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lkj & lw{e HkkSfrd eslksLdsy vkSj flukWfIVd Ldsy izfØ;kvksa ij fuHkZj jgus ds dkj.k dksgjs dk 

iwokZuqeku djuk ,d dfBu leL;k gSA bl 'kks/k&i= esa fnYyh ’kgj dh dksgjs dh ?kVuk ds laca/k esa fnYyh 
ds flukWfIVd ewY;k¡du vkSj xgu ¼lkamfMax½ fo’ys"k.k fd, x, gS vkSj vUrr% lka[;dh; cgqfoospukRed  
fo’ys"k.k dks viukrs gq, fnYyh esa dksgjs ds iwokZuqeku ds fy, ,d oLrqijd Ik)fr fodflr dh xbZ gSA bl 
v/;;u ls ;g irk pyrk gS fd % ¼i½ ifjlhek Lrj esa fo’ks"kdj 925 gS-ik- okyh izcy iqjok gokvksa ls caxky 
dh [kkM+h esa ueh dh mifLFkfr vkSj fupys Lrj esa if’pe dh vksj mRrjh gokvksa ls  BaMh ok;q ds vfHkogu] 
,slh nks flukWfIVd Ldsy fo’ks"krk,¡ gS tks fnlacj 1999 esa fnYyh esa iMs+ dksgjs dh ?kVuk ls lac) gSA      
¼ii½ fnYyh ds xgu fo’kys"k.k ¼1997&2000 ds fnlacj ekg vkSj tuojh ekg½ ls ;g irk pyrk gS fd tc 
iou dh xfr ¼1000 gS-ik- ij½ 5 ukWV~l ls vf/kd ugha gksrh gS] U;wure rkieku 9 ls- ls de gksrk gS] 
vkSlkad vonkc ¼1000 gS-ik-½ 6 ls- ls de gksrk vkSj vkslkad ¼1000 gS-ik-½ 6 ls- ls vf/kd gksrk gS rc 
fnYyh esa dksgjk cgqr vf/kd gksrk gSA dksgjs dh  vf/kdka’k ?kVuk,¡ 1000 gS-ik- vkSj 700 gS-ik- ds chp dh 
iou dh Ik’pxeu fLFkfr;ksa ds lkFk gksrh gSA ¼iii½ fofHkUu Jsf.k;ksa esa bu izkpyksa ds Fkzs’kgksYM ekuksa ds lkFk 
fodflr dh xbZ oLrq ijd Ik)fr dkQh mi;qDr ikbZ xbZ gSA 

 
ABSTRACT. The prediction of fog remains a difficult problem due to its dependence on micro-physical meso-

scale and synoptic scale processes. In this paper synoptic evaluation and sounding analyses of Delhi are made in relation 
to the occurrence of fog over the city and finally an objective method is evolved for the prediction of fog over Delhi 
applying statistical multiple discriminating analysis. The study shows that : (i) Moisture incursion from the Bay of Bengal 
by the prevailing easterlies in the boundary layers particularly, at 925 hPa and lower levels cold air advection  by the 
northerlies to the west are the two synoptic scale features associated with the fog episode over Delhi in December 1999, 
(ii) Sounding analyses of Delhi ( December and January of 1997-2000 ) reveals that fog occurrence of Delhi are dominant 
when the wind speed (at 1000 hPa) does not exceed 5 knots, minimum temperature is less then 9° C, dew point 
depression (1000 hPa) is less then 6° C and dew point (1000 hPa) is greater than   6° C. Most of the fog occurrences are 
associated with the backing condition of wind between 1000 hPa and 700 hPa and  (iii) The objective method developed 
with threshold values  of these parameters at different ranges applying successive multiple discriminating analyses is 
found to be reasonably skillful.  

 
Key words – Fog, Forecasting method, Multiple discriminating analysis, Skill score. 

