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सार — अध्ययन का उद्देश्य राजीव गाांधी अांतरााष्ट्रीय हवाई अड्डे, हैदराबाद पर नौ वर्षों में तीन               
घटनाओां - कोहरे, ध ांध और ध ांध और हवाई यातायात पर उनके प्रभाव का ववश्लेर्षण करना है। खराब दृश्यता की 
लांबी अवधध की घटनाओां का हवाई अड्डे की ददनचयाा से सतही इन-सीटू डेटा का उपयोग करके ववश्लेर्षण ककया 
जाता है। मौसम सांबांधी अवलोकन, उपग्रह इमेजरी, वपछड ेप्रक्षेपवक्र, प नववाश्लेवर्षत डेटा और वाय  सांबांधी आरेख। 
जलवाय  सांबांधी आांकड़ों ने म ख्य रूप से लांबे समय तक चलने वाले कोहरे की घटनाओां की व्याख्या की। वाय मांडल 
की स्थिर परतें, ग्रह़ों की सीमा परत में नमी की उपलब्धता, हल्की हवाएां, ववचलन (नीचे की ओर 
गतत/अवतलन) और ववककरण सांबांधी शीतलन ने कोहरे के गठन और इसके तनवााह का समिान ककया। कम दृश्यता 
ने अध्ययन थिल पर उडान में देरी और पररणामी आधिाक न कसान के कारण हवाई यातायात को बाधधत ककया।  

 
ABSTRACT. The study aims to analyze the three phenomena - fog, mist and haze over nine years and their impact 

on air traffic at Rajiv Gandhi International Airport, Hyderabad. Longer duration events of deteriorated visibility are 

analysed using surface in-situ data from the airport routine meteorological observations, satellite imageries, backward 
trajectories, reanalysed data and aerological diagrams. The climatological data predominantly explained long-lasting fog 

events. The stable layers of the atmosphere, availability of moisture in the planetary boundary layer, light winds, 

divergence (downward motion/subsidence) and radiational cooling supported the formation of fog and its sustenance. 
Low visibility disrupted air traffic at the study site by way of flight delays and consequential economic loss.   

 

Key words  – Fog, Mist, Haze, Rajiv Gandhi International Airport, Backward trajectory. 
 

 

 

  

1.  Introduction 

 

The clearance of aircraft to fly depends on visibility, 

especially during late night and early morning hours. Poor 

visibility causes flight delays, diversions, cancellations, 

rescheduling and ultimately monetary loss. Air traffic 

disruptions are frequently reported there during the winter 

season worldwide in general and in India in particular. 

Winter increases poor visibility events over most parts of 

India, including a land-locked state like Telangana, where 

radiational cooling occurs.  

Fog, mist and haze are crucial determinants of 

horizontal visibility impacting aviation, although heavy 

rains and thunderstorms exacerbate adverse weather 

conditions. Scattering and absorption of light by particles 

such as water droplets, dust and soot reduces visibility. 

Scattering is the dominant effect of fog, while absorption 

plays a significant role in haze formation. Fog formation 

is mainly due to condensation and haze is entirely 

different and requires no condensation. Most of the time, 

haze occurs in areas, away from sources of air pollutants. 

The main difference between mist and fog is that mist 
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contains more moisture, has less density and dissipates 

more quickly than fog. In urban and industrial areas, 

smoke can provide plenty of nuclei, which helps form fog 

and mist.  

 

Several studies have focussed on the three 

phenomena regarding their meteorological aspects, 

forecasting models, diagnostic facets and prognosis using 

satellites and NWP models.  Tyagi et al., 2017 attempted 

to analyze the role of black carbon and PM2.5 particulates 

in the deterioration of visibility over the NCR, Delhi. The 

influence of prevailing synoptic conditions and boundary-

layer characteristics on the spatiotemporal distribution of 

persistently longer duration fog events over Jiangsu 

province of China were analyzed (Peng et al., 2016). 

Availing the HYSPLIT model, (Wang and Chen, 2014) 

have analyzed the fog events over the Jinan                            

province of China (Shukla and Agnihotri, 2021). 

