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from Khulna from Mongla
from Barisal from Chittagong
from Cox's Bazar from Dhaka

BMD SPECIAL WEATHER BULLETIN: NO. 1 (ONE ) DATE: 16 05 2013

Boats/Trawers

Weather Condition

Sea Condition

Outlook

Max. Sustained Wind

Today (16 05 2013)At 12 noon
221 km

Lat. 22.6°N & Long. 91.7°E
217 km

Storm Category

Govt. of the People’s Republic of Bangladesh
Bangladesh Meteorological Department

Storm Warning Center
Agargaon, Dhaka-1207

Storm Name
Central Pressure

Last Location
Direction

Center Position
& Distance 137 km 31 km
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Wind Speed
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East NortheastwardMoved
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8118230
info@bmd.gov.bd
swc@bmd.gov.bd
www.bmd.gov.bd

996 hPa
Westcentral & adjoining Eastcentral Bay of Bengal

MAHASEN
Cyclonic Storm

Phone:
FAX :
Email:

Web site:
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Observed Centre Position Lat. 22.63°N & Long. 91.70°E (16 05 2013)At 12 noon
996 hPa

Last Location Westcentral & adjoining Eastcentral Bay of Bengal
Projected Direction

Wind Zone Cyclonic Storm Zone: 54km Strong Wind Zone: 120km

300 km150 km

8113071, 8116634
8118230
info@bmd.gov.bd
swc@bmd.gov.bd
www.bmd.gov.bd

169 km/hSpeed:
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Web site:

Govt. of the People’s Republic of Bangladesh
Bangladesh Meteorological Department

Storm Warning Center
Agargaon, Dhaka-1207
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BMD SPECIAL WEATHER BULLETIN: NO. 1 (ONE ) DATE: 16 05 2013
Storm Category Cyclonic Storm

Storm Category Cyclonic Storm

Storm Name MAHASEN
Observed Centre Position Lat. 22.63°N & Long. 91.70°E At 12 noon (16 05 2013)

Central Pressure 996 hPa
Last Location Westcentral & adjoining Eastcentral Bay of Bengal

Wind Zone Cyclonic Storm Zone: 54km Strong Wind Zone: 120km
Projected Direction Speed: 169 km/hNorth Northeastward
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Wind Speed (km/h)

or more 54727 10 4 6 1 3 90 89 71

DATE:16 05 20131BMD SPECIAL WEATHER BULLETIN: NO. (ONE )
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Result of Open Class Activity

Pre-Test Post-
Test

September 19, 2010 Tangail Bindu Bashini Gov't Boy's High School Bengali Class 4 310 33 91
September 20, 2010 Tangail Bindu Bashini Gov't Girl's High School Bengali Class 2 206 33 86
September 22, 2010 Rangpur Rangpur Zila School Bengali Class 1 255 48 92
September 23, 2010 Rangpur Rangpur Govt Girl's High School Bengali Class 2 164 33 90

Bengali Class 36 90
English Class 37 89
Bengali Class 44 97
English Class 31 94

September 28, 2010 Dhaka Viqarunnessa Noon Girl's School & College Bengali Class 1 295 44 95
September 29, 2010 Dhaka Dhanmondi Gov't Boy's High School Bengali Class 2 220 38 92
September 30, 2010 Dhaka Sher-e-Bangla Nagar Gov't Girl's High School Bengali Class 1 220 25 92

March 7, 2012 Sylhet Scholarshome Boy's High School Bengali Class 1 219 49 80
March 7, 2012 Sylhet Blue Bird School & College Bengali Class 1 165 49 87

September 16, 2012 Chittagong Radiant School & College Bengali Class 1 54 48 82
September 16, 2012 Chittagong Chittagong Development Authority Public School & College Bengali Class 1 192 48 97
September 17, 2012 Chittagong Bangladesh Elementary School Bengali Class 1 157 38 91