 
 

1. Introduction 
   

During winter season (December and January) 
northern  parts  of India   is  very often effected by 
radiation fog. This generally starts from the month of 
October  and continues  till February. The frequency  and 
intensity of  fog  is maximum   in  December and  January. 
The  impact  and significance  of  fog ranges  from 
disruption  in  aviation services, surface  transportation  
and  results  to serious   accidents   caused   in  part   by   
poor   visibility. Inspite of   considerable progress in the 
field  of  numerical weather  prediction  (NWP), current 
operational  NWP  models  are incapable  of  simulating  
the fog process. This  is  because  of dependency  of fog 
on micro-physical and   meso-scale   processes that act 
with the boundary layer which is also influenced by the 

prevailing synoptic regime. The diagnosis and   prediction 
of  these interaction  is not readily   accomplished  with   
the current  operational  model.  As such till  the  time  
meso-scale numerical model can be used with a 
reasonable success there is an urgent  need   for 
developing a suitable  objective  method  for forecasting 
fog.  The present study is initiated with the aim of 
providing an objective aid for forecasting of occurrence of 
fog over Delhi. 
 
2.  Data and methodology 
 

Some   of  the  traditional  methods  available   for   
objective forecasting  of fog are: (a) Model output 
statistics  (MOS),  (b) Persistence  (c)  Synoptic  and       
(d)  Statistical.  Model   output  statistics  (MOS) guidance  
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TABLE 1(a) 
 

Monthly frequency of fog over Delhi (1997-2002) with visibility  < 800 meters 
 

Year/month 1997 1998 1999 2000 2001 2002 Total 

Nov 16 13 4 10 3 4 50 

Dec 24 23 25 9 21 17 119 

Jan 30 14 16 18 19 17 114 

Feb 10 7 18 8 4 8 55 
Average for the 
four months 

20.0 14.3 15.8 11.3 11.8 11.5  

 
 

TABLE 1(b) 
 

Monthly frequency of fog over Delhi (1997-2002) visibility < 1000 meters 
 

Year/month 1997 1998 1999 2000 2001 2002 Total 

Nov 20 17 8 15 9 13 82 

Dec 28 23 25 13 24 25 138 

Jan 31 18 18 21 23 25 136 

Feb 12 14 20 12 12 13 83 
Average for the 
four months 

25.3 18.0 17.8 15.3 17.0 19.0  

 

 
 
is a mean by which one may attempt to estimate  or  
quantify  meso-scale variation  with  reference to 
occurrence  of fog. Unfortunately, the statistical guidance  
from the current operational NWP model has the basic 
inability to  provide   adequate  information  for  reliable 
prediction  of fog 6-24 hours in advance  (Croft et  al.,  
1997). Persistence forecast has good chance of   success 
but fails during the transition period of flow pattern. The 
basic idea  of  statistical technique development is  to  
quantify  the physical  relation  between  the  observed  
weather  element   of interest and other meteorological 
variables. For the purpose  of selecting  the appropriate 
statistical techniques to use, predictant weather elements 
are classified as continuous  and categorical. Predictions 
of occurrence  and  non-occurrence  of an weather event 
such as fog are  categorical  type. Multiple discriminant  
analysis (MDA) is  used  for  categorical element.  Very 
recently, in the development processes of forecasting 
visibility for a place Hindon near Delhi, Madan et al., 
2000 attempted for objective method applying different 
approaches such as auto regression, multiple regression, 
climatology and persistence. In the regression equation 
they used local meteorological elements such as surface 
wind, dry bulb and wet bulb temperature and cloud 
amount as predictors. But the comparison with the realised 
visibility showed that forecast had larger deviation and the 
forecast beyond six hours from the initial time are not 
satisfactory. The  model developed by them following 
climatology  persistence  method is found to provide 
better visibility forecast.  Mahapatra and Thulasi Das  

(1998)  attempted  to forecast  fog  over Bangalore Airport 
using  different  objective techniques such as persistence, 
synoptic, statistical (threshold value based on co-relation 
coefficients of predictors) and multiple discriminant 
analysis.  For the comparison purpose they  calculated  
accuracy of   different   methods. The comparison 
indicates  that the  multiple discriminant  analysis method 
provides a better techniques   both in  terms  of  physical 
principles and  statistics  for  the  fog forecasting. In view 
of the fact discussed above the method adopted for 
formulation of the objective method in this study is the 
multiple discriminating analysis.  
 