Characterized fog over Bengaluru city using the                         

upper air sounding data. (Ram and Mohapatra, 2008) 

Analyzed the characterization of fog over Guwahati 

airport. Kulkarni et al., 2019 reported the loss of aviation 

economy at New Delhi airport due to fog during the              

2011-2016 winters. The meteorological parameters 

favoring fog formation over Kempegowda International 

airport, Bengaluru, India, were studied and analyzed 

(Kutty et al., 2019). However, investigations centering on 

examining their impact on airports in flight departure 

delays are scant. 

  

In light of the above, the present study aims at the  

(i) frequency of occurrence of the three phenomena,            

(ii) conditions that favored their duration for a longer time 

and (iii) their combined impact of air traffic disruptions 

(Flight delays) during the winter season for the period 

2011-19 at Rajiv Gandhi International Airport (RGIA), 

Hyderabad. 

 

2. Location and data methodology 

 

The flight operations started at Rajiv Gandhi 

International airport (RGIA) (17° 14' 5.9'' N, 78° 25'           

17.9'' E) located at Shamshabad, about 30 km south of 

Hyderabad, Telangana, India, from the present location in 

2008. Previously, national and international flights were 

operated from Begumpet. Today, it is the sixth busiest 

airport in India. Hyderabad is geographically located in 

southern Telangana on the Deccan Plateau with an 

average elevation of 540 meters. The Shamshabad airport 

is within the Greater Hyderabad Municipal Corporation 

(GHMC) limits en route to Mahabubnagar district.  

 

The study will be carried out for winter months over 

nineyears from 2011-2019. The frequency of occurrence, 

time  of  onset,  duration of event, visibility and dew  point  

 
 

Fig. 1. The yearly frequencies of Fog, Mist and Haze events during 
2011-2019 

 

 

temperature, air temperature, wind speed and direction 

data collected from the current weather register of the 

meteorological office, India Meteorological Department, 

RGIA. The Hybrid Single-Particle Lagrangian Integrated 

Trajectory (HYSPLIT) are drawn, availing the online 

software tool of the Air Resources Laboratory (ARL) of 

the National Oceanic and Atmospheric Administration 

(NOAA), USA (http://ready.arl.noaa.gov/HYSPLIT_traj. 

php). Upper air data for calculating Fog Stability Index 

(FSI) is collected from the web link (http://weather.uwyo. 

edu/upperair/sounding.html). The INSAT-3D satellite 

images of low clouds/fog are obtained from the website 

(http://www.mosdac.gov.in).The fifth generation of the 

ECMWF global climate reanalysis (ERA5) is utilized 

(https://www.ecmwf.int/en/forecasts/datasets/reanalysis-

datasets/era5) to study the thermo-dynamical features of 

fog. 

 

3. Results and discussion 

 

3.1. Frequency of occurrence of fog, mist and 

haze events 

 

3.1.1. Events by year 

 

During the 2011-2019 winter months, fog events 

fluctuated between zero in 2018 and 7 in 2013. The haze 

events, which starting with a frequency of 95 in 2011, 

declined to 48 in 2013. The events shot up to 62 in the 

next year and continuously recorded an increasing trend 

during the period. Mist events fluctuated between 9 in 

2016 and 90 in 2019. The total number of events reported 

by fog was 32, while mist and haze events were 346 and 

759 respectively (Fig. 1). Thus, fog is less frequent than 

the other two phenomena during the period of study. 

http://www.mosdac.gov.in/
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Fig. 2.  The monthly frequencies of Fog, Mist and Haze events 

during 2011-2019 

 
 

 
 

Fig. 3. The hourly frequencies of the onset of Fog, Mist and Haze 

events during 2011-2019 

 

 

3.1.2. Events by month 

 

During the winter season of the reference period, the 

monthly occurrence of three phenomena varied. It is 

evident from Fig. 2 that fog formation is more frequent in 

December, followed closely by January of the year. On 

the other hand, mist and haze occurrences peaked in 

January. 

 

3.1.3. Events by hour 

 

During the study period, the onset of fog (Fig. 3) is 

between 2200 and 0400 UTC, perhaps manifesting the 

role  of  radiational cooling.  However,  the most preferred 

 
 

Fig. 4. Duration of fog event by Annual 

 
 

 
 

Fig.  5. Duration of fog event by month 
 

 

time for fog formation is between 0000 and 0200 UTC, as 

84.3% of fog events were reported during these hours. 

