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1. Introduction 

𝑹𝒊𝒔𝒌=  𝑯𝒂𝒛𝒂𝒓𝒅  ×𝑬𝒙𝒑𝒐𝒔𝒖𝒓𝒆  ×𝑽𝒖𝒍𝒏𝒆𝒓𝒂𝒃𝒊𝒍𝒊𝒕𝒚  

𝑯𝒂𝒛𝒂𝒓𝒅:	
   	
  likelihood	
  or	
  probability	
  of	
  occurrence	
  of	
  a	
  flood	
  event	
  of	
  certain	
  
	
   	
  magnitude	
  and	
  characteris+cs	
  (e.g.	
  depth	
  and	
  velocity	
  of	
  water,	
  
	
   	
  dura+on	
  of	
  the	
  flood	
  and	
  its	
  load).	
  	
  

	
  
	
  
𝑬𝒙𝒑𝒐𝒔𝒖𝒓𝒆:	
   	
  people,	
  property,	
  systems,	
  or	
  other	
  elements	
  present	
  in	
  hazard	
  

	
   	
  zones	
  that	
  are	
  thereby	
  subject	
  to	
  poten+al	
  damage.	
  
	
  
	
  
𝑽𝒖𝒍𝒏𝒆𝒓𝒂𝒃𝒊𝒍𝒊𝒕𝒚:	
  characteris+cs	
  and	
  circumstances	
  of	
  a	
  community,	
  system	
  or	
  asset	
  

	
   	
  that	
  make	
  it	
  suscep+ble	
  to	
  the	
  damaging	
  effects	
  of	
  flood	
  hazard;	
  it	
  
	
   	
  can	
  be	
  considered	
  as	
  a	
  combina+on	
  of	
  suscep+bility	
  and	
  value	
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1. Introduction 
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Climate	
  
Change	
  

Increased	
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This	
  is	
  where	
  my	
  thesis	
  
aims	
  at	
  contribu-ng!	
  

Improving	
  
forecas+ng	
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stakeholders	
  

𝐹𝑢𝑡𝑢𝑟𝑒  𝑈𝑟𝑏𝑎𝑛  𝑃𝑙𝑢𝑣𝑖𝑎𝑙  𝐹𝑙𝑜𝑜𝑑  𝑅𝑖𝑠k 
  
=𝐹𝑢𝑡𝑢𝑟𝑒  𝐻𝑎𝑧𝑎𝑟𝑑  ×  𝐹𝑢𝑡𝑢𝑟𝑒  𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒  ×  𝐹𝑢𝑡𝑢𝑟𝑒  𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦  



2. PhD Objectives 
1.   Uncertainty	
  es-ma-on	
  and	
   reduc-on:	
   To	
  develop	
  and	
   test	
   a	
  

methodology	
   for	
   es+ma+ng	
   the	
   overall	
   uncertainty	
   in	
   urban	
   pluvial	
  
flood	
   modelling	
   and	
   forecas+ng	
   (considering	
   different	
   sources	
   and	
  
their	
   propaga+on	
   to	
   final	
   impact	
   variables),	
   in	
   such	
   a	
   way	
   that	
   an	
  
indicator	
  of	
  the	
  quality/reliability	
  of	
  the	
  forecast	
  can	
  be	
  provided.	
  Also,	
  
explore	
  techniques	
  for	
  reducing	
  main	
  sources	
  of	
  uncertainty.	
  

2.   Implementa-on	
   of	
   full-­‐scale	
   urban	
   pluvial	
   flood	
  
forecas-ng	
   system:	
   To	
   implement	
   and	
   test	
   in	
   full	
   scale	
   a	
   pilot	
  
urban	
   pluvial	
   flooding	
   forecas+ng	
   system,	
   which	
   uses	
   as	
   input	
   the	
  
improved	
  rainfall	
  es+mates	
  and	
  forecasts	
  produced	
  in	
  WP1	
  and	
  WP2	
  of	
  
the	
  RainGain	
  Project.	
  

3.   Development	
   and	
   tes-ng	
   of	
   tools	
   for	
   stakeholder	
  
engagement	
  in	
  local	
  flood	
  risk	
  management:	
  these	
  tools	
  aim	
  
at	
   complemen+ng	
   the	
   modelling	
   and	
   forecas+ng	
   tools	
   men+oned	
  
above.	
  



