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1979  has  been  found  as  0.3,  but  extreme summer  
conditions  have  been  noticed  during  this  year  as  
temperature   > = 40° C  has  been  recorded  for  59  days.   
 

So,  during  ideal  contrast  situation,  when                  
r < = 0.3,  and  with  the  help  of  first  method  almost  
100%  correct  forecast  for  the  nature  of  rainfall  is  
possible  during  certain  years. On the whole  the  second  
method  for  forecasting  normal/deficient  rainfall  has  
been  found  correct  for  19 years  (70%),  Table  3,  out  
of  27  years  periods.  
 
 

Gaya  recorded  17  years  excess/normal  and  10  
years  deficient  rainfall  during  the  27  years  period.  
From  the  study  made,  the  ratio  (r)  has  been  found       
< = 0.5  on  19  and  > 0.5 on  8 occasions,  Table 2.  
Hence  as  per   second  method,  normal/excess  rainfall  
is  predicted   for  19 years   and  deficient  for 8 years.  
On  five  occasions  (1966, 1970,  1979,  1981, 1991), 
when  prediction  was  for  normal, deficient  rainfall  
occurred  and  on  three  occasions  (1969, 1971, 1976)  it  
was  excess  instead  of  predicted  deficient  rainfall. 
 

Comparing  the  actual  and  predicted  rainfall,  it  is  
observed  that  14  out  of  19  years  for  normal/excess  
and  5  out  of  8  years  for  deficient  rainfall   were  
predicted  correctly. So  the  percentage  of  success in  

forecasting  normal/excess  and  deficient  rainfall  has  
been  73.7  and  62.5  respectively (Table 3). 

 
6. Conclusion - We  find  that  the  percentage  of  

success  of  long  range  monsoon  rainfall  forecast  of  
these  methods  have  been  81.5%  and  70%  respectively  
when  only  two  temperature  parameters  have  been  
used.  These   results  are  quite  encouraging.  Thus  these  
methods  suggest  some  clue  for  long  range  monsoon  
forecast  for  Gaya  in  Bihar  plains.   
 
 

References 
 

Chaudhary,  A. and  Sarvwade, G . S., 1984, “Drought prediction  in  
India  from  radiation parameters”, Mausam, 35, 3, 345-348. 

Gowarikar, Vasant, Thapliyal , V., Sarkar,  R. P., Mondal, G. S. and  
Sikka,  D. R. , 1989,  “Parametric  and power  regression  
models  :  New  approach  to  long  range  forecasting  of  
monsoon  rainfall  in  India”, Mausam, 40, 2, 115-122 . 

Gowarikar,  Vasant, 1990, “Forecasting  monsoon  rain”,  Science  
Reporter,  July  1990, 9-22. 

 
                                                             VINOD KUMAR 

 
Meteorological Office,  Mumbai - 400 099, India 
(4 November 1999, Modified 21 April 2003) 

 
 
 
 
 
 
 
 
 
 
 
 
 

551.513 
 

THE NORTHWARD MOVING LOW FREQUENCY 
MODE : A CASE STUDY OF 2001 MONSOON 
SEASON 
 

1. The tropical intra-seasonal oscillation is one of 
the most intensively studied large-scale low frequency 
phenomenon in recent times. After the first observation of 
this low frequency oscillation by Madden and Julian 
(1971), many more authors have studied different aspects 
of this oscillation for the Indian summer monsoon season 
(Sikka and Gadgil 1980; Yasunari 1979, 1980, 1981;  
Gadgil & Srinivasan 1990; Madden and Julian 1994). The 

periodicity of this northward moving low frequency mode 
is 4 to 6 weeks.  The northward movement of low 
frequency mode from the equator to the northern 
hemisphere subtropics is prominent in two sectors with 
one over Indian Ocean and other over western Pacific 
region during the monsoon season.   Krishnamurti and 
Subramanyam (1982) have shown that there exists a close 
association between the northward migration of 
anomalous troughs and ridges and the wet and dry spells 
of the monsoon. They have also shown that the mean 
phase speed of northward propagating mode is about one 
degree of latitude per day.  Wang and Rui (1990) used the 
pentad mean anomaly maps to investigate climatological 
features  of  Tropical Intraseasonal Convection Anomalies  
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Fig. 1.  Weekly anomaly wind at 700 hPa for week ending on different dates during 2001 monsoon season 

 
 
 
(TICA) on global tropical basins for the whole year.  
Thus, these results show that the eastward moving TICAs 
are dominant tropical low frequency mode while 
independent northward and westward moving TICAs are 
regional modes confined to summer season. The results 
also indicate that all the independent northward moving 
TICAs occur in northern summer from May to October. 
Our interest in the present article is to study the synoptic 
perspective of the northward moving low frequency 
oscillation over the Indian longitude during the southwest 
monsoon season of 2001 and it’s association with wet and 
dry spells of monsoon.  
 

