
Real-­‐&me	
  Global	
  Flood	
  Es&ma&on	
  System	
  	
  
Using	
  Satellite	
  Rainfall	
  Informa&on	
  and	
  	
  

a	
  Hydrological	
  Model	
  	
  

Robert	
  Adler,	
  Huan	
  Wu	
  ,	
  Mar&na	
  Ricko,	
  	
  

Earth	
  System	
  Science	
  Interdisciplinary	
  Center	
  	
  

University	
  of	
  Maryland,	
  College	
  Park,	
  MD	
  



Outline	
  

 	
  What	
  is	
  Global	
  Flood	
  Monitoring	
  System	
  (GFMS)?	
  

	
  Inputs,	
  Models,	
  and	
  Outputs	
  

  Flood	
  detec:on	
  technique	
  in	
  GFMS	
  

  GFMS	
  evalua:on	
  

  Examples/case	
  studies	
  of	
  flooding	
  events	
  

	
  Near-­‐real	
  3me	
  flooding	
  event	
  from	
  GFMS	
  
	
  and	
  GDACS	
  



Descrip:on	
  of	
  the	
  GFMS	
  System	
  



•  Rainfall	
  input	
  from	
  satellite	
  informa&on	
   	
  
	
  (TRMM	
  +	
  other	
  satellites	
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•  Runoff	
  genera&on	
  uses	
  U.	
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  Washington	
  VIC	
  model	
  

•  Rou&ng	
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  Maryland	
  (Wu)	
  DRTR	
  rou&ng	
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  GFMS	
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  IDENTIFICATION	
  uses	
  the	
  calculated	
  water	
  depth	
  (mm)	
  rela&ve	
  to	
  
the	
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  Level	
  at	
  each	
  grid	
  (1/8th	
  degree)	
  

REFERENCE	
  LEVEL	
  at	
  each	
  grid	
  calculated	
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  global	
  hydrology	
  
model	
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  rainfall	
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  Reference	
  Level	
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  depth)	
  +	
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  related	
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  size	
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Evalua:on	
  of	
  the	
  GFMS	
  Model	
  



Evalua&on	
  of	
  Flood	
  Model	
  vs.	
  Global	
  Flood	
  Inventory	
  Data	
  

Dartmouth	
  Flood	
  Observatory	
  and	
  U.	
  of	
  Oklahoma	
  
Wu	
  et	
  al.,	
  (2012)	
  J.	
  Hydromet.	
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  False	
  alarms	
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  Flood	
  detec&on	
  probabili&es	
  
improve	
  with	
  larger,	
  longer	
  floods	
  (current	
  
satellite	
  rainfall	
  data	
  has	
  coarse	
  &me	
  and	
  
space	
  resolu&ons).	
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Mean	
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Real-­‐&me	
  Global	
  Flood	
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  System	
  	
  
Global	
  Flood	
  Monitoring	
  System	
  (GFMS)	
  

hbp://flood.umd.edu/	
  	
  

Flood	
  Detec&on/Intensity	
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Detec&on	
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Flood	
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  every	
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January	
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  2013	
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Recent	
  Flood	
  Event	
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  January	
  2013)	
  

Comparison	
  with	
  GDACS,	
  DFO,	
  	
  
MODIS	
  Inunda:on	
  Maps,	
  etc.	
  



Global Disaster Alert and Coordination System (GDACS) 

(http://www.gdacs.org/) 

Cooperative effort between the United Nations, 
the European Commission and disaster 
managers worldwide  



Dartmouth Flood Observatory (DFO) 

(http://floodobservatory.colorado.edu/index.html) 

Space-based Measurement and Modeling of Surface Water 
For Research, Humanitarian, and Water Management Applications 

•  Satellite-­‐based	
  River	
  Discharge	
  Measurements	
  
•  Surface	
  Water	
  Runoff	
  Measurements	
  
•  Ac:ve	
  Archive	
  of	
  Large	
  Floods	
  
•  Flood	
  Mapping	
  
•  Rapid	
  Response	
  Inunda:on	
  Maps,	
  for	
  individual	
  flood	
  events	
  