Impact of fog on city life is larger when the duration 
of the fog is longer. Using data for the year 1960-98 of 
IGI airport Delhi, Singh et al. (1999) documented that 
there is a clear cut peak around 1430 UTC when visibility 
deteriorates below 800 meters and visibility improves 
around 0300 UTC both for January and December. 

 
Fog is measured in terms of the minimum horizontal 

visibility associated with it. In this study a day is 
considered as fog-day for Delhi if the reported visibility at 
0300 UTC at the Safdarjung airport is less than 1000 
meters. 

 
Monthly frequency of occurrence of fog (with 

visibility < 800 meters and < 1000 meters) over Delhi 
(Safdarjung airport) during November to February for          
the  year   1997  to  2002  is  presented  in  Tables 1(a&b).  
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Figs.  1(a&b). Mean and anomaly fields of wind and relative humidity  at 925 hPa and 850 hPa fog December 1999 
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Figs.  2(a&b). Same as in Figs.1(a&b) except for December 2000 
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Figs.  3(a-d). Vertical time section of (a) wind and (b) relative humidity during 1-30 December 1999; (c,d) same as (a,b) except for 1-27 

December 2000. Pressure levels are 1000, 925, 850, 700 and 500 hPa. For the wind only first four levels are shown 

 
 
 
 
 
The table shows that the highest frequency of occurrence 
of fog is  during December and January. Where as for 
November and February the frequency is relatively less. In 
view of this  the present study is restricted for the month 
of December and January only. Considerable interannual 
variability in the period November to March fog 
frequency is noted. The year 1997 recorded the highest 
incidence and the year 2000 recorded the lowest 
incidence. Also for December – January period to the year 
1997 witnessed the highest (54) number of fog days and 
the year 2000 the lowest number of days (27). Interannual 
variability in fog events is apparently due to variability in 
synoptic scale processes in the lower atmosphere. 

 
Singh et al.  (1999) analyzed the climatology and 

trend of visibility of Delhi based on data for the period 
1960 to 1998 of IGI airport. The study shows that duration 
of fog has increased considerably.  The average duration 
of visibility less than 800 meters has increased from 0.3 

hours/day during 1964 -1968 to 8.98 hours/day during 
1994-98 both for the month of December and January. 

 
As fog occurs with in the boundary layer, a 

forecaster must focus on the evolution of weather across 
the synoptic as well as meso-scales that lead to saturation 
of boundary layer with  water vapour. In order to examine 
the influence of synoptic scale systems on the occurrence 
of fog, in the section 2 of this paper synoptic evaluation in 
respect of occurrence of fog is made.  For the synoptic 
evaluation anomaly  fields are computed using daily 
analysis field of India Meteorological Department 
operational NWP model and climatology data from 
National Center for Environment Prediction (NCEP), 
Washington. Again in order to identify the thermo 
dynamical environment in the boundary layer that is 
necessary for fog formation, in section 3, sounding data of 
New Delhi (Safdarjung), for the month of January and 
December during 1997-2000 are analyzed in relation to 
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occurrence of fog. Finally in section 5 an objective 
method is formulated for prediction of occurrence of fog 
over Delhi applying successive statistical multiple 
discriminant analysis technique (Willson, 1988). 
 
