractive 

index structure constant (Cn
2) at different atmospheric regimes is therefore fundamental to determine the 

impact of turbulence on the signals propagating in the troposphere. Atmospheric turbulence generally 

regarded as small-scale irregular air motions characterized by winds that vary in speed and direction. In 

our work, efforts are made to characterize the morning and evening time variation of refractive index 

structure constant (Cn
2)  over Guwahati using radio sonde data. For this work , morning and evening time 

records of atmospheric sounding for few selected days of 2019 will be utilized to estimate the Cn
2 

parameter from surface to the higher altitudes. Further, through this work, the possible mechanisms that 

may lead to the variations in the vertical turbulence characteristics over this region will also be 

investigated. 

Keywords: Attenuation, Refractive index structure constant, Atmospheric turbulence, Time variation, 

Radio sonde data, High altitude.  

1. Introduction 

The process of turbulence generation is always associated with rapid fluctuation of the air density 

which in turn can modulate the radio refractive index of the atmosphere. Radio waves propagating through 

such a turbulent medium may undergo severe attenuation. Intensity of the atmospheric turbulence is 

generally expressed as the refractive index structure constant, generally termed as Cn
2. The knowledge of 

refractive index structure constant (Cn
2) at different atmospheric regimes is therefore fundamental to 

determine the impact of turbulence on the signals propagating in the troposphere [1,10,11]. The clear-air 

radar sensitivity varies proportionally with Cn
2 magnitude [2,13,14]. Sharp inhomogeneities in the 

atmospheric refractive index can result in the backscatter of the radar power (Bragg phenomenon) [2]. The 

corrected Cn
2 derivation may improve estimates of the performance of these systems at higher altitude [2]. 

On the other hand, wind profiling radars, operated vertically at VHF or UHF frequencies are very sensitive 

to instantaneous variation of radio refractive index. Measurement of atmospheric turbulence at the radar 
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sites may be very useful for estimating the optimum range that can be attained for a wind profiler. Strength 

of atmospheric turbulence, estimated in terms of refractive index structure parameter Cn
2 can be expressed 

as a function of the basic atmospheric variables. The parameter shows a continuous fall in magnitude with 

height under normal atmospheric condition. But due to the turbulent behaviour of the atmospheric medium 

at different altitudes, the normal vertical characteristic of Cn
2 is significantly disturbed. At the lower 

atmospheric regime, the parameter shows unpredictable behaviour which is very much dependent on the 

seasonal as well as regional features of a particular location [8,9,10,11]. 

           Turbulence plays a very important role in the dynamics of the middle atmosphere by mixing all the 

atmospheric constituents and also helps them to get distributed both vertically and horizontally [15,16]. 

Turbulence is characterized by the generation of eddies. Eddies are the packets of turbulent kinetic energy. 

Larger eddies break in to smaller eddies in a process called energy cascade where some of the inertial 

energy of the larger eddies is transferred to the smaller eddies [13,14]. This dissipation usually happens 

only at the smallest size (1 mm diameter) eddies, but it affects all turbulent scales because of the turbulent 

cascade of energy from larger to smaller scales [16,17]. For turbulence to exist, there must be continual 

generation of turbulence from shear to buoyancy (usually into the larger scale eddies) to offset the transfer 

of kinetic energy down the spectrum of ever smaller eddy sizes towards eventual dissipation. The 

superposition of all scales of eddy motion can be quantified via an energy spectrum, which indicates how 

much of the total turbulence kinetic energy (TKE) is associated with each eddy scale. It is well known that 

turbulence in the free atmosphere is confined to thin horizontal layers separated by non-turbulent regions. 