NRT Global MODIS Flood Mapping 

(http://oas.gsfc.nasa.gov/floodmap/home.html) 

NASA	
  Goddard's	
  Office	
  of	
  Applied	
  
Science	
  is	
  working	
  to	
  
opera:onalize	
  near	
  real-­‐:me	
  
global	
  flood	
  mapping	
  using	
  
available	
  satellite	
  data	
  resources	
  -­‐-­‐	
  
currently	
  the	
  twice	
  daily	
  overpass	
  
of	
  the	
  MODIS	
  instrument,	
  on	
  the	
  
Terra	
  and	
  Aqua	
  satellites.	
  	
  

Also	
  is	
  working	
  to	
  include	
  
addi:onal	
  data	
  sources,	
  such	
  as	
  
radar,	
  to	
  improve	
  coverage	
  and	
  
accuracy.	
  

The	
  MODIS	
  Near	
  Real-­‐Time	
  
Global	
  Flood	
  Mapping	
  Project	
  
produces	
  global	
  daily	
  surface	
  
and	
  flood	
  water	
  maps	
  at	
  
approximately	
  250	
  m	
  resol.,	
  
of	
  10x10	
  degree	
  :les.	
  



Site	
  1255	
  -­‐	
  Limpopo	
  River	
  in	
  Mozambique	
  	
  

-­‐1	
  

1	
  

3	
  

5	
  

7	
  

9	
  

11	
  

13	
  

15	
  

17	
  

19	
  

21	
  

23	
  

1-­‐1	
   6-­‐1	
   11-­‐1	
   16-­‐1	
   21-­‐1	
   26-­‐1	
   31-­‐1	
   5-­‐2	
   10-­‐2	
  

Flood	
  detec&on/intensity	
  (depth	
  above	
  
threshold,	
  mm)	
  
-­‐25.2	
  S,	
  33.4	
  E	
  	
  

Streamflow	
  12	
  km	
  (m3/s)	
  
-­‐25.2	
  S,	
  33.4	
  E	
  	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  
-­‐24.88	
  S,	
  33.61	
  E	
  

Comparison	
  between	
  GFMS	
  and	
  GDACS	
  

GFMS	
  

GFMS	
  

GFMS	
  



Site	
  1255	
  -­‐	
  Limpopo	
  River	
  in	
  Mozambique	
  	
  

GFMS	
  

Comparison	
  between	
  GFMS,	
  DFO	
  and	
  GDACS	
  

DFO	
  Discharge	
  (m3/s)	
  
-­‐24.88	
  S,	
  33.61	
  E	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  

-­‐24.88	
  S,	
  33.61	
  E	
  

Streamflow	
  12	
  km	
  (m3/s)	
  
-­‐25.2	
  S,	
  33.4	
  E	
  	
  

GFMS	
  



Site	
  1256	
  -­‐	
  Limpopo	
  River	
  near	
  Chokwe	
  in	
  Mozambique	
  	
  

GFMS	
  

Comparison	
  between	
  GFMS,	
  DFO	
  and	
  GDACS	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  

-­‐24.44	
  S,	
  32.89	
  E	
  

DFO	
  Discharge	
  (m3/s)	
  
-­‐24.44	
  S,	
  32.89	
  E	
  

Streamflow	
  12	
  km	
  (m3/s)	
  
-­‐24.45	
  S,	
  32.89	
  E	
  

GFMS	
  

X	
  1256	
  

GFMS	
  



Site	
  1260	
  -­‐	
  Limpopo	
  River	
  in	
  Mozambique	
  	
  

GFMS	
  

Comparison	
  between	
  GFMS,	
  DFO	
  and	
  GDACS	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  

-­‐23.53	
  S,	
  32.44	
  E	
  

DFO	
  Discharge	
  (m3/s)	
  