Bengali Class 3 508 51 97
English Class 2 248 57 98

213 52 73
202 58 80
180 50 88
190 50 97
68 43 93
67 40 96

Bengali Class 1 152 52 81
English Class 1 57 42 74

Bengali Class (1st) 227 53 96
English Class (1st) 161 49 91
Bengali Class (2nd) 211 60 97
English Class (2nd) 156 48 98

158 48 83
154 62 92

November 18, 2012 Sitakunda Barab Kund High School Bengali Class 3 154 54 93
November 19, 2012 Sitakunda Latifpur Alhaj Abdul Jalil High School Bengali Class 2 273 46 85

March 29, 2013 Dhaka Kishaloy Girls' School & College Bengali Class 2 115 49 98
April 4, 2013 Dhaka Lalmatia Housing Society School & College Bengali Class 5 101 50 92
April 13, 2013 Dhaka Kingshuk Participatory High School Bengali Class 2 53 35 94

173 48 83
167 43 89

April 20, 2013 Dhaka Lalmatia Girls' High School Bengali Class 2 128 58 92
April 22, 2013 Rajshahi Belghoria Abdus Sattar High School Bengali Class 3 271 43 76

158 45 77
122 42 80
119 57 92
205 58 95

April 26, 2013 Rajshahi Mirjapur High School & College Bengali Class 5 105 44 89
143 46 88
169 48 92
178 53 94

April 28, 2013 Rajshahi Maskatadighi High School Bengali Class 3 107 54 88
April 29, 2013 Rajshahi Dasmari High School Bengali Class 1 129 49 91
April 29, 2013 Rajshahi Pn Govt. High School Bengali Class 3 265 61 95
May 4, 2013 Mymensingh Premier Idial High School Bengali Class 3 248 53 87
May 5, 2013 Mymensingh Udyoun Mahila Samiti High School Bengali Class 5 140 56 86

139 43 83
120 53 87

May 6, 2013 Mymensingh Kazi Nazrul Islam Model High School Bengali Class 3 134 45 83
May 7, 2013 Mymensingh Abdul Khaleque High School Bengali Class 3 167 40 82
May 7, 2013 Mymensingh Ram Kishore High School Bengali Class 3 335 50 77
May 9, 2013 Mymensingh Bororchar High School Bengali Class 3 365 51 82
May 9, 2013 Mymensingh Mir Kandapara  High School Bengali Class 3 87 49 95
May 11, 2013 Mymensingh Mritunjoy High School Bengali Class 3 95 44 86
May 12, 2013 Mymensingh Renaissance Girls' School Bengali Class 3 226 51 96

182 52 96
138 57 96

May 13, 2013 Mymensingh Nogendra Narayan Pilot Girls' High School Bengali Class 3 258 50 94
170 41 96
118 54 93
245 41 89
241 53 98

May 15, 2013 Mymensingh Fatemanagar High School Bengali Class 3 315 47 95
May 16, 2013 Mymensingh Mokul Niketon High School Bengali Class 1 253 46 92

219 55 86
273 49 81
237 59 90
162 49 90
153 57 93

June 27, 2013 Dhaka Rupshi New Model School Bengali Class 4 158 50 87
163 45 90
110 56 96

June 30, 2013 Dhaka Parab High School Bengali Class 3 441 53 85
July 2, 2013 Khulna Khulna Model School Bengali Class 2 236 51 92

217 52 98
178 56 97

July 6, 2013 Khulna Govt. Coronation Girl's High School Bengali Class 2 312 62 94
July 7, 2013 Barisal Sofiulla High School Bengali Class 4 375 46 81
July 8, 2013 Barisal BM School Barisal Bengali Class 5 231 50 94
July 9, 2013 Barisal Soyoda Mazidunnesa High School Bengali Class 5 186 59 99

July 11, 2013 Khepupara Khepupara Model School & College Bengali Class 3 361 51 91
July 13, 2013 Barisal Nooria Secondary School Bengali Class 5 228 52 97