3. Synoptic evaluation of occurrence of fog 
 

For the evaluation of synoptic scale features on the 
occurrence of fog, an intercomparison of monthly mean 
and anomaly flow pattern and relative humidity at 
boundary layers is made between two contrasting years 
with reference to occurrence of fog. With respect to 
occurrence of fog over Delhi in December, 1999 and 2000 
are two contrasting years. During December 1999, Delhi 
was dominated by fog when it experienced intense fog of 
24 days. Where as in December 2000 only 7 days fog was 
reported in Delhi. Figs. 1 (a&b) respectively present the 
mean and anomaly flow pattern and relative humidity at 
925 and 850 hPa for December 1999. In December 1999, 
mean field at boundary layer (925 hPa and 850 hPa) 
shows location of subtropical high near Lat. 25.0° N/ 
Long. 55.0° E resulting weak ( 5 knots ) northerly winds 
between Lat. 60.0° N/ Long. 75.0° E and Lat. 25.0° N  to 
35.0° N and advection of cold  air at boundary layers over 
northern parts of country. At 925 hPa easterly winds are 
also seen over Gangetic West Bengal and adjoining areas. 
An anomaly cyclonic circulation lay over north India 
centred near Lat. 25.0° N and Long. 78.0° E which caused 
incursion of moisture over the region by the prevailing  
boundary layer easterlies from the Bay of Bengal. This is 
also reflected in the humidity field. The mean relative 
humidity, particularly at 925 hPa  was clearly higher. 
Anomaly field shows positive anomaly (+ 10%) of 
relative humidity over the region extending from the  
north Bay of Bengal to westwards upto Long. 75.0° E 
between Lat. 25.0° N to 30.0° N. In December 2000   
[Figs. 2 ( a&b)] subtropical high at 850 hPa is seen near 
Lat. 20.0° N / Long. 55.0° E resulting northwesterly  
winds relatively stronger (5-10 knots) over the region.  A 
considerable difference in the position of ridge at 850 hPa 
over northwest India and neighborhood is noticed between 
these two contrast years. In 2000 ridge located along Lat. 
20.0° whereas in 1999 it was along Lat. 25.0°, 5.0° north 
of normal position, resulting weaker westerly component 
of winds over the northwest India. Anomaly fields were 
northwesterly at 850 hPa and southwest to southerly at 
925 hPa between Lat. 30.0° N and 35.0° N. The humidity 
field was showing negative anomaly (–20%) over the 
country . Figs. 3(a-d) show the vertical  time section of 
wind and relative humidity of December during 1999 and 
2000 respectively based on model analysis field. The 
intercomparison reveals that in December 1999 lower 
levels humidity was higher  and westerly component  of 
winds were weaker resulting easterly anomaly compare  to 
December of 2000. 

Thus the comparison of synoptic fields of December 
between two contrasting years (1999 and 2000) reveals 
that fog episode of December 1999 was under the 
influence of boundary layer northerlies between Long. 
60.0° E and 75.0° E over the northern parts of country and 
moisture incursion from the Bay of Bengal by the 
prevailing boundary layer easterly winds extending upto 
Long. 75.0° E.             
 
4.  Sounding analysis 
 

The  fog occurrence strongly depends upon radiation 
flux  and their  cooling  mechanism  that lead to  
saturation  of  boundary layer.  This moisture and sensible 
heat flux may also be get modified through advection  and 
boundary layer modification processes.  Croft et  al.  
(1997) reported   that dense radiation fog is associated 
with  weak  backing between 1000 hPa & 700 hPa  (cold  
air advection) or neutral wind pattern  over southern   
region  of  USA.  Due  to earth's radiation cooling, on 
calm and  clear  night  in winter, the temperature of the air 
close to ground falls rapidly. If  this process is continued 
for a long period the  condensation of water vapour in the 
air takes place. Again very light  surface wind  provides  
mixing  of the surface layer  through  some  what deeper  
layer  so  that  fog becomes  generally  dense  and  more 
widespread. Thus fog formation depends on two factors 
namely  cooling  factor and moistening factor.  Because of  
these consideration   following parameters  reported at 
0000/0300 UTC  on the same day are examined to include 
as check list in relation  to occurrence of fog over Delhi.  
 