-­‐23.53	
  S,	
  32.44	
  E	
  

Streamflow	
  12	
  km	
  (m3/s)	
  
-­‐23.53	
  S,	
  32.40	
  E	
  

GFMS	
  

X	
  1256	
  

X	
  1260	
  

GFMS	
  



23-­‐24	
  Jan	
  2013	
  

26-­‐27	
  Jan	
  2013	
  

9-­‐10	
  Jan	
  2013	
  
Comparison	
  between	
  GFMS	
  and	
  MODIS	
  mapping	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Limpopo	
  River	
  in	
  Mozambique	
  

GFMS	
  

MODIS	
  



Flood	
  Waters	
  detected	
  by	
  TerraSAR-­‐X	
  Data	
  
24	
  January	
  2013	
  

MODIS	
  map	
  	
  
23-­‐24	
  January	
  2013	
  

GFMS	
  Streamflow	
  12	
  km	
  res.	
  (m3/s)	
  	
  
12Z	
  22	
  January	
  2013	
  

GFMS	
  Flood	
  detec&on/intensity	
  (depth	
  above	
  threshold	
  [mm])	
  
12Z	
  22	
  January	
  2013	
  



GFMS	
  Streamflow	
  at	
  12	
  km	
  and	
  1	
  km	
  

12	
  km	
  	
  

12	
  km	
  	
  

1	
  km	
  	
  

1	
  km	
  	
  



Summary	
  and	
  Conclusion	
  	
  
1.   A	
   new	
   version	
   of	
   the	
   Global	
   Flood	
   Monitoring	
   System	
   (GFMS)	
   has	
   been	
  

implemented	
   using	
   the	
   U.	
   of	
   Washington	
   VIC	
   community	
   Land	
   Surface	
  
Model	
   and	
   a	
   new	
   physically	
   based	
   DRTR	
   rou&ng	
   model	
   from	
   the	
   U.	
   of	
  
Maryland	
  for	
  more	
  accurate	
  flood	
  calcula&on.	
  The	
  new	
  coupled	
  VIC/DRTR	
  
model	
  has	
  a	
  great	
  flexibility	
  in	
  deriving	
  flood	
  informa&on	
  at	
  various	
  spa&al-­‐
temporal	
   scales	
   and	
   resolu&ons	
   with	
   a	
   priori	
   parameters	
   from	
   the	
   VIC	
  
community.	
  

2.	
   	
  The	
  evalua&on	
  of	
   	
  the	
  VIC/DRTR	
  model	
  shows	
  very	
  promising	
  performance	
  
in	
   retrospec&ve	
   runs	
   vs.	
   observed	
   streamflow	
   records	
   and	
   a	
   beper	
  
performance	
  in	
  flood	
  event	
  detec&on	
  with	
  higher	
  POD	
  while	
  having	
  similar	
  
FAR	
  than	
  the	
  previous	
  system	
  according	
  to	
  the	
  same	
  available	
  flood	
  event	
  
archives.	
  	
  

3.	
   The	
   consistent	
   model	
   performance	
   across	
   spa&al	
   resolu&ons	
   indicates	
   a	
  
promising	
   poten&al	
   of	
   the	
   new	
   satellite	
   precipita&on-­‐driven	
   GFMS	
   in	
  
deriving	
  more	
  useful	
  real-­‐&me	
  flood	
  informa&on	
  at	
  high	
  spa&al	
  resolu&ons	
  
(e.g.	
  1	
  km)	
  .	
  



Current	
  Use,	
  Future	
  Improvements	
  and	
  Possible	
  Applica&ons	
  

  The	
  current	
  or	
  past	
  versions	
  of	
  the	
  system	
  have	
  been	
  used	
  by:	
  EC/JRC	
  GDACS,	
  Int’l	
  Red	
  
Cross,	
  World	
  Food	
  Program,	
  Bureau	
  of	
  Meteorology	
  (Australia),	
  NOAA	
  NESDIS,	
  RCMRD	
  
(Kenya),	
   and	
  others.	
   The	
  current	
   system	
   is	
  new	
  and	
   improved	
  and	
  will	
   hopefully	
   see	
  
many	
  addi:onal	
  users	
  to	
  help	
  us	
  con:nually	
  define	
  or	
  develop	
  new	
  features	
  to	
  meet	
  
requirements.	
  

