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q Distributed	
  grid-­‐based	
  hydrological	
  model;	
  	
  
q Different	
   sets	
   of	
   precipitaNon	
   data	
   can	
   be	
   assimilated	
   and	
  merged	
   in	
   a	
   hierarchical	
  
way	
  at	
  each	
  hourly	
  Nme	
  step;	
  

q It	
  includes	
  an	
  explicit	
  parameterizaNon	
  of	
  different	
  physical	
  processes	
  contribuNng	
  to	
  
hydrological	
  cycle;	
  

q It	
  runs	
  in	
  any	
  geographical	
  domain	
  with	
  any	
  resoluNon	
  up	
  to	
  DEM	
  resoluNon,	
  drainage	
  
network	
  is	
  extracted	
  by	
  a	
  naNve	
  algorithm	
  implemented	
  in	
  CHyM	
  code;	
  

q It	
  runs	
  in	
  any	
  Unix	
  plaRorms;	
  
q It	
   doesn't	
   use	
   licensed	
   soTware	
   (GIS	
   etc.),	
   but	
   graphic	
   applicaNon	
  are	
  based	
  on	
   the	
  
GKS	
  (low	
  level	
  library)	
  developed	
  by	
  NCAR	
  

q It	
  reads,	
  in	
  the	
  current	
  implementaNon,	
  precipitaNon	
  and	
  temperature	
  fields	
  from:	
  
o  RegCM,	
  MM5,	
  WRF,	
  Era40,	
  trimm,	
  Persiann,	
  rain	
  gauge	
  (any	
  sparse	
  data),	
  radar,	
  satellite	
  esNmaNon	
  

CHyM	
  -­‐	
  Architectural	
  characterisBcs	
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“date le cause, la 
natura partorisce 
li effetti per i più 
brievi modi che 
far si possa” 
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•  A	
  cellular	
  automata	
  is	
  a	
  discrete	
  dynamical	
  system	
  (Space,	
  Nme	
  and	
  states	
  of	
  the	
  system	
  
are	
  discrete	
  quanNNes)	
  

•  Each	
  point	
  in	
  a	
  regular	
  spaNal	
  la`ce,	
  called	
  a	
  cell,	
  can	
  have	
  anyone	
  of	
  a	
  finite	
  number	
  of	
  
states	
  

•  The	
  state	
  of	
  the	
  cells	
  in	
  the	
  la`ce	
  are	
  updated	
  according	
  to	
  a	
  local	
  rule	
  
•  All	
  cells	
  on	
  the	
  la`ce	
  are	
  updated	
  synchronously	
  

In order to solve numerical singularities and merge different data set of  observational/predicted 
data, CHyM model uses an original Cellular Automata based algorithms 
 

A Cellular automata definition 
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•  CHyM	
  grid	
  is	
  considered	
  an	
  aggregate	
  of	
  	
  cellular	
  automata	
  
•  The	
  status	
  of	
  a	
  cell	
  corresponds	
  to	
  the	
  value	
  of	
  a	
  CHyM	
  matrix	
  (DEM)	
  
•  The	
  state	
  of	
  the	
  cells	
  in	
  the	
  la`ce	
  is	
  updated	
  according	
  to	
  following	
  rule	
  

	
  
•  All	
  cells	
  on	
  the	
  la`ce	
  are	
  updated	
  synchronously	
  
•  Update	
  ends	
  when	
  flow	
  scheme	
  is	
  OK	
  

How Cellular Automata theory is applied to solve DEM singularities 
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How Cellular Automata theory is applied to solve DEM singularities 
 
 

The	
  simple	
  recipe:	
  
•  Smooth	
  DEM	
  using	
  CA	
  rules	
  unNl	
  FD	
  can	
  be	
  obtained	
  for	
  all	
  the	
  cells	
  

•  Generate	
  streamflow	
  network	
  using	
  smoothed	
  DEM	
  
•  Use	
  “true”	
  DEM	
  and	
  modify	
  ONLY	
  the	
  cells	
  draining	
  toward	
  an	
  higher	
  cell	
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ParametrizaBon	
  of	
  physical	
  processes	
  contribuBng	
  to	
  hydrological	
  cycle	
  