(a) Cooling factors 
 
(i)  Minimum temperature of the day  
 
(ii)  Wind direction at 1000 hPa 
 
(iii)  Backing or veering between 1000 hPa and  700 hPa 
 

(b)  Moisture factors 
 
(i)  Dew point at 1000 hPa 
 
(ii)  Dew point depression at 1000 hPa 
 
(iii)  Wind speed at 1000 hPa. 
 

The frequencies of these parameters corresponding 
to occurrence and non-occurrence of fog over Delhi 
during the month of December and January for the period 
1997-99 are presented in the frequency Tables 2-7. 

 
It is obvious that the frequency of occurrence of     

fog increases with the  decrease  of  wind speed, dew point  
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TABLE 2 
 

Relationship of wind speed to the frequency of occurrence of fog 
over Delhi (Data : Dec-Jan 1997-2000 ) 

 
Wind 
speed  
(knot) 

Frequency of 
occurrence  

of fog 

Frequency of  
non-occurrence  

of fog 

Total  
occasion 

Calm 24 (92%) 02 26 

1-2 23(82%) 05 28 

3-5 57(67%) 27 84 

6-10 14(58%) 10 24 

>10 12(50%) 12 24 

Total 130(69%) 56 186 

 
 
 

TABLE 3 
 

Relationship of  Dew point depression (T-Td) to the frequency of  
occurrence of fog over Delhi (Data : Dec-Jan 1997-2000 ) 

 
Dew point 
depression 

(T-Td)  °C 

Frequency of 
occurrence  

of fog 

Frequency of  
non-occurrence  

of fog 

Total  
occasion 

0 11(92%) 01 12 

1-2 49(83%) 10 59 

3-4 47(68%) 22 69 

5-6 20(65%) 11 31 

> 6 03(20%) 12 15 

Total 130(69%) 56 186 

 
 
 

TABLE 4 
 

Relationship of minimum temperature  to the frequency of  
occurrence of fog over Delhi (Data : Dec-Jan 1997-2000 ) 

 
Minimum 

temperature 
(°C) 

Frequency of 
occurrence  

of fog 

Frequency of 
non-occurrence 

of fog 

Total  
occasion 

≤ 5 38 (84%) 07 45 

6-7 50(76%) 15 65 

8-9 28(73%) 10 38 

10-11 12(32%) 15 27 

>11 2(18%) 09 11 

Total 130(69%) 56 186 

TABLE 5 
 

Relationship of Dew point temperature  (Td) to the frequency of 
occurrence of fog over Delhi (Data : Dec-Jan 1997-2000 ) 

 
Dew Point 
temperature  

(Td) °C 

Frequency of 
occurrence  

of fog 

Frequency of 
non-occurrence  

of fog 

Total  
occasion 

≤ 2 8 (34%) 15 23 

3-4 13(54%) 11 24 

5-6 30(75%) 10 40 

7-8 42(77%) 12 54 

> 8 37(82%) 08 45 

Total 130(70%) 56 186 

 
 
 

TABLE 6 
 

Relationship of wind turning to the frequency of occurrence 
of fog over Delhi (Data : Dec-Jan 1997-2000 ) 

 
 
Conditions 

Frequency of 
occurrence  

of fog 

Frequency of 
non-occurrence 

of fog 

Total  
occasion 

Backing 88 (80%) 21 109 

Neutral 20(62%) 12 32 

Veering 22(49%) 23 45 

Total 130(69%) 56 186 

 
 
 

TABLE 7 
 

Relationship of wind direction to the frequency of occurrence 
of fog over Delhi (Data : Dec-Jan 1997-2000 ) 

 
Wind  
Direction  
(degree) 

Frequency of 
occurrence  

of fog 

Frequency of 
non-occurrence 

of fog 

Total  
occasion 

Calm 24 (92%) 02 26 

31-90 30(73%) 11 41 

331-30 27(62%) 16 43 

271-330 37(62%) 16 43 

211-270 07(78%) 02 09 

151-210 06(60 %) 04 10 

91-150 09(64%) 05 14 

Total 130(70%) 56 186 
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Fig. 4.  Wind speed and dew point depression are graphically connected with 
occurrence of fog. The fraction denotes number of occurrence to the total 
number of cases in the range 