Total 196 17375 48 90

July 4, 2013 Khulna Khulna Zila School Bengali Class 4

June 29, 2013 Dhaka Gandabpur High School Bengali Class 5

4

2

2

2

Bengali Class

2

2

3

Bengali Class 3

Bengali Class

Sher-e-Bangla Nagar Gov't Boy's High School

Gonobaban High School

Bengali Class

Bengali Class

Mohammad Preparatory Girl's School

2

2

Average Score

September 27, 2010

September 26, 2010

Number of
StudentsSchool Name

1

354

Date

261

Dhaka Residential Model School & College

  Number of Classes

2Dhaka

Dhaka

City Name

Rajuk Uttara Model School & College

October 11, 2012 Dhaka

St. Joseph Higher Secondary School Bengali ClassNovember 5, 2012

Mohammad Preparatory Secondary High School

Dhaka Rajuk Uttara Model College

October 15, 2012 Dhaka

Shyampur High School Bengali Class

April 18, 2013

October 17, 2012

Bengali Class

October 13, 2012 Sher-e-Bangla Nagar Gov't Girl's High School

Rajshahi

Dhaka

Dhaka

Agrani High School & College

Dhaka

October 14, 2012

Rajshahi Collegiate School

October 18, 2012

Dhaka

Dhaka Mohammadpur Govt. Boys School

April 25, 2013

May 6, 2013 Bengali Class 4

3

3April 27, 2013 Rajshahi Bengali Class

April 23, 2013

3

Char Kharicha High School Bengali Class

Mymensingh Parangonj High School

Mymensingh Zihiruddin High School

May 12, 2013

June 26, 2013 Dhaka Hazi Nuruddin Hmed High School Bengali Class

May 14, 2013

Dhaka Kurmitola High School & College Bengali Class

Mymensingh

4

June 20, 2013

May 15, 2013 Mymensingh Kalir Bazar High School Bengali Class

3
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Techniques used in Doppler radar 

1. Doppler Effect and Doppler Velocity 

Modern Doppler radar provides not only very useful information on the position of storms, their 
movement, development and other properties, but also direct measurements of the speed of 
storms as cyclone by using the Doppler effect. 

Doppler Effect, discovered by J. Doppler, is that a moving object will shift the frequency of the 
sound in proportion to the speed of movement.  
Doppler Effect caused by sound was confirmed by C.Buys Ballot.  The famous experiment is 
that of the train whistle approaching a stationary observer.  If the train blows its whistle while 
approaching and continues blowing it as it passes and goes off in the other direction, anyone 
listening to the sound will hear the pitch of the whistle decrease when the train pass by. 

The same effect happens with electromagnetic radiation.  
Doppler radars make use of the Doppler Effect or the apparent change in frequency or 
wavelength of a wave that is perceived by an observer moving relative to the source of waves 
radiated by the radar transmitter.  In the case of radar, the situation is to have stationary radar 
observing moving targets.  Each target that is moving will shift the frequency of the radar 
signal an amount which depends on its speed. 
For example, let’s consider a single target at distance r  from radar. A radar wave will travel to 
the target 2 r  since the wave has to go out the target and back to the radar. This distance can be 
measured in term of the number of wavelengths from the radar to the target and is equal to as 
2 r / λ  where λ  the wavelength of the radar signal is.  As one wavelength in radians is 
2π radians.  So, the distance in radians becomes (2 r / λ )2π , that is 4 λ/r . 
The phase of an electromagnetic wave is essentially the fraction of a full wavelength a particular 
point is from some reference point measured in radians (or degrees) shown in Figure 1. 
Figure 1 show that the transmitting wave traveled to a target and was reflected to the radar, that 
is, the wave made round trip over 2r distance between the radar to the target moving at range r.  
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Figure 1 Doppler Effect (From D.V.Payne (1979) 

The reference point of a wave is usually the point on sine wave where the cosine is one and zero.  
For the sine wave, its phase is zero.  If it is a quarter of the way from the start of the wave 
toward the next wave, its phase is 2 /4= /2 radians (90 ).  Phase shifts can be either positive or 
negative but are always less than 2  radians (360 ).  In fact, if the phase shift is more than 
radians (180 ) we usually consider the phase difference to be the difference in angle between the 
point of interest and the nearest zero point.  That way the phase shift will never be more than 
±  radians (180˚). 