Surface	
  runoff	
  

Based	
  on	
  the	
  kinemaNc	
  wave	
  approximaNon	
  (Lighthill	
  and	
  Whitam,	
  1955)	
  of	
  the	
  shallow	
  water	
  wave,	
  
the	
  equaNons	
  used	
  by	
  CHYM	
  model	
  to	
  simulate	
  the	
  surface	
  rouNng	
  overland	
  and	
  for	
  channel	
  flow,	
  are	
  
the	
  conNnuity	
  and	
  momentum	
  conservaNon	
  equaNons:	
  

S	
  is	
  longitudinal	
  bed	
  slope	
  of	
  the	
  flow	
  element	
  ,	
  n	
  the	
  Manning’s	
  roughness	
  coefficient	
  while	
  
R	
  is	
  the	
  hydraulic	
  radius	
  that	
  can	
  be	
  wrihen	
  	
  as	
  a	
  linear	
  funcNon	
  of	
  the	
  	
  drained	
  area	
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  complete	
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  find	
  starBng	
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ParametrizaBon	
  of	
  physical	
  processes	
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  cycle	
  
MelBng	
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Merging different precipitation data set 
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CA concepts to merge different precipitation data 
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CA concepts to merge different precipitation data 
 
 



PredicBng	
  possible	
  severe	
  hydrological	
  events	
  
Flood	
  alert	
  mapping 	
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•  A	
  determinisNc	
  	
  predicNon	
  of	
  discharge	
  is	
  oTen	
  difficult	
  because	
  reliable	
  Nme	
  series	
  of	
  
flow	
  discharge	
  are	
  not	
  always	
  available,	
  especially	
  for	
  small	
  basins.	
  

•  Floods	
  are	
  oTen	
  observed	
  for	
  small	
  basin	
  where	
  model	
  calibraNon	
  is	
  difficult	
  
•  Flood	
  occurrence	
  depends	
  also	
  on	
  the	
  morphologic	
  characterisNcs	
  of	
  the	
  river	
  
•  It	
  is	
  not	
  straighRorward	
  to	
  establish	
  a	
  discharge	
  value	
  above	
  which	
  flood	
  is	
  expected	
  to	
  

occur.	
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Flood	
  alert	
  mapping	
  
Average	
  runoff	
  Bme	
  is	
  calculated	
  in	
  four	
  steps	
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  alert	
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  index)	
  

	
  



Table of  contents   

Water	
  Resources	
  in	
  Developing	
  Countries:	
  Planning	
  and	
  Management	
  	
  
in	
  Face	
  of	
  Hydroclimatological	
  Extremes	
  and	
  Variability	
  

Marco	
  Verdecchia	
  –	
  University	
  of	
  L’Aquila,	
  Italy	
  -­‐	
  CHyM	
  model	
  for	
  flood	
  alert	
  
mapping	
  

Flood	
  alert	
  mapping	
  
ValidaBon	
  of	
  flood	
  alarm	
  index	
  



Table of  contents   

Water	
  Resources	
  in	
  Developing	
  Countries:	
  Planning	
  and	
  Management	
  	
  
in	
  Face	
  of	
  Hydroclimatological	
  Extremes	
  and	
  Variability	
  

Marco	
  Verdecchia	
  –	
  University	
  of	
  L’Aquila,	
  Italy	
  -­‐	
  CHyM	
  model	
  for	
  flood	
  alert	
  
mapping	
  

Flood	
  alert	
  mapping	
  
ValidaBon	
  of	
  flood	
  alarm	
  index	
  



Table of  contents   

Water	
  Resources	
  in	
  Developing	
  Countries:	
  Planning	
  and	
  Management	
  	
  
in	
  Face	
  of	
  Hydroclimatological	
  Extremes	
  and	
  Variability	
  

Marco	
  Verdecchia	
  –	
  University	
  of	
  L’Aquila,	
  Italy	
  -­‐	
  CHyM	
  model	
  for	
  flood	
  alert	
  
mapping	
  

Flood	
  alert	
  mapping	
  
ApplicaBon	
  to	
  different	
  case	
  studies	
  –	
  Genova	
  –	
  October	
  2014	
  

Flood	
  alert	
  mapping	
  operaNonally	
  available	
  at	
  URL	
  
hKp://cetemps.aquila.infn.it/chymop	
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