Turning to mist, 46.5% of cases were between 0000 and 

0200 UTC and the rest concentrated after sunset. The 

onset of haze was at all hours of a day.  Out of 759 haze 

events, 46.2% were reported between 0000 and 0500 UTC 

(before sunrise).   

 

3.1.4. Duration of events 

 

Fig. 4 shows the duration of fog by year. As 

observed earlier, fog occurred during December and 

January months except in 2018. The events had a duration 

ranging from one hour to four hours. Days with episodes 

lasting one and two hours are the most common and the 

least frequent are episodes lasting four hours. Three 

episodes of a four-hour-long fog events were recorded in 

2011, 2013 and 2014. The pattern is similar by month also                  

(Fig. 5).  Fig. 6  shows   the  number  of  events  with  mist 
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Fig. 6. Duration of mist event by year 

 

 

 

 
 

Fig. 7. Duration of mist event by month 

 

 

 

episodes by year and duration. Mist occurred every month 

(Fig. 7) of the year in the winter season at the study site. 

The events had a duration ranging from a minimum of an 

hour to a maximum of 39 hours. However, mist events 

lasting one and two hours were the most common and the 

least frequent are episodes lasting fourteen or more hours. 

The longest (39 h), persistent and a widespread mist event 

was recorded in January 2018. 

 

A rare haze event lasted for 264 hours during the 

winter season of 2012 (Fig. 8). Haze events ranged from 

one hour to 264 hrs, with events between one and two 

hours being the most common and least frequent are 

episodes  lasting  23 or more hours.  Haze occurred during  

 
 

Fig. 8. Duration of Haze event by annual 

 

 

 

 
 

Fig. 9. Duration of Haze event by month 

 

 
 

every month (Fig. 9) of the winter season from 2011 to 

2019. 

 

3.2. Long duration mist and haze events : Role of 

climatology 

 

The role of climatological data, such as wind speed, 

wind direction and dew point temperature during the long 

and persistent mist and haze events in 2018 and 2012, 

respectively, have been carried out to understand the 

conditions that favored their occurrence. 

 

In the presence of mist, the wind speed was less than 

10 m/s very slow (< 5m/s) and relatively light winds 
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Fig. 10. Magnitude and direction of the wind during the 39-hour mist event 

 

 

 
 

Fig. 11. Horizontal visibility and dew point temperature during the 39-hour mist event 

 

 

 
 

Fig. 12. Magnitude and direction of the wind during a 264-hour lasting haze event 
 

 

 

(<10 m/s) prevailed during the event. The frequency of 

occurrence of very light wind is 69.7%. Fig. 10 shows that 

the wind direction is east-south-easterly during the entire 

event. Dew point temperature (Fig. 11) represents the 

amount of moisture in the air. The higher the dew point, 

the higher is the moisture content in the air. The 
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Fig. 13. Horizontal visibility and dew point temperature during a 264-hour lasting Haze event 
 

 

 
 

 
 

 
 

Figs. 14(a-c). The HYSPLIT backward trajectories of long-duration (a) Fog, (b) Mist and (c) Haze events 

(a) 

(b) 

(c) 
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Figs. 15(a-c). Fog identification through observation of (a) INSAT-3D Satellite imagery (b) Meteorological parameters (METARS) and              

(c) Fraction of cloud cover and relative humidity (operational product of ERA5) 

 

 

 

dew point temperature ranged from 20.9 °C to 12 °C. The 

horizontal visibility during mist varied from 5000 m to 

2000 m. Visibility varied directly with dew point 

temperature with a time lag, clearly showing the impact of 

moisture content on mist formation.  

 

The wind speed was less than 10 m/s, very light            

(< 5m/s) and relatively light winds (<10 m/s) prevailed 

during the long haze event. The frequency of occurrence 

of calm wind is 64.7%. Fig. 12 shows that the 

predominant wind direction is east-south-easterly during 

the event and the dew point temperature (Fig. 13) ranged 

from 20.4 °C to 8.2 °C. When the dew point temperature 

is low, horizontal visibility has increased and vice versa. 

Thus, other meteorological factors such as wind speed and 

wind direction (east- south-easterly winds) determined the 

haze formation and its magnitude apart from dew point 

temperature.  

