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ABSTRACT 

Cosmic GPS data for the years 2007 and 2008 is taken to analyze the occurrence of ducts and super 

refraction over Indian region corresponding to latitudes -5
o
 to 40

o
 and longitudes from 60

o
 to 100

o
 up to 

a height of 5Km from sea level. Number of duct regions, high duct strength regions and superrefraction 

regions are counted over Arabian Sea, Bay of Bengal and land regions. Arabian sea region has more 

number of duct regions during postmonsoon (September, October, and November), premonsoon 

(March, April, May) and winter (December, January, February) seasons and less number during 

summer monsoon (June, July, August,) season. More number of duct regions observed over Bay of 

Bengal during winter than other seasons.  Land region has more number of duct regions during post 

monsoon season. More number of superrefraction regions occurs over Arabian Sea in pre monsoon 

season; over Bay of Bengal during winter and Pre monsoon seasons and over land region during post 

monsoon season. Majority of duct regions are found to occur at heights less than 1.5 Km and majority 

of superrefraction regions at heights less than 2 Km from sea level. 

 

 

INTRODUCTION                                          

The use of GPS satellite signals by means of radio 

occultation has shown a great potential for the 

determination of upper troposphere and 

stratosphere refractivity profiles.  Temperature and 

pressure profiles can be calculated from these 

refractivity profiles using the hydrostatic equation 

and ideal gas law [Kursinski et al., 1997].  The 

Constellation Observing System for Meteorology, 

Ionosphere, and Climate (COSMIC) will provide 

high vertical resolution temperature, pressure and 

water vapor information for a variety of 

atmospheric process studies and improve the 

forecast accuracy of numerical weather prediction 

models.  The cosmic data set will allow 

investigation of the global water vapor distribution 

and map the atmospheric flow of water vapor that 

is so critical for understanding and predicting 

weather and climate.  

Ducting is caused by a strong gradient in 

refractivity N with respect to altitude.  Refractivity 

itself is calculated following the formula given by 

Smith and Weintraub [1953], Valid at GPS 

frequencies: 

5i i
i 2

i

p e
N  =77.6 (  ) +3.73 10 (  ) 

Ti T
        (1)             

 pi is atmospheric pressure at level i (with radius ri)  

in [hPa], Ti  is atmospheric temperature at level i in 

[K], and ei the water vapor partial pressure at level 

i in [hPa].  The refractivity gradient dN/dh with 

respect to altitude h is used to characterize the 

atmospheric conditions.  A region with ( dN/dh ) ≥ 

- 39                      

Km
-1

 is called subrefractive.  These conditions 

lead to radio waves being refracted away from the 

earth’s surface.  Regions                                    
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with ( dN/dh ) < -39 Km
-1

 and > -79 Km
-1

 

show normal refraction.  Regions with dN/dh 

≤-79 Km
-1
 and >-157 Km

-1
 are called 

superrefractive [Almond and Clarke, 1973].  

Critical refraction occurs when the radius of 

curvature of the ray is equal to the radius of 

curvature of atmosphere and the ray will 

propagate at a fixed height above the surface.  

Ducts appear when dN/dh leads to rays that 

curve down into the surface at low altitudes, 

which is given when:  

       dN/dh ≤ -10
-6  

/ Rc                            (2)                                        

where  Rc  is radius of curvature of atmosphere 

in [Km].  This condition is fulfilled when 

dN/dh  ≤-157Km
-1

 for a mean value of Rc  

[Kursinski et al.,1997]. 

dN/dh = N’ = 77.6 (p’/T) -77.6 T’(P/T
 2

 ) + 

3.73X 10
5 
( e’ /T

2
) - 3.73X 10

5 
T’( e /T

3
 )     (3) 

The first term represents the hydrostatic 

variation of pressure with altitude, it is about -

30 Km
-1

. The second term will be more 

important closer to the surface where higher 

pressures are found.  The third term will 

generally contribute to ducting at altitudes 

where strong gradients in e are found.  The 

fourth term is negligible.    