 
 
 
 

(a)   Dew point depression at  1000 hPa reported at   
0000 UTC. 

depression, minimum temperature and with the increase of 
dew point. These variables indicate fairly strong 
relationship with the occurrence of fog. Fog occurrences 
are dominant when the wind speed does not exceed 5 
knots, minimum temperature is less than 9° C, dew point 
depression  is less than 6° C and dew point  is more than 
6° C. It is also interesting to note that fog occurrences are 
mostly associated with the backing condition (cold air 
advection) between 1000 hPa and 700 hPa.   

 
(b)   Wind speed at  1000 hPa reported at 0000 

UTC. 
 
(c)   Minimum temperature of the day  reported at   

0000 /0300 UTC. 
 
(d) Dew point at  1000 hPa reported at   0000 UTC.  

 5. Formulation of objective method  
These variable are combined graphically and related 

jointly to the frequency of occurrence of fog on the same 
day applying successive multiple discrimination analysis 
method. In the first step (a) dew point depression and (b) 
wind speed are combined graphically in relation to the 
occurrence of fog. Fig. 4 is prepared by considering wind 
speed and dew point depression as co-ordinates. The 
fraction denotes the number of occurrence to the total 
number cases in the range. The diagram is divided into 
areas A and A   by fitting subjectively a curve so that 

 
The multiple discrimination analyses method  

(Willson,1988)  involves relating the predictor variables 
graphically to the cases of predictant (occurrence of fog). 
Mahapatra and Thulasi Das  (1998) applied  this technique 
to combine graphically two parameters  dry bulb 
temperature and dew point  depression with the 
occurrence of fog over Bangalore airport.  While Croft et 
al., (1997) utilized wind speed and dew point depression 
for the South Region in USA. In the present study the 
following four variables showing strong relationship with 
occurrence of fog are finally selected: 

cases of occurrence are prominent  in area A and most  
non-occurrence   in   A .   Now    the  process  is  repeated  
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Fig. 5.  Same as Fig.4  with reference to minimum temperature and dew point 

 

ith the cases fall in area A and Fig. 5 is prepared by 

 
 
 
w
considering (c) minimum temperature and (d) dew point 
as co-ordinates. The Fig. 5 is divided into areas B and B   
so that most of the occurrence fall in B. 

 
o use this method in practical forecasting, T start is 

made with the parameter (a) and (b) in Fig. 4.   If then 
point falls in A   no fog is the forecast. If the point falls in 
A, then proce  to Fig. 5 with parameter (c) and (d).  If 
the point falls in B occurrence of fog is the final forecast 
output.  
 
.  Perfor

ed

mance and limitation of the model 

 the skill 
t

t

In order to take care of trend of predictors, while 

posite method where in 

     = Po  ∆ P,         if  ∆ P < 0 

lue of P for the next 
 d value of P at 0000 

TC at the time when forecast is issued and  ∆P  is the 24 
our

6
 

The  successes of this technique depends on
of he accurate estimates of the predictors. India 
Me eorological Department issues daily local forecast 
valid for next 24 hours for the city at around 0700 UTC 
based on 0000 UTC and 0300 UTC observations and 
updates the forecast at  around 1500 UTC based on 1200 
UTC observations.  Though technique is developed for 
prediction of occurrence of fog 24 hours in advance, the 
forecast can be updated during the subsequent observation 
hours depending on the trend of the predictors and 
utilizing synoptic knowledge. 

using predictors of previous day, Mahapatra and Thulasi 
Das (1998) applied the com
addition to the threshold values of predictors, threshold 
values of change in the predictors are also utilised in the 
discrimination analysis. But they noted  that the method is 
most suitable for issue of forecasts at  1800 UTC  for the 
occurrence of fog next day morning with the  lead time of 
6 hours only. One may   use the following method of 
estimating predictors. A predictors (P) is estimated as : 
 

Pe = Po + ∆ P,         if  ∆ P > 0  
              

 
 