 

Further back trajectory analysis helps track the 

transport pathways during the long-duration events of the 

study. Figs. 14(a-c) shows the backward trajectories 

(HYSPLIT) plotted for an hour ahead of the long-duration 

fog [4th December, 2013, 0000 UTC (onset hour)], Mist 

[8th   January,  2018,  1700  UTC  (onset  hour)]  and  Haze  

TABLE 1 

 

Long event fog duration 

 

4th December, 2013 

Area of event Hyderabad 

Latitude and longitude 17° 14' 5.9'' N, 78° 25' 17.9'' E 

Onset time 0000 UTC (0530 IST) (4-hour duration) 

 

  

 

[6th December, 2011, 0300 UTC (onset hour)] events for 

heights 50, 100 and 500 meters at the atmospheric 

boundary layer. All the cases show the transport of 

particles/particulates from east and northeast, indicating 

north-easterly and easterly winds generally prevail in 

December, January and February.  

 
3.3. Meteorological observational aspects during 

long-duration fog event 

 
During the reference period, three episodes of long-

hour duration (4-hr) fog events occurred. For analysis, one 

such event is considered (Table 1). 
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Figs. 16(a-d). The time-height section plot of (a) fraction of cloud on the ground and relative humidity (b) vorticity and winds at various 

levels (c&d) vorticity and winds at 1000 hPa and 920 hPa 

 

 

 

(i) INSAT-3D Satellite imagery 

 

The INSAT-3D image [Fig. 15(a)] shows fog/low 

clouds indicating the prevalence of a conducive 

environment for long-duration fog formation. 

Interestingly, there are not many areas of fog except in the 

extreme north and central parts of the country, which 

indicates in-situ radiational fog formation. 

 

 

(ii) Meteorological parameters (METARS) 

 

Fog develops when the temperature difference 

between the air and dew point is less than 2.5 °C and is 

evident from the time series [Fig. 15(b)] in the early 

morning hours of that day. In winter months (December- 

February) the occurrence of fog, mist and haze late at 

night and early morning hours are widespread and this 

inference agrees with Suresh et al., 2007 and Laskar et al., 

2013.  

(iii) Fraction of cloud cover and relative humidity 

 

ERA5 reanalysis for the small geographical area 

(16.5° N-18° N-77.5° E-79.5° E) shows widespread areal 

distribution of fog on the day of the event. High intense 

cloud cover and high relative humidity near the earth's 

surface persisting over the site also can be observed       

[Fig. 15(c)]. 

 

3.4. Analysis of the dynamic features using 

reanalysis data 

 

The dynamical parameters that influence the 

formation of fog, viz., cloud cover, vorticity, relative 

humidity, wind and vertical velocity are computed for a 

small geographical area (16.5° N-18° N : 77.5° E-79.5° E) 

covering the core of the fog region. The time-height 

sections of the four parameters are presented in Fig. 16. 

The reanalysis of ERA5 data is employed here to analyze 

the conditions that abet fog formation over the station. 
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TABLE 2 

 

Sounding data from GPS-sonde at Hyderabad on the day of the event 

 

Pressure 

(hPa) 

Height         

(m) 

Temperature  

(°C) 

Dew Point 

(°C) 

Relative Humidity 

(%) 

Mixing Ratio 

(g/kg) 

Wind Direction 

(Deg) 

Wind speed 

(knot) 

Lapse rate 

(Deg C/m) 

Layer 

Stability 

951 545 20.8 18.9 89 14.67 180 0 -  

925 770 19.0 17.7 92 13.97 100 13 0.008  

886 1142 17.8 16.5 92 13.51 90 16 0.003  

850 1498 16.4 10.4 68 9.4 80 19 0.004  

839 1609 16.3 8.8 61 8.55 80 24 0.001  

832 1681 16.2 7.8 57 8.03 80 26 0.001  

828 1722 16.2 7.2 55 7.75 78 25 0.000 Isothermal 

798 2036 15.0 7.0 59 7.93 65 20 0.004  

744 2624 10.8 5.6 70 7.7 40 9 0.007  

700 3135 7.2 4.3 82 7.49 65 5 0.007  

695 3194 7.0 4.2 82 7.49 70 4 0.003  

688 3278 6.8 4.0 82 7.48 45 2 0.002  

687 3290 6.8 4.0 82 7.47 23 2 0.000 Isothermal 

686 3302 6.7 3.8 82 7.39 0 1 0.008  

 

 

 

The time-height section of the horizontal zonal wind 

flow shows weakening easterlies and north-easterly flow 

at a lower level (from the surface upto 940 hPa) at 0000 

UTC on 4th December, 2013. The corresponding 

downward motion field shows the diurnal variation with 

downward (upward) motion during the early morning. The 

field of horizontal divergence depicts the existence of 

strong divergence from the surface upto 940 hPa level 

from 2000 UTC on 3rd December, 2013 to 0000 UTC on 

4th December, 2013. Correspondingly, regions of high 

humidity (90 to 99%) coincide with divergence indicating 

accumulation of moist air at lower levels. These dynamic 

features confirm the strong convection of moist air from 

the east and northeast flow from the coastal areas, causing 

the fog conditions. Additionally, the fraction of cloud (in 

this instance, it is a cloud on the ground) and vorticity 

indicate the presence of fog. The study area is blanketed 

by complete cloud coverage on the ground (fraction 1 

indicates 100% cloud or 8 okta, 0.8 means 80% or 6 okta 

etc.) with copious amounts of relative humidity                      

(RH = 100%) in and around RGIA. 

 

Figs. 16(a-d) convey the necessary conducive 

conditions and confirmation of the event's occurrence. 

The figures explain the fraction of cloud on the ground, 

relative humidity, wind speed and vorticity (divergence), 

which are the main features of the fog event. As shown 

from Fig. 16(b), there are light winds and negative 

vorticity and hence divergence over the studied domain up 

to a height of about 800 m (920 hPa). The subsidence is 

established from this figure. Figs. 16(c&d) depict vorticity 

and wind speeds at 1000 hPa and 920 hPa, respectively. It 

is conspicuous to note that negative vorticity (divergence) 

extended over Hyderabad region (vorticity below                    

-2 × 10-6 / sec) at the lower levels and positive vorticity 

(convergence) is visible at 920 hPa level (vorticity above 

1.2 × 10-6 / sec) and aloft. The contiguous zone abutting 

the study area has positive (negative) vorticity 

horizontally (vertically). 

 

The vertical extent supports the hovering of fog for a 

longer duration. The lighter winds support capping 

inversion, causing stability of the atmosphere. Stronger 

wind aloft indicates turbulence above 920 hPa and it limits 

the height of the fog. 

 

3.5.   Thermo-dynamic features association with fog 

event 

 

The aerological diagrams provide a way to view the 

stable layers in the atmosphere for fog formation. The 

sounding data (Table 2) with negative or zero lapse rate 

shows inversion and isothermal layers of the atmosphere. 

The air aloft is observed to be interspersed with the layers 

that offer stable ambiance in the form of 

isotherms/inversions. 
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3.6. Impact on Aviation 

 

As low visibility due to fog, mist and haze affects 

aviation, whether these events affected flight schedules is 

to be examined. The airport operations at RGIA reported 

that over the four years (2014-18), 17 domestic and 5 

international flights were delayed due to low visibility 

conditions. Delays have severe economic consequences in 

terms of (i) disrupting later flight schedules of the same 

and other aircraft, (ii) incurring a loss of fuel, food to 

operators, (iii) opportunity and the actual cost to the 

passengers. 

 

4.  Conclusions 

 

During the study period, mist and haze events were 

more frequent with longer duration, while fog events were 

less frequent & lasted a shorter time. Conducive 

meteorological factors predisposed the intensity of the 

duration of the events. The study infers that the considered 

factors offered a limited explanation for the mist and haze 

events. This requires further investigation. All the 

methods used in the study testified that climatic conditions 

such as humidity, calm winds, vorticity and stable layers 

offered a valid and reliable explanation for the formation 

of long-duration fog events. The vertical extent of the 

stable layers supports the hovering in fog for a sustaining 

period. The lighter winds support capping inversion, 

causing stability of the atmosphere. Stronger winds aloft 

cause turbulence, upset the stability, disperse the 

particulates and limit the height of the fog. 

 

The three phenomena, fog disrupted air traffic at 

RGIA, Hyderabad in terms of flight delays and the 

consequent impact on flight schedules causing economic 

losses to the operators and consumers.  
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