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characteriza9on	
  





1.  Water	
  is	
  vital	
  for	
  all	
  known	
  forms	
  of	
  life	
  

2.  Central	
  to	
  history	
  of	
  humanity	
  (agriculture,	
  industry,	
  drinking	
  
water,	
  transporta9on,	
  energy,	
  …)	
  

3.  Natural	
  ecosystems	
  sustainability	
  

4.  Natural	
  disasters	
  mi9ga9on	
  

5.  An	
  understanding	
  of	
  the	
  processes	
  will	
  help	
  decision	
  makers	
  
to	
  weigh	
  advantages	
  and	
  disadvantages	
  of	
  any	
  proposed	
  
change	
  Comprehensive	
  understanding	
  of	
  the	
  
processes	
  -­‐	
  Baseline	
  informa<on	
  
Proper	
  management	
  of	
  water	
  resources	
  

Why study the complex processes? 



Congo Basin	
  
•  Second	
  largest	
  river	
  of	
  the	
  world	
  
•  Surface	
  area	
  of	
  3,680,000	
  km²	
  shared	
  by	
  9	
  countries	
  
•  Length:	
  4,700	
  km	
  
•  Discharge:	
  41,800	
  m³/s;	
  constant	
  flow	
  (regime	
  stable)	
  but	
  shows	
  

interannual	
  variability	
  
•  The	
  heart	
  of	
  the	
  Basin:	
  equatorial	
  climate	
  with	
  no	
  dry	
  season;	
  1500-­‐2000	
  

mm/yr	
  of	
  rainfall	
  
•  Drainage	
  area	
  mostly	
  in	
  tropical	
  rainforest	
  (1400	
  mm/yr)	
  
•  Convec9ve	
  and	
  stra9form	
  precipita9on	
  are	
  predominant	
  
•  Very	
  limited	
  evapotranspira9on	
  due	
  to	
  not	
  so	
  high	
  temp	
  
•  Water	
  surplus:	
  precipita9on	
  >	
  evapotranspira9on	
  
•  Vital	
  resource	
  in	
  the	
  water	
  stressed	
  con9nent	
  
•  Shortage	
  of	
  the	
  ground-­‐based	
  hydrometeorological	
  data:	
  sparse	
  sta9ons	
  

network	
  deteriora9ng	
  and	
  unevenly	
  distributed;	
  limited	
  number	
  of	
  
sta9ons	
  

•  Reliance	
  on	
  REMOTE	
  SENSING	
  



•  Joint	
  NASA/JAXA	
  Tropical	
  Rainfall	
  Measuring	
  
Mission	
  (TRMM)	
  

•  Quan9fica9on	
  rainfall	
  pajerns	
  
•  Algorithm,	
  Rainfall-­‐	
  &	
  temperature-­‐based	
  climate	
  classifica9on	
  
	
  	
  

•  Characteriza9on	
  streamflow	
  
•  Hydrological	
  model	
  (GeoSFM)	
  implementa9on,	
  calibra9on	
  and	
  
valida9on,	
  hydropower	
  es9ma9on	
  

TRMM precipitation estimates 	
  



The	
  Congo	
  Basin	
  with	
  in	
  black	
  circle,	
  the	
  12	
  precipita9on	
  gauge	
  sta9ons	
  loca9ons	
  in	
  study.	
  

Result 1: Data evaluated	
  



Result 1: Data evaluated	
  

Necessity	
  to	
  adjust	
  TRMM	
  rainfall	
  volumes	
  to	
  improve	
  rainfall	
  input	
  data	
  for	
  further	
  use	
  in	
  
hydrological	
  modeling	
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Mean precipitation for the 12 months of the year and annually; monthly mean of pre-calibrated TRMM (1) and monthly mean 
of re-calibrated TRMM (2) are compared against monthly mean of WORLDCLIM precipitation data (3).The 10 year time 
series of original and re-calibrated TRMM and TRMM 3B43 monthly data were averaged to depict the Basin-scale rainfall 
regime. The position of the basin across the Equator subjects the Congo to an alternate seasonal pattern between the 
southern and northern hemispheres. 
  