1.  Setup	
  of	
  case	
  studies	
  (will	
  present	
  them	
  tomorrow!)	
  

3. Activities to date 

•  Data	
  collec+on,	
  revision,	
  processing	
  

	
  

•  Fixing	
  and	
  upgrade	
  of	
  monitoring	
  system	
  
in	
  Cranbrook	
  



1.  Setup	
  of	
  case	
  studies	
  (will	
  present	
  them	
  tomorrow!)	
  

3. Activities to date 

•  Sta+c	
  &	
  dynamic	
  calibra+on	
  
of	
  raingauges	
  of	
  London	
  Grid	
  
for	
  Learning	
  and	
  new	
  
raingauges	
  to	
  be	
  soon	
  
installed	
  in	
  Purley,	
  Croydon	
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1.  Setup	
  of	
  case	
  studies	
  (will	
  present	
  them	
  tomorrow!)	
  

3. Activities to date 

•  Mee+ngs	
  with	
  local	
  authori+es	
  of	
  three	
  pilot	
  loca+ons	
  to	
  
assess	
  current	
  situa+on,	
  needs	
  and	
  expecta+ons	
  

•  Model	
  setup,	
  tes+ng,	
  manual	
  calibra+on	
  



2.	
  Literature	
  review	
  

3. Activities to date 

•  Understanding	
  of	
  sta+s+cal	
  likelihood,	
  Bayesian	
  inference	
  and	
  maximum	
  
likelihood	
  method	
  

•  Review	
  of	
  sources	
  of	
  uncertainty	
  in	
  urban	
  pluvial	
  flood	
  models	
  and	
  ways	
  
in	
  which	
  these	
  are	
  treated	
  

•  Review	
  of	
  current	
  situa+on	
  in	
  the	
  UK	
  with	
  regard	
  to	
  surface	
  water	
  flood	
  
risk,	
  including	
  related	
  legisla+on	
  and	
  detailed	
  analysis	
  of	
  current	
  
forecas+ng	
  and	
  warning	
  system	
  

•  Review	
  of	
  surface	
  water	
  flood	
  risk	
  mi+ga+on	
  op+ons	
  and	
  methodologies	
  
for	
  ranking	
  and	
  selec+on	
  of	
  op+ons	
  



Development of Surface Water Flooding related 
legislation in the UK 



July	
  2008	
  –	
  Launching	
  of	
  Extreme	
  Rainfall	
  Alert	
  Service	
  

•  Indica+on	
  of	
  the	
  probability	
  of	
  rainfall	
  heavy	
  enough	
  to	
  cause	
  flooding	
  
somewhere,	
  par+cularly	
  in	
  urban	
  areas	
  

•  Issued	
  to	
  category	
  1	
  and	
  2	
  emergency	
  responders;	
  e.g.	
  local	
  authority	
  highways	
  
and	
  emergency	
  response	
  departments,	
  and	
  u+lity	
  companies	
  

•  Issued	
  at	
  county	
  level	
  

•  3	
  phases	
  of	
  alert:	
  

Surface Water Flood Forecasting and Warning 
in the UK 



October	
  2011	
  –	
  ERA’s	
  superseded	
  by	
  Surface	
  Water	
  Flood	
  
Warnings,	
  included	
  in	
  the	
  daily	
  Flood	
  Guidance	
  Statement	
  	
  

•  Probability	
  of	
  surface	
  water	
  flooding	
  es+mated	
  with	
  new	
  “Surface	
  Water	
  
Decision	
  Tool”	
  

•  Factors	
  taken	
  into	
  account:	
  

•  Probability	
  of	
  rainfall	
  thresholds	
  being	
  exceeded	
  	
  

•  Spa+al	
  extent	
  of	
  rainfall	
  

•  Poten+al	
  impacts	
  (using	
  ‘blue	
  squares’)	
  

•  Subjec'vely:	
  antecedent	
  weather,	
  catchment	
  condi+ons	
  on	
  the	
  ground	
  and	
  
opera+onal	
  issues 

Surface Water Flood Forecasting and Warning 
in the UK 



Surface Water Flood Forecasting and Warning 
in the UK 



•  Need	
  for	
  stronger	
  connec+on	
  between	
  rainfall	
  intensity/dura+on	
  and	
  
local	
  flooding	
  

•  Low	
  reliability	
  of	
  forecast	
  could	
  be	
  par+ally	
  overcome	
  by	
  providing	
  
automated	
  telemetry	
  alarms	
  (e.g.	
  upstream	
  of	
  culvert	
  trash	
  screens,	
  
rainfall	
  intensity)	
  directly	
  to	
  the	
  public	
  in	
  surface	
  water	
  hot	
  spots.	
  

•  Need	
  for	
  standardised	
  collec+on	
  of	
  data	
  which	
  can	
  be	
  used	
  to	
  validate	
  
models	
  

•  Community	
  ownership	
  must	
  be	
  at	
  the	
  heart	
  of	
  any	
  future	
  surface	
  water	
  
flood	
  warning	
  service,	
  including	
  raising	
  awareness,	
  encouraging	
  self-­‐help,	
  
promo+ng	
  property-­‐level	
  protec+on,	
  and	
  expecta+on	
  management	
  

•  Two	
  possible	
  schemes	
  for	
  SWF	
  warnings:	
  (1)	
  Single	
  na+onal	
  service	
  vs	
  (2)	
  
two-­‐-er	
  (na-onal/local)	
  approach.	
  