These layers are limited in horizontal extent and time. This gross turbulence in those layers is, therefore, 

inherently inhomogeneous, anisotropic and non-steady [19,14]. Whereas, in the interior of the turbulent 

layers, at scale lengths much smaller than the thickness of the layer, turbulence is observed to be nearly 

homogeneous and isotropic. Different physical processes are involved with the generation of turbulence 

in the free atmosphere. At different atmospheric regions, turbulence may be of mechanical or thermal in 

origins which are driven by different natural processes [11,5]. Mechanical turbulence, also known as 

forced convection, can form if there is shear in the mean wind field. Such shear can be caused by frictional 

drag initiated by the topographical orientation of the earth’s surface, which causes slower winds near the 

ground than aloft [12,13,14]. Another factor causing turbulence in the lower atmospheric regime is buoyant 

convection introduced by the solar heating of the earth’s surface. In the middle to upper atmospheric 

regions, different seasonal and synaptic conditions also generate turbulence [10,16,17].  

           In this work, efforts are made to characterize the morning and evening time variation of refractive 

index structure constant, Cn
2 over Guwahati using radio sonde data. For this work, morning and evening 

time records of atmospheric sounding for few selected days of 2019 will be utilized to estimate the Cn
2 

parameter from surface to the higher altitudes. Further, through this work, the possible mechanisms that 

may lead to the variations in the vertical turbulence characteristics over this region will also be 

investigated. 

2. Data & Methodology 

Radio sonde data utilized for this work are obtained from the public domain of the University of Wyoming 

(http://weather.uwyo.edu/upperair/sounding.html). The data is accessible to the users at an interim of 12 

hours. The data set contains information on the atmospheric variables from ground up to high altitudes of 

https://www.ijsat.org/
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approximately 30 km based on the season and the weather conditions. Each data file contains the 

instantaneous values of different atmospheric variables as listed below,   

1. Atmospheric Pressure in hPa 

2. Temperature in degree celsius 

3. Wind speed in knot 

4. Wind direction in degrees  

5. Potential temperature in kelvin 

6. Equivalent Potential temperature in kelvin 

7. Virtual Potential temperature in kelvin 

8. Relative humidity in % 

9. Relative humidity with respect to ice in % 

10. Dewpoint Temperature in Celsius 

11. Frost Point Temperature in Celsius 

12. Mixing ratio in g/kg 

 

For our study we selected Guwahati station (lat: 26.2N , lon: 91.75E) and the necessary atmospheric 

information are extracted as per requirement. All the data fields in the daily radio sonde files are recorded 

at some non-uniform atmospheric levels. To study the time variation of a parameter at different 

atmospheric layers, all the data points should be made available at some common/standard levels of the 

atmosphere. Therefore, each data fields are interpolated to some standard atmospheric levels for our 

analysis.  

A single atmospheric sounding is sufficient to draw the vertical distribution of the basic 

atmospheric variables and the associated atmospheric parameters. As representative plots, temperature, 

pressure, humidity, zonal wind(u), meridional wind(v) and log(Cn
2) for both 00z and 12z of 11 January 

2019are presented in figure (1). 
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Figure 2.1: Vertical distribution of temperature, pressure, humidity, u wind and v wind over Guwahati 

on 11.01.2019 

        It is observed from the above distributions that, temperature in the morning hour is relatively low as 

compared to the afternoon record close to the ground. But at upper levels of the atmosphere the 

differences are not significant between the 00z and 12z profiles. Two shallow inversion layers are 

observed at 200 m and 3.5 km above ground in the 00z profile. Beyond 4 km temperature profiles follow 

the normal trend up to the tropospheric height. Tropopause heights at both the hours are observed at 

around 14.8 km.  Above tropopause, effect of strong westerly wind is clearly visible on the temperature 

profiles where a slight decrease of temperature is seen.  Pressure profiles for both the sounding show a 

clean monotonic decrease with altitude. In the morning sounding surface pressure was higher (1010 hPa) 

as compared to the afternoon surface pressure (1007 hPa). Surface humidity at 00z was higher than the 

12z humidity. It may be due to the fact that, during the afternoon hours a well-established convective 

activity mixes all the atmospheric constituents both vertically and horizontally and hence reduces the 

humidity concentration in the near earth environment. Due to the absence of significant convective 

activity during the morning hours, high humidity is seen near the ground. From the plots of u wind it is 

observed that up to 2.5 km above ground wind is easterly and beyond that westerly components are 

observed at all the atmospheric levels. If we look at the meridional wind profiles, it is observed that 

during the 12z hour, southerly wind is significant up to 5km of altitude. Whereas at 00z northerly wind 

is observed up to 5 km. Beyond 9 km of altitude southerly wind prevails up to the tropospheric height.  