2. Data - The data used for the study of northward 
movement of low frequency oscillation are unfiltered 
weekly wind anomalies at 700 hPa during the entire 
season from June to September prepared by the office of 
Deputy Director General of Meteorology (Weather 
Forecasting) [DDGM (WF)] Pune. The satellite pictures 
obtained from INSAT were also used to see the northward 
movement of cloudy zones.  The weekly area weighted 
rainfall over the country is used to study the association of 
wet and dry spells of monsoon with that of northward 
movement of troughs and ridges. The analysed wind field 
obtained from the National Centre for Medium Range 
Weather Forecasting (NCMRWF) is also referred for this 
purpose. 
 
 

3. Results and discussion – (a) In order to see the 
meridional propagation of 30-50 day low frequency mode, 
the weekly wind anomalies at 700 hPa during the 

monsoon season for selected weeks till week ending        
21 August is shown in Fig. 1.  It is seen that during the 
first week of June (week ending 5 June) the east-west 
oriented anomalous trough was lying over the southern tip 
of India around 10° N and subsequently this trough moved 
northward and its position coincided with monsoon trough 
position on sea level chart around 24° N during the week 
ending 19 June.  Thus a phase speed of about 1° latitude 
per day was observed during the monsoon season, which 
agrees with the results obtained in many previous studies 
(Sikka and Gadgil 1980; Krishnamurty and Subramanyam 
1982; Wang and Rui 1990). Thus the first northward 
mode from 5 June to 19 June was associated with 
movement of anomalous trough over the country.  Hence, 
it is clear from Fig. 1 that there is rapid progress of the 
anomalous trough northward from 5 June to 19 June 
followed by northward movement of anomalous ridge 
from 3 July to 7 August with a prominent anomalous ridge 
over central India during week ending  31 July.  
Simultaneously a trough was reestablished towards the 
southern part of the country as seen from the weekly 
anomalies of wind for week ending 7 August and for week 
ending 21 August.  During the remaining part of the 
season the northward movement of trough was not clearly 
observed in weekly anomalies charts (remaining weekly 
maps till end of September are not shown in     Fig. 1. The 
northward movement of anomalous trough is also 
associated with northward movement of cloudy zone as 
seen from the satellite pictures (Fig. 2).   
 

(b) Comparing the wet spell (rainfall area weighted) 
of  monsoon  with  that of  northward movement of trough 
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Fig. 2.   INSAT visible pictures at 0600 UTC for the selected 

dates during 2001 monsoon season 

over the Indian region it is very clear that the first 
northward mode from 5 June to 19  June, which was 
associated with northward movement of anomalous trough 
over the central India contributed widespread rainfall over 
the country.  However, with the establishment of ridge 
over the central India, the all India rainfall departure 
became negative with a weekly departure of about  –32% 
and –24% for week ending 25 July and week ending 1 
August respectively.  Thus during the period of northward 
movement of ridge the rainfall activity over the country 
was subdued. It may be mentioned here that during the 
propagation of anomalous trough during 5 June to 19 
June, there was a monsoon depression, which crossed 
Orissa coast on 13  June and contributed very good 
rainfall over the country for many days.   It is also 
observed that during most of the days for the week ending 
on 31 July, when the anomalous ridge was prominent  
(Fig. 1), the monsoon trough position on sea level chart 
was either at foothills of Himalayas or north of the normal 
position, a situation commonly known as break in 
monsoon. The large-scale monsoon flow (Fig. not shown) 
as seen from NCMRWF analysis also show active and 
weak monsoon condition during the two weeks when the 
anomalous trough and anomalous ridge were prominent 
around 20° N (for week ending 19 June and week ending 
31 July respectively).  The large scale flow at 850 hPa and 
500 hPa levels obtained from NCMRWF analysis indicate 
very active monsoon condition during 15 June 
(representative date for week ending 19 June) as seen by 
active monsoon trough extending upto 500 hPa and 
accompanied with a low pressure area over northwest 
Madhya Pradesh.  On the other hand the circulation 
feature during 30 July is almost identical to the situation 
of break monsoon condition with westerly lies over entire 
India and the monsoon trough was not observed on sea 
level chart.  As there was no prominent northward moving 
trough over the country during the latter part of the season 
(August and September), the rainfall activity was subdued 
over the country during this period.  Thus the analysis 
shows that the active (weak) spells of monsoon is 
associated with northward movement of anomalous trough 
(ridge) at low level during the monsoon season of 2001.  
 