Where, Pe is the estimated va
at 0000 UTC. Po is the observeday

U
h s change of P at the observation  time. It is expected 
that ∆P derived  from NWP model output may provide 
better results.  Here  we test the performance of model 
with the developed  dataset using persistence method of 
estimating predictors. It is in other words, we used 0000 
UTC observations    (predictors) to forecast occurrence of 
fog on the next day morning. For the purpose of 
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evaluating the skill of the method, we compute categorical 
statistics    (Stanski et al., 1989) such as bias and threat 
skill scores.  A bias score (B) and threat score (T) are 
defined as : 
 

B  = ( F+H)/ ( M+H) 
 
T  = H/ ( F+ M+H) 

here,  

  =  Number of false alarm (occurrence of fog 
cast but is not realised) 

lised) 

of F=M=0 ity the model 
indicates under-forecast, otherwise over-forecast. 
 

28 0.86 0.78 

The r lt sh s sco  are ason ly good but 
forecast is slightly under pre ted.

 

uary 2001 are shown 
below : 
 

55 5 2 1.05 0.88 

In thi ligh ove dicted but 
reasonably d sk otic

lso given below: 

7.  Summ
 

In  this  paper occurrence of fog over Delhi  has  
aluation using 

odel analysis  field  and sounding  analysis  of Delhi. 

Fina

idity  of 
December between the  two contrasting  years of 1999 and 
2000 

ind speed 
t 1000 hPa does not exceed  5  knots,  minimum  

temp

     

lhi  with these  threshold values at different 
ranges is  found  reasonably skillful.  However, success of 
this t

 

roft,  P. J. Pfost, R. L., Medlin, J. M. and Jhonson, G. A.,  1997, “Fog  
Forecasting  for the ion:  A  conceptual  model 
approach”, Wea. and F 12, 545-556. 

PMET-

Stanski,

 

 
W
 
F

fore
 
M =  Number of missing (non-occurrence of fog 

forecast but fog occurred) 
 
H  =  Number of hits  (forecast  occurrence as well as 

non occurrence of fog is rea
 
Bias score (B) and threat score (T) becomes 1 in case 

. When a bias score is less than un

The skill score obtained from the development data 
set are as follows : 
 

H F M B T 

146 12 

 
esu ow res  re ab

dic  

The skill scores obtained from the independent 
dataset of December 2000 and Jan

H F M B T 

 
s case forecast is s tly r pre
 goo ill score is n ed. 

 
The skill score computed for the months of 

December 2001 and January 2002 are a
 

H F M B T 

44 13 5 1.16 0.72 

 
ary and concluding remarks 

been  examined in  terms of synoptic ev
m

lly an objective   technique  is developed   using   the   
sounding data applying graphical discriminating analysis 
for prediction of occurrence of fog  over Delhi. 

 
Synoptic  evaluation based on the intercomparison of 

lower  level flow  pattern and relative hum

reveals that domination  of  fog during  December  
1999  was due to increased  moisture  over  the region  
under  the  influence of  prevailing  easterlies  in  the 
boundary layers from the Bay of Bengal and advection of 
cold  air by the northerlies to the west of Delhi. 
 

Sounding  analysis of Delhi reveals that fog 
occurrence of  Delhi are  dominant  when  the w
a

erature is less than  9° C, dew point depression  
(1000 hPa) is less than 6° C and dew point  (1000 hPa) is 
greater than 6° C. It is also very interesting to note that 
most of the fog   occurrences are  associated with the 
backing condition of wind  between  1000 hPa  and  
700 hPa.  

 
The objective method developed based on sounding 

data of De

echnique depends on the skill of accurate estimation 
of the predictors. Though the technique is developed  for  
prediction of occurrence of fog for 24  hours  in advance,  
the   forecast  can  be  updated   during   subsequent 
observation  hours  depending  on the trend  of  the  
predictors, utilising  synoptic  knowledge and numerical  
guidance  from  NWP models. 
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