If a radar signal is transmitted with an initial phase 0φ , the phase of the returned signal φ  is 

given by 

φ = 0φ +
λ

π r×4

The change of phase with time from one pulse to next is given 

dt
dr

dt
d

λ
πφ 4=

, where  ( ) dtd /  is the time derivative or time rate of change of parameter. 

The velocity of the target is given by 

V =
dt
dr
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Angular frequency  is the time rate of change of angle (or phase) and is defined by  

f
dt
d π=φ=Ω 2

Where f is the frequency shift in cycles per second (hertz) 

f⋅π2 = V
λ
π4

f =
λ
V2

The frequency shift f  is caused by a target moving relative to a radar and is linearly 

proportional to velocity and inversely proportional to wavelength. As the wavelength of the 
given radar is fixed, the frequency shift is dependent only upon velocity of target. Table 1 
explains description of the terms and equations described above.  

Table 1.1 Description of the terms and the equations 

Terms and Equations Description 

r2 Total distance traveled by radar wave to target 

λ The wavelength of the radar  

λ
r2 Distance measured in term of number of  wavelengths 

from the radar to the target 

λ
ππ

λ
rr ⋅=× 422 Distance measured in radians 

λ
πφφ r×+= 4

0

The phase of the returned signal 

0φ The initial phase of the transmitting waves 

dt
dr

dt
d

λ
πφ 4=

The change of phase with time from one pulse to next 
Pulse 

dt
drV =

Velocity of an object 

f
dt
d π=φ=Ω 2

Angular frequency 

λ
Vf 2=

Frequency shift in cycle per second (hertz) 
(V  : Doppler velocity) 
( f  : Doppler frequency) 
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2. Simple block diagram of a Conventional radar and a typical Doppler radar 

Figure 2.1 and Figure2.2 (Ronald E. Rinehart 1992) and Figure2.3 (Hamazu.2002) show the 
block diagram of each of the conventional pulsed radar and a pulsed Doppler radar. (Ronald E. 
Rinehart, 1992)  The components used in Doppler radar are more complex than those of the 
conventional radar. 

Fig 2.1 Block diagram of simple conventional radar 

Fig.2.2 Block diagram of simple Doppler radar 

MOD:  Modulator 
XMTR:  Transmitter 
REC MIXER: Receiver and mixer 
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T/R switch: Transmit/receiver switch 
REC:   Receiver including mixer, local Oscillator ,and  
   Per-IF amplifier ,Logarithmic IF amplifier  

IF Amp:  Intermediate frequency amplifier 
STALO:  Stable local oscillator 
Coho:  Coherent oscillator 
Proc:  Processor 

Figure 2.3 Block diagram of the principal components of a simplified pulsed Doppler 
radar 
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3. Ability of a Doppler radar 

In order to detect slight phase shifts, it depends critically upon the system maintaining a 
transmission frequency and phase relationship from one pulse to the next.  Many 
Doppler radars use coherent transmitters using klystron tubes, instead of using 
magnetron, because a klystron Doppler radar transmit exactly the same frequency and 
initial phase from one pulse to the next.  For other Doppler radars, using magnetron 
tubes, it is difficult to maintain the same frequency and phase stability. The radars have 
special components which sample and remember the phase and frequency of each pulse 
so that it can be compared with the received signal. 
There are limitations in the velocities and ranges that the radar can resolve 
unambiguously. 

3.1 Velocity ambiguities 

When a target is not moving toward or away from the radar, it will have zero radial 
velocity. 
This does not necessarily mean that the target is stationary. It simply means that the 
target is remaining at a constant distance from the radar. It could be moving quite 
rapidly in fact, but any movement it has must be perpendicular to the radar beam. Since 
the only velocity a Doppler radar can detect using phase-shift principles is the radial 
velocity. 

