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          Bangladesh Space Research and Remote Sensing Organization (SPARRSO) has the 
capability to receive  and analyse data from US NOAA and Japanese GMS satellites at six and 
one hourly intervals every day in both visible and infra-red frequencies. Remote Sensing data 
obtained from these satellites can profitably be used in the study  and warning of natural 
disasters like tropical cyclones and floods. SPARRSO is also equipped with VAX-11/750 and 
MICROVAX computers and I2S image processing system for the analysis of these data. 
SPARRSO has also installed a raster based GIS and another vector based Archinfo GIS is under 
installation. This paper discusses how these facilities can be utilized in disaster management and 
development planning.     
    
  
11..11    GGEENNEERRAALL  IINNTTRROODDUUCCTTIIOONN  
  

Modern Space and Remote Sensing Technology has openend a tremendous scope for the 
study and mitigation of the effects of natural disasters. There has been a proliferation of 
enormous amount of information due to the availavility of spaceborne platforms. A satellite 
passes over a place after fixed intervals, acquires the relevant data of the underlying portion of 
the earth and all these data can be acquired by suitable ground stations.  
 
      A disaster can be defined as any change in the environment of man that affects his works 
or his life in an unwanted fashion. In  general, a disaster implies breaking down of a stable 
system.  
 
      In this paper, we shall be concerned with natural calamities like tropical cyclones and 
floods, which affect us very badly.   
  
11..22    RREEMMOOTTEE  SSEENNSSIINNGG  
  

Remote Sensing can be defined as the gathering of information about an object or 
phenomenon by a device not in physical contact with the object under investigation. Thus most 
of our knowledge about surrounding objects is by remote sensing. All our knowledge about 
astronomy with the sole exception of landing of man on th moon is thorugh remote sensing. But 
Remote Sensing has acquired a new significance because it offers a very economic means of 
surveying earth's resources. The term was first coined by Evelyn Pruitt in 1960. It includes study 
by both aircrafts and spacecrafts.   
    
11..33    HHIISSTTOORRYY  
    
            The first aerial photography of the earth was taken in 1857 from a free balloon. Aerial 
photography was developed extensively during the 2nd world war. After the war the techniques 
learnt during the war was were gradually applied in the civilian areas and the scientists were 
exposed to a vast new field. Launching of an artificial earth satellite in 1957 opened a new area 
with tremendous potentialities in Remote Sensing. In April 1, 1960 the first meteorological 
satellite TIROS-1 was launched and remote sensing in meteorology soon became operational. 
The meteorological satellites and the manned space flight programmes - Mercury, Gemini and 
Apolllo demonstrated that not only the weather of the earth but various features of th earth can 



be detected by means of suitable sensors placed on board the satellite. To realise this end, NASA 
launched the first ERTS (Earth Resources Technology Satellite) later named Landsat on July 23, 
1972. Landsat-2 was launched in 22 January, 1975. Recent Landsats carry a thematic mapper 
with a resolution of 30m. These high resolution satellites are very suitable for mapping various 
features of the earth.  
       

A satellite is a wornderful device in the hands of man. It may be launched by one nation 
but it will pass over the whole earth. It knows no geographical barrier. Bangladesh cannot afford 
to launch a satellite of its own but we can get the satellite data from advanced countries. We are 
getting the picturies of our region taken by weather satellites regularly several two times a day 
with a relatively inexpensive ground station.     
  
11..44    SSPPEECCTTRRAALL  SSIIGGNNAATTUURREE  
  
            Remote Sensing is teaching us a new way of seeing things. All objects like water, 
vegetatiopn, soil etc. radiate electromagnetic energy and receive radiation from their 
surroundings. The electromagnetic energy radiated is dependent on the area, nature, and 
temperture of the emitted surface. The radiated energy can be detected b menas of a sensor and is 
called the spectral sugnature of the body. It is the spectral signature which provides 
indentification keys to various objects such as crop vigor, forest types, geologic features, natural 
objects etc.   
  
11..55    TTYYPPEESS  OOFF  SSEENNSSOORRSS  
            

A sensor detects and records energy in a selected portion of the electromagnetic 
spectrum. The visible light which makes us see things is only a small portion of electromagnetic 
spectrum. Electromagnetic radiation can be represented as a sort of wave motion carrying certain 
energy with it and travelling with a fixed speed of 3x1010 cm/sec (1,86,000 miles/sec). They are 
represented either by wave length or frequency. The visible light has a wavelength ranging from 
400-750 nanometers (10-9 meters). Infrared waves have got a wavelength more than visible light 
whereas the ultraviolet waves have wavelength less than the visible light. The sesnors in the 
Landsats can detect both the visible and infrared radiation.  
 
 
      A camera is the most widely usd sensor. A scanner is a device which records the 
electromagnetic radiation as energy and can be stored in magnetic tapes. A Radar is another kind 
of sensor.   
  
  
  
  
11..66    RREEFFLLEECCTTAANNCCEE  CCUURRVVEESS  
            

To know th spectral signature of various objects, it is necessary to find their reflectance 
characeristics. This is done by experiments both in the laboratory and in the field: Slide shows 
the reflectrance characteristics of  a typical healthy leaf. We can easily see that it reflects 



strongly in the near infrared and absorption occurs in the yellow-red portion (chlorophyll 
absorption). If the plant is not healthy it will have a different reflectance characteristics and if we 
know it beforehand, this will help us in photo-interpretation.  
  

11..77    PPHHOOTTOO--IINNTTEERRPPRREETTAATTIIOONN  
  
            Photo-interpretation until recently used to be done mostly by human eye with the help of 
very simple instruments such as a stereoscope. But with the advent of space photography, so 
much data is being gathered that it is nown almost impossible to do the interpretation visually. 
Moreover, th stereoscopic view is not very good in satellite photography. Because of this and the 
need for precision, sophisticated machines and digital methods are increasingly being used these 
days in remote sensing data  interpretation. Human eye can only distinguish 8 different tonal 
variations. But with the help of  digital processor patterns can be recognized.  
  

11..88    MMUULLTTIISSPPEECCTTRRAALL  DDAATTAA  AANNAALLYYSSIISS  
  
            The spectral signature of an object may not be uniquely determined in one band only. 
Two different objects may have the same tonal appearance in one particular band. How can then 
we identify such an object ? The multispectral data comes to the rescue here. In the 
multispoectral analysis, each tonal shade is given a numerical value. Thus each point object will 
get a value in each of the bands. If there are four bands, there will be four scores for each point. 
Thus each point have four coordinates in a four dimensional Feature Space. Two points from 
different objects may have identical values in one particular band, but when all the four bands 
are taken together, the combination is likely to be defferent. Each point in the feature space is 
assigned a class. Points belonging to the same object usually cluster around a central value. 
However, there may be some overlapping between different classes. The classification is done to 
minimize the error with the help of Statistical Decision Theory using Bayes' Decision Rule. The 
procedure is a very complicated one involving lot of mathematics. This is called the Automatic 
Pattern Recognition. The beauty of the method is that in the actual field we have to know the 
ground truth for only a few `test areas'.  
 

When this information is fed to the computer, the whole area under interest will be 
classified. A host of very sophisticated computing machines have been developed like I2S.     
  
11..99    AAVVAAIILLAABBLLEE  SSAATTEELLLLIITTEE  DDAATTAA    
            

SPARRSO receiving system can receive imagery from US NOAA and Japanese GMS 
satellites at six and one hourly intervals every day in both visible and infrared frequencies. They 
are used routinely for weather forecasts. The NOAA data can also be processed with the help of 
special software acquired for this purpose for mapping flooded areas if the sky is cloud free. The 
imagery cover the entire catchment area of Bangladesh and from the distribution of cloud cover, 
an estimate of the rainfall in the catchment area can be made, which can be used as input in flood 
forecasting model. There are high resolution satellites like French SPOT and US Landsat. But as 
data from these satellites are not available in Bangladesh on a real time basis and they cover a 
particular area after every twenty six or sixteen days, they have a limited use in flood 
forecasting. NOAA satellite data on the otherhand, though they have a resolution of 1 km 



(compared to 10 m for SPOT and 30 m for Landsat), because of their frequent coverage can be 
effectively used for flood monitoring and flood plain mapping.  
     The sensor characteristics of satellites are given below:  
  
                                                                      TTAABBLLEE    II  
TTIIRROOSS--NN  AAVVHHRRRR  CCHHAANNNNEELL  CCHHAARRAACCTTEERRIISSTTIICCSS 
-----------------------------------------------------------------   
Channel   Resolution      Wavelength           Primary Use              
                 at Subpoint    (micrometer) 
----------------------------------------------------------------- 
    1          1 km         0.55  -  0.90               Daytime cloud and 
                                                      surface mapping. 
    2          1 km         0.725 -  1.10               Surface water  
                                                 delineation. 
    3          1 km         3.55  -  3.93         SST. 
    4          1 km        10.5   - 11.5          SST, day/night, 
                                                  cloud mapping. 
    5          1 km        11.5   - 12.5          SST. 
----------------------------------------------------------------- 
                  
                                                                            TTAABBLLEE    IIII  
LLAANNDDSSAATT--DD  EEAARRTTHH--OOBBSSEERRVVIINNGG  IINNSSTTRRUUMMEENNTTAATTIIOONN 
 
----------------------------------------------------------------- 
THEMATIC MAPPER         MULTISPECTRAL SCANNER 
            (TM)                                SUBSYSTEM (MSS)        
       Micrometers                                  Micrometers 
----------------------------------------------------------------- 
Spectral Band 1      0.45 -  0.52                   
Spectral Band 2      0.52 -  0.60                   
Spectral Band 3      0.63 -  0.69                   
Spectral Band 4      0.76 -  0.90                  0.5 - 0.6 
Spectral Band 5      1.55 -  1.76                  0.6 - 0.7 
Spectral Band 6     10.40 - 12.50                0.7 - 0.8  
Spectral Band 7      2.08 -  2.35                  0.8 - 1.1 
----------------------------------------------------------------- 
The multispectral mode of SPOT  satellite has three bands, 0.5 - 0.59  um, 0.61 - 0.67 um, 0.79 - 
0.90 um, with a 20 m resolution. The panchromatic mode has a single band, 0.5 - 0.90 um, with a 
10 m resolution.  
    

TTRROOPPIICCAALL  CCYYCCLLOONNEESS  
  
22..11    IINNTTRROODDUUCCTTIIOONN  
  
  



The tropics can be regarded as the region of the earth lying between 30oN latitude and 
30oS latitude. All the tropical seas of earth with the exception of the south Atlantic and east 
south Pacific give birth to deadly atmospheric phenomena known as tropical cyclones. On the 
average, 80 tropical cyclones are formed every year all over the globe.  
 