 

3. Estimation of Turbulence Structure Constant Parameter (Cn
2) 

   The structure function of the velocity field in the inertial subrange satisfies a universal 2/3 power law [2]. 

The turbulent fluctuations of the atmospheric refractive index ‘n’ along the distance ‘r’ are described by 

the refractive index structure function Dn(r) [2]. For locally isotropic turbulence fields, the structure 

function of the velocity field can be expressed as 

Dn(r) = <[n(x)-n(x+r)]2> = Cn
2r2/3 

where Cn
2 is the refractive index structure coefficient and can be considered to be a measure of the 

https://www.ijsat.org/
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strength of small scale turbulence. Here, angle brackets define the spatial average [2]. 

In homogeneous isotropic turbulence, the turbulence structure constant for the radio-

refractivity is given by 

𝐶𝑛
2 =  𝛼2𝛼´𝑙0

4

3
 
𝑀2                                 (3.1) 

where α2 is a constant = 2.8, α′ the ratio of eddy diffusivities ~ 1, l0 the buoyancy/outer scale length 

of the turbulence spectrum and M is the vertical gradient of the potential refractive-index fluctuations. 

The total turbulent energy density spectrum consists of the production region, the inertial subrange and 

the dissipation region. Most of the turbulent energy production occurs at scale sizes between 6l0 and 

l0/6, where lo is defined as the generic buoyancy/outer scale of turbulence and l0/6 is defined as the 

onset of inertial sub-range. In this study, the turbulent scale length (l0) is considered to be 10 m   [3]. 

The value of M is given by the relation, 

 

𝑀 = −77.6 × 10−6  × (
𝑃

𝑇
) × (

𝜕𝑙𝑛𝜃𝑇

𝜕𝑧
) × [1 +

15500𝑞

𝑇
(1 −

1

2

𝜕𝑙𝑛𝑞
𝜕𝑧

𝜕𝑙𝑛𝜃𝑇/𝜕𝑧
)] … … (3.2)    

  

where P is the atmospheric pressure (mb), T is the absolute temperature (K), θT is the potential 

temperature (K), q is the specific humidity (g/kg) and z is the altitude (m) [3].  

Again, to calculate the value of specific humidity (q), the following equations are used : 

𝑒𝑤 = 6.1078 × 𝑒𝑥𝑝 {17.2694 × (
𝑡𝑒𝑚𝑝.𝑖𝑛 𝐶

𝑡𝑒𝑚𝑝.𝑖𝑛 𝐶+237
)} … … … … … … … . … … … … … ….  (3.3)   

 

𝑒 = (
(𝑅𝑒𝑙. 𝐻𝑢𝑚𝑖.  𝑖𝑛 %) × 𝑒𝑤

100
) … … … … … … … … … … … … … … … … … … … … … … (3.4) 

 

𝑞 =  
0.662 × 𝑒

(𝑃 − 0.378 × 𝑒)
 (

𝑘𝑔

𝑘𝑔
) … … … … … … … … … … … … … … … … . . … … … … … … … (3.5) 

 

The above equations (1), (2), (3), (4) & (5) are used to calculate Cn
2. A representative plot of 

log(Cn
2) is presented in Figure(3.1). Vertical log(Cn

2) distributions at 00z and 12z shows similar trend 

from ground up to the upper atmosphere. For both the soundings, structure constant values are high at 

near earth environment and the magnitudes of Cn
2 decreases with increasing altitudes. During the 

afternoon hours Cn
2 values are higher at lower levels of the atmosphere as compared to the morning 

hours. 

https://www.ijsat.org/
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Figure 3.1: Vertical distribution of log(Cn
2) on 11.01.2019 over Guwahati at 00z and 12z. 