If the velocity of a target is zero relative to the radar, there will be zero phase shift in the 
frequency of the received signal relative to the frequency of the transmitted signal.  If 
the target is moving slightly away or toward the radar, there will be a slight phase shift.  
As the speed of the target increases, the phase shift will also increase, producing an 
increasing Doppler frequency shift. There is a limit, however, in how large a phase shift 
the radar can detect. For example if a target were moving away from a radar just fast 
enough that it traveled 1/2 a wavelength between two consecutive radar pulses, it would 
produce a phase shift of  radians. If it were moving toward the radar at the same 
velocity, it would also produce exactly the same shift of  radian, and we could not tell 
the difference in their velocities.  As another example, if a target were moving so fast 
that it traveled exactly a whole wavelength between two consecutive pulses, the radar 
would detect zero phase shift and think that the target was stationary. 
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3.2 Nyquist velocity 

The maximum velocity a Doppler radar can detect correctly or unambiguously is given 
by the velocity which just produces a phase shift of  radians.  This is also called the 
Nyquist frequency or Nyquist velocity, depending upon whether we are referring to the 
maximum unambiguous frequency or velocity, respectively.  Mathematically, we can 
express this as 

2
max

max
λ

= , 

, where the maximum frequency maxf is given following by the sampling theory 

maxf =
2

PRF

and PRF  is the pulse repetition frequency of the radar. Thus, radar is 
  

4
λ×= PRFV  (1) 

This is an important result. It says that if we want to be able to detect high velocities, we must 

use long wavelength, large PRF ’s or both.  

Figure 3.1 Expected estimated velocity nyqV  versus the true velocity  
(From Ishihara, 2001) 
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4. The limitations of Range  
Now, what about the limitation on range? 

It is known that a transmitted pulse and any returned echo travel at the speed of light.  
The time it takes for a signal to go out and back from a target is t=2r/c, where c is the 
speed of light, r is the range and t is time. The 2 accounts for the distance out and back 
from the target. If a radar transmitted a shingle pulse and waited forever for a returning 
echo, there would be no limit to the distance at which the correct range to a target could 
be determined. In the real world, we do not wait very long before sending out a second 
pulse. 

(1) There are a number of reasons for this.  One is that we cannot detect targets at extremely 
long range or we are not interested in them.  For meteorological target that exist relatively 
close to the earth’s surface, the maximum range of detection is limited by earth’s curvature.  
Even though the radar waves bend downward somewhat in their travel through the atmosphere, 
the earth’s surface curves away even faster, so the radar beam usually gets so high above the 
earth’s surface that storms are not detectable beyond 400 to 500km from a ground-based radar. 
Figure 4.1 shows the line of sight of the earth curvature. 

Figure 4.1 Line of sight diagram (From JICA and JMA, 1979)  
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(2) Another reason we are not interested in distant targets is that the inverse square low 

decreases the power received from a meteorological target according to 1/r 2 .  If a target is too 
far away, the power received from it will be so weak that the radar will be unable to detect it. 
For these and other reasons, radars are designed to send out subsequent pulses of energy at 
fairly frequent interval. 

4.1 Determination of PRF

The interval between pulses T is determined by the pulse-repetition frequency and is given by  

T =
PRF

1

Now, the given T can determine the maximum range a radar signal can travel and return before 
the next pulse is sent out. 

maxr
PRF
CCT

22
==  (2) 

The combination of maximum unambiguous velocity and maximum unambiguous range 
form two constraints which must be considered in choosing the PRF for us with a 
Doppler radar.  
Notice that non-Doppler radars are only constrained by that maximum unambiguous 
range; since they cannot measure velocity, the velocity constraint does not apply.  