      The term cyclone is derived from the Greek word "Kyklos" meaning coil of snakes. 
Satellite pictures of cyclones bear this out and the nomenclature seems very appropriate. 
Technically a cyclone is an area of low pressure where strong winds blow around a centre in 
anticlockwise direction in the northern hemisphere and clockwise direction in the southern 
hemisphere. Cyclones occurring in the tropical regions are called tropical cyclones and those 
occurring outside the tropical regions are called extratropical cyclones. Tropical cyclones are 
usually destructive and these are the ones which affect Bangladesh. Tropical storms are called 
Hurricanes in the American continent, Typhoons in the Far East and Cyclones in the South Asian 
sub-continent. Actually they are the same phenomena, but are known by different names in 
different parts of the world. In the west, hurricanes are  identified after woman's names such as 
Anna, Carol, Dorothy, Eve etc. A list of four sets of names in alphabetical order has been 
introduced. One set is used for each year and after every four years, the sets are repeated. 
Recently naming hurricanes after man's name has also started. In South Asian region no such 
nomenclature has been adopted.  
 
      Bangladesh is a part of humid tropics, with the Himalayas in the north and the funnel 
shaped coast touching the Bay of Bengal in the south. This peculiar geography of Bangladesh 
causes not only the life giving monsoons but also catastrophic ravages of cyclones, norwesters, 
tornadoes and floods. The Bay of Bengal is an ideal breeding ground for tropical cyclones.  
 
      The cyclones are originally formed in the deep seas and hence their study has been very 
difficult. It is only with the advent of the Space Age that weather satellites provide valuable 
information about them. Direct studies of cyclones with the help of aircraft reconnaissance are 
also being carried out by advanced countries. Only a beginning has been made towards the 
understanding of cyclones. A lot remains to be known still.  
 
2.2  CAUSES OF FORMATION 
 
      OOuurr  ppllaanneett  eeaarrtthh  rreecceeiivveess  aallll  iittss  eenneerrggiieess  ffrroomm  tthhee  ssuunn..  HHeennccee  iitt  mmaayy  bbee  tthhoouugghhtt  tthhaatt  
tthhee  ccaallaammiittiieess  lliikkee  ccyycclloonneess  aanndd  bblleessssiinnggss  lliikkee  mmoonnssoooonn  rraaiinnss  oowwee  tthheeiirr  oorriiggiinn  ffrroomm  tthhee  ssuunn..  
BBuutt  tthhiiss  iiss  ssoo  oonnllyy  iinnddiirreeccttllyy..  SSoollaarr  rraaddiiaattiioonn  iiss  mmaaxxiimmuumm  aatt  tthhee  eeaarrtthh''ss  eeqquuaattoorr  aanndd  
mmiinniimmuumm  aatt  tthhee  ppoolleess..  AAggaaiinn  ddiiffffeerreenntt  ssuurrffaacceess  oonn  tthhee  eeaarrtthh  hhaavvee  ggoott  ddiiffffeerreenntt  ccaappaacciittiieess  
ffoorr  aabbssoorrppttiioonn  aanndd  eemmiissssiioonn  ooff  ssoollaarr  rraaddiiaattiioonn..  TThhuuss  ddiiffffeerreenntt  aarreeaass  oonn  eeaarrtthh  aarree  hheeaatteedd  
uunneeqquuaallllyy..  TThheessee  vvaarriiaabbllee  ffaaccttoorrss  ggiivvee  rriissee  ttoo  llooww  aanndd  hhiigghh  aattmmoosspphheerriicc  pprreessssuurree  aarreeaass  oonn  
tthhee  eeaarrtthh..  IItt  iiss  bbeeccaauussee  ooff  tthhee  eexxiisstteennccee  ooff  tthhee  llooww  aanndd  hhiigghh  pprreessssuurree  aarreeaass  tthhaatt  wwee  ggeett  ggoooodd  
oorr  bbaadd  wweeaatthheerr..    
  
            TThhoouugghh  ssoollaarr  eenneerrggyy  uullttiimmaatteellyy  ccoonnttrroollss  tthhee  tteerrrreessttrriiaall  wweeaatthheerr,,  tthhee  ffoolllloowwiinngg  
eennvviirroonnmmeennttaall  ccoonnddiittiioonnss  hhaavvee  bbeeeenn  ffoouunndd  ttoo  bbee  pprreerreeqquuiissiitteess  ffoorr  tthhee  ddeevveellooppmmeenntt  ooff  
ccyycclloonneess    ((ii))  AAbbsseennccee  ooff  ssttrroonngg  vveerrttiiccaall  wwiinndd  sshheeaarr  ooff  tthhee  hhoorriizzoonnttaall  wwiinndd  nneeaarr  tthhee  ccyycclloonnee  
cceennttrree  aanndd  pprreesseennccee  ooff  ssttrroonngg  vveerrttiiccaall  sshheeaarr  ooff  ooppppoossiittee  ssiiggnn  oonn  eeiitthheerr  ssiiddee  ooff  tthhiiss  ssyysstteemm..  



TThhee  ddiiffffeerreennccee  bbeettwweeeenn  tthhee  wwiinndd  vveeccttoorrss  bbeettwweeeenn  ttwwoo  vveerrttiiccaall  lleevveellss  iiss  kknnoowwnn  aass  tthhee  
vveerrttiiccaall  wwiinndd  sshheeaarr    ((iiii))  PPrreesseennccee  ooff  llooww  pprreessssuurree  rreeggiioonn  wwiitthh  ccyycclloonniicc  vvoorrttiicciittyy  ((iiiiii))  WWaarrmm  
oocceeaann  tteemmppeerraattuurreess..  AA  ttrrooppiiccaall  ssttoorrmm  ddooeess  nnoott  ffoorrmm  iiff  tthhee  sseeaa  tteemmppeerraattuurree  iiss  lleessss  tthhaann  
227700CC..  SSuucchh  aa  hhiigghh  ssuurrffaaccee  tteemmppeerraattuurree  iiss  nneecceessssaarryy  ttoo  pprroodduuccee  aa  sstteeeepp  llaappssee  rraattee  ffoorr  
mmaaiinnttaaiinniinngg  tthhee  vveerrttiiccaall  cciirrccuullaattiioonn  iinn  aa  ccyycclloonnee..  TThhiiss  ccoonnddiittiioonn  iiss  mmeett  tthhrroouugghhoouutt  tthhee  yyeeaarr  
iinn  rreeggiioonnss  ooff  tthhee  BBaayy  ooff  BBeennggaall  wwhheerree  ccyycclloonneess  aarree  ffoorrmmeedd..    
            

TThhee  BBaayy  ooff  BBeennggaall  ccyycclloonneess  aarree  ffoorrmmeedd  mmoossttllyy  nneeaarr  tthhee  AAnnddaammaannss..  TThheeyy  uussuuaallllyy  
ooccccuurr  aatt  llaattiittuuddeess  ggrreeaatteerr  tthhaann  55ooNN  oorr  55ooSS..  IItt  iiss  tthhoouugghhtt  tthhaatt  IInntteerr--TTrrooppiiccaall  CCoonnvveerrggeennccee  
ZZoonnee  ((IITTCCZZ))  hhaass  ggoott  ttoo  ddoo  ssoommeetthhiinngg  wwiitthh  tthheeiirr  ffoorrmmaattiioonn..  TThhee  IITTCCZZ  iiss  tthhee  rreeggiioonn  wwhheerree  
wwiinnddss  ffrroomm  tthhee  ttwwoo  hheemmiisspphheerreess  mmeeeett  aanndd  iiss  ssiittuuaatteedd  nneeaarr  tthhee  eeqquuaattoorr,,  bbuutt  iittss  ppoossiittiioonn  
vvaarriieess  wwiitthh  sseeaassoonn..  AA  ccyycclloonnee  ddeerriivveess  iittss  ssppiinnnniinngg  mmoottiioonn  ffrroomm  tthhee  CCoorriioolliiss  FFoorrccee  aarriissiinngg  
oouutt  ooff  tthhee  rroottaattiioonn  ooff  tthhee  eeaarrtthh..  TThhiiss  ffoorrccee  iiss  vviirrttuuaallllyy  zzeerroo  aatt  tthhee  eeqquuaattoorr..  HHeennccee,,  ccyycclloonneess  
ddoo  nnoott  uussuuaallllyy  ffoorrmm  aatt  tthhee  eeqquuaattoorr..  TThheeyy  aarree  ffoorrmmeedd  sslliigghhttllyy  nnoorrtthh  oorr  ssoouutthh  ooff  tthhee  eeqquuaattoorr  
ttoo  ggeett  tthhee  nneecceessssaarryy  ssppiinn..  IItt  iiss  pprroobbaabbllee  tthhaatt  tthhee  eeaasstteerrllyy  wwaavveess  aallssoo  ppllaayy  ssoommee  ppaarrtt  iinn  tthhee  
ffoorrmmaattiioonn  ooff  ccyycclloonneess..    
  
            AAss  ssoooonn  aass  aa  llooww  pprreessssuurree  aarreeaa  iiss  ffoorrmmeedd,,  aaiirr  ffrroomm  aallll  ddiirreeccttiioonnss  ccoonnvveerrggeess  ttoowwaarrddss  
tthhiiss  aarreeaa..  TThhiiss  pphheennoommeennoonn  iiss  ccaalllleedd  llooww  lleevveell  ccoonnvveerrggeennccee..  IItt  ccaauusseess  tthhee  aaiirr  ttoo  ssppiinn  ffaasstteerr  
aanndd  tthhee  aaiirr  ssppiirraallss  iinnwwaarrddss  aanndd  uuppwwaarrddss  aatt  aann  iinnccrreeaassiinngg  rraattee  ccaauussiinngg  hheeaavvyy  rraaiinn  aanndd  
tthhuunnddeerrssttoorrmm..  TThhee  aaiirr  iiss  aallssoo  mmaaddee  vveerryy  mmooiisstt  bbyy  rraappiidd  eevvaappoorraattiioonn  ffrroomm  tthhee  wwaarrmm  oocceeaann..  
IInn  tthhee  llooww  pprreessssuurree  rreeggiioonn  iittsseellff,,  aaiirr  rraappiiddllyy  mmoovveess  uuppwwaarrddss  aanndd  ddiivveerrggeess..  TThhiiss  iiss  ccaalllleedd  
hhiigghh  lleevveell  ddiivveerrggeennccee..  TThhuuss,,  tthheerree  mmuusstt  eexxiisstt  ssoommee  mmeecchhaanniissmm  ffoorr  tthhee  qquuiicckk  rreemmoovvaall  ooff  tthhee  
aasscceennddiinngg  aaiirr..  TThhee  llaatteenntt  hheeaatt  rreelleeaasseedd  bbyy  tthhee  ccoonnddeennssaattiioonn  ooff  wwaatteerr  vvaappoouurr  wwaarrmmss  tthhee  aaiirr  
aanndd  kkeeeeppss  iitt  uunnssttaabbllee..  TThhiiss  llaatteenntt  hheeaatt  iiss  aallssoo  tthhoouugghhtt  ttoo  ssuuppppllyy  tthhee  nneecceessssaarryy  eenneerrggyy  ooff  tthhee  
ccyycclloonnee..  TThhee  ttoottaall  eenneerrggyy  iinnvvoollvveedd  iinn  aa  mmooddeerraattee  ccyycclloonnee  mmaayy  bbee  eeqquuaall  ttoo  tthhaatt  iinn  sseevveerraall  
tthhoouussaanndd  aattoomm  bboommbbss  ooff  mmeeggaattoonn  ssttrreennggtthh..    
  
