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Motivation	
  
• Africa	
  is	
  characterized	
  by	
  considerable	
  variability	
  of	
  precipitation.	
  

• Africa's	
  average	
  annual	
  rainfall	
  has	
  decreased	
  since	
  1968,	
  

• There	
  is	
  also	
  some	
  evidence	
  that	
  natural	
  disasters	
  have	
  increased	
  in	
  
frequency	
  and	
  severity,	
  particularly	
  drought	
  in	
  the	
  Sahel.	
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Motivation	
  
• Advanced	
  data	
  analytic	
  techniques	
  can	
  be	
  applied	
  to	
  generate	
  
improved	
  predictions	
  while	
  still	
  allowing	
  for	
  conceptually	
  
meaningful	
  results.	
  
•  using	
  nonlinear	
  but	
  robust	
  methods	
  informed	
  by	
  expert	
  variable	
  
selection	
  and	
  variable	
  importance	
  analysis.	
  

• Assessment	
  of	
  the	
  developed	
  statistical	
  models	
  based	
  on	
  both	
  
goodness-­‐of-­‐fit	
  and	
  predictive	
  skill.	
  
•  It	
  is	
  critical	
  to	
  avoid	
  overfitting	
  the	
  date	
  and	
  make	
  the	
  distinction	
  
between	
  goodness-­‐of-­‐fit	
  and	
  predictive	
  skill.	
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Objectives	
  
• Regionalization	
  of	
  Africa	
  into	
  homogeneous	
  precipitation	
  climates	
  
using	
  Hierarchical	
  Clustering	
  Analysis	
  (HCA).	
  
•  Definition	
  of	
  seasons,	
  as	
  sets	
  of	
  months,	
  for	
  each	
  region…	
  

• Prediction	
  of	
  precipitation	
  variability	
  for	
  each	
  region	
  
•  Developing	
  statistical	
  models	
  using	
  advanced	
  data	
  analytic	
  techniques.	
  
•  Variable	
  selection,	
  model	
  comparison	
  and	
  assessment	
  with	
  respect	
  to	
  both	
  
goodness-­‐of-­‐fit	
  and	
  predictive	
  skill.	
  
•  Variable	
  importance	
  analysis	
  and	
  interpretation	
  of	
  results	
  according	
  to	
  
fundamental	
  climate	
  processes.	
  

	
  
• Association	
  of	
  precipitation	
  variability	
  with	
  global	
  patterns	
  
• Understanding	
  mechanisms	
  and	
  representation	
  in	
  climate	
  models…	
  



Regionalization	
  of	
  African	
  Precipitation	
  



Data	
  and	
  Methods	
  
• Sahel	
  rainfall	
  index	
  is	
  mean	
  summertime	
  (JAS)	
  rainfall,	
  while	
  the	
  
oceanic	
  indices	
  are	
  computed	
  as	
  mean	
  springtime	
  (AMJ).	
  
•  The	
  region’s	
  averages	
  is	
  taken	
  for	
  the	
  region	
  (10N-­‐20N,	
  10W-­‐20E)	
  of	
  gridded	
  
rain	
  gauge	
  data	
  anomalies	
  in	
  the	
  NOAA	
  GHCN.	
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  Methods	
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Multicollinearity	
  Problem	
  
• Multicollinearity	
  increases	
  the	
  standard	
  errors	
  of	
  the	
  coefficients.	
  
•  The	
  coefficients	
  for	
  some	
  predictor	
  variables	
  may	
  be	
  found	
  not	
  statistically	
  
significant,	
  while	
  when	
  solving	
  the	
  multicollinearity	
  problem	
  these	
  same	
  
coefficients	
  might	
  have	
  been	
  found	
  to	
  be	
  statistically	
  significant.	
  	
  

• Variance	
  Inflation	
  Factor	
  (VIF)	
  was	
  computed.	
  
•  A	
  VIF	
  of	
  5	
  or	
  10	
  and	
  above	
  indicates	
  a	
  multicollinearity	
  problem.	
  

