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Abstract  

Stat is t ical  invest igat ion has  been made for  the  effect  of  the c l imate  on the epidemic diseases 
using the t ime ser ies  of  meteorological  e lements  and the  number  of  pat ients .   We apply 
correlat ion and EOF analysis  method to  t ime ser ies  of  d iarrhea pat ients  and meteorological  
e lements  in  Bangladesh.   The anomaly of  the number  of  the d iarrhea pat ients  has d ifferent  s igns 
for  the per iods before and af ter  June,  corresponding to the two peaks of  the number  of  the 
pat ients .   Higher  maximum temperature and more sunshine in  the pre-monsoon per iod are  found 
to have a tendency to enhance the f i rs t  peak of  the d iarrhea occurrence.  
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1. Introduction 
Associated with the global  warming,  the  

c l imate  impact  on tropical  infect ious diseases 
is  get t ing more at tent ion recent ly.   For 
example,  malar ia,  cholera  and dengue fever  in  
t ropical  area  in Asia  and Afr ica are considered 
to prevai l  broadly in  the middle la t i tude 
countr ies .   In  South Asia,  such as  India  and 
Bangladesh,  prevalence of  diarrhea diseases  is  
a  ser ious problem of  publ ic  heal th.   Diarrhea 
pat ients  have been increas ing for  a  few 
decades (Fig.  1)  and th is  seasonal  var iat ion 
has two peaks in  the pre-monsoon (March and 
Apri l)  and at  the end of  the monsoon 
(September and October)  in  Dhaka (Fig.  2) .   
Wagatsuma et  a l .  (2002)  that  repor ted the 
correlat ion analysis  shows the pat ient  
occurrence is  rela ted  to  the meteorological  
e lements a  few months before  the peak of 
infect ion.   There’s  a lso a  research repor t ing 
that  the  dis t inct  increase of  diarrhea takes 
place  in  the  years  of  El  Nino and Southern 
Osci l la t ion (Pascual  M. et  a l .  2002) .   These 
researches c lar i f ied somewhat the qual i ta t ive 
re la t ion between the var iat ions of  
meteorological  e lements  and the number of  
pat ients .   In  th is  paper ,  we apply the  
correlat ion and the EOF analysis  to  the t ime 

 
 

ser ies  of  d iarrhea pat ients  and meteorological  
e lements  in  Bangladesh,  to  unders tand the 
effects  of  the meteorological  var iat ion on the 
prevalence of  d iarrhea disease.  
 
 

2. Data 
The Internat ional  Centre for  Diarrhoea 

Disease,  Bangladesh:  Centre  for  Heal th and 
Populat ion research (ICDDR, B) in capi ta l  
c i ty  Dhaka supplied the dai ly number of  
d iarrhea diseases pat ient  for  22 years  from 
1980 to  2001.   The pat ients  were classif ied 
to  V.Cholera  or  Rota for  21 year  f rom 1981 to 
2001.  

The surface observat ion data  for  22 years  
(1980-2001) in  Dhaka are provided by 
Bangladesh Meteorological  Depar tment  
(BMD).   Among maximum temperature ,  
precipi ta t ion,  sunshine,  re la t ive humidi ty,  dry 
bulb temperature ,  minimum temperature ,  wind 
and cloud pressure,  we used the f irs t  four  
e lements  for  analysis :  temperature and 
re la t ive humidi ty were 3 hour ly and the o ther  
dai ly.   Since a  def ici t  is  found from 1990 to 
1992 in  sunshine data ,  the per iod has been 
removed from analysis .  

 

 
Fig .1  T ime se r ie s  o f  month ly  d ia r rhea  pa t ien t s  number  in  ICDDR,B f rom 1980 to2001.  

 



 
 
 

    
 

Fig .  2  Seasonal  va r ia t ion  of  d ia r rhea  pa t ien t s  
in  ICDDR,B.   The  number  o f  pa t ien t s  a re  
averaged fo r  22years  f rom 1980-2001.  
 

 Fig .3  Seasona l  re la t ionship  o f  d ia r rhea  
pa t ien t s  to  mean tempera ture .  (Teshima  
A.  and Hayash i  T .  e t  a l .  2004)  

 
 
 
 

3 .  Method of Analysis 
We made correla t ion analysis  and the EOF 

analysis  for  the t ime ser ies of  pat ient  and 
meteorological  e lements .   We take averages 
every two weeks in  each year  from 1981 to 
2001.   That  is ,  yearly data  are  d ivided to  26 
por t ions and each por t ion contains  22 data  for  
22 years .   The pat ient  data  are  normalized by 
the yearly to tal  pat ient  number to  remove the 
year- to year  increasing t rend.   Two types of  
correla t ion analysis  below were carr ied out  
for  meteorological  e lements  and pat ient  
number.  A cer tain por t ion of  c l imate precedes 
that  of  d iarrhea occurrence.  
 
a)  lag  correlat ion of  meteorological  e lements  
to  one f ixed por t ion of  pat ient .  
b)  lag  correlat ion of  pat ient  number to  one 
f ixed por t ion of  meteorological  e lements .  

