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Abstract: Seasonal variation of vertical atmospheric structure over Bangladesh was analyzed by radiosondes in 2001 – 2007, and 

features in the pre-monsoon season were compared with that of other seasons. Calculation of meteorological parameters derived from the 

vertical structures of temperature and humidity explain why severe storms tends to occur in the pre-monsoon season. 
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Introduction 

Precipitation begins in the pre-monsoon season (March - 

May) over Bangladesh. These rainfalls usually occur 

locally and during shorter period compared with 

widespread and continuous rainfall in the monsoon season 

(June – September). Clouds in the pre-monsoon season 

produce not only rainfalls but also severe thunder and 

lightning, hailstones, strong wind gusts, and tornadoes. 

Consequently these clouds are recognized as severe 

storms, and locally called as Kal-baishaki over the Bengal 

Plain. They are also called norwester because these clouds 

tend to come from north-west direction.  

 Yamane et al. (2010a) extracted 2,325 severe storm 

events during 1990 - 2005 from newspapers published in 

Bangladesh and investigated their climatological features. 

The favorable meteorological conditions for the 

occurrences of these severe storms in the pre-monsoon 

season have been investigated by some researchers 

(Ramaswamy 1956; Weston 1972; Yamane and Hayashi 

2006; Yamane et al 2010b).  

The frequent occurrence of severe storms is one of specific 

characters in the pre-monsoon season, and rare in other 

seasons in Bangladesh. This paper discusses this reason by 

focusing the differences of vertical atmospheric conditions 

between winter, pre-monsoon, and monsoon seasons in 

Bangladesh. 

. 

 

Materials and Methods 

 

We utilized radiosonde observations (Fig. 1) launched at 

06 Bangladesh standard time in the morning during 2001 – 

2007 in Dhaka observatory (90.38E, 23.77N) of 

Bangladesh Meteorological Department. Radiosondes are 

common meteorological equipments to measure vertical 

distribution of temperature, humidity, wind speed and 

wind direction. Observation frequency was once per day 

for the most frequent periods, and once per week for the 

periods of the lowest frequency.  

  
Results  

 

Fig. 2 shows seasonal variations of vertical structures for 

temperature and relative humidity, zonal and meridional 

winds, respectively. The data is averaged by every week, 

and the x-axis represents number of weeks during 1 

January – 31 December. Temperature decreases with 

height, and has a minimum with -70 to -80C at the 

tropopause around 16-17 km altitude. Temperature below 

2 km has a minimum in January and increase since 

February, whereas temperature above 4 km increases in 

May. This deference implies time-lag between surface 

warming in the boundary layer near surface, and warming 

by latent heat release due to cloud formation in the upper 

atmosphere. Relative humidity below 2 km begins to 

increase in the end of March, whereas, the atmosphere 

over the whole troposphere becomes wet during June – 

October.  

 

 
 

Fig. 1. Launch a radiosonde 

 

For zonal wind, westerly component with the maximum of 

around 40 m/s at 10 km altitude is observed in the dry 

season (October – April), whereas, easterly component is 

observed with the maximum of around 30 m/s at 13 km 

altitude in the monsoon season. These strong winds 

correspond with subtropical jet stream in the dry season 

and part of anti-clockwise circulation of high pressure 

system over the Tibetan Plateau formed during the 

monsoon season.  

For meridional wind, southerly wind component is 

dominant at the core of subtropical jet stream (10 km 

altitude) during the dry season, whereas northerly wind 

component is observed below 6 km altitude. The north-

south circulation is, however, totally reversed in the 

monsoon season, that is, southerly wind is observed below 

8 km and northerly wind is observed above that. One of 

the peculiar features in the pre-monsoon season is the 

appearance of southerly wind below 2 km under the 

continuous northerly wind above.  

Fig. 3 shows vertical structure of temperature and 

humidity at 1st week (1-7 January), 15th week (9-15 April), 

and 30th week (23-29 July), respectively. These correspond 
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with thin solid, thick solid, and dash-dotted lines, 

respectively. Compared with winter and monsoon 

structures (1st and 30th weeks), temperature is warmer by 

around 10 degreeC in the monsoon season below 13 km 

altitude, and relative humidity is higher in the monsoon 

season except for near surface. Temperature in the pre-

monsoon season is similar with that of monsoon season 

below 2 km altitude, whereas almost same as winter above 

4 km altitude. Relative humidity in the pre-monsoon 

season becomes wet below 5 km altitude, though it is still 

very low when it is compared with monsoon season.  