            AA  ccyycclloonnee  ccaann  eexxtteenndd  uuppttoo  aa  hheeiigghhtt  ooff  1155  kkmmss..  SSoommee  ssuuggggeesstt  tthhaatt  aa  ttrriiggggeerriinngg  
mmeecchhaanniissmm  mmaayy  eexxiisstt  iinn  tthhee  uuppppeerr  aattmmoosspphheerree  ffoorr  tthhee  ffoorrmmaattiioonn  ooff  ccyycclloonneess..  AAllll  tthhee  llooww  
pprreessssuurree  ssyysstteemmss  mmaayy  nnoott  ddeevveelloopp  iinnttoo  ccyycclloonneess..  SSoommee  jjuusstt  ddiiee  oouutt  wwhheerreeaass  ootthheerrss  iinntteennssiiffyy  
iinnttoo  ccyycclloonneess..          
  
  
  
  
22..33    CCLLAASSSSIIFFIICCAATTIIOONN  
            

Cyclones in the South Asian sub-continent are presently classified according to their 
intensity and the following nomenclature is in use :  
 
     Depression                 :  Winds upto 62 kms/hr. 
      
     Cyclonic Storm             :  Winds from 63-87 kms/hr.  
      
     Severe Cyclonic Storm     :  Winds from 88-118 kms/hr. 



      
     Severe Cyclonic Storm of    
     Hurricane  Intensity       :  Winds above 118 kms/hr. 
 
      It has been observed from satellite pictures that a mature cyclone has got a well 
organized cloud pattern. It is possible to deduce the wind speeds in cyclones from the size and 
degree of organization of the cloud pattern as observed in the satellite picture.  
       

Classification of cyclones from categories T1 to T8 at intervals of 1/2 an integral number 
has been made. This system of classification has evolved after simultaneous observation of 
tropical cyclones by both spacecraft and aircraft. During aircraft reconnaissaince, various 
parameters like wind speed, atmospheric pressure and temperature were measured at various 
locations of the cyclones of the Atlantic and the Pacific. By a mathematical analysis of the 
cyclone data of the Bay of Bengal, it has been shown that the cyclone models of the Atlantic and 
the Pacific can be applied with reasonable accuracy in the case of the cyclones of the Bay of 
Bengal. 

   
22..44    FFEEAATTUURREESS    
  
            The most individual feature of a cyclone is its `eye' usually found in severe cyclones. The 
eye can be seen in the satellite pictures clearly in the case of strong cyclones. The eye is small 
and almost circular, it conincides with the area of lowest pressure having a diameter ranging 
from 8-50 kms. The eye is warmer than the rest of the storm. The more violent is the storm, the 
warmer is the eye. The winds are very light in the eye, usually not more than 25-30 kms/hr. and 
rain is practically absent. In contrast, the strongest wind and the heaviest rain occur just outside 
this central eye.  
 
      The wind speed gradually diminishes as one goes away from the region of strongest 
wind. The main core of the cyclone is circular or nearly circular having a diameter ranging from 
100-800 kms. The main cyclone is often accompanied by a long tail having more than one band, 
the whole thing making a spiral structure, and looking like an inverted comma, The tail may 
extend upto a few hundred kms. The tail usually crosses the land well before the main core of the 
cyclone and as a result the sky is overcast with cloud and rain often sets in before the onset of a 
cyclone. Such symptoms can serve as a warning for the possible approach of a cyclone.   
    
22..55    TTHHEE  TTRRAACCKK  OOFF  TTHHEE  CCYYCCLLOONNEE  AANNDD  SSTTOORRMM  SSUURRGGEESS  
  
            The cyclones in their initial stages move at a rate of 5-10 kms/hr. In their final stages they 
may move at a rate of 20-30 kms/hr. or even upto 40 kms/hr. Cyclones formed in the Bay of 
Bengal usually move northwesterly in the beginning and then curve eastwards. But this pattern is 
not uniformly followed seen from the tracks of various cyclones. The cyclone usually decays 
after crossing the land. Cyclones are accompanied by heavy rains and swell of the sea called 
storm surges. If the cyclone occurs during high tide,the storm surge is reinforced considerably. 
The maximum value of storm surge can be as high as 40 ft. in the Bay of Bengal. Most of the 
damage is done by the deadly wall of water associated with cyclones and inhabitants are met 



with watery graves. The storm surge values along with speeds and official casualties associated 
with various cyclones that struck Bangladesh since 1960 are shown in  Table I.   
  
  
  
  
  
  
  
  
  
  
  
                          
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
                                  TTAABBLLEE  II  
                        CCyycclloonneess  aaffffeeccttiinngg  BBaannggllaaddeesshh  ssiinnccee  11996600  
                        -------------------------------------------------------------------------------- 
 
   Date          Max. wind speed    Storms surge ht.    Deaths      
                    in Kms/hr          (in ft.) 
   ----           ---------------   ----------------    ------ 
 
09 Oct.  1960         162                  10            3,000 
30 Oct.  1960         210               15-20            5,149 
09 May   1961         146                8-10           11,466 
30 May   1961         146               20-29              - 



28 May   1963         203               14-17           11,520 
11 April 1964          -                  -                          196 
11 May   1965         162                  12           19,279 
31 May   1965          -                20-25              -  
14 Dec.  1965         210               15-20              873 
01 Oct.  1966         146               15-30              850 
11 Oct.  1967          -                 6-28              - 
24 Oct.  1967          -                 5-25              - 
10 May   1968          -                 9-15              - 
17 April 1969          -                  -                 75 
10 Oct.  1969          -                 8-24              - 
07 May   1970          -                10-16              - 
23 Oct.  1970          -                  -                300 
12 Nov.  1970         223               20-30         5,00,000 
08 May   1971          -                 8-14              - 
30 Sep.  1971          -                 8-14              - 
06 Nov.  1971          -                 8-18              - 
18 Nov.  1973          -                 8-13              - 
09 Dec.  1973         122                5-15              183          
15 Aug.  1974          97                5-22              - 
28 Nov.  1974         162                7-16            a few 
21 Oct.  1976         105                8-16              - 
13 May   1977         122                 -                - 
10 Dec.  1981          97                 6                 02      
15 Oct.  1983          97                 -                - 
09 Nov.  1983         122                 -                - 
03 June  1984          89                 -                - 
25 May   1985         154               10-15           11,069  
29 Nov.  1988         162                5-10            2,000  
29 April 1991         225               20-25         1,38,000   
02 June  1991         100                 6                - 
-----------------------------------------------------------------  
  
    
            The wind speed in a cyclone is more towards the right hand side of a cyclone track and 
less on the left hand side. In the case of Bangladesh coast, the wind in a cyclone is from sea to 
landward on the right hand side of the track and from land to seaward on the lefthand side of the 
track. As a result there is great surge on the right hand side of the track and negative surge on the 
left hand side. This is the reason for lowering of the river levels at various locations like Dhaka, 
Patuakhali & Khulna which fell on the left side of the track during the great cyclone of 29 April, 
1991.  
 
 
       It is possible to calculate from mathematical equations governing the motion of the sea 
by numerical means with the help of a computer the storm surge at various locations for a 
particular cyclone with a given track and wind speed distribution.   



  
22..66    DDEETTEERRMMIINNAATTIIOONN  OOFF  TTHHEE  CCYYCCLLOONNEE  TTRRAACCKK  
  
            The precise forces responsible for the motion  of tropical cyclones is not understood 
clearly and hence determination of the path of the cyclone in advance is one of the most difficult 
tasks in meteorology.  
 
      The classical methods for forecasting cyclone tracks are judicious consideration of 
climatology of cyclones, persistence of motion and some steering current of the upper 
atmosphere. Tropical cyclones often show different preferred paths in different times of the year. 
Hence, climatology of cyclones provides some good guess for considerations to base the initial 
forecast. However, as there are large number of exceptions, forecast based on climatology alone 
cannot be entirely relied upon.  
 
      Persistence of motion assumes that integrated effect of all forces which have caused the 
tropical cyclone to move during some past period will continue in the future period. However, 
the technique fails when recurvature takes place and some cyclones may depict recurvature more 
than once.  
 
      In cyclone forecasting, it is often assumed that cyclone follows the direction of upper 
atmosphere current at some height. SPARRSO in collaboration with Dhaka University has 
undertaken an investigation of the problem and it has been found that there seems to be a 
steering current for every cyclone, but the level differs from cyclone to cyclone and there does 
not seem to be any relationship with intensity of the cyclone. Moreover, the upper atmospheric 
current is as variable as the track of the cyclone and hence it is difficult to find out the exact 
steering current.  
 
      Recently various statistical and numerical dynamical methods have also been introduced 
for the forecast of cyclone paths.  
 
(1) Steering Principle was 1st applied by H. Mohn in 1870. Until 1950 forecasts of tropical 
cyclones were made by subjective methods based on synoptic maps and climatological 
behaviour. Following are some of the objective methods applied in modern times for cyclone 
forecasting. (2) Statistical methods relate predicted movement to one or more parameters in an 
empirical way. (3) Dynamical techniques, on the other hand make use of some forms of the 
equation of motion to predict numerically the motion of cyclone from an observed initial state of 
the atmosphere. (4) Hybrid model in which output parameters from a dynamical model are used 
in a statistical model. SPARRSO has installed a model named TYAN for predicting the track of 
a cyclone based on climatology of Bay of Bengal Cyclones for the last one hundred years. The 
model has shown promising results for the forecast of cyclones movement twenty four hour 
ahead of landfall.     
  
22..77    RROOLLEE  OOFF  WWEEAATTHHEERR  SSAATTEELLLLIITTEESS  IINN  CCYYCCLLOONNEE  WWAARRNNIINNGG  
  
            Weather in a global phenomenon and to know the initial state of the weather at a 
particular time, accurate observations on worldwide scale are needed.  



 
      The distribution of surface observations is heavily biased towards well populated land 
regions. Commercial shipping does provide some observations over the oceans. But as the ships 
avoid the cyclones, most vital data on cyclones are left out. High up the atmosphere, balloons 
can rise upto a maximum height of 30 kms only. Thus the vast expanse of the atmosphere and 
the oceans remained unexplored before the space age. With the advent of the space age, rockets 
can gather data at different heights of the atmosphere and satellites can survey the earth's 
weather from a point well above the earth's surface. The advantages of space meteorology over 
the conventional methods are as follows:  
 
(1)Spatial continuity: The observations are horizontally continuous, this eliminates interpolation 
and thus the ambiguity often present in synoptic charts.  
 
(2)  Provides information on a synoptic scale with virtually no time lag.  
 
(3) Visual Integration: Permits integrated visualization of weather systems in a way readily   
       acceptable to the human mind.  
(4) Independence of Communication System: Provides large scale weather information even if  
       normal system of communications have broken down.  
 
      Thus the superior quality of the Space Meteorology is unquestionable. But this does not 
make the traditional synoptic meteorology obsolete. It rather supplements the old system. 
Improvement and innovations of the old system are continually taking place. In actual warning 
system, forecast is made integrating data from various sources like the conventional ground and 
balloon observations, radar and satellite observations.  
 
      Bangladesh does not have either rocket or satellite facilities of its own, but with the help 
of ground stations, we can receive weather pictures from weather satellites launched by 
advanced countries. 
  
      An APT (Automatic Picture Transmission) Ground Station for the reception of imagery 
from weather satellites was established in 1968 in Bangladesh. Initially it was installed by 
former SUPARCO (Space and Upper Atmosphere Research Committee) in the Atomic Energy 
Centre Building, Dhaka. Recently SPARRSO has established advanced receiving and analysing 
equipment including VAX computers, printers and International Imaging System monitors for 
the reception and analysis of satellite data under its Agroclimatic/Environmental Monitoring 
Project with financial assistance from US-AID under NASA supervision. 
      

Facilities also exist for extracting information on the upper atmosphere regarding water 
vapour content, temperature, pressure etc. as a function of altitude from the Tiros Operational 
Vertical Sounder (TOVS) data of NOAA satellites.  
       

With the help of these equipment both low and high resolution data from US NOAA-10 
and NOAA-11 and Japanese GMS-4 satellites are received. The GMS satellites transmit data 
normally every three hours. However, as Bangladesh comes at the corner of the picture, 
resolution of GMS for Bangladesh is not so good. NOAA-10 and NOAA-11 satellites transmit 



good quality low and high resolution data twice daily. An automatic grid i.e. latitude longitude 
and national boundaries can be fitted in the picture with the help of the present equipment. 
Because of these equipment, no cyclone in the Bay of Bengal can escape our notice. We can 
detect the cyclones, analyse their intensity, determine their position and track their motion. From 
the degree of organization of the cloud patterns and their sizes, we can deduce the maximum 
wind speeds in cyclones. Severe cyclones occur mostly during pre (April-May) and post 
(September-December) monsoon periods and they are the ones which cause most destruction. 
The cyclones that affected Bangladesh since 1960 are shown in Table I with official casualty  
figures, storm surge heights and wind speeds whenever available.   
  
22..88    SSUUPPEERRCCYYCCLLOONNEE  11999911  
            

The cyclone that crossed the Bangladesh coast during the night of 29 April 1991 can only 
be described as a supercyclone. It had a dimension more than two times the size of Bangladesh. 
The central overcast cloud had a diameter exceeding six hundred kilometers. The maximum 
wind speed observed at Sandwip was 225 km/hr. The actual wind speed could have been higher 
as the wind measuring device was blown away after this speed was recorded. The wind recorded 
at some other places are Chittagong : 160 km/hr, Khepupara : 180 km/hr, Kutubdia : 180 km/hr, 
Cox's Bazar : 185 km/hr, Bhola : 178 km/hr, Teknaf : 157 km/hr. The maximum wind speed 
estimated from NOAA-11 satellite picture obtained at 1338 hrs  on  29 April  was  about  240 
km/hr. The cyclone was detected as a depression (wind speed not exceeding 62 km/hr) on the 23 
April first in the satellite picture taken at SPARRSO from NOAA-11 and GMS-4 satellites. It 
turned into a cyclonic storm on 25 April. The cyclone in its initial stage moved slightly north 
westward and then northwards. From 28 April it started moving in a northeasterly direction and 
crossed the Bangladesh coast north of Chittagong port during the night of 29 April. The cyclone 
started affecting the coastal islands like Nizum Deep, Monpura, Bhola, Sandwip from the 
evening of that day. The maximum storm surge height during this cyclone has been estimated to 
be about 20-25 ft.  
 
 
       The loss of lives and property has been colossal. A preliminary estimate of the loss of 
property has come out to be about ten thousand crores of Taka. The death figure has been 
estimated to be 1,38,000. Considering the fact that this cyclone was more fearsome than the 1970 
cyclone and the population in the coastal area has nearly doubled during the past twenty years, 
casualty of five lakh people in 1970 would have corresponded to a death figure of a million lives 
this time. But due to the timely action taken by various agencies of the Government, the casualty 
has considerably been reduced. It may be mentioned that as the news of the approaching cyclone 
reached the Government, the council of Ministers held under the Chairmanship of the Prime 
Minister directed the authorities concerned to take all cautionary and other measures 
immediately in the areas likely to be affected by this supercyclone.   
  
22..99    CCAANN  CCYYCCLLOONNEESS  BBEE  PPRREEVVEENNTTEEDD  ??  
            

The energy involved in a severe cyclone is equivalent to that of several thousand atom 
bombs of megaton strength and hence it is difficult even at this advanced stage of technology to 
try to modify a tropical cyclone. Experiments have been conducted by United States by spraying 



silver iodide in the region of the maximum wind speed with a view to minimizing the wind speed 
of cyclones in the Atlantic. However, these experiments though very promising have remained 
inconclusive. Moreover, there is a chance that these cyclones could change their track. A cyclone 
which would have moved towards one country stands the chance of moving towards another 
country as a result of these experiments and hence they have become subjects of international 
law and politics. Consequently, these experiments have been stopped for the time being. 
Cyclones which are formed far away from land areas and do not have the chance of hitting any 
land area as a result of experimental modification and at the same time meet the logistic 
requirements could serve as experimental guinea-pigs. However, such cyclones are difficult to 
find.  
      

Other methods which have been suggested for preventing the formation or reducing the 
severity of tropical cyclones is to cover the suspected area of sea surface with a thin layer of oil 
or some chemical substance for reducing evaporation from the ocean. However, pollution effect 
of this gigantic effort needs to be considered before this experiment could be carried out.  
    
22..1100    PPRROOTTEECCTTIIOONN  AAGGAAIINNSSTT  CCYYCCLLOONNEESS  
  
            What can be done to protect ourselves from the cyclones ? A cyclone is a natural 
phenomenon like an earthquake or a volcanic eruption. We have to learn to live with it. We have 
to strengthen the cyclone warning system and adopt protective and relief measures  to minimize 
their onslaught. Strongly built houses have to be constructed high above the sea level to serve as 
shelter places. People from the low lying areas in the coastal region can be evacuated into these 
shelters in the event of a cyclonic hit. Coastal embankments have to be made to protect life and 
property from the onslaught of storm surges. Plantation of trees along the coastal area can also 
diminish the fury of the storm surge.  
  

Bangladesh to-day has got a comprehensive Cyclone Preparedness Programme (CPP) 
jointly operated by the Bangladesh Red Crescent  Society and the Ministry of Relief and 
Rehabilitation.  It has a membership of about 20,000 devoted volunteers spread over 2,043 wards 
of 195 unions of the coastal belt of Bangladesh. In each ward the trained volunteers do the 
needful in the event of a cyclone. Each ward is provided with a transistor radio, a megaphone-
cum-siren, a signal torch light and first aid kits. Almost each Upazila is provided with a wireless 
set which keeps direct communication with Dhaka.     
  
22..1111    MMIITTIIGGAATTIIOONN  AAGGAAIINNSSTT  CCYYCCLLOONNEESS  
  
            Cyclone warning and preparedness measures have improved considerably in Bangladesh 
during the past two decades. However, the recent catastrophic cyclone of 1991 has demonstrated 
that lot more action needs to be taken in this respect. Human lives and property are all very 
precious and utmost attention needs to be given to protect them from the onslaught of ravaging 
cyclones. The low-lying coastal areas where the cyclones do the maximum damage have very 
poorly built houses. Wind-resistant construction of frame and concrete block buildings are 
recommended. As most of the destruction is due to storm surge, a gap of some ten feet could be 
left out at the bottom and there should be at least two or three storied buildings so that even if the 
ground floor is submerged by surge water, people can take shelter in the upper floors.       It has 



been found from experience that cyclone shelters have served the purpose very well in giving 
shelter to cyclone ravaged-people. However, presently their numbers are far from adequate. They 
should meet the demand of the existing population and considering this, some several thousand 
shelters need to be constructed. They could serve multipurpose functions like schools, 
community centres, mosques etc. and should be maintained regularly. Cyclone warning forecasts 
need to be improved and their inherent meaning explained to people in simple language so that 
the credibility gap of the forecasts reduced and their reliability improved.  
      

There is a need for coastal embankments to protect the people from the onslaught of 
storm surges. The existing embankments were not designed for protection against storm surges, 
rather their purpose was protection against salinity intrusion due to normal tides. Hence  they are 
not at all effective against storm surges. If embankments are  to serve the purpose of protection 
against storm surges, they should be consistent with the maximum height reached by storm 
surges and they must be maintained regularly. They could have appropriate slope to  minimize 
wave action. However, environmental aspects of such projects need to be  considered before they 
are taken up. They could be stabilized by planting multi layer trees. Afforestation in the coastal 
area must be strengthened. Forests reduce effects of both winds and storm surges. That is why 
cyclone damage when it passes through Sunderbans is less. There was a forest in the Chakaria 
regions similar to Sunderbans. But recently this forest has completely been denuded and prawn 
firms were established. There has been high casualty in this region due to the recent cyclone. 
Had the forest been there, the casualty could have been much less. There could be prawn culture 
but an outer belt of forest could have reduced the fury of the cyclone. Thus a belt of forest 
throughout the coastal area is essential. Forest can stabilize land and also reduce the fury of the 
cyclone. Necessary legislation in respect of disaster preparedness should be formulated so that 
the actions become binding on all concerned.   
            