The nature of the duct is determined by the 

meteorological conditions that alter 

temperature and water vapor content in the 

region.  Ducts occur over the earth`s surface as 

a result of advection, evaporation over the sea, 

anticyclonic subsidence, subsidence at the 

frontal surfaces, nocturnal radiative cooling 

over land, and convective activity during the 

day ( Turton et al 1988, craig 1996).  The 

surface features from which the weather 

systems move are crucial in determining the 

duct characteristics (Gossard 1977).  

Evaporation and boundary layer ducts are two 

subgroups of the surface ducts.  In addition, 

more localized effects such as sea breezes, 

thunder storms, or microburst out flows can 

cause ducting over land (Turton et al 1988).      

Ducting has been observed in radiosonde data 

at altitudes up to around 4km but most ducting 

events are found below 2 km [Patterson, 1982; 

Kursinski et al., 1997].  The maximum altitude 

for ducting was estimated by Kursinski et al. 

to be around 5Km.  .  

Babin (1996) investigated the height and 

frequency distributions of surface ducts 

statistically over Wallops Island, Virginia, by 

using high-resolution helicopter 

measurements. He found that the largest 

surface ducts were observed mostly from 

April to June and from July to September over 

Wallops Island. Brooks et al. (1999) studied 

the surface evaporation and boundary layer 

duct characteristics over the Persian Gulf. A 

more recent study on refractive conditions by 

Bech et al. (1998, 2000, 2002) was done in 

Barcelona, Spain, to determine the anomalous 

propagations at their radar site. 

A comprehensive examination of 2 yr of 

radiosonde data to determine the surface duct 

conditions over Istanbul (4°N, 29°E), Turkey, 

was made by S¸. Sibel Mentes and Zerefsan 

Kaymaz [2007] . It was found that most of the 

ducts occur in May and July. The highest 

occurrence rate of surface ducts was observed in 

the summer season, and the lowest rate was 

observed in the winter season. The median duct 

thickness and duct strength are found to be the 

highest and the strongest in summer, whereas 

they are the lowest and the weakest in winter. 

An interesting study on the effect of ducting 

has recently been performed based on the 

European Centre for Medium-Range Weather 

Forecasts (ECMWF) analysis for a 10 day 

period in May 2001 [von Engeln et al., 2003] . 

On the basis of the locations of the simulated 

occultations in this period, the study examined 

how often an occultation is affected by ducting 

as well as the height and thickness 

distributions of the ducts. It was reported that 

only 10% of the simulated occultation profiles 

showed ducts and that no ducts were found 

above 2.5 km altitude. This study was 

subsequently expanded with the construction 

of a ducting climatology using six years of 

ECMWF analysis data [von Engeln and 

Teixeira, 2004] , providing extremely valuable 

information on ducting statistics across the 

globe.  
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A comprehensive study on the ducting 

conditions prevailing over the Indian tropical 

station of Gadanki (13.5_N, 79.2_E) is made 

using high-resolution GPS radiosonde 

observations [ Ghouse Basha et al.,2013 ] .  In 

this study, strong diurnal and seasonal 

variation in the percentage occurrence of the 

ducts was found with the highest and lowest 

occurrences during winter and monsoon 

seasons, respectively.  

 

DATA AND METHODOLOGY 

Cosmic GPS data of years 2007 and 2008 is 

taken to study occurrences of duct and  

Superrefraction regions in the region -5
o
S to 

40
o
N and 60

o
E to 100

o
E.  This region is 

divided into 423 grids each of size 2.0455
o
 x 

2
o
.  Refractivity values over the region from 

sea level to a height of 5Km are extracted from 

cosmic data and its seasonal average is 

calculated for winter, pre monsoon season, 

summer monsoon and post monsoon seasons.  