  We	
  are	
  currently	
  working	
  on	
  implemen:ng	
  and	
  tes:ng	
  1	
  km	
  resolu:on	
  water	
  rou:ng	
  
that	
  will	
  make	
  the	
  calcula:ons	
  more	
  useful.	
  We	
  may	
  develop	
  a	
  system	
  that	
  will	
  iden:fy	
  
poten:al	
   floods	
   at	
   the	
   coarse	
   resolu:on	
   (12	
   km),	
   but	
   then	
   show	
   results	
   at	
   1km	
  
resolu:on	
  over	
  a	
  selected	
  number	
  of	
  the	
  current	
  most	
  important	
  flood	
  events.	
  We	
  are	
  
also	
   developing	
   high	
   resolu:on	
   inunda:on	
   mapping	
   based	
   on	
   the	
   calcula:ons	
   to	
  
complement	
   the	
   streamflow	
   and	
   other	
   data,	
   and	
   for	
   more	
   direct	
   comparison	
   with	
  
satellite	
  mapping	
  of	
  floods.	
  We	
  will	
   also	
  be	
   implemen:ng	
  a	
   “dam	
  module”	
   to	
   try	
   to	
  
include	
  the	
  impact	
  of	
  man-­‐made	
  structures	
  on	
  the	
  calcula:ons.	
  

  We	
  are	
  also	
  developing	
  the	
  use	
  of	
  forecast	
  precipita:on	
  info.	
  from	
  numerical	
  models	
  
(adjusted	
   by	
   the	
   satellite	
   es:mates)	
   to	
   extend	
   the	
   calcula:ons	
   a	
   few	
   days	
   into	
   the	
  
future.	
  

  This	
   type	
   of	
   system	
   could	
   also	
   be	
   used	
   to	
   do	
   more	
   regional	
   applica:ons,	
   provide	
  
informa:on	
   for	
   rou:ne	
   water	
   management	
   calcula:ons,	
   make	
   es:mates	
   of	
  
precipita:on	
  and	
  streamflow	
  available	
  in	
  situa:ons	
  of	
  cross-­‐border	
  “missing”	
  data.	
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  resolu&on	
  inputs.	
  

Runoff	
  (VIC)	
  

Coupled	
  

Land	
  Surface	
  and	
  Rou&ng	
  Models	
  Interac&on	
  	
  

Dominant	
  River	
  Tracing-­‐based	
  Rou&ng	
  (DRTR)	
  

System	
  is	
  running	
  quasi-­‐globally	
  every	
  three	
  hours	
  at	
  1/8th	
  degree,	
  and	
  
soon	
  will	
  run	
  at	
  1km	
  resoluGon	
  for	
  selected	
  areas	
  where	
  flooding	
  is	
  

esGmated	
  with	
  possibility	
  of	
  the	
  global	
  domain.	
  



Gauge	
  selec:on	
  criteria:	
  	
  (1)	
  Gauge	
  data	
  are	
  available	
  from	
  1999;	
  (2)	
  Gauge	
  can	
  be	
  well	
  
located	
  in	
  DRT	
  upscaled	
  river	
  network,	
  which	
  serves	
  the	
  geo-­‐mask	
  for	
  all	
  model	
  simula:ons;	
  
(3)	
  Gauge	
  upstream	
  drainage	
  area>200	
  km2	
  

Streamflow	
  evalua&on	
  

580	
  gauges	
  selected	
  for	
  evalua:ng	
  simulated	
  streamflow	
  

TMPA	
  V7	
  driