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Fog affects aviation severely at the Indira Gandhi  
International (IGI) Airport. With nearly 700 flights 
operating daily, it requires efficient coordination 
among various stakeholders for mitigating the effect 
of fog. The Meteorological Watch Office (MWO) at 
the IGI Airport aims at providing best fog monitoring 
and forecasting solution through an integrated system 
by adopting innovative methods. In the present arti-
cle, we briefly outline the fog monitoring, forecasting 
and dissemination system implemented by the India 
Meteorological Department (IMD) at the IGI Airport 
for providing weather service to all the three runways 
at the airport. In view of the following winter of 2008–
2009 experienced very high duration of 147 h of CAT-
III dense fog, attempts have been made to find their 
unique characteristics based on various visibility 
ranges by analysing hourly general visibility data of 
the season of 2008–2009 and similar data since 1981. 
Fog occurrence being a highly meso-scale event,  
another objective was to find runway-wise spatio-
temporal variations of these fog characteristics, at 
various runway visual ranges (RVRs), using data from 
a very high resolution network of seven RVR instru-
ments installed at these three runways. 
 
Keywords: Aviation, fog, runway, spatio-temporal var-
iation. 
 
THE Indira Gandhi International (IGI) airport, New Delhi, 
where about 700 flights on an average depart and arrive 
daily, is highly susceptible to dense fog occurrences dur-
ing the peak winter season. Studies show that besides 
thunderstorm, fog also affects aviation severely at the IGI 
Airport. During each winter, several flights are cancelled 
and diverted due to such dense fog. Since a large number 
of flights operate daily, dense fog for even a couple of 
hours can delay or stop air traffic both locally and  
nationwide, causing substantial monetary loss. During the 
fog season of 2008–2009, the IGI Airport experienced 
147 h of dense fog (reducing general visibility to 
< 200 m) alone in December and January, the highest after

2003–2004. February 2009 also recoded 26 h of  
dense fog, which is the highest for the month since  
2000. Fog disrupted aviation service severely, during 
winter of 2008–2009, when fog was most severe and fre-
quent. 
 The main objective of the present study is to briefly 
discuss the fog-monitoring, forecasting and dissemination 
system implemented by the India Meteorological Depart-
ment (IMD) at the IGI Airport on the eve of the commis-
sioning of the third new runway (RWY) 29-11. Fog being 
a highly meso-scale event, its characteristics, e.g. onset 
timing, intensity and lifting timing vary significantly 
from place to place even within a kilometre. It has been 
observed to be restricted to airports located at the out-
skirts of a city, with the main city area remaining fog-free 
at that time. It has also been observed that when the dense 
fog affects the rural end of an airport, the city or urban 
end of the airport experiences shallow fog. The IGI Air-
port is the first airport in India and among the few in the 
world to have three runways located at various  
directions over a vast area of 42 sq. km. In its fog service 
plan for the season 2008–2009, IMD had made available 
seven runway visual range (RVR) values from various 
distant locations of these runways. Thus an attempt  
has been made here to analyse the data as noted in mete-
orological and special reports issued at 30 min interval 
and find out their meso-characteristics, especially the 
variability of hours of fog at various category (CAT) in-
strument landing system (ILS), RVRs as fixed by the In-
ternational Civil Aviation Organization (ICAO) and used 
by aircrafts for real-time operations during flight land-
ing/take-off. Such a study would help various coordinated 
agencies involved in better fog management. The study 
may also help concerned agencies to look into  
various aspects of effective mixed-mode operation of run-
ways for better fog management. 

Fog monitoring, forecasting and dissemination 
system  

The IGI Airport has presently two parallel runways 
(RWY 28-10 and RWY 29-11, both CAT-III compliant) 
with the capability of ILS which allows them to operate
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Figure 1. Location of runways and runway visual range instruments 
at the Indira Gandhi International (IGI) Airport. 
 
 
even at very low visibility up to 50 m when very dense 
fog is formed (Figure 1). It has also a third runway (CAT-
I ILS compliant) for operating flights if the visibility is 
> 850 m. IMD had implemented a fog plan in winter 
2008–2009, when the new runway was first commis-
sioned, to effectively help in better fog management at 
the airport. Under this plan, it had implemented a special 
fog monitoring, forecasting and dissemination system to 
integrate all necessary fog components at these three 
runways on real-time basis for better coordination. It is a 
unique system where fog formation, intensification and 
dissipation at the airport are monitored by viewing vari-
ous landmarks by naked eye (general visibility) and a 
computer (RVR) display with seven RVR/automatic 
weather system (AWS) instruments located at various key 
locations on all the three runways and data received at 
10–15 s. The information collected and a composite fog 
forecast are disseminated to various users. 

Fog climatological information system 

The fog climatological information system, developed at 
the local Meteorological Watch Office (MWO) of the air-
port and operational since the winter of 2006, consists of 
recorded digitized hourly visibility data at the airport 
along with various analyses at micro-climatological time-
scale to find fog characteristics for the main winter 
months of December and January using data of 1981–
2005, which determine vulnerability of the place1,2. It has 
also many user-friendly analytical parameters, e.g. 
monthly climatology of number of days and hours, daily 
average total hours of occurrence, onset timing, dispersal 
timing, etc., computed on the basis of different fog type 
intensities with hourly visibility data corresponding to  
below 1000, 500, 200 and 50 m for aviation purposes. It 
also has year-to-year climatological variability, dates and 
months of extreme occurrences and trend, if any, along 
with variation of their characteristics at intra-seasonal and 
diurnal timescales. The following are some of the major  
meso-climatological characteristics of fog occurrence at 
the airport: 

(i) The airport experiences on an average 47 days of 
general fog (visibility < 1000 m) in the main winter 
months of December (23 days) and January (24 
days), out of which dense fog (visibility < 200 m) 
occurs for 16 days (6 days in December and 10 days 
in January).  

(ii) Total duration of general fog and dense fog during 
both months is 461 h (228 h in December and 233 h 
in January) and 82 h (32 h in December and 50 h in 
January) respectively. 

(iii) Period of occurrence of dense fog is mainly during 
10 December–31 January. 

(iv) The dense fog occurs between 11 pm and 10 am. On 
some occasions, it occurs as early as 8 pm and per-
sists till 11 am the next morning. 

(v) Occurrence of dense fog show high year-to-year 
variation. 

 
In the absence of any method to make a seasonal forecast 
about the most vulnerable period of fog occurrences in 
the season, such important climatological information 
helps in implementing an effective fog-mitigation pre-
paratory plan well in advance during each winter. 

Fog monitoring system 

It is a real-time system in which the characteristics of fog 
are critically monitored by obtaining RVR observations 
from seven automatic instruments located at various 
places (Figure 1). For smooth aircraft operations at both 
runways, RWY 28-10 and RWY 29-11, instantaneous 
runway visibility from RVR instruments located at three 
places across each runway is mandatory for operation at 
very low visibility by the pilot, e.g. RVR at touchdown 
points of the runway for landing, RVR at the midpoint of 
the runway for safe rolling of aircraft and finally RVR at 
the end point of the runway for safe exiting and taxing. In 
addition, two manual observers (one each at ATC and 
ground observatory) keep a close watch on fog develop-
ment by observing pre-fixed landmarks at various loca-
tions. 

Fog forecasting system 

Accurate fog forecast at the IGI Airport for ensuing night 
by noon of the same day helps in better resource man-
agement, especially ground management like allocation 
of suitable CAT-III parking bays near the runways, if 
CAT-III dense fog is forecasted for longer duration. It 
also helps the airlines to arrange CAT-III compliance air-
crafts, cancel the non-CAT-III compliance flights, cancel 
flights from other far away airports whose estimated arri-
val falls during the dense fog period forecasted and issue 
advisories to the passengers to minimize the impact of 
high duration of fog conditions at the airport. The history 
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of fog forecast at the airport goes back to 1990s, when the 
MWO at the airport started issuing fog forecasts once a 
day at 1500 UTC daily. Because the forecast has also to 
be used by various non-aviation service groups, the  
format of forecast was kept simple and written in running 
text without using any aviation codes, for easy interpreta-
tion. Owing to the record highest occurrence of CAT-III 
dense fog during December 1998 (179 h) and again in 
January 2003 (158 h), fog forecasting was finally modi-
fied to four times a day. 
 Such forecasts were made by traditional synoptic  
method till December 2006. To improve the accuracy of 
fog forecast, the MWO Palam developed an objective 
method of fog forecasting. During 2005–2007, an empiri-
cal fog model capable of predicting intensity and duration 
of the various fog hours was developed by IMD and then 
used for operational forecasting. It was found to be suc-
cessful in capturing many important dense fog events and 
their characteristics when used for the following two fog 
seasons during 2007–2009. Since then with the help of 
the present fog model and other synoptic methods, MWO 
at the airport has been generating various types of fog 
forecasts from 6 to 24 h in advance. 

Fog dissemination system 

Fog-related information and forecasting are disseminated 
to various user agencies mainly through the IMD website 
(http://www.imd.gov.in). Also, it is sent in aviation 
weather-coded forecast (e.g. terminal aerodrome forecast 
or TAF) to international and national users. IMD also 
sends fog information regularly to both print/TV media  
to inform the passengers about the latest prevailing fog 
scenario of the airport. 

Observational account of various fog events 

Fog is defined as an obscurity in the surface layers of the 
atmosphere which is caused by a suspension of water 
droplets, with or without smoke particles, and associated 
with visibility less than 1000 m. Of the three runways at 
the IGI Airport, RWY 28 and RWY 27 are located near 
each other, and RWY 29 is located far away. Hence, visi-
bility especially during the fog period or low visibility 
period as observed at any one of these runways ends may 
not be the same as that at the other runway end. To avoid 
such non-uniformity of representation of such visibility 
arising when we consider runway-wise, a more meteoro-
logically fit visibility value called ‘general visibility’ is 
defined for representing the visibility of the airport as a 
whole. It is the estimation of the minimum horizontal dis-
tance at the surface in all directions by an observer at 
which an object or light can be visible to his normal eye. 
It is measured at the IGI Airport by eye estimation from 
ATC in at least at each 30 min interval, by observing 

various prefixed visibility landmarks and then superpos-
ing them on a visibility polar diagram for estimating the 
final value. However, for flights in CAT ILS operation 
during low visibility conditions, it is mandatory to pro-
vide the exact visibility at various runway ends to ATC or 
pilots for safe landing/take-off in multi runway-airport 
like IGI. Hence a more accurate value of RVR is neces-
sary according to ICAO rules, which is defined as the 
range over which the pilot of an aircraft on the central 
line of a runway can see the runway surface markings or 
the lights delineating the runway or identifying its central 
line. It may be noted that the runway orientation has been 
designed in such a way that it suits climatologically best 
for westerly winds and hence landing/take-off takes place 
mostly at the RWY 28 and RWY 29 ends, whereas the 
other ends are used when the wind direction changes  
occasionally. RWY 27 is mainly used in fair weather as it 
is up to CAT-I ILS with only one RVR at one end (Figure 
1). But when fog becomes denser, the pilot can change 
from CAT-II to CAT-III during landing/take-off depend-
ing upon RVR deterioration and in such case he can use 
only CAT-III ILS instruments fitted in the RWY 28, 
RWY 29 and RWY 11 ends. In case he uses CAT-II, he 
has to obtain RVR of two instruments in the same run-
way, e.g. RWY 28 and mid-RVR whereas in the case of 
CAT-III ILS, he requires three RVRs with additional end 
RVR for landing and rolling, i.e. all three RVRs of the 
whole runway. 
 Table 1 shows various CAT ILS conditions according 
to ICAO-specified conditions based upon RVR values. 
With the IGI Airport being frequently affected by very 
dense fog when general visibility is < 50 m, which may 
be called zero visibility condition, it shows that two run-
ways, i.e. RW 28 and RWY 29 designed with CAT-IIIB 
ILS system capability can handle flights till RVR reaches 
50 m from 350 m, provided the flight is CAT-IIIB com-
pliant. Similarly, when RVR crosses above 350 m till 
850 m, the general visibility is approximately around 
200–1000 m due to the formation and prevailing shallow 
to moderate fog conditions, i.e. when CAT-I/CAT-II con-
ditions prevail. Few lighter aircraft and helicopters oper-
ating under visual flight rule (VFR) require very high 
visibility minima and hence are severely affected due to 
shallow fog development when general visibility falls  
below 1000 m. This shows that airport operations are par-
tially affected when shallow to moderate fog occurs and 
general visibility below 1000 m and are severely affected 
when dense fog occurs and general visibility falls below 
200 m. Hence in the present study we considered two 
visibility ranges, < 1000 m and < 200 m, based on hourly 
general visibility data as general fog and dense fog  
respectively (Table 1). It will also help us compare vari-
ous climatological characteristics of fog at these two 
ranges as observed in the present season with that of ear-
lier season. For studying spatial variation of fog char-
acteristics between runways within the IGI Airport using
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Table 1. CAT ILS and RVR ranges according to ICAO and corresponding approximate general visibility ranges with fog types and impact 

 
 
Visibility/fog type 

 
Approximate general  

visibility (m) 

Low visibility and  
CAT-type and RVR  
according to ICAO 

 
 

Type of service affected at the airport 

Low visibility (850–1200) Severely disrupts helicopter and smaller aircraft service 
CAT-1 (850–550 m) 

General fog  < 1000 

CAT-II (550–350 m) 
Bigger flights which are not CAT-compliant may also be  
 severely affected 

Dense fog < 200 CAT-III (<350 m) 
{CAT-IIIA (350–200 m) 
CAT-IIIB (200–50 m) 
CAT-IIIC (<50 m)} 

Severely disrupts flight operations when aircraft and/or  
 crew are not CAT-IIIA/B compliant. However, instrumental 
 landing system (ILS) facilities at the airport enable aircraft 
 that are CAT-IIIA/B compliant to land till RVR reaches  
 50 m. No aircraft operates at the airport when RVR  
 is < 50 m 

 
 

 
 
Figure 2. Day-to-day fog hours observed at the IGI Airport during 
winter season 2008–2009 (1 December 2008 to 31 January 2009).  
a, Visibility < 1000 m; b, Visibility < 200 m. 
 
 
high-resolution RVR network data, we have also com-
puted the exact hours of fog based on particular RVR 
visibility ranges measured by these instruments according 
to ICAO CAT-ILS classification (Table 1). 
 Fog data for whole winter of 2008–2009 showed that 
the airport experienced dense fog events with total of 
181 h in 15 spells, covering 28 days of nights and morn-
ings during mid-November till mid-February of the sea-
son. The dates were 20–21 November, 10–11 December, 
20–22 December, 25–26 December, 28 December–4 
January, 5–6 January, 10–11 January, 12–13 January, 16–

20 January, 25–26 January, 28–29 January, 30–31 Janu-
ary, 7 February, 11–13 February and 14–16 February. 
Figure 2 shows date-wise occurrences of the number of 
hours of general fog (visibility < 1000 m) and dense fog 
(visibility < 200 m) for 62 days covering the main fog 
season of December and January of 2008–2009 according 
to the observed general visibility. Figure 2 a shows that 
the airport was affected by general fog, which includes 
shallow or dense, during almost all 62 days with the 
highest duration of 21 h observed on a single day cover-
ing 1200 UTC of 28 December till 1200 UTC of 29  
December. However, dense fog was mostly concentrated 
between mid-December to end January (Figure 2 a). In 
fact, information on similar high duration fog during the 
season along with the likely period of dense fog condi-
tions was provided to various stakeholders in a interde-
partmental fog mitigation plan review meeting, held 
during the first week of December 2009, using fog clima-
tological information system1,2. It is interesting to see 
from Figure 2 that the longer spell with prolonged hours 
of fogs was mainly observed from 25 December to 6 
January, which is also the period generally most vulner-
able for dense fog hours1,2. 
 Figures 3 and 4 show total fog hours of monthly occur-
rences for December and January and for the season  
together covering these two main fog months for the  
period 1981–2009. Total dense fog hours observed in the 
season is 147 h in both the months, which was highest  
after 2003–2004. However, if one considers the respec-
tive months, it was highest in December after 2003 and in 
January after 2004. Jenamani3 has used similar fog data 
till 2005 at other intensity ranges for the IGI Airport and 
identified significant increasing trend during both these 
months. However, in the present study, with the inclusion 
of further data till 2009, high linear increasing trend of 
total fog hours from 1980s till 1997–1998 for the respec-
tive months was observed (Figure 3 a), when it increased 
from 75–100 h to 375–400 h. Thereafter it has been either 
stagnating or has less fog hours. It is of 205 h in 2007 for 
December and 166 h in 2008 for January – similar num-
ber of fog hours as observed in pre-1990s. But December 
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2008 and January 2009 of last fog season again recorded 
higher fog hours, 323 and 360 h respectively, similar to 
2005 and 2003 when 327 and 459 fog hours were re-
corded. Figure 3 b shows high linear increasing trend of 
total dense fog hours in December from 1980s till 1997–
2003, when it increased on an average from 0–10 h to 
60–80 h per year, with a peak of 179 h in December 
1998. However, after 2003, dense fog hours in December 
decreased consistently from 73 to 7 h in 2007. In con-
trast, December 2008 recorded a high value of 59 h. 
Similarly, in January it increased linearly on an average 
per year from 3–8 h in 1980s to 100 h in 1999, with a 
peak of 168 h in 2003. Thereafter, it decreased consis-
tently for January and reached only 3 h in January 2008 
while an abrupt increase was observed during January 
2009, when 88 h of dense fog was observed. Season-wise 
general fog hours data (Figure 4 a) also show similar 
trend as in respective months with very high linear in-
creasing trend till winter of 1996–1997, followed by 
stagnation afterwards. Total dense fog hours in the season 
(Figure 4 b) show a high increasing trend till 1998–1999 
when 285 h of dense fog was observed, followed by sig-
nificant decreasing trend since 2002–2003 from 190 h till 
2007–2008 when only 10 h of dense fog was observed in 
the whole season – a best fair weather season during 
1996–2008. However, during 2008–2009, the airport 
 
 

 
 
Figure 3. Month-wise (December–January) fog hours at the IGI Air-
port during 1981–2009. a, Visibility < 1000 m; b, Visibility < 200 m. 

recorded 147 h, an abrupt increase in dense fog occur-
rences compared to the trend observed before. 

Analysis of the most severe dense fog event  

Fog formation during 28 December–4 January 2009 was 
the result of the influence of high moisture content,  
favourable air temperature and calm or light wind at 
night/morning. Figure 5 shows that all RVRs remain  
below 200 m, with general visibility being zero on  
29 December morning, for a prolonged period. It may be 
noted from the satellite picture (Figure 6 a) that most 
parts of the plains of north India, especially Punjab, 
Haryana and parts of adjoining Pakistan experienced 
dense fog conditions, with visibility remaining below 
100 m on the morning of 29 December, which was 
cleared by the afternoon (Figure 6 b). Figure 7 a and b 
shows very dense fog which persisted for a longer period 
and covered a large parts of North India on 1 and 2 Janu-
ary 2008 at 10 and 11 am respectively. The fog was 
cleared in the afternoon in NCR Delhi. It had also spread 
parallel to the foothills of the Himalayas over the Indo-
Gangetic plains from Amritsar in Punjab to North East 
India, a distance of nearly 1800 km. Similar large-scale 
dense fog persisting for longer duration was frequently 
 
 
 

 
 
Figure 4. Total fog hours during winter season (December and Janu-
ary) of 1981–2009 at the IGI Airport. a, Visibility <1000 m; b, Visibi-
lity < 200 m. 
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Figure 5. Variation of general visibility and runway visual range values at the IGI Airport on a dense fog day. 
 
 

 
 

Figure 6. Satellite picture showing dense fog (a) and clearing of fog (b) over the region. 
 
 
observed earlier in January 2003, due to which air traffic 
was severely affected over the region4. 

Spatial variability of various CAT ILS fog events  

RWY 29 and RWY 28 being parallel and CAT-IIIB ILS 
compliant, can both be used for simultaneous, independ-
ent operation for air traffic during dense fog conditions. 
RWY 27 is only CAT-I compliant and is secondary to the 
main RWY 28 because of its merging orientation at  
one end with the latter (Figure 1). In 1999 three RVR  
instruments (Flamingo from Impulse Physics, Germany) 

were installed and are maintained by IMD at the main 
RWY 28. It may be noted that this system has been work-
ing smoothly since 1999, which faced many severe fog 
seasons, including the extremes in 2002–2003, 2003–
2004, etc. Hence it has become the most dependable RVR 
of measuring system at the IGI Airport because of its  
capacity to capture both slow/fast changes in visibility 
values under highly variable fog prevailing over the air-
port, at real time during dense fog events, especially 
when the visibility reduced to zero. An indigenous RVR 
system manufactured by the National Aerospace Labora-
tories, Banglaore, named ‘DRISHTI’, has been installed 
at the airport near the RWY 28 end by IMD for testing its 
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Figure 7. Satellite picture showing dense fog persisting for longer hours and covering extensive regions over North India in the morning of  
(a) 1 January 2008 at 10 am and (b) 2 January 2008 at 11 am. 
 
 
Table 2. Timing of fog events when RVR data were not available  
  during dense fog events at runway RWY-29 

 Timing RVR instrument  
Date (in UTC) not sending data 
 

10 December 2008 0130–0230 RWY-MID (29) 
10 December 2008 0400–0700 RWY-MID (29) 
29 December 2008 0030–0640 RWY-11 
29 December 2008 1700–0000 RWY-11 
30 December 2008 0000–0600 RWY-11 
1 January 2009 1500–1528 RWY-MID (29) 
2 January 2009 0000–0100 RWY-MID (29) 
  1500–1700 
12 January 2009 2200–2230 RWY-29 
18 January 2009 0030–0051 RWY 29-MID-11 
29 January 2009 0833–0859 RWY-29 

 
 
capability and accuracy for future use5. It had also  
installed four high-quality integrated automatic meteoro-
logical aviation systems imported from Australia, in  
August 2008, with three systems at RWY 29 and one at 
RWY 27. With this, the IGI Airport has seven RVR in-
struments for real-time use from various locations (Figure 
1) – a high resolution network of instruments to monitor 
low visibility during bad weather, especially during dense 
fog and dust storm events in winter and summer respec-
tively, to which the airport is highly vulnerable. RVR 
data during the fog period from all these seven instru-
ments were available throughout the season, except from 
RVR 29 for few hours in December due to technical 
problems (Table 2). One can see from Table 2 that the 
RVR instruments at new runway had a few data gaps on 
10 December at RWY 29 mid and on 29 December at 
RWY 11 end, whereas in January the data gap was within 
30 min except 2 January when RWY 29 mid-RVR data 
gap was longer. 

Variability in total duration of various CAT ILS  
fog hours 

Table 3 shows the first total hours of low visibility (LV)  
experienced on the basis of RVR data for December and 
January at various runway ends. It may be risk to operate 
at this level at two different RVR ranges of LV1 and LV2 
corresponding to 1200–1999 m and 850–1199 m. For de-
fining RVR ranges at further lower values, we have con-
sidered standard ICAO ILS fixed ranges of CAT-I and 
CAT-II in Table 3, and in Table 4 for various CAT-III 
conditions up to RVR < 50 m. Under-performance due to 
more fog occurrences at RWY 29 at a particular range 
has been computed according to percentage of higher fog 
hours and LV compared to the main RWY 28, as both 
have been capable up to CAT-IIIB landings. For spatial 
analysis, we have plotted their respective hours by orange 
colour digits for December 2008 and by light blue colour 
digits for January 2009 at respective observation points 
by re-constructing the airport at a very high resolution of 
466.66 m grid in a map of 4.6 km × 6 km area (Figure 8). 
In Figure 8, the main RWY 28 is also indicated by green 
line, RWY 27 by blue line and RWY 29 by brown line. In 
Figure 8 f, we have plotted total CAT-III hours experi-
enced by various runway ends, including the new ones. 
 Table 3 shows that the RWY 29 ends being located in 
the extreme south of the airport experience 222 (158) h of 
poor visibility of LV1 ranges, whereas RWY 28 ends in 
the northeast of the airport at a distance of nearly 3 km 
show a value of 151 (120) h during the fog month of  
December (January) 2008 (2009). RWY 27 being at the 
other extreme side in the north gets little higher poor 
visibility of 163 (151) h compared to RWY 28, but less 
than RWY 29. One can see very high hours of LV in the 
RVR ranges of LV2 also observed by RVRs at RWY 29,
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Table 3. Total hours when RVR values fall in different ranges up to CAT-II landing conditions due to fog observed at different runways 

 1999–1200 m (LV1) 1199–850 m (LV2) 849–550 m (CAT-I)  549–350 m (CAT-II) 
 

 December January December January December January December January  
RWY/RVR range 2008 2009 2008 2009 2008 2009 2008 2009 
 

RWY-29 222  157.5  78.5  73.5  34  61.5  8  26  
RWY-MID (29) 141.5 167 68.5 70 33 65 10 17 
RWY-11 187.5 149.5 70 71.5 31 57 7 16.5 
RWY-28 150.5 120 28.5 47 11 26.5 2.5 8.5 
RWY-MID (28) 132 137.5 24 47 9.5 24 3.5 9 
RWY-10 143.5 125.5 36.5 52.5 9 28.5 3.5 5 
RWY-27 163 151.5 70.5 61 18.5 52 8.5 14 
Fog at RWY 29 to RWY 28 (%)  47.5 31.3 175.4 56.4 209.1 132.1 220 205.9 

 
 

compared to RWY 28 ends which are 56–175% more 
than LV2 hours at RWY 29 during both months. Table 3 
also shows similar values for LV1 and LV2 conditions in 
both months for other two RVRs in the main RWY 28  
located at middle of the airport compared to total hours  
in the respective ranges computed from other RVR  
data, which are located in extreme ends at RWY 27 and 
RWY 29. 
 Further analysis of RVR values from various instru-
ments under the range of CAT-I and CAT-II due to  
development and intensification of fog when ILS-assisted 
landing system is mandatory (Table 3) for December 
(January), shows that RWY 29 ends too experience more 
CAT-I fog of 34 (61.5) h, whereas RWY 28 end gets only 
11 (26.5) h fog, showing that RWY 29 is more CAT-I 
fog-prone by 209% (132%) h, whereas it is at RWY 27 
by 73% (93%) more when both compared to that RVR 
range hours recorded at RWY 28. Figure 8 a and b shows 
how the various RWY ends experience fog hours at CAT-
I and CAT-II range respectively, for both December and 
January. Figure 8 a shows that all three RVR observation 
points in RWY 28 recorded total duration of 11, 9.5, 9 
(26.5, 24, 28.5) h of CAT-I fog in December 2008 (Janu-
ary 2009). It is almost one-third of those hours observed 
at other three RVRs in the RWY 29 with 34, 33, 31 (61.5, 
65, 57), and half that of total hours recorded by the RVR 
instrument in RWY 27 with 19 (52) h. Figure 8 a also 
shows that in January, when the total hours of CAT-I fog 
increased twice at all seven locations compared to De-
cember, the gap of variation within runways was more in 
December. But in the case of CAT-II range fog hours 
(Figure 8 b), one finds a substantial reduction in total 
hours at various RVR locations, which is of nearly by 
one-fifth to one-third to that of CAT-I fog hours recorded 
at the respective RVR locations, with similar runway-
wise variation where all three RVRs at RWY 29 recorded 
7–17 h, 206–220% more compared to the three RVRs  
located at RWY 28, which recorded 2.5–9 h, with 
RWY 27 also recording 8.5–14 h. 
 Fog hours at CAT-II range visibility conditions remain 
for short periods due to inherent capability of the fog to 

have instantaneous intensification to CAT-III from CAT-
I in both the months, it does not help airlines for taking 
much advantage of fog situation at IGI by upgrading their 
aircraft and pilot capability to CAT-II from CAT-I.  
Another interesting feature is both LV1 and LV2 visibi-
lity hours are comparable during both months whereas 
CAT-I and CAT-II visibility hours in fog for January are 
2–5 times higher than those in December. 
 Table 4 shows that the IGI Airport experiences very 
few hours of fog in December (January) at all RWY ends 
at CAT-IIIA visibility RVR range of 350–200 m due to 
fast intensification to CAT-IIIB, similar to CAT-I to 
CAT-II ranges. However, in the case of CAT-IIIB, it 
shows 34, 31, 17 (27.5, 29, 31), about  5–10 times higher 
in CAT-IIIB range dense fog hours at RVR range 200–
50 m compared to CAT-IIIA range 350–200 m at RWY 
29 (RWY 28) ends in December with January showing 
further higher duration in CAT-IIIB ranges (Table 4). It 
also shows that CAT-IIIA dense fog during January at all 
RVR locations was higher by 2–5 times than that of  
December, whereas CAT-IIIB visibility hours due to very 
dense fog during both months do not differ much. Also, 
runway-wise variation (Figure 8 c and d) shows that 
RWY 29 experiences 32–44% more CAT-IIIA visibility 
range dense fog and 24–60% for CAT-IIIB compared to 
RWY 28 during both months. 
 Normally most of the flights which are CAT-IIIB com-
pliant do not land below 100 m. So when RVR falls  
below 50 m (CAT-IIIC), the airport remains closed for air 
traffic. Table 4 shows that RWY 29 experienced only  
5–6 h of CAT-IIIC very dense fog in December, with not 
a single hour at RWY 28 end, whereas in January, none 
of the RVRs at any runway experienced any CAT-IIIC 
fog in January (Figure 8 e). In case of all types of CAT-
III, i.e. for RVR < 350 m, one finds that RWY 29 experi-
ences 45% (53%) more CAT-III visibility range dense 
fog compared to RWY 28 during December (January). 
Actual duration in Figure 8 f shows that RVRs at RWY 
28 recorded a total duration of dense fog at CAT-III  
visibility range as 32–37 (37–51) h, which is less com-
pared to that at RWY 29 with 43–46 (56–60.5) h. 
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Figure 8 . Total number of fog hours in December 2008/January 2009 observed at various RWY-ends at various CAT-RVR visibility criteria. 
 
Analysis of spatial variability characteristics  
of CAT-III dense fog events  

Tables 5 and 6 show onset timing and lifting timing for 
some cases of CAT-III dense fog events according to the 
timing of RVR values crossing below 350 m and when it 
improved to above 350 m respectively. The onset timings 

were recorded according to the instrument and noted in 
the current weather data register at each 30 min interval 
at all seven locations in the three runways for specific 
nights during 10, 20, 29 and 30 December and 2, 13,  
17 and 26 January along with their respective lifting  
timings (all in UTC) for all locations for the following 
mornings. 
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Table 4. Total hours when RVR fall in different ranges up to CAT-IIIC landing conditions due to fog for different runways 

 200–349 m (CAT-IIIA)  50–199 m (CAT-IIIB) < 50 m (CAT-IIIC) Total CAT-III < 350 m 
 

 December January December January December January December January  
RWY/RVR range  2008 2009 2008 2009 2008 2009 2008 2009 
 

RWY-29 6.5  12.5  34  44  6 0 46.5  56.5  
RWY-MID (29) 6 13.5 31 44.5 6.5 0 43.5 58 
RWY-11 4 15.5 17 45 5 0 26 60.5 
RWY-28 4.5 9.5 27.5 27.5 0 0 32 37 
RWY-MID (28) 2.5 6.5 29 34 0 0 31.5 40.5 
RWY-10 3.5 10 31 41 2.5 0 37 51 
RWY-27 3.5 5 25 42.5 4 0.5 32.5 48 
Fog at RWY 29 to RWY 28 (%)  44.4 31.6 23.6 60 – – 45.3 52.7 

 
 
Table 5. Onset and lifting timings (in UTC) of CAT-III dense fog cases experienced at IGI Airport during various dates in December 2008 at  
  various RWY-ends 

 10 December 2008 20 December 2008 29–30 December 2008 30 December 2008 
 

RWY-ends/onset and lifting Onset Lifting Onset Lifting Onset Lifting Onset Lifting 
 

RWY-29 0130 0430 0000 0300 1800 0530 1900 2200 
RWY-MID (29) 0030 0430 0000 0230 1830 0530 1900 2200 
RWY-11 0030 0430 0000 0230 1830 0530 1830 2100 
RWY-28 Nil Nil 0021 0100 1900 0430 2000 2100 
RWY-MID (28) 0400 0430 0021 0100 1900 0430 2000 2100 
RWY-10 0400 0430 0021 0100 1830 0500 1930 2100 
RWY-27 Nil Nil 0021 0100 1830 0430 1930 2100 

 
 
 Table 5 shows that formation of CAT-III dense fog 
started first at RWY 11 ends which is the southwest end 
of the airport on 10 December at 0030 and mid RWY 29 
followed by RWY 29 coming under its grip by 0130 UTC 
and RWY 10 and mid RWY28 recording it at 0400 UTC 
almost 3.5 h later than those of the other runways ends. 
During this dense fog event, RWY 28 and RWY 27 
hardly reported any such fall in RVR value. Hence during 
such fog event, CAT-III dense fog remained confined 
over the RWY 29 side and half of RWY 28 where RWY 
10 is located. During its lifting phase (Table 5), fog lifted 
simultaneously from all RVR points in the RWY 29-11 at 
the same time (0430 UTC). However, analysis of charac-
teristics of fog on 20 December (Table 5) shows onset of 
CAT-III fog at 0000 UTC simultaneously at all observa-
tion points in RWY 29, followed by its progress to RWY 
28 and RWY 27 ends at 0021, a 21 min delay, located at 
the northeast of the airport, whereas it lifted much earlier 
at 0100 UTC from the latter two runways, with RWY 29 
still having CAT-III till 0300 UTC at the ends, with its 
mid and RWY 11 showing lifting at 0230 UTC. Simi-
larly, one can find from Table 5 that on 29 December 
RWY 29 was closed for flights which were not CAT-III 
compliant by as early as 1800 UTC (1130 pm) due to 
dense fog, bringing instrument visibility below 350 m, 
whereas old RWY 28 was at 1900 UTC (0030 am) of the 
same night which lifted also late at 0530 UTC of 30 De-
cember at RWY 29 compared to 0430 UTC at RWY 28. 

Table 5 shows early arrival and late lifting of very dense 
fog of CAT-III range by 1 h on 30 December at RWY 29 
compared to old RWY 28. 
 In case of CAT-III dense fog events of 2–3 January in 
Table 6, one can note early arrival and late lifting of fog 
of CAT-III range at RWY 29 compared to those in the 
old RWY 28 by 1 h, with all runways of the airport  
remaining consistently under CAT-III very dense fog 
(can be defined as standing fog) from 0000–0130 am till 
0900 am in the morning severely disrupting flight opera-
tions. However, dense fog events of 12–13 January  
(Table 6) show RVR down to below 350 m at 0030 UTC 
due to movement of dense fog from the RWY 29 side and 
then weakening by 0100 UTC, whereas there were no 
such conditions in RWY 28 (can be defined as moving 
fog or patchy fog) during this period. It became again 
dense at 0130 UTC at RWY 29. Thus dense fog was  
experienced in RWY 28, when its RVR went to CAT-III 
at 30 min latter at 0200 UTC. The latter lifted at 
0430 UTC from RWY 28, and from RWY 29 at 
0500 UTC. The unique nature of CAT-III dense fog events 
of 17–18 January (Table 6) is that it formed over the air-
port much earlier, by 1030–1100 pm night (covering all 
runways within 30 min intervals) than expected at both the 
main runways due to which many non-compliant CAT-III 
flights could not land for sometime. However, it was 
lifted almost at same time (by 04 30 am) from all runways 
early next morning. For dense fog of 25–26 January
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Table 6. Onset and lifting timings (in UTC) of CAT-III dense fog cases experienced at IGI Airport during various dates in  
  January 2009 

 2–3 January 2009 12–13 January 2009 17–18 January 2009 25–26 January 2009 
 

RWY-ends Onset Lifting Onset Lifting Onset Lifting Onset Lifting 
 

RWY-29 1930 0400  0130 0500 1700 2300 2300  0230  
RWY-MID (29) 1900 0400 0000 0030 1700 2330 2300  0300 
    0130  0530 
RWY-11 1930 0400 0000 0030 1700 2300 2300  0300 
   0130 0200 
RWY-28 2000 0400 0200 0430 1730 2300 0000  0130 
RWY-MID (28) 2000 0300 0200 0430 1730 2300 0000  0130 
RWY-10 2030 0330 0130 0430 1700 2300 0000  0130 
RWY-27 2030 0330 0000 0030 1730 2300 2330  0230 
   0200 0430 

 
 
(Table 6), onset and lifting timings were earlier and latter 
at RWY 29 compared to RWY 28 by 1 h in contrast to 
other earlier events. But the fog event covered the whole 
airport by 0000 UTC and started lifting very early by 
0130 UTC from the RWY 28 side. 

Conclusions 

After the fog season of 2003–2004, the IGI Airport for 
the first time experienced a high number of dense fog  
days, during 2008–2009, 28 days with a total of 181 h in 
15 spells. Incidentally, a new CAT-III compliant third 
runway, i.e. RWY 29-11 was also commissioned before 
the start of the fog season. Earlier, the airport had two 
runways with one CAT-III compliant RWY 28–10 and 
the other CAT-I secondary, RWY 27–09. Before the start 
of such disruptive fog season, there was an impression 
that flight disruption may be minimum because the air-
port now has three runways, most of them fitted with the 
latest CAT-III ILS. MWO also has effectively provided 
the integrated fog service by developing and implement-
ing a fog monitoring, forecasting and dissemination sys-
tem. The IGI Airport fog climatological information 
provided by MWO related to seasonal outlook was able 
to bring correctly the overall occurrences of the fog along 
with day-to-day forecast. However, as the season pro-
gressed, many new scenarios developed which led to very 
high number of flight diversion and cancellation. Though 
there was a significant decrease in the net effect of fog in 
the season, calculated from the ratio of number of flights  
diverted to number of dense fog hours compared with 
earlier seasons, the benefits were below expectation. Fog 
being a highly meso-scale weather event may show high 
spatial variability resulting in the suppression of the per-
formance of new infrastructural facilities, i.e. CAT-ILS 
or the new RWY, until the present study using the real-
time RVR data confirmed that fog was setting over the 
new runway much earlier and lifted late compared to the 

main RWY 28, keeping the former runway under CAT-III 
condition for more hours compared to latter. Hence a 
mixed mode operation than a parallel one during such fog  
events could have been better for managing fog-related 
disruption at the airport. RVR data analysis showed that  
RWY 29 experienced early onset and late lifting of CAT-
III dense fog conditions compared with RWY 28 up to 
order of 2–3 h difference during many severe fog days in  
the season, thus staggering such total CAT-III hours 
alone up to 45–53% difference between them for the 
whole season. As a result, non-compliant CAT-III ILS 
flights were not able to use the new RWY 29 in the morn-
ing hours when both air traffic and intensity of the fog are 
at the peak. At the IGI Airport, the air traffic operating 
system mostly followed a parallel runway use when  
either RWY 28 was used for take-off and RW 29 was 
used for landing, or vice-versa. However, the present 
study confirms the presence of such high runway-wise 
variation of dense fog at the airport and the need for a 
mixed-mode type of operation.  
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