Surface Water Flood Forecasting and Warning 
in the UK 

Conclusions	
  of	
  recent	
  analyses	
  and	
  consulta-ons	
  



3.	
  Tes+ng	
  of	
  radar-­‐raingauge	
  merging	
  (with	
  Lipen)	
  

3. Activities to date 
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4.	
  Development	
  of	
  workshop	
  pack	
  for	
  par+cipatory	
  
management	
  of	
  local	
  surface	
  water	
  flood	
  risk	
  

3. Activities to date 



5.	
  Setup	
  of	
  pilot	
  forecas+ng	
  plaform	
  for	
  Cranbrook	
  
Catchment	
  (will	
  be	
  presented	
  separately)	
  

3. Activities to date 



1.  Finish	
  and	
  test	
  workshop	
  pack	
  for	
  stakeholder	
  engagement	
  in	
  local	
  
flood	
  risk	
  management	
  

2.  I’m	
  working	
  on	
  the	
  reconstruc+on	
  of	
  4	
  heavy	
  rainfall	
  events	
  for	
  
assessing	
  benefits	
  of	
  gauge-­‐based	
  radar	
  adjustment	
  in	
  nowcas+ng	
  

3.  Calibrate	
  model	
  of	
  Cranbrook	
  catchment	
  using	
  different	
  rainfall	
  
inputs	
  (raingauge	
  only,	
  radar	
  only,	
  merged	
  radar-­‐raingauge),	
  
determine	
  how	
  calibra+on	
  is	
  affected	
  by	
  the	
  rainfall	
  data	
  used	
  and	
  
how	
  to	
  best	
  represent	
  uncertainty	
  in	
  rainfall	
  when	
  doing	
  calibra+on	
  

4.  Analyse	
  propaga+on	
  of	
  parametric	
  uncertainty	
  of	
  the	
  model	
  of	
  the	
  
sewer	
  system	
  to	
  surface	
  flood	
  depth	
  and	
  extent	
  &	
  analyse	
  sensi+vity	
  
of	
  model	
  results	
  to	
  parameters	
  of	
  surface	
  model	
  

5.  Further	
  analyse	
  effect	
  of	
  spa+al	
  variability	
  of	
  rainfall	
  on	
  flow	
  and	
  
flood	
  es+mates	
  	
  

4. Next activities 



6.  Determine	
  local	
  flood	
  triggers	
  for	
  3	
  pilot	
  loca+ons	
  and	
  analyse	
  effect	
  
of	
  boundary	
  condi+ons	
  in	
  these	
  triggers	
  

7.  Further	
  develop	
  pilot	
  forecas+ng	
  plaform	
  for	
  Cranbrook	
  and	
  
implement	
  it	
  in	
  other	
  case	
  studies	
  

8.  Develop	
  methodology	
  for	
  analysing	
  total	
  error	
  in	
  flood	
  modelling	
  and	
  
forecas+ng	
  (possibly	
  using	
  Bayesian	
  inference)	
  

9.  Possible:	
  compare	
  forecas+ng	
  methodologies:	
  (1)	
  running	
  models	
  in	
  
real	
  +me	
  using	
  NWP	
  and	
  nowcas+ng	
  as	
  input;	
  (2)	
  ar+ficial	
  intelligence	
  
forecas+ng	
  system	
  (e.g.	
  ANN)	
  train	
  with	
  model	
  results	
  for	
  a	
  number	
  
of	
  storms	
  (input	
  parameters	
  would	
  be:	
  antecedent	
  precipita+on,	
  
specific	
  boundary	
  condi+ons	
  of	
  each	
  catchment,	
  expected	
  rainfall	
  
depth	
  and	
  dura+on,	
  type	
  of	
  storm).	
  	
  

4. Next activities 



1.  Difficulty	
  in	
  obtaining	
  data,	
  especially	
  models	
  of	
  sewer	
  system	
  

2.  Lack	
  of	
  funding	
  for	
  monitoring	
  

3.  Infoworks	
  	
  

4.  Linking	
  sources	
  of	
  uncertainty	
  to	
  quan+fy	
  the	
  overall	
  error/
uncertainty	
  seems	
  rather	
  challenging,	
  I’m	
  s+ll	
  thinking	
  of	
  how	
  
to	
  best	
  do	
  it.	
  Will	
  probably	
  follow	
  BATEA	
  approach,	
  but	
  need	
  
more	
  reading	
  and	
  analysis.	
  

5.  Time	
  needed	
  for	
  administra+ve	
  tasks	
  

5. Problems / Constraints 