By equations (1) and (2), we find  

maxV maxr =
8
λC

If we want to have a large maxV , we must have a small maxr , since the right side of the equation is 

a constant for the given radar. 
Conversely, if we want to detect echoes correctly to long ranges, we can only detect small 
velocity. 
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Figure 4.2 Summary of conditions for range and velocity folding   
   (From Gossard and Strauch, 1983 ) 

Table 4.1 Example of typical unambiguous range and velocity for a variety of radar 
frequency band and PRF 

Frequency 
Band 

Wavelength
 (m) 

PRF  750Hz PRF  1000 PRF  2000 

r
(km) 

V
(m/s) 

r
(km) 

V
(m/s) 

r
(km) 

V
(m/s) 

X 3 
200 

±5.6 
150 

±7.5 
75 

±15 
C 5 ±9.37 ±12.5 ±25 
S 10 ±18.75 ±25.0 ±50 

Table 4.2 Unambiguous range and velocity of Bangladesh Meteorological Radar 
Frequency 

(MHz) 
C-band 

Wavelength 
 (m) 

PRF  576Hz PRF  720 
r
(km) 

V

(m/s) 

r
(km) 

V

(m/s) 

2850 10.5 384 ±15.12 208 ±18.9  
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5. Technique of Improvement of Nyquist maximum velocity 

For a radar of wavelength (  ) operating at fixed sampling period(T ), the unambiguous 
(Nyquist maximum) velocity ( maxV ) and range ( maxr ) are given by 

4
λ×= PRFVmax         

PRF
CTCVmax ×

=×=
22

         T =
PRF

1

Often these intervals do not fully cover the span of velocity and range that one would like to 
measure.  The problem is generally worse for short wavelength radar, since that unambiguous 

velocity span is directly proportional to  for a givenT .  If the unambiguous range interval is 
made sufficiently large by increasingT , then the resulting velocity span may be unacceptably 
small.  The technique, called Dual PRF velocity unfolding, provides extension of the 
unambiguous velocity span by a factor of either two or three beyond that given above.  The 
technique uses two pulse periods rather than one, and relies on the extra information obtained to 
correct the mean velocity measurement from each individual period.  The Dual PRF trigger 
pattern consists of alternating (N+k)-pulse intervals where the period in each interval is either 
T l  (for the low PRF) or T h  (for the high PRF).  Here “N” is the same size, and “k” 

represents a delay that permits the clutter filter to equilibrate to the new PRF after each change. 
The two PRF periods T l and T h  must be chosen in either 3:2, 4:3, or 5:4 ratio. These ratios 
give factors of two, three, and four times velocity expansion over the T h  period alone. 

The unfolding algorithm makes use of the following results.  The measured phase angles for 
the r1  autocorrelations at the two PRF’s are: 

λ
πθ l

l
VT4

=  and 
λ

πθ h
h

VT4
=

where angles outside the basic [- , ] interval are returned to that interval by appropriate 
additions of ±2  uncertainties reflects the that each measurement is folded into its own 

unambiguous interval: 

lV
l

max T4
λ= hV

h
max T4

λ=

If φ  is defined to be the difference between the two measured phases then  

[ ]hlhl TT −=−=
λ
πθθφ 4
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which can be interpreted as a phase angle within the unfolded interval: 

)(4 hl
unfoldu TT

V
−

= λ

Now if T l and T h are in 5:4 ratio, then  

45
hl

hl
TT

TT ==−

Nyquist Velocity of hT 18.9
4

72010.5
4

1
max =×=×λ=  m/s 

Nyquist Velocity of lT 15.12
4

57610.5
4

2
max =×=×λ=  m/s 

75.6515.12418.912 maxmax =×=×=×=×= m/sc 

The Figure 5 shown the expected estimated velocity processed by the two PRF technique.  
A velocity estimate unfoldV  is obtained from echo samples spaced lT , whereas a second velocity 

estimate obtained from samples spaced by hT .The uniform velocity of spacing lT  is used 
during one scan, and the scan is repeated continuously with uniform sampling spacing hT . The 

two different Nyquist interval scan is caused by two different Nyquist interval and can make the 
scan significantly different velocity aliasing. 

Figure5 Expected estimated velocities (Vnyql ,Vnyqh ) versus the velocity for hT / lT
=5/4  
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V5= V4 
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