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Cholera continues to be a significant health threat across the 
globe.  
Cholera bacteria survives in brackish water, particularly in the 
presence of abundant plankton; suggesting a high correlation be
tween plankton abundance and disease outbreak.  
Complexity and costs involved in measuring plankton abundance 
and cholera bacteria using insitu data did not allow generaliza
tion of laboratory findings over large space and time scales.  
Two empirical observations encourage us to explore temporal and 
spatial variability of chlorophyll, a surrogate for phytoplankton, in 
the Bay of Bengal (BoB)  

cholera and plankton show strong association yet the tem
poral and spatial quantification of phytoplankton in north
ern BoB remains limited, and  
satellite remote sensing is the most effective and efficient 
way to quantify large scale temporal and spatial variability 
of phytoplankton.  

This study will characterize the spacetime variability of chloro
phyll necessary for tracking cholera from satellites, particularly: 
(1) temporal (daily to seasonal) and spatial (pixel to regional) vari
ability of chlorophyll in BoB; and (2) relevant spatial and temporal 
scales for understanding cholerachlorophyll dynamics. 

Context 

Study region: Bay of Bengal, Bangladesh  
Seaviewing Wide Fieldofview Sensor (SeaWiFS) monthly chloro
phyll data was obtained from NASA/Goddard Earth Sciences/ Dis
tributed Active Archive Center (DACC). 

Study Logistics 

Analysis 

Daily chlorophyll time series is a white noise process for pixel (~10km) to band 
(~1000 km) scales. We also note that the daily change in chlorophyll concentra
tion for the same pixel can vary by a factor of two.  

Large temporal variations of pixel level chlorophyll concentration at daily 
scale put a practical constraint on the design and implementation of insitu 
plankton measurements for coastal areas.  

Chlorophyll in the coastal band shows a distinct annual cycle while such a cycle 
is not apparent for offshore regions. For the coastal bands, monthly chlorophyll 
time series shows significant memory; yet at the pixel scale (9 km) it does not 
exhibit much persistence in time. With increased spatial averaging, temporal per
sistence of monthly chlorophyll increases.   

Aggregated monthly chlorophyll concentration for the coastal band  with a 
spatial averaging scale of 1200 km2 or larger is likely to provide a lower limit 
on spatial scale of plankton measurements for a useful prediction lead time 
for a potential cholera outbreak model. 

Spatial analysis indicates that chlorophyll in the coastal band has a correlation 
length of approximately 100km whereas offshore bands have no welldefined cor
relation length.  

Dominance of different spacetime variations for coastal and offshore chloro
phyll suggests that physical processes and drivers for chlorophyll are differ
ent for these two regions.  

Summary 

Semivariograms for LB1+LB2 for (a) October, (b) March; for LB5+LB6 for 
(c) October, (d) March.  

Monthly chlorophyll in six 
latitudinal bands   

Daily chlorophyll time series for LB1 (top) 
and LB6 (bottom) from 19982007.  

a  b  c 

d  e  f 

a  b 

c  d 

Mean annual chlorophyll: 5.54, 1.34, 
0.52, 0.33, 0.23 and 0.23 mg/m3 in 
LB1 through LB6, respectively  

Plausible pathway for coastal connection and spring cholera outbreaks 

Cholera outbreaks show bimodal peaks in Bengal Delta, one in Spring (MarchApril
May) and other in Autumn (SeptemberOctober
NovemberDecember). 

Plankton intrusion through coastal waters in 
the low discharge season (FebruaryMarch) 
leads to spring  cholera outbreaks.  

Autumn (SOND) chlorophyll is strongly corre
lated with the following spring (FMAM) cholera 
outbreaks.  
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Increase in river discharge in monsoon (ASO) in
creases plankton in autumn (SON) which then 
decomposes releasing large amounts of dis
solved organic material (CDOMs) in winter 
(NDJF).  
Increase in organic material helps growth of 
cholera bacteria in spring (FMAM). Bacteria 
laden plankton water is then carried inland be
cause of low river discharge in spring (FMAM). 

 