4.  Conclusions – (i) There was a clear progress of 
northward propagating low frequency mode during the 
southwest monsoon season of 2001 associated with onset 
and progress of monsoon.   
 
(ii) The northward movement of anomalous trough was 
very prominently observed even in unfiltered data during 
the monsoon season of 2001. 
 
 
 (iii) The horizontal phase speed of this northward 
propagating mode was about 1 degree of latitude per day. 

 

 

 



 
 
940                            MAUSAM, 54, 4 (October 2003) 

 

(iv) The active rainfall activity of monsoon during initial 
period of the season (during June) was in association with 
propagation of anomalous trough to the central India and 
subsequent absence of any northward propagating troughs 
are associated with subdued rainfall activity over the 
country. 
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facilities in carrying out this research work.  
 
 

References 
 

Gadgil, S.  and Srinivasan, J., 1990, “Low frequency variation of tropical 
convection zones”, Met. Atmos. Phys., 44, 119-132. 

Krishnamurti, T. N. and  Subramanyam, D., 1982, “The 30-50 day mode 
at 850 hPa during MONEX”, J. Atmos. Sci., 39, 2088-2095. 

Madden, R. A. and Julian, P. R., 1971, “Detection of a 40-50 day 
oscillation in the zonal wind in the tropical Pacific”,  J. Atmos. 
Sci., 28, 702-708. 

Madden, R. A. and Julian, P. R., 1994, “Observations of the 40-50 day 
tropical oscillation –A review”,  Mon. Wea. Rev., 122, 814-837. 

Sikka, D. R. and  Gadgil, Sulochana, 1980, “On the maximum cloud 
zone and the ITCZ over India longitude during the southwest 
monsoon”,  Mon. Wea. Rev., 108, 1840-1853. 

Wang, B. and Rui, H., 1990, “Synoptic climatology of transient tropical 
intraseasonal convection anomalies : 1975-85”,  Met. Atmos. 
Phys., 44, 43-61. 

Yasunari, T., 1979, “Cloudiness fluctuation associated with the northern 
hemisphere summer monsoon”,  J. Meteor. Soc. Japan, 57, 227-
242. 

Yasunari, T., 1980, “A quasi-stationary appearance of 30 to 40 day 
period in the cloudiness fluctuations during the summer 
monsoon over India”,  J. Meteor. Soc.  Japan, 58, 225-229. 

Yasunari, T., 1981, “Structure of an Indian summer monsoon system 
with around 40 day”, J. Meteor. Soc. Japan, 59, 336-354. 

 
 

D. R. PATTANAIK 
 
India Meteorological Department, Pune – 411005, India 
(8 May 2002, Modified 16 January 2003) 

 
 
 
 

 
 

 
 
 

551.510.42 : 551.555.8 
 

AEROSOL OPTICAL CHARACTERISTICS 
DURING A SUMMER DUST STORM IN A 
METROPOLITAN CITY : A CASE STUDY 
 

1.  Particulates, also called aerosols, in the sub-
micron range, find their way into the atmosphere from a 
variety of natural and human sources.  Natural sources 
include volcanic eruptions, meteoric debris, sea salt and 
wind blown dust.  Forest fires, biomass burning, industrial 
processes, fuel sources and various other man-made 
sources can introduce particulates and smoke into the 
atmosphere directly or through gas-to-particle conversion.  
Wind is an important natural source of aerosol in the 
atmosphere especially in the lower troposphere.  Winds 
can whip some dust from land into the atmosphere, but a 
combination of strong winds and dry land can cause major 
episodes of particulate pollution (Eagelman, 1991).  
Ordinary ground dust picked up by winds accounts for      
30 % or more of the particulates in the atmosphere.  In 

large urban areas the aerosols lifted up into the lower 
layers of the atmosphere can contain combustion products 
as well. Aerosols thus introduced into the atmosphere 
produce a variety of effects.  In the lower troposphere they 
play an important role in the formation of fog, mist and 
clouds, besides affecting visibility, whereas in the upper 
regions they produce chemical and electrical effects.  
Aerosols affect the climate by altering the earth-
atmosphere radiation balance (e.g. WCP-55, 1983).  
Stratospheric aerosols having long residence time induce 
long-term and large-scale effects while the short-lived 
tropospheric aerosols introduce local perturbations in 
shorter time scales.  Aerosols in the urban areas being a 
complex combination of natural and anthropogenic origin, 
have a large variability in their characteristics as well as 
their effects on man and environment.  Thus, occurrence 
of a dust storm in a large urban area can have many 
implications on air quality and presents an interesting case 
for optical monitoring.  Dust storms fall into two 
categories: the localized convective type typified by the 
dust devil and the large-scale storm caused by strong 
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