	
  



Multicollinearity	
  Problem	
  
• Multicollinearity	
  problem	
  is	
  solved	
  by	
  PCA	
  for	
  the	
  complete	
  set	
  of	
  
standardized	
  predictor	
  variables.	
  
•  it	
  is	
  not	
  convenient	
  to	
  remove	
  a	
  variable	
  or	
  more	
  outside	
  the	
  cross-­‐
validation	
  analysis.	
  	
  



Variable	
  Selection	
  
• The	
  number	
  of	
  the	
  covariates	
  is	
  relatively	
  large	
  and	
  better	
  
predictions	
  may	
  be	
  obtained	
  by	
  removing	
  some	
  covariates.	
  
• Models	
  with	
  many	
  covariates	
  have	
  low	
  bias/high	
  variance,	
  while	
  models	
  
with	
  few	
  covariates	
  have	
  high	
  bias/low	
  variance	
  (bias-­‐variance	
  tradeoff).	
  



Statistical	
  Models	
  
• Multiple	
  statistical	
  models	
  were	
  developed	
  to	
  predict	
  the	
  seasonal	
  
rainfall	
  anomalies	
  using	
  the	
  large-­‐scale	
  SST	
  and	
  SAT	
  predictors.	
  
•  All	
  models	
  are	
  compared	
  with	
  each	
  other.	
  
•  The	
  regularization	
  of	
  the	
  ANN	
  was	
  based	
  on	
  weight	
  decay	
  method.	
  



Model	
  Assessment	
  
• The	
  goodness	
  of	
  fit	
  was	
  assessed	
  through	
  the	
  temporal	
  correlation	
  
between	
  the	
  predicted	
  and	
  observed	
  rainfall	
  anomalies.	
  
• The	
  predictive	
  skill	
  was	
  assessed	
  through	
  the	
  out-­‐of-­‐sample	
  error	
  
measures	
  obtained	
  from	
  different	
  cross-­‐validation	
  methods.	
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Predictions	
  vs.	
  Observations	
  



Regression	
  Patterns	
  and	
  Partial	
  Dependence	
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PC1	
  (44%)	
  is	
  loaded	
  by	
  almost	
  all	
  variables.	
  

PC2(16%)	
  is	
  mostly	
  loaded	
  by	
  ENSO.	
  

PC3	
  (9%)	
  is	
  mostly	
  loaded	
  by	
  NAO	
  and	
  TNA.	
  



Partial	
  Dependence	
  Plots	
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Changes	
  in	
  Predictor	
  Variables	
  (PCs)	
  over	
  their	
  ranges	
  



Conclusions	
  
• The	
  artificial	
  neural	
  network	
  (ANN)	
  model	
  outperforms	
  all	
  other	
  
statistical	
  models	
  in	
  terms	
  of	
  predictive	
  accuracy	
  and,	
  relatively,	
  
goodness-­‐of-­‐fit.	
  

	
  
• ANNs	
  to	
  uncover	
  nonlinear	
  interactions;	
  Some	
  variables	
  have	
  
nonlinear	
  effects	
  on	
  the	
  rainfall	
  anomalies	
  response	
  while	
  other	
  
variables	
  have	
  linear	
  or	
  even	
  constant/zero	
  effects.	
  

• The	
  leading	
  principal	
  components	
  are	
  the	
  most	
  important	
  variables	
  
and	
  they	
  also	
  have	
  had	
  the	
  nonlinear	
  effects	
  and	
  large	
  influences	
  on	
  
the	
  Sahel	
  rainfall	
  anomalies.	
  



Future	
  Work	
  
• Extension	
  to	
  other	
  regions	
  in	
  Africa…	
  

• Understanding	
  the	
  drivers	
  and	
  mechanisms	
  of	
  precipitation	
  
variability	
  and	
  its	
  representation	
  in	
  climate	
  models…	
  

• Statistical	
  vs.	
  dynamical	
  downscaling…	
  



QUESTIONS?	
  