 

4. Analysis & Result 

To study the turbulence characteristics of the atmosphere over Guwahati, 12 days are randomly selected 

from each month of 2019 (Table 4.1). Morning and evening time atmospheric information are collected 

for the selected days and data conditioning is performed by re-arranging the vertical data into common 

atmospheric levels. Then the vertical gradients of temperature, potential temperature and specific humidity 

are estimated up to a height of 30 km above the ground level. Utilizing the above parameters, vertical 

gradient of the potential refractive index is calculated for each level of the free atmosphere. Finally, Cn
2 

values for all those cases are evaluated using equation (1). Vertical distribution of the logarithm of the 

refractive index structure constant for the 12 representative days of 2019 are presented in figure 3. 

Corresponding humidity and the wind speed plots for all the selected cases are also presented in figure (4) 

and (5). Log(Cn
2) distribution for 00z and for 12z are represented by blue and red lines respectively. From 

all the cases, 00z hour log (Cn
2) values vary between -13.8 at the lowest level and -19.2 at 30 km. The 

same variation during the 12z is observed to be between 13.4 to 19.1. Maximum, minimum and standard 

deviation of log(Cn
2) at all the atmospheric levels for all the cases are summarized in table 2.  It is observed 

from the log(Cn
2) profiles that, log (Cn

2) magnitude vary between -19.03 to -14.29 during 00z while the 

same variation for 12z is -19.15 to -14.32 during 27th January,2019. 

https://www.ijsat.org/
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         During the afternoon, high values of structure constant is seen at lower heights as compared to the 

morning time profile. This variability may be the result of the atmospheric convective activity. The same 

variation on 18th February was observed to be -18.97 to -14.95 during 00z and -19.05 to -14.90 for 12z. 

At high altitude, just below the tropopause spikes are observed at both 00z and 12z of the Cn
2 profiles of 

18th February. These spikes may be the result of high wind shear gradient at those levels. In case of March 

month case, log (Cn
2) values vary between -19.07 to -14.50 for 00z and from -18.86 to -14.74 for 12z. In 

the morning profile, an abrupt rise in structure constant vale is observed at 5km altitude. This enhancement 

may be the result of instantaneous rise in humidity content at that level which is also confirmed by the  

Table 4.1 

Case No Date 

Morning sounding (00z hrs) Evening sounding (12z hrs) 

Min height(m) Max height(m) Min height(m) Max height(m) 

1 27.01.2019 54 34216 54 33814 

2 18.02.2019 54 31027 54 33268 

3 20.03.2019 54 32454 54 31637 

4 23.04.2019 54 31728 54 31080 

5 22.05.2019 54 33495 54 32021 

6 08.06.2019 54 32899 54 32876 

7 17.07.2019 54 28135 54 31290 

8 18.08.2019 54 31694 54 27144 

9 19.09.2019 54 32467 54 33611 

10 19.10.2019 54 17935 54 34476 

11 12.11.2019 54 33341 54 30910 

12 03.12.2019 54 33412 54 33986 

Table 4.2 

MONTH 
00Z 12Z 

MAX MIN SD MAX MIN SD 

JAN -14.2911 -19.0314 1.138634 -14.3241 -19.1544 1.173244 

FEB -14.958 -18.972 1.167121 -14.9025 -19.0577 1.133758 

MAR -14.5064 -19.0722 1.220908 -14.7402 -18.8633 1.167826 

APR -14.207 -18.9668 1.273693 -14.2521 -19.3728 1.311198 

https://www.ijsat.org/
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humidity distribution at 5km of 20 March 2019. On 23rd of April, variations in the log (Cn
2) values are 

observed between -18.96 to -14.20 for 00z and from -19.37 to -14.25 during 12z. At an altitude of 8km 

above ground, a fall in turbulence strength is seen in the evening profile. This may be correlated to the 

negative gradient in humidity characteristics at that height. On 22nd May, log (Cn
2) values vary from -