  

PRE-CALIBRATED TRMM               RE-CALIBRATED TRMM                 WORLDCLIM                       

Result 2: Rainfall regime – Data calibrated 



•  All	
  months	
  gain	
  precipita9on	
  
•  Seasonal	
  rainfall	
  regime	
  driven	
  by	
  the	
  passage	
  of	
  the	
  Intertropical	
  

Convergence	
  Zone	
  (ITCZ)	
  results	
  in	
  two	
  local	
  rainy	
  and	
  dry	
  
seasons	
  of	
  varying	
  length	
  and	
  intensity.	
  

Result 3: Rainfall regime – calibrated and validated 
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Köppen–Geiger	
  climate	
  classifica9ons	
  for	
  the	
  Congo	
  Basin	
  using	
  pre-­‐calibrated	
  TRMM	
  
precipita9on	
  data	
  with	
  WORLDCLIM	
  temperature	
  data	
  (leq),	
  using	
  re-­‐calibrated	
  TRMM	
  
precipita9on	
  data	
  with	
  WORLDCLIM	
  temperature	
  data	
  (center),	
  and	
  that	
  of	
  Peel	
  et	
  al.	
  
(2007)	
  (right).	
  	
  

Result 4: Climate classification map 

Peel’s Climate map Climate map derived from 
re-calibrated TRMM 

Climate map derived from pre-
calibrated TRMM (3B42) 



Geospa9al	
  Stream	
  Flow	
  Model	
  (GeoSFM)	
  
Terrestrial	
  and	
  Sub-­‐

surface	
  data	
  

 

 

 

 

 

FAO	
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WHC,	
  Depth,	
  
Texture,	
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Streamflow Characterization	
  



 
Streamflow hydrographs (m³/sec) 
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Ubangi	
  River	
  at	
  Bangui	
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Daily average 
Discharge in m3/sec 
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Congo	
  -­‐	
  Hydropower	
  poten9al	
  gross	
  es9ma9on	
  

Hydropower Potential 
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Hydrological response to Land Cover 

and Land Use Change 
We	
  exploring	
  the	
  influence	
  of	
  poten9al	
  future	
  
deforesta9on	
  on	
  the	
  streamflow	
  of	
  the	
  Congo	
  River	
  –	
  
Land	
  surface	
  processes	
  and	
  atmospheric	
  feedbacks	
  

Assump9on:	
  
Depending	
  on	
  the	
  scale,	
  deforesta9on	
  reduces	
  evapotranspira9on	
  and	
  
increases	
  streamflow	
  (small	
  scale)	
  or	
  at	
  large	
  scale	
  atmospheric	
  feedbacks	
  
may	
  significantly	
  reduce	
  regional	
  precipita9on	
  and	
  decrease	
  discharge	
  

Current work and  future results… 
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Conclusion	
  
1.  More	
  in	
  situ	
  stream	
  and	
  precipita9on	
  gauge	
  data	
  are	
  

needed	
  to	
  properly	
  characterize	
  river	
  flows	
  of	
  Central	
  
African	
  watersheds,	
  informa9on	
  that	
  is	
  essen9al	
  to	
  
properly	
  manage	
  as	
  well	
  as	
  monitor	
  these	
  resources.	
  

2.  The	
  rivers	
  of	
  Central	
  Africa	
  are	
  vital	
  resources	
  for	
  an	
  
otherwise	
  water	
  stressed	
  con9nent.	
  Poten9al	
  adverse	
  
impacts	
  of	
  land	
  use	
  changes	
  and	
  infrastructure	
  on	
  
river	
  flows	
  and	
  water	
  quality	
  must	
  be	
  considered	
  
when	
  planning	
  for	
  development.	
  