There is a method to estimate whether the deep clouds can 

develop or not. This method uses the vertical structures of 

temperature and humidity, and calculates a level of free 

convection (LFC), a level of neutral buoyancy (LNB), 

convective available potential energy (CAPE) and 

convective inhibition (CIN), etc. LFC is the level where 

the temperature in the cloud becomes higher than the 

environment at the same level.  

 

 

    
 

 
 

Fig 2. Seasonal variation of vertical structures up to 16 km altitude for temperature (unit: Celsius degree), relative humidity 

(%), zonal wind (m/s; positive is westerly wind) and meridional wind (m/s; positive is southerly wind) 

 

 

In case the air is warmed by phase change from water 

vapor to liquid or ice particles and the air in the cloud 

becomes warmer than the environment, the air has 

buoyancy and cloud can develop and grow deeper. LNB is 

the level where the air loses the buoyancy and it is an 

indicator of cloud top height. CAPE is an indicator of the 

strength of the buoyancy energy of the air, whereas CIN is 

an indicator of the necessity energy in order the air to 

reach LFC. Fig. 4 shows a schematic figure for cloud 

development. Table 1 shows the calculation of these 

parameters for winter (1-7 January), pre-monsoon (9-15 

April) and monsoon (23-29 July) seasons. There is no LFC 

in the winter season and it corresponds with the fact of 

rare developing clouds in the winter season. LFC in the 
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pre-monsoon season is higher than that of the monsoon 

season, whereas CAPE is larger in the pre-monsoon 

season. It implies that more energy is necessary to form 

deep clouds during the pre-monsoon season, but the clouds 

tend to become severe storms and have higher possibility 

to produce thunders, hails, strong winds or tornadoes in 

case that the air reaches LFC. Therefore, this result 

explains the higher occurrence of severe storms in the pre-

monsoon season over Bangladesh.  

 

   
 

Fig. 3. Vertical structures of temperature and relative humidity at 1st week (1-7 January; thin solid lines), 15th week (9-15 

April; thick solid lines), and 30th week (23-29 July; dash-dotted lines)   

Fig. 4. Schematic figure of cloud in the three development stages 

 

 

 

Table 1. Calculation of parameters for winter (1-7 January), pre-monsoon (9-15 April) and monsoon (23-29 July) seasons 

 

 LFC LNB CIN CAPE 

1-7 January (1st week) - - - - 

9-15 April (15th) week 3.1 km 11.3 km 264 J/K 909 J/K 

23-29 July (30th week) 1.9 km 11.7 km 53 J/K 336 J/K 
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Fig. 5. North-south circulation along 90E based on Webster (1987) modified Barry and Chorley (2003). Same figure is 

adopted by Hofer and Messerli (2006) 

 

 

Summary 

 

This paper described the seasonal variations of vertical 

atmospheric structures over Bangladesh, compared the 

vertical atmospheric structures of winter, pre-monsoon and 

monsoon seasons, and revealed the reason why the severe 

storms (locally called Kal-baishaki or norwesters) tend to 

concentrate in the pre-monsoon season over Bangladesh. 

Figure 5 is a schematic meridional circulation in the pre-

monsoon season along 90E by Webster (1987) and 

modified Barry and Chorley (2003). The observed vertical 

structure showed similar three layer structures over Dhaka 

(23N), that is, southerly wind observed below 2 km 

altitude, northerly wind in 2—6 km altitude and southerly 

wind above around 6km. However, the results of our paper 

reveals that we should take notice the height range of 

northerly wind (2 - 6 km in our analysis) when we 

interpret Fig. 5. That is, the upward motion drawn in Fig. 5 

over Dhaka should be confined below around 2km 

because the calculated LFC implies that deep clouds tend 

to grow frequently like as monsoon season in case that the 

upward motion reached around 3 km, and it is not the real 

condition in the pre-monsoon season in Bangladesh.    
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