19.06 to -14.38 at 00z and -19.30 to -13.38 at 12z and the evening time structure constant minimum is 

lower by an order than the morning time minimum. In June 8, log (Cn
2) values vary from -19.00 to -14.89 

during 00z while the same variation at 12z was -18.96 to -14.30. Between 15 and 20 km, an increase of 

Cn
2 is observed which is almost same both during morning and afternoon time. The humidity profile of 8th 

June also shows a sharp rise in moisture content at high altitude. Therefore the abrupt enhancement in the 

Cn
2 profile may be the result of high moisture gradient at those levels. On 17th July, log (Cn

2) values vary 

between -18.65 to -14.13 during 00z and -19.04 to -14.46 at 12z. In the morning time profile of the July 

case, maximum Cn
2 magnitude is observed at 5km altitude. A rapid fluctuation in the moisture content can 

also be seen in the humidity profile of the 00z at around 5 km height which may be the factor responsible 

for the peak in the Cn
2 profile. The log (Cn

2) variation in 18 August was from -19.06 to -14.44 at 00z and 

from -18.61 to -14.83 at 12z. Peaks are observed in the log(Cn
2) profiles of both morning and evening  

between 5-10 km and 15-20 km where humidity profiles also show significant variabilities. 

     In the profiles of June, July and August, Cn
2 exhibits measurable variations in the upper level. This 

may the result of sufficient supply of moisture by the monsoon wind at those levels of the atmosphere. log 

(Cn
2) values vary between -19.21 to -11.93 at 00z and from -19.19 to -13.69 for 12z during 19th 

September,2019. The same variation in 19 October was from -18.23 to -13.90 and -19.04 to -13.49 at 00z 

and 12z respectively. In both the months, sharp increase of turbulent strength was observed above the 

tropopause level. From the November month cases, lowest Cn
2 value observed was 14.16 at 12z and the 

corresponding maximum was -19.22. The same trend was also observed in the case of 3rd December where 

the minimum structure constant value was -14.13 at 12z. It is observed from the above that, average 

structure constant values are higher at the lower atmospheric levels as compared to the high altitude values.  

MAY -14.3819 -19.0624 1.246097 -14.2262 -18.9686 1.380889 

JUN -14.8939 -19.0064 1.250771 -14.3053 -18.9606 1.463324 

JUL -14.1397 -18.6566 1.320611 -14.4651 -19.0472 1.28144 

AUG -14.4466 -19.0618 1.335763 -14.8324 -18.614 1.203276 

SEP -14.1232 -19.2168 1.380819 -13.6954 -19.1949 1.418108 

OCT -13.9025 -18.2366 1.293395 -13.4953 -19.046 1.495443 

NOV -14.1972 -18.9965 1.244951 -14.1666 -19.2203 1.242643 

DEC -14.5768 -19.0645 1.01253 -14.1395 -19.1094 1.206581 

https://www.ijsat.org/
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Figure 4.1: Vertical distribution of log(Cn
2) during 00z and 12z for the selected days.    

The reason behind this may be the higher moisture and temperature gradient that generally exists at lower 

atmospheric levels. It is also confirmed from the humidity profiles that, humidity magnitude is very high 

up to the boundary layer in all the season. It is also seen that, at the higher atmospheric levels variations 

of moisture content during 00z and 12z is very less for all the cases except the monsoon months. During 

the monsoon period, the south-west wind pattern adds substantial moisture to the upper atmospheric levels. 
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Lower atmosphere also experiences all sort of natural and surface process. Among those the orographic 

and thermal processes are the primary sources that can directly modulate the near surface environment. 