                          
  
  

FFLLOOOODDSS  
                                                            
33..11      BBAANNGGLLAADDEESSHH  RRIIVVEERR  SSYYSSTTEEMM    
              
            The Ganges originates near the Gangotri Glacier of the Himalayas with an elevation of 
over 23,000 ft and has a length of about 1600 miles. It receives the flow of a number of major 
tributaries namely Gogra, Gandak and Kosi originating in Nepal and Tibet. Another tributory of 
the Ganges, the Mohananda which flows through Bangladesh originates in India. The catchment 
area of the Ganges is about 3,50,000 square miles spread over four countries namely China, 
Nepal, India and Bangladesh.  
 
      The Brahmaputra originates in Tibet and has a length of about 1800 miles upto its 
confluence with Ganges. It flows under the name of Tsangpo in Tibet north of the Himalayan 
range for a distance of 700 miles. It turns south under the name of the Dihang and is joind by its 
main tributories the Dibang, the Lohit and the Dihing. It then flows westwards down the Assam 
valley as Brahmaputra, thereafter it enters Bangladesh (where the main flow is known as 
Jamuna) and is joind by Dharala at Kurigram and Tista at Chilmari. The catchment area of the 



Brahmaputra is about 2,24,000 square miles and is spread over China, India, Bhutan and 
Bangladesh. 
  
      The Meghna is formed by the confluence of the Surma and Kushiara together with other 
streams from hills in the northeast. The Surma is fed mainly by the tributories from Jainta Hills 
while Kushiara is fed by tributories from Tripura hills. The Meghna system is about 500 miles 
long of which about 260 miles lies in Bangladesh and the rest in India. The total catchment area 
of the Meghna above Bhairab Bazar is about 25,000 square miles of which about 32% lies in 
Bangladesh.   
  
33..22    SSTTAATTIISSTTIICCSS  OONN  BBAANNGGLLAADDEESSHH  FFLLOOOODD  
  
  
                        Bangladesh is very much affected by flood. 
          This is borne out from the following Table :  
    
                                                        TTAABBLLEE  VVII  
  
                            Area affected by flood in Bangladesh 
 
          Year                     (thousand Sq. Km.) 
 
           1954   ---------------------  36.4    
           1955   ---------------------  49.9           

1956   ---------------------  35.1           
1960   ---------------------  28.2           
1961   ---------------------  28.4           
1962   ---------------------  36.9           
1963   ---------------------  42.5           
1964   ---------------------  30.7           
1965   ---------------------  28.2           
1966   ---------------------  33.0           
1967   ---------------------  25.3           
1968   ---------------------  36.9           
1969   ---------------------  41.0          
1970   ---------------------  42.0           
1971   ---------------------  35.8           
1972   ---------------------  20.5           
1973   ---------------------  29.4           
1974   ---------------------  52.0           
1975   ---------------------  16.4           
1976   ---------------------  27.9           
1977   ---------------------  12.3           
1978   ---------------------  10.8           
1980   ---------------------  32.5           
1982   ---------------------   3.1           



1983   ---------------------  11.0           
1984   ---------------------  27.9           
1985   ---------------------  11.3           
1986   ---------------------   3.1           
1987   ---------------------  56.6           
1988   ---------------------  81.8 

                     Source : BWDB  
    
33..33    CCAAUUSSEESS  OOFF  FFLLOOOODD  IINN  BBAANNGGLLAADDEESSHH    
  
          The primary cause of flood in Bangladesh is rainfall in the catchment areas of the rivers 
of Bangladesh. Situated in the monsoon belt with the Himalayas in the north, Bangladesh falls in 
the region of very heavy rainfall. About 80 percent of the rainfall occurs during the 5 month 
period from May to September.  
 

The annual rainfall varies from about 60 inches in the western part of the country to 
about 200 inches in the north eastern part. At Cherapunjee in Assam very near our Sylhet Border 
the average annual rainfall is about 500 inches which is highest in the world. But the average 
rainfall in Bangladesh generates annually only 100 million acre feet of water whereas 1100 
million acre feet of water comes from outside Bangladesh. Thus about 90 percent of the water 
carried by our river system, the Brahmaputra, the Ganges, the Meghna and other smaller rivers is 
brought from outside the country. These rivers carry water from an area of about 600,000 sq 
miles of which only 7.5 percent lies in Bangladesh. Water enters in Bangladesh through three 
major channels but the discharge takes place through one major channel. The river system has 
evolved to carry the normal flow of water generated in the catchment area. Whenever the inflow 
of water is greater than the carrying capacity of the rivers (and this happens very often) flood 
results. The magnitude of the flood depends on the magnitude of excess water that is generated.  
 
 
       It must be remembered that flood in Bangladesh is caused by rainfall in the catchment 
areas of the river systems of Bangladesh, 92.5 percent of which lies outside it, namely in India, 
Nepal, Bhutan and Tibet (China). Thus though there may not be much rainfall locally, there may 
be heavy rainfall in the catchment area causing flood. Of course, if there is rainfall in Bangladesh 
as well, flood will worsen. In these days, with the help of weather satellite imagery, rainfall in 
the whole catchment area can be monitored. Again it is not the rainfall for the whole year that is 
responsible for flood. The rainfall for the whole month or the year may be normal but if a whole 
month's rainfall in the whole catchment area occurs over a matter of few days and if the soil is 
already saturated because of previous rainfall, severe flooding may result. It is difficult to 
imagine the nature of rainfall in hilly areas where most of the catchment areas of Bangladesh 
rivers lie. Whereas the average annual rainfall at Dhaka is about 80 inches, that at Cherapunjee is 
500 inches and the maximum rainfall at Cherapunjee is 900 inches a year. That means in hilly 
areas rainfall could be as much as ten times that in the plains of Bangladesh.  
 
      Besides the primary cause, namely rainfall in the catchment area, there are other factors 
which may aggravate the floods. They are :  
      



(1)  Snow melting in the Himalayas can also contribute towards flood. However, maximum 
flooding occurs in Bangladesh during August-September whereas maximum snow melt occurs 
probably during May-June and as the snow melting process is normally quite slow, this alone 
may  not be a great factor in causing flood in Bangladesh. However, as rainfall itself accelerates 
the process of snow melt, the contribution of snow-melting as a factor in flood may not be 
entirely negligible. More research needs to be done in this field.  
 
(2)  It is understood that considerable hydrographic changes have taken place in the region 
specially in the Brahmaputra basin as a result of 1950 earthquake in Assam. This has resulted in 
the rise of the bed of Brahmaputra river in the upper reaches, thus reducing the carrying capacity 
of the river. This may be one of the reasons for increase of flood frequency in Bangladesh after 
1950.  
 
(3)  It is estimated that about 2.4 billion tons of sediments are carried by the river system of 
Bangladesh every year and part of this sediment is deposited in river beds. This reduces the 
water carrying capacity of  the rivers, which worsens the flood. As a matter of fact many of the 
past active rivers have ceased to be active in the dry season.  
 
(4)  The catchment areas of the rivers of Bangladesh are being denuded of forests at an alarming 
rate. The soil in the catchment area which was covered by forests previously is becoming bare. 
Forest covered soil absorbs part of the rain water but bare soil absorbs less water and 
consequently run off is more. Thus deforestation in the catchment area tends to aggravate the 
flood.  
 
(5)  Construction of unplanned roads, railways, barrages, embankments etc. may also create 
obstacles to the flow of water and may, to a certain extent, aggravate the flood.  
 
 
(6)  Because of the southwest monsoon wind, the mean sea level rises by about two feet during 
summer. If there are depressions in the Bay of Bengal and the magnitude of the wind is more, the 
sea level may rise further creating obstacles to the river flow thus aggravating the flood.  
 
(7)  High tide occurs during new and full moon twice every month. If the flood peak occurs 
during high tide time, aggravation of the flood may result. Moreover, if the moon is at perigee 
that is at the nearest distance from the earth, tide could be more and flood could further worsen.     
  
33..44    FFLLOOOODD  OOFF  11998888    
  
            August-September Flood of 1988 is perhaps the worst flood in our recorded history. It 
came within a year of another record flood of 1987. It looked rather astonishing that when there 
was not much rain in the country, all the major rivers were swelling and swelling submerging 
more and more areas under water including about two third area of the capital. However, it is to 
be noted that the water which passes through Bangladesh comes from an area 92.5 percent of 
which lies outside Bangladesh. Therefore we must inquire what was happening in that area. It 
must also be noted that the month of August is the height of the monsoon season in the region 
when soil becomes saturated because of previous rainfall and flooding occurs in one part or the 



other during this time. Even in a non-flood year, rivers are full to the brim during this time. 
Moderate amount of rainfall in the catchment area at this time is sufficient to cause considerable 
flooding.  
 
      If we look at the satellite imageries taken by NOAA-9 and NOAA-10 weather satellites 
and processed at SPARRSO, we notice that from 20 August to 01 September, 1988 most of the 
catchment area of the river Brahmaputra and at times of the Ganges and Meghna as well was 
covered by cumulonimbus clouds indicating heavy rainfall. If this sort of cloud occurs at a place 
for 2/3 days, this is sufficient to cause a moderate flood. Thus one can explain the degree of 
flooding that could result as a consequence of heavy rain for continuous 12/13 days. Even after 
this period, rainfall was not totally absent. There was sporadic rainfall of moderate to heavy 
intensity at places thus prolonging the flood until the third week of September.  
 
      There was report in the press that on August 23, at Dibrugarh in upper Assam of India the 
Brahmaputra was flowing 1.4 metre above danger mark, an all time high record. The largest 
Bailey bridge in Asia situated at Arunachal Pradesh of India having a length of 940 feet 
collapsed. Oil production in Assam at many places was closed down as a result of flooding and 
their tea industry suffered badly. All schools and many Government Offices in Assam were 
closed down as a result of flooding.  
      

It takes a few days for the flood water in upper Assam to travel to lower Assam and 
thereafter in Bangladesh. By the time flood water from upper Assam has reached lower Assam, 
there was heavy rainfall continuously for several days in lower Assam and in northern 
Bangladesh as can be noticed in the satellite pictures. Thus  water  in  the Brahmaputra continued 
to swell and  well and at Bahadurabad flood peaked on 29 August, 1988 making an all time 
record. It may be mentioned that on 28 August there was full moon and the moon was at perigee 
(nearest distance to earth) as well and consequently the ocean tide was also very high around this 
time. In addition, rainfall in the catchment areas of the Ganges and the Meghna was also high 
and the three major rivers reached peak levels almost simultaneously fulfilling all the conditions 
of a catostrophic flood. This is shown in the river system hydrographs.  
      

It may be mentioned that 1988 flood was not caused by monsoon depressions in the Bay 
of Bengal and so there was no high wind in the Bay of Bengal and hence no abnormal rising of 
the sea level due to wind was expected at this time. There is a theory that the sea-level all over 
the globe is rising due to the temperature increase by green-house effect caused by carbon 
dioxide  and other gases in the atmosphere. This is a gradual effect and is expected to be 
significant during the next fifty years or so. Hence the greenhouse effect for 1988 flood may not 
be directly relevant. But its effect in the changes of global climate causing severe positive 
rainfall anomalies needs to be investigated.   
  
33..55    FFLLOOOODD  OOFF  11998877  
  
            1987 flood of Bangladesh was also a very catastrophic flood of this century though its 
destructive capacity was less than that of 1988. The character of the two floods are different. The  
year 1987 was a year of monsoon failure for most of South Asian sub-continent. The Bay of 
Bengal monsoon depressions which usually travel northwestwards extending upto western India 



changed their course drastically in 1987. Almost all the depressions with the exception of one or 
two travelled northwards causing rainfall in Bangladesh, Assam, Bihar, West Bengal, Bhutan 
and Nepal. Consequently these areas were flooded and Bangladesh being the lower riparian 
country got the most of it. Flood in 1987 was the result of heavy rainfall both in Bangladesh and 
adjoining areas and in some areas of Bangladesh rainfall during the months of July and August 
were two or three times the normal value. On the other hand, the catastrophic flood of 
Bangladesh in 1988 was caused mostly by rainfall in the catchment area lying outside 
Bangladesh though in some northern areas of Bangladesh there was excessive rainfall during the 
later part of August. Another significant feature of this year's flood was that rainfall in the 
catchment area was not caused by moving depressions which is usually the case but due to 
standing low pressures formed in the foothills of the Himalays adjoining Bangladesh. Thus 
climatic variability plays a dominant role in the creation of flood.   
  
33..66    FFLLOOOODDSS  OOFF  DDIIFFFFEERREENNTT  YYEEAARRSS  CCOOMMPPAARREEDD  
  
            Highest river levels for some of the great floods of Bangladesh for the years 1954/55, 
1974, 1987 and 1988 for 9 stations are examined. This shows that for 5 stations namely 
Bahadurabad, Serajganj, Goalando, Dhaka and Narayanganj the river levels for 1988 had been 
record high for all time. For three stations it was higher than 1987 but not all time high and only 
for one station namely Rajshahi, it did not exceed the 1987 value. The severity of 1988 flood is 
shown in the comparative hydrographs of Bahadurabad, Hardings Bridge and Bhairab Bazar for 
1974, 1984, 1987 and 1988.   
  
  
  
  
  
                                                                TTAABBLLEE    VVIIII  
                                        HHiigghheesstt  RRiivveerr  LLeevveellss  ((iinn  ffeeeett))                                                    
   
---------------------------------------------------------------------------------------------------------------- 
   Stations          1954/55       1974      1987       1988       Remarks 
---------------------------------------------------------------------------------------------------------------- 
Bahadurabad  65.5 (1954)   66.42     64.55      67.96      All time high  
            65.95(1955) 
---------------------------------------------------------------------------------------------------------------- 
Serajganj    45.3 (1954)   46.67     47.79      49.6       All time high 
---------------------------------------------------------------------------------------------------------------- 
Goalando        31.48     31.22      32.24        All time high 
---------------------------------------------------------------------------------------------------------------- 
Rajshahi   61.2(1954)  60.81     63.82     62.32  Not higher than 1987                                     
--------------------------------------------------------------------------------------------------------------- 
Hardinge     47.40(1954)   47.17     48.54      48.77     Higher than 1987   
Bridge 
--------------------------------------------------------------------------------------------------------------- 
Bhairab      25.00(1954)   25.00     22.66      24.83     Higher than 1987 



Bazar 
--------------------------------------------------------------------------------------------------------------- 
Chandpur     17.54(H)      17.10(H)  15.42(H)  16.86(H) Higher  than  1987                  
  (1955)            14.16(L)          15.94(L)  
---------------------------------------------------------------------------------------------------------------- 
Dhaka        23.25(1955)   21.70      21.78      24.86     All time high 
---------------------------------------------------------------------------------------------------------------- 
Narayanganj  20.45         20.45      19.81      21.98     All time high 
---------------------------------------------------------------------------------------------------------------  
  
  
33..77    FFLLOOOODD  AARREEAA  MMOONNIITTOORRIINNGG  BBYY  SSAATTEELLLLIITTEESS    
  
            If the sky is cloud free, NOAA satellite  imagery can be processed with computer to 
delineate the flooded areas. This has been done for August 31, September 01, September 10, 
September 15, September 18 and September 24 for the year 1988. It has been estimated that 
about 30,000 sq miles of Bangladesh was flooded in 1988.     
  
33..88    FFLLOOOODD  FFOORREECCAASSTTIINNGG  AANNDD  WWAARRNNIINNGG   
 
      Bangladesh Govt. has taken up both the structural and non-structural measures of flood 
mitigation. In this respect regional and international cooperation has been sought. A Flood Plan 
with 26 components with the assistance of World Bank is being implemented. Structural 
measures of flood control like storage reservoirs, embankments or levees, channel improvements 
and bypasses or floodways are costly and time consuming. For immediate benefit  to public, non 
structural measures are accomplished at a much smaller cost and time. For flood forecasting a 
newtwork of hydrological stations connected with telemetering gauges or by telecommunication 
or teleprinter links with the forecasting centre has been established by the Water Development 
Board. Available hydrological data consist of discharge, water level and rainfall records. 
Historical records of data have been analysed to prepare forecasting procedure. For major rivers, 
correlation of water levels or discharges between upstream and downstrem stations are utilized 
in preparing forecasting procedure. For rivers with smaller catchments rainfall-runoff relation, 
flood routing, co-axil graphical correlation methods are used. It is possible to estimate with 
reasonable accuracy the time of arrival of flood peak and its height based on past experience and 
sequence of water levels at upstream stations. It takes about two days for flood wave to travel 
from Bahadurabad to Goalundo and a day to reach Sirajganj. It takes about 24 hours for the flood 
to travel from  Nunkhawa in Assam to Bahadurabad. So a three days lead time is available for 
flood at Goalando based on data at Nunkhawa. Similarly flood wave takes two days to reach 
Bahadurabad from Gauhati and travel time from Patna to Hardinge Bridge is about three days. 
At present under the Indo-Bangladesh Joint River Commission agreement, the stations from 
which water level data are received from India are Farakka, Goalpara, Dhubri, Domohani and 
Shilchar. Negotiations are going on for getting data from three more stations namely Omarpur, 
Kailasar and Khowai.   
  
          33..99      SSPPAARRRRSSOO''SS  RROOLLEE  IINN  FFLLOOOODD  PPRREEPPAARREEDDNNEESSSS  AANNDD  FFOORREECCAASSTTIINNGG    
  



            A complete control of floods in Bangladesh seems to be a long way off. Until that is done 
it looks that we have to live with it. For that, reliable prediction of flood is necessary. Currently 
SPARRSO monitors the clouds in the catchment area several times a day regularly. The clouds 
could be translated into rainfall in different areas of the catchment. Mathematical models exist 
for the catchment rainfall to be included as input in the model. The output of the model will give 
flood heights in the major rivers in subsequent times. This will increase the lead time for flood 
forecasting and preparedness. Emergency measures like evacuation and relief could be carried 
out more effectively. The model could incorporate the height contours of different areas of the 
country so that if we know the river level at a particular point, the areas that go under inundation 
could be determined. Flood images of NOAA satellite also shows which areas have been 
inundated so that the areas which need relief measures could be determined from satellite 
imagery.      Flood is mainly a climatic phenomenon and it is not possible to predict accurately 
excessive rainfall even a month not to speak of a year in advance. However, with the 
incorporation of satellite data in the flood prediction model, it would be possible to increase the 
prediction lead time by several days and this should enable the concerned agencies to carry out 
necessary preparedness measures. In addition to the current method of forecasting only the river 
level changes, in order that the flood forecasts become more meaningful, it is also necessary to 
forecast the area inundated and the depth of inundation. These will be attempted under the Flood 
Action Plan using the Geographic Information System (GIS) of SPARRSO.  
  
  
  
  
33..1100    EESSTTIIMMAATTIIOONN  OOFF  CCRROOPP  DDAAMMAAGGEE    
  
            With the versatile radiometer on board the NOAA satellite, it is also possible to prepare 
what is called the Vegetation Index showing the health of crops. This is being done on an 
experimental basis for the last few years. SPARRSO estimated the Aman crop damage due to 
1987 and 1988 flood. Analysis of NOAA-10 image for 24 September, 1988 shows that in heavily 
flooded areas like Dhaka, Faridpur, Brahmanbaria and Habiganj regions damage to crop was 
very extensive. However, Crop condition in the North-Western Bangladesh was very good.       
  
  44..      NNOORRWWEESSTTEERRSS  AANNDD  TTOORRNNAADDOOEESS  
  
  
            Though cyclones are the most devastating storms affecting Bangladesh, there are other 
kinds of storms which affect Bangladesh. Of these, mention may be made of Norwesters and 
Tornadoes.  
 
      Norwesters come mainly from the north westerly direction (and hence the name) and are 
land based. They are very common phenomena in Bangladesh during late Chaitra and Baishak 
months and are known in Bengali as Kalbaishaki. From the Meteorological Department sources 
their monthly distribution at Dhaka is as follows :  
 
 
     Month      :          March      April      May       June 



 
     Average Days         5.6          8            10        9.3 
     of occurence  
 
 
      Norwesters are characterised by strong surface winds upto a maximum of 70-80 miles an 
hour accompanied by heavy rain, thunderstorm and occasional hail. Norwesters originate in the 
encounter between westerly low pressure cells accompanied with the dry and cold continental air 
with the tropical hot and moist maritime air form the south at a height of some 1-2 miles up in 
the atmosphere. Norwesters cause widespred damage throughout Bangladesh every year.  
 
       Another kind of storm very similar to a tropical cyclone but is of much smaller 
dimensions and very destructive is known as a Tornado. A tornado is also a low pressure region 
where strong winds blow around a centre in an anticlockwise direction in the northern 
hemisphere and clockwise direction in the southern hemisphere. But unlike a cyclone a tornado 
develops on land. A cyclone lasts for days whereas a tornado lasts for a very short duration. 
 
      The horizontal diameter of a tornado varies from a few feet upto a maximum of one mile. 
The pressure at the centre of a tornado is much lower than the surroundings and the air in the 
centre rises rapidly. Tornadoes usually have a funnel shaped cloud. The funnel may rise and 
descend and twist in a rather violent fashion. Tornadoes are usually acccompanied by heavy rain 
and thunderstorm. Because of the excessively strong pressure gradients build up around the low-
pressure centre, very strong winds develop in a tornado. Peak wind velocities are estimated from 
the damages and destruction left by   a tornado, as no recorder can survive the onslaught of a 
tornado. From the damages, it is estimated that the wind velocities oftern exceed 200 miles/hr. 
and may be upto 500 miles/hr. In addition to the devastation caused by strong winds, much 
damage to dwellings result from the pressure change which accompanies the passage of a 
tornado. Buildings practically explode as a result of a tornado and tornado striken city or village 
looks as if raided by a bomb.  
 
       A tornado is formed because of the interaction of two air masses one moist and warm air 
and the other dry and cold air resulting in extreme form of instability. Tornadoes often form a 
series and travel in almost paralles paths. The whole tornado moves at a speed of 25-30 miles an 
hour.  
 
      Most tornado paths are less than 1000 ft. wide and not usually more than 25  miles long. 
It often skips and jumps and thus it may not causes destruction all along its path.  
 
      Tornadoes in Bangladesh occur mostly during March-June and in the afternoon. The 
weather is very humid and oppressive before the occurrence of a tornado. There is no adequate 
statistics of Tornadoes available in Bangladesh. But lately we have seen that every year different 
parts of Bangladesh are struck by a large number of tornadoes causing a lot of damage to life and 
property. Among the worst tornadoes of Bangladesh are the devastating Demra tornado of 14 
April 1969, Manikganj tornado of 17 April 1973, Faridpur (affecting Vaderganj, Madaripur etc.) 
tornado of 10 April 1976, tonadoes affecting Faridpur and Keshorganj occuring on 31 March and 



April 1, 1977 and the tornado of 26 April, 1989 occuring at Shaturia area of Manikganj. 
Damages due to these tornadoes had been considerable.  
 
      Since the horizontal diameter of a tornado is so small and it forms so suddently that it is 
difficult to recognise a tornado either in the surface weather map or in the satellite picture and 
heance forecasting of a tornado well ahead of occurrence becomes very difficult. We have 
observed that certain cloud features and some other meteordogical parameters like the Showalter 
or Total Total Stability Index may indicate the occurrence of a tornado but again it is very 
difficult to pinpoint the place, time and severity of a tornado occurrence. Surface meteorological 
oobserations are taken usually at certain specified towns whereas a tornado can occur anywhere. 
A network of radars may be very helpful in the early detection of tornadoes. Placement of a 
geostationary satellite with frequent transmission say at an interval of every half hour could be 
helpful for the study and forecast of tornadoes. Aircraft reconnaissance also could be helpful in 
this respect. Though we have seen the tornadoes occur mostly during norwester season, they can 
occur during other season as well. It has been found that cyclones are often accompanied by 
tornadoes. There may be many tornado cells in a cyclone. Tornadoes which struck several places 
in Bangladesh on 30 September, 1974 were probably the effects of a cylone which crossed 
Orissa coast on 28 September, 1974 and then travelled towards East and Northern Bengal. 
Besides Bangladesh, tornadoes also occur in United States and Australia. There is a record of 
some 898 tornadoes occurring in United States in the single year 1965.  
 
                                                            DDRROOUUGGHHTT  
                                                            
            Though Bangladesh is  a land of abundant rainfall, drought is very familiar to us. It is 
difficult to define the term drought precisely and hence any definition is rather subjective. It 
simply means lack of water and may be defined as lack of sufficient water to meet requirements. 
Thus drought can be of various kinds according to various requirements.   
  
55..11    DDRRYY  LLAANNDD  
  
            The dry land of the world (arid and semi-arid) are constituted as follows :  
 
     Continent       Area, Million sq. km %      Total 
     ---------       ------------------------------        ------- 
 
     Africa                    18                    64 
     Asia                      16                    39 
     Australia                 6                    81 
     North America        4                    17 
     South America        3                    16 
     Europe                    1                     1 
 
 
      An area is called arid if the rainfall there is less than 10" a year and semi-arid if it lies 
between 20" and 10". Again this may vary from place to place and is dependent on temperature. 
 



      However, a distinction must be made with regard to aridity and drought. Arid regions are 
more or less permanent drought regions where rainfall varies from time to time. Drought 
however, may occur occasonally in regions of abundant rainfall.55..22    DDRROOUUGGHHTT  HHIISSTTOORRYY  
  
            The scourage of drought may be regarded as an integral part of the world climate. 
Wherever there is rainfall, there is drought also. Just like there is excess of rain causing floods, 
there is inadequate rain causing drought. Drought is by no  menas an isolated phenomenon or a 
purely local phenomenon. Sometimes drought occurs in large part of the globe and sometimes in 
many parts of the earth similtaneously. Excess rainfall may occur in some  parts of the earth and 
drought may occur in another part. This may be due to the atmoshereic teleconnections. Drought 
is again a recurrent phenomenon. There are records of severe droughts in history. In Bangladesh, 
drought of 1979 is the severest in living memory. In the seventeenth century, repeated drought 
and consequent crop failures occured in Scotland which in the opinion of some forced the union 
of Scotland with England. In the 19th century repeated drought occurred in many parts of USA 
and Canada . In the sixties, drought occured in various parts of India and in the late sixties and 
early seventies, there was drought in the Sahel region of Africa. In seventies drought also 
occurred in USSR.   
  
  
  
55..33    BBAANNGGLLAADDEESSHH  CCLLIIMMAATTEE  
  
            Bangladesh is situated in the active monsoon regions of the world with an average 
rainfall of about 90" per year. But the rainfall distribution is not uniform thorughout the year. 
Most of the rainfall i.e. about 77% occurs during the monsoon period i.e. June to October. About 
8% rainfall occurs during November to February and about 20% rainfall occurs during March to 
May. This shows that the months November to February are very dry and may be regarded as 
permanent drought months. But this does not mean that Bangladesh has an arid cliamte because 
aridity in these four months is amply compaensated by abundant rainfall during the rest of the 
year. However, the amount of rainfall varies considerably from year to year and from region to 
region. In some areas in the northwestern part of the country, the amount of annual average 
rainfall may be as low as 50" whereas in the north-eastern part, average annual rainfall may be as 
high as 200". There is a lot of variation of rainfall at different places from year to year. Specially 
during the premonsoon period, decrease of rainfall may seriously affect various crops. For 
example in 1979 rainfall during January to May was about one  third of the normal though for 
the whole year, rainfall was only about 10% short of the normal. As people have adapted their 
crop to average climatic conditions, substantial decrease of rainfall may seriously affect the 
crops and other activities. Though a severe drought like the one occurred in 1979 is not very 
frequent a study has shown that milder droughts occur in Bangladesh after an interval of 5-10 
years. The years 1950, 1951, 1957, 1958, 1966, 1967, 1972 and 1979 were years of less rainfall 
in Bangladesh. We have witnessed severe drought in 1989 also. Drought was persistaent 
throughout the country until late April and in some parts until mid May. Again during the 
monsoon months, drought prevailed in some parts of the country. We see that drought sometimes 
occurs during two consecutive years.   
    
55..44    CCAAUUSSEESS  



  
                Though droughts are quite usual and recurrent phenomena, their causes are still unclear. 
Both terrestrial and extra terrestrial reasons have been suggested. Sometimes it is argued that 
cutting down trees causes drought. An experiment conducted in Colorado has shown that cutting 
down trees does not affect rainfall. Trees were planted in two large regions and the rainfall was 
recorded for a number of years in these two areas. Trees were cut down in one place and again 
rainfall was recorded for a number of years. There was no significant changes of rainfall in the 
area where trees were cut down. Trees are grown upto tens of feet only whereas rain is an uper 
atmospheric phenomenon forming at a height of several thousand feet up and hence trees are not 
expected to affect the rain formation. The forests are cut down gradually, their population is 
decreasing monotonically, whereas in the case of drought, we find some cycles, some 
periodicities though irregular. Forest was not much larger in 1980 than in 1979, but we find there 
was more rainfall in 1980 than in 1979 specially during January to May.  
 
      Forest is a resource by itself and we must make proper and planned use of it. If we use up 
all the forests say during the next ten years, how shall we meet our demands on wood for fuel, 
furniture, house building and industry in the years thereafter ? As it takes time for the trees to 
grow, we must transplant more trees than we cut down. Moreover, forests make microclimate 
more cool and damp around them. Deforestation makes the soil lose retaining capacity of water, 
causes erosion of soil etc and as a result, rain water runs quickly, cuases flood and 
sedmimentaiton and the productivity of the soil also decreases. Large scale destruction of forest 
may contribute towares climatic change of the earth and hence towards occurrence of drought. 
Hence even if the forests do not contribute to increased rainfall, we must encourage forest 
cultivation to the desired level of 25% of the whole country area.  
 
      The occurence of drought seems to be due to complex factors. Though climatic change of 
the earth is taking place continually, occurrence of a drought does not necessary mean a climatic 
change though certain types of climatic change can mean more drought. Usually more droughts 
occur during colder climate. The earth in its 5000 million year history has undergone several 
cycles and of several orders of warm and cold periods. During its history, the earth was 
completely ice free unlikle its present condition for most of the time. It takes several hundred 
million years to pass from ice age condition to ice free condition and this is related to the time 
the whole solar system, the sun together with all its planets including the earth takes to make a 
complete revolution in the galaxy. Presently we are passing through an ice age which is 2-3 
million years old. Again during an ice age, there are relatively colder and warmer periods known 
as glacials and interglacials. Presently we are passing through a warmer phase-an interglacial 
which is about 10,000 years old.  
 
       It takes about 100,000 years for glacial-interglcial cycle to occur and this is related to the 
change in the orbital parameters of the earth. About 30% of the earth's surface was covered with 
ice during the maximum phase of the last glacial about 18,000 years ago compared to about 10% 
today. There are smaller cycles of warm-cold periods like the 2600 year periodicity of little ice 
ages. The northern hemisphere suffered from the last little ice age starting from around 1400 AD 
to 1980 AD. Widespread drought occurred during this period. From 1900 AD, the northern 
hemispheric temperature started rising up until 1940 AD. From 1940 AD, the northern 



hemispheric temperature started declining upto 1978 and started rising again. It has been found 
that if there  is more snow and cold in Eurasia, then there is less rain in our region.  
 
      If we study changes in the upper air chart during a cold period we find a change in the 
thickness of the 500 mb. pressure surface. The upper air flow in the northern hemisphere is 
dominated by westerly winds which whirl round the hemisphere and is known as the circumpolar 
vortex. This vortex expands southwards when cooling takes place and the whole climatic zone 
shifts southwards.  
 
      In Bangladesh the pre-monsoon rain is due to the travel of western distrubances 
combined with the influx of moisture from the Bay of Bengal and Arabian sea. If there is more 
cold, this may mean lesser number of western disturbances and also less moisture and 
consquently there may be less rain and so drought will occur.     The sun is the life giver of the 
earth's climate. If is ceases to shine the earth will freeze in a matter of days, all life on this planet 
will cease and there will be none to study the climate. The mechanism by which the sun can 
cause the climatic changes on the earth is not known precisely. A decrease of solar radiation by 
1% can cause a temperature decrease of the earth's surface by 1.5oCc and hence less rain and 
some more drought. But the degree by which the solar electromagnctic radiation changes with 
time is not known with certainty. It is not very accurately known whether the solar constant 
which is defined as the intensity of the solar radiation received at the earth's distance per unit 
time per unit area and measured outside the atmosphere changes or not.  
 
      Certain phenomena on the surface of the earth like geomagnetic storm, upper atmosphere 
density show positive correlation with solar activity. This is usually measured by observing the 
number of sunspots and the number of groups in which they occur. The solar activity, on the 
average has an eleven year cycle but drought does not have an eleven year cycle. In the USA, 
drought showed a 22 year periodicity which coincided with the double sunspot cycle for a 
number of years but after sometime it did not persist. In Bangladesh we have a 5-10 year 
periodicity in drought which may be more related to the electromagnetic radiation emitted by the 
sun, which we have yet to study. The atmoshere  and the oceans which control the earth's climate 
have certain rhythms and the fluctuations in rainfall may be the result of these rhythms.     
  
55..55    MMAANN  MMAADDEE  AACCTTIIVVIITTIIEESS  
            
            Man through his activities has started acting as an agent of climatic change. He is 
releasing enormous quantities of CO2 (carbon dioxide) by burning both fossil fuels and non-
fossil fuels (including burning wood). Part of the CO2 is absorbed in the ocean and part is 
released in the air. It is estiamted that since 1860, the CO2 content in the atmosphere has risen by 
about 10-15% and will continue to rise further in future and may double by the middle of the 
centruy. CO2 can increase the temperature of the lower atmosphere by re-emitting back part of 
the radiation emitted by the earth. Thus this can definitely change the earth's climate. Large scale 
increase of the earth's temperature has been predicted because of the increased amount of CO2 in 
the atmosphere in future. Manmade aerosols (particles released from industrial activtiy etc) can 
also affect the earth's climate. Computer studies have indicated that if the particles are very close 
to the earth they warm th earth's surface whereas if they are at sufficient height, they produce 
cooling effect by screening out part of th solar radiation.  



  
  55..66    DDRROOUUGGHHTT  IINNDDIICCEESS            
  
            Is there an objective way of describing drought ? Various indices have been devised for 
this and some of them are described below : 
 
     Precipitation Effectiveness Index 
 
                        P  10/9 
     P.E.I =  115 (------)     Where P is monthly values of  
                          T-10      
Precipitation in inches and T is the temperature in degrees Fahrenheit. Summation is carried for 
tweleve months.  
 
      The following categories of climate types have been defined on the basis of P.E.I. values. 
 
 
 
 
     Climate Type        Vegetation          P.E.I. 
     Values 
     ------------         ----------           ------ 
 
     Wet                  Rainforest    >     127 
     Humid                Forest                 64-127 
     Sub-humid            Grassland           32-63 
     Semi-arid            Steppe                16-31 
     Arid                 Desert         <      16 
 
 
      This index denotes better an index of climatic types. Values of a few stations in 
nortwestern Bangladesh have been computed and this shows that values for this index are nearer 
to 100 during dry years indicating that the climate type considering the whole year is humid. The 
vlaue of the Index is more for other regions of the country.  
  
  55..77    EEFFFFEECCTTSS  
  
            We have seen that even though there is abudant rainfall in Bangladesh, drought may 
effect us seriously at least for some months. The consequence can be serious. In general there ia 
a direct relationship between rainfall and crop yield. During flood years, though there is damage 
of crops temporarily, there is increased production in the following year. Crop damage to the 
extent to some 10% is possible in the case of severe drought.   
  
55..88    RREEMMEEDDYY  
  



            There is not easy remedy for phenomenon like droughts. Experiments on artificial 
rainmaking is being carried out in various parts of the globe. In Bangladesh, such experiments 
may be carried out on an experimental basis. If successful, the problem of drought may be 
tackled to some extent. 
 
      In addition innovative methods have to be developed to combat drought like irrigation by 
using underground water, storage of water by damming etc. It is very difficult to make long term 
prediction of drought but research work should be undertaken for its prediction so that its affects 
can be mitigated properly. 
 
  66..11      EEAARRTTHHQQUUAAKKEESS  
  
                    There is ample evidence from various geological studies that the earth's crust is in motion 
both horizontally and vertically. The modern theory of this aspect of the earth's surface is called 
plate Tectonics.   
  
  
66..22   Eathquakes occur in regions of the earth's crust which are undergoing deformation. As the 
region is deformed, energy is stored in the rock in the form of elastic strain. This continues until 
at some point the accumulated strain exceeds the strength of the rock. Then fracture or faulting 
occurs. Of the theories of earthquakes, perhaps the elastic rebound theory is the most successful 
one. This states that opposite sides of the fault rebound to a position of equilibrium and the 
energy is released in the form of heat, in the crushing of rock and in the vibration of elastic 
waves. The waves or vibrations which are generated at the moment of fracture produce the 
shaking which is experienced in earthquake.   
  
  
66..33    MMAAGGNNIITTUUDDEE  
  
  
          Richter designed a magnitude scale to  compare the energies released in earthquakes in 
California and adjoining regions. He defined magnitude as the logarithm of the largest amplitude 
measured in microns, on the record made by a standard Wood-Anderson torsion seismometer at 
a distance of 100 km from the epicentre of the earthquake. The mdagnitude scale was designed 
so  
that the smallest natural earthquake likely to be recorded would have a magnitude of zero. The 
largest earthquake recorded so far is of magnitude 8.5. An empirical relation relating the energy 
of the earthquake with its magnitude is given by  
 
          Log 10E = 11.3 + 1.8 M. 
 
 
     A similar analystical relation for the energy and moment of the earthquake has also been 
derived.  
  
66..44    PPRREEDDIICCTTIIOONN  OOFF  EEAARRTTHHQQUUAAKKEESS  



  
          By prediction of earthquakes, we mean the establishment of the probability that an earthquake 
will occur in a given region within a given time interval. The problem is extremely difficult. The 
probability that earthquake of  given magnitude will occur at a particular place can be done fairly 
accurately but the time prediction is very difficult. Predictions are of the following types.  
 
          Type                Time period 
 
          Long term           years 
          Middle term         years or less 
          Short term          weeks 
          Immediate           Day to Hour or less 
 
      Ideally prediction should be based on the quantitative physical model of tectonic 
development of the earth in which earthquakes are one of the major factors. Such treatements are 
not entirely satisfactory at the moment. They involve physics, mathematics and geology. This 
involvs a subject known as Pattern. Recognition. Its procedures are not yet formalised and is 
somewhere between logic and statistics. This relates to theory as medicine to Biology.   
  
66..55    EEAARRTTHHQQUUAAKKEE  PPRREEDDIICCTTIIOONN  IINN  CCHHIINNAA  
  
            People's Republic of China is perhaps the only country in the world where there is an 
operational programme on Earthquake Prediction. The success of their programme lies in the 
employment of large number of people's observatories in addtion to their regualr established 
observatories. The people's observatories are run by volunters say school children or factory 
workers. In this way they get large number of observations which help in the interpretation very 
much. What they look for is some anomaly in the earth parameters known as precursors. Some of 
the precursors are (1) Land deformation (2) Tilt and Strain (3) Geomagnetic field (4) Earth 
currents (5) Radon (6) Underground water (7) Animal behaviour etc. It has been reported that 
from 1975-1977, Chinese successfully predicted 4 earthquakes out of 5. In all the four successful 
cases both the short term and the intermediate term alarms were issued. The unsuccessful case 
was the famous Tengshan earthquake of 1976.  
  
  
  66..77    CCHHAANNCCEESS  OOFF  EEAARRTTHHQQUUAAKKEE  IINN  BBAANNGGLLAADDEESSHH  
  
            The major earthquakes that have affected Bangladesh since the middle of the last century 
are the Cachar Earthquake of January 10, 1869, the Bengal Earthquake of July 14, 1885, the 
Great Earthquake of July 12, 1897, the Srimangal Earthquake of 8th July, 1918, the Dhubri 
Earthquake of July 3, 1930, the Bihar-Nepal Earthquake of January 15, 1934 and th Assam 
Earthquake of August 15, 1950.  Of these, only the Bengal Earthquake of 1885 and the 
Srimangal Earthquake of 1918 had their epicentres in Bangladesh. The damages caused by these 
shallow focus earthquakes howerver were restricted to narrow zones surrounding the epicentres. 
The greatest damage was caused by the 1897 earthquake. The tremors were felt all over the 
country and severe dameges were caused in the northern  parts of Sylhet and Mymensingh 



districts and in the  eastern part of Rangpur district. The 1950 earthquake was also felt all over 
the country though no damage was reported.   
  
  
88..    Thus we see that Bangladesh is not entirely free from the menace of earthquakes. Specially 
the northern belt of greater Sylhet, Mymenshigh and the eastern part of Rangpur Districts could 
be vulnerable. A seismic zoning map of Bangladesh has been prepared by a Committee of 
Experts on Earthquake Hazard Minimization constituted by the Giovernment of Bangladesh in 
1977.   
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