 
The i th  port ion in  w th  year  is  expressed as  

X(w,i)  for  pat ient  data,  and Y1(w,i)~Y4(w, i)  
for  meteorological  4  e lements.   We have 
appl ied the EOF analysis  to  X(w, i)~Y4(w, i)  by 
correla t ion matr ix of  the  anomaly 
( ) ( , ) ( )
i
x w X w i X i= − and ( ) ( , ) ( )

i
y w Y w i Y i= − ,  

where ( ), ( )X i Y i  are  averages on i .  
 
 

4.  Result  
Fig.  4(a-1)  shows the lag correlat ion of  

meteorological  e lements  to  the f ixed por t ion 
of  to ta l  d iarrhea pat ients  in  Apri l .   The t ime 
lag for  the  meteorological  e lements is  se t  f rom 
October  to  Apri l .   The maximum temperature 
and the sunshine durat ion have posi t ive 
correla t ion and the  precipi ta t ion and re la t ive 
humidi ty have the negat ive correlat ion.  
General ly correlat ion is  not  c lear  in  
October-January,  then increases  from 

February and reaches the peaks with 
correla t ion coeff ic ient  more than 0.5  in  March 
in maximum temperature and the sunshine 
durat ion.  The inverse correla t ions for  the 
precipi ta t ion and the rela t ive humidi ty also 
have peaks about -0.5 around February and 
March.   

Fig .  4(a-2)  shows the s imilar  correlat ion as  
Fig .  4(a-1)  except for  d iarrhea pat ients  in  
August .   The s igns of  correlat ions are  
reverse compared with  Fig.  4(a-1)  with  
posi t ive  correlat ion in  the precipi ta t ion and 
the relat ive humidi ty and negat ive one in  the 
maximum temperature and the sunshine 
durat ion.   The correla t ion coeff ic ients  
increase from March and don’ t  have large 
peaks.  

Fig .  4(b-1)  is  the lag correlat ion of  the 
d iarrhea pat ients  to  the f ixed port ion of  the 
meteorological  e lements  in  Apri l .   The 
correla t ion coeff ic ients  more than absolute  
value  0.5  in  Apri l  decreases gradual ly and 
crosses  a t  zero in  the middle of  June.  
Therefore  that  indicates  the  s imilar  effect  of  
the meteorological  e lements las ts  two months.    

Fig .  4(b-2)  shows the s imilar  correlat ions as 
Fig .  4(b-1)  except for  meteorological  e lements 
in  September .   The correlat ion coeff ic ients  
are  s ignif icant  up to  October  and cross  zero in  
November.   

Fig .  5  shows the resul t  of  the EOF analysis  
for  the pat ients  of  to tal  d iarrhea,  d iarrhoeal  
cholera  and rota.  In  the  dominat ing component,  
the anomaly of  the number of  pat ients  has 
d ifferent  s igns for  specif ic  month.   In  the 
f irs t  pr inciple  component  of  to ta l  diarrhea and 
in the second one of  d iarrhoeal  cholera,  the 
s igns change in June and July.   In  the f irs t  
pr inciple component  of  d iarrhoeal  cholera  and 
the second one of  d iarrhoeal  ro ta  s igns change 
in February and in the f irs t  pr inciple 



component of  d iarrhoeal  ro ta in  December .  
This  indicates  the d if ferent  character is t ics  

of  each type of  diarrhea.  Diarrhoeal  cholera  
shows s imi lar  tendency to to ta l  d iarrhea 
diseases ,  but  the ro ta shows dif ferent  
character is t ics  with to tal  d iarrhea and cholera.  
 
 

5. Summary 
 The diarrhea pat ient  in  the f irs t  peak in Apri l  
i s  sensi t ively correla ted to  c l imate  elements in  
pre-monsoon.   

Cl imate in  pre-monsoon has inf luence on 
to tal  diarrhea pat ient  through the spr ing peak 
(Apri l-May)  and the effect  of  c l imate  in  the 
August  las ts  through Aug-Oct,  the autumn 
peak of  pat ient .  Meteorological  e lements  play 
reverse ro le on the peak of  spr ing and autumn 
diarrhea pat ient .     

Total  d iarrhea diseases  and diarrhoeal  

cholera  show common anomaly pat tern  but  
ro ta seems different .  The character is t ics  of  the 
former  two change mainly in  Jun-Jul ,  but  that  
of  the la t ter  one changes in  Jan-Feb.   
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F ig .4  Corre la t ions  be tween  the  meteoro log ica l  e lements  and  the  f ixed  d iar rhea  pa t ient s  in  
Spr ing  (a -1) ,  and  in  Augus t  (a -2) .  Corre la t ions  be tween  the  d ia r rhea  pa t i en t s  and the  f ixed  
meteorology  in  Apr i l  (b-1) ,  and in  Augus t  (b -2) .  
 
 

 
 
 

 
 



 
 

 

 
 

 
 
 

F ig .5  The  EOF analys is  re su l t  for  the  meteoro logica l  e lements  and  
d ia r rhrea  pa t ien t s(a ) ,Chore la (b)  or  ro ta (c ) .  



 