Gradient of refractivity is calculated for every 

height of 100m from sea level to a height of 

5Km and number of duct regions, high duct 

strength regions [(dN/dh) ≤ 200/Km)]  , 

superrefraction regions are counted over 

Arabian Sea, Bay of Bengal and Land region 

during four seasons. Profiles showing 

variation of number duct regions, High duct 

strength regions, and super refraction regions 

over Arabian Sea, Bay of Bengal, and Land 

region in different seasons during the years 

2007 & 2008 at different heights are plotted.        

 

RESULTS AND DISCUSSIONS 

Fig 1 represents number of ducts occurred 

over Indian region during the years 2007& 

2008. Arabian sea has more number of ducting 

regions during pre monsoon , post monsoon, 

and winter  seasons and less number of 

ducting regions during summer monsoon 

season.  Over Indian land region, large number 

of ducts occurred during post monsoon season 

than other seasons. Over Bay of Bengal region 

more number of ducts occurred during winter 

season.  

Fig. 2 represents number of  ducts over India 

at heights ≤ 0.5Km & > 0.5 Km during the 

years 2007 & 2008.  Over Arabian sea, 

number of duct regions having height less than 

or equal to 0.5 Km occurred is more  during 

2007 pre monsoon, post monsoon seasons  and 

less  during summer monsoon season.  Duct 

regions having height greater than 0.5 Km 

occurred more in number during 2007 winter 

and post monsoon seasons and less in number 

during summer monsoon season.  2008 year 

data shows similar variation. 

Over Bay of Bengal , ducts having heights less 

than or equal to 0.5 Km occurred more in  

number during 2007 winter  season and less in 

number during post monsoon and summer 

monsoon seasons.  2008 year data shows that 

more number of these ducts occur during post 

monsoon season and  less number of ducts 

occurred during pre monsoon season.  More 

number of ducts having height greater than 0.5 

Km occurred during 2007 pre monsoon and 

post monsoon seasons and less number of 

these ducts during summer monsoon season.  

2008 year data shows that more number of 

these ducts occurred during winter season and 

less number during summer monsoon season. 

Over land region, number of ducts having 

height less than 0.5 Km occurred is more 

during post monsoon season and less during 

summer monsoon.  Similarly 2007 data shows 

that ducts having height greater than 0.5 Km 

occurred more in number during post monsoon 

season and less in number during pre monsoon 

season.  2008 year data shows that number of 

these ducts occurred is more during post 

monsoon season than other seasons.         

Number of duct regions having gradient less 

than or equal to -200/ Km over Arabian sea, 

Bay of Bengal and  land region of India during 

different seasons of the years 2007 & 2008 are 

represented in figs3. 2007 year data shows that 

Duct regions having gradient of refractivity 

less than -200 /Km (high duct strength  

regions)  occurred  more in number over 

Arabian sea during post monsoon and pre 

monsoon  seasons and less in number during 

summer monsoon  season.  2008 year data 
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shows that more number of these duct regions 

occurred during post monsoon and winter 

monsoon and pre monsoon seasons and less in 

number during summer monsoon season.  

Over Bay of Bengal, number of these high 

duct strength regions occurred is more during 

winter season than other seasons.  Over land 

region, number of  high duct strength regions 

occurred is high during post monsoon season 

than other seasons.   

Over Arabian sea, [von Engeln, A., 2004 ] 

number of  duct regions is high during pre 

monsoon, post monsoon and winter seasons.  

A combination of warm water temperatures 

during these seasons  with dry air from the 

deserts aloft leads to higher ducting 

probability [Brooks et al., 1999].  During 

summer monsoon season, the water 

temperature decreases.  This cooling in 

summer is produced by the south-west 

monsoon, which causes southwest winds that 

generate an upwelling of cold water [Tomczak 

and Godfrey, 2003].  Increased winds will lead 

to more mixing, thus reducing the ducting 

probability.  Hence small area over Arabian 

sea is covered with duct regions during 

summer monsoon season.          