And therefore, unpredictable fluctuations in the profiles of all the parameters are always seen at lower 

atmospheric levels.    

 

Table 4.3 

MONTH 
00Z 12Z 

MAX MIN SD MAX MIN SD 

JAN -14.2911 -19.0314 1.138634 -14.3241 -19.1544 1.173244 

FEB -14.958 -18.972 1.167121 -14.9025 -19.0577 1.133758 

MAR -14.5064 -19.0722 1.220908 -14.7402 -18.8633 1.167826 

APR -14.207 -18.9668 1.273693 -14.2521 -19.3728 1.311198 

MAY -14.3819 -19.0624 1.246097 -14.2262 -18.9686 1.380889 

JUN -14.8939 -19.0064 1.250771 -14.3053 -18.9606 1.463324 

JUL -14.1397 -18.6566 1.320611 -14.4651 -19.0472 1.28144 

AUG -14.4466 -19.0618 1.335763 -14.8324 -18.614 1.203276 

SEP -14.1232 -19.2168 1.380819 -13.6954 -19.1949 1.418108 

OCT -13.9025 -18.2366 1.293395 -13.4953 -19.046 1.495443 

NOV -14.1972 -18.9965 1.244951 -14.1666 -19.2203 1.242643 

DEC -14.5768 -19.0645 1.01253 -14.1395 -19.1094 1.206581 
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Figure 4.2: Vertical profiles of relative humidity at 00z and 12z for the cases under consideration. 

Above the tropospheric height Cn
2 profiles for both the hours (00z and 12z) follow almost the same pattern 

as seen from the selected cases. It may be due to the fact that the moisture content at higher altitudes is 

nearly independent of the surface processes. Therefore, hourly variation of the upper level parameters on 

daily scale is less significant.  In the upper tropospheric height, below 10 km, inversion peaks in the log 

(Cn
2) profiles can be seen for both the morning and afternoon hours of all the cases under consideration. 

Those peaks may be attributed to the share induced turbulence which can be explained through the 

hypothesis that turbulence is closely associated with the high wind speed components of the atmosphere. 

It is a well-known fact that, turbulence occurrence is very likely when the Richardson’s number (Ri) is 

less than 0.25. 

𝑅𝑖 =
𝑁2

𝑆2
< 0.25 

Where N is buoyant stability and S is wind share parameters. 

https://www.ijsat.org/
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For a turbulent flow, S must exceed N value. In the free atmosphere where N is almost constant, 

Richardson magnitude is solely decided by the wind shear values. Therefore, under the above situations, 

turbulence is generated by strong shear conditions. Wind speed plots for the above cases are presented in 

figure 4.3.  High wind speed components (>30 m/s) can be seen at upper tropospheric levels from 

November to May. From June onwards, the wind speed falls below 20 m/s up to October. The high wind 

shear during the winter and pre-monsoon months contributes to the sharp rise in atmospheric turbulence 

below tropopause. 
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Figure 4.3: Vertical profiles of wind speed(m/s) at 00z and 12z for the cases under consideration. 

5. Conclusion 

Morning and evening time Cn
2 characteristics over Guwahati are studied for 12 random days of 2019. 

Structure constant with higher magnitudes, at lower atmospheric heights are observed during both in the 

morning as well as in the evening hours as compared to the higher altitudes. Presence of the high moisture 

and temperature gradients at lower atmospheric levels may be the primary factor for high potential 

refractive index gradient and also higher Cn
2 magnitude at lower levels. During the monsoon months, 

transport of moisture by the seasonal wind from the Bay of Bengal also contributed to the enhancement 

of Cn
2 magnitude at higher level over the study region. In other season, at higher altitude, moisture gradient 

low and hence its contribution towards turbulence intensity is also not very significant. Noticeable 

turbulence inversion peaks at middle tropospheric heights are observed in all the cases. Those peaks may 

be attributed to the sharp wind shear gradients at those altitudes, which need further detailed investigation.  
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