Over Bay of Bengal, number of occurrence of 

duct regions increases during winter monsoon 

season [Jaswal, A. K., et al.,2012] due to 

increased difference between sea surface 

temperature and surface air temperature and 

clear sky conditions. Over land region, high 

number of duct regions is occurred during post 

monsoon season than other seasons.  This is 

due to flow of dry polar north east winds, 

nocturnal radiative cooling, dew deposition, 

fog development and clear sky conditions over 

land regions.  Arabian sea, Bay of Bengal 

region and land region show different ducting 

behavior due to different local and synoptic 

weather conditions.  

Fig. 4 show number of  superrefraction regions 

in different seasons during the years 2007 

&2008.  During the year 2007, over Arabian 

sea,  more number of superrefraction regions 

occur in premonsoon season and less number 

in post monsoon season.  2008 data shows that 

more number of these regions occur over 

Arabian sea during premonsoon season and 

less number in summer monsoon season. Over 

Bay of Bengal, more number of super 

refraction regions occur in winter monsoon 

season and less number in  post monsoon 

season during the year 2007.  2008 year data 

shows that more number of super refraction 

regions occur in winter and premonsoon 

seasons and less number in summer monsoon 

season.  Over land region, more number of 

super refraction regions occur in post monsoon 

season than other seasons.  Fig.5 shows 

number of duct regions at different heights 

over Arabian sea, Bay of Bengal and Land 

region.  Fig.6 shows number of super 

refraction regions at different heights over 

Arabian sea, Bay of Bengal and Land regions.  

. Majority of duct regions are found to occur at 

heights less than 1.5 Km and majority of 

superrefraction regions at heights less than 2 

Km from sea level.    

 

CONCLUSIONS 

Cosmic GPS data of years is 2007 & 2008 is  

taken to analyze the occurrence of duct regions 

over India region.  Profiles of number of duct 

regions, high duct strength regions and 

superrefraction regions from sea level  to a 

height of 5Km  are plotted during different 

monsoon seasons.   Except during summer 

monsoon season,  Arabian sea region has high 

number of duct regions in all seasons. Bay of 

Bengal region has more number of duct 

regions during winter season than other 

seasons. High number of duct regions occurred 

over land region during post monsoon season 

than other seasons. More number of  high duct 

strength regions occur over Arabian sea during 

post monsoon, pre monsoon and winter 

seasons and less number during summer 

monsoon season.  Bay of Bengal has more 

number of  high duct strength regions during 

winter monsoon season than other seasons.  

More number of high duct strength regions 

occurred over land region during post 

monsoon season than other seasons. More 

number of superrefraction regions occur over 



N. Radha Krishna 

Murthy et al 
STUDIES ON THE OCCURRENCE OF DUCT AND SUPERREFRACTION  OVER INDIAN REGION 

 

  Int  J  Cur  Res  Rev,  June 2013/ Vol  05 (12)  
Page 16 

 
  

Arabian sea in pre monsoon season, over Bay 

of Bengal during winter and Premonsoon 

seasons, and over land region during post 

monsoon season.     
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Fig.1. Number of occurrences of ducts over India in different seasons during the  

  Years 2007 & 2008.  [ Wi = winter, Pr = Premonsoon, Su = Summer monsoon, Po =    

  Postmonsoon season] 
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Fig.2  Number of ducts at heights < = 0.5 Km & > 0.5 Km in  different  seasons during the 

years  2007 & 2008  

 

 

Figs. 3 Number of  high duct strength regions [(dN/dh) <  -200/Km)]  in different seasons     

            during the years 2007 & 2008  
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Fig 4 Number of superrefraction regions in different seasons during the years 2007 & 2008   

 

 

Fig.5 Number of occurrences of duct regions at different heights in different. seasons over  

India during the years 2007 &2008                      
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Fig.6 Number of occurrences of super refraction regions at different heights in different seasons 

over  India during the years 2007 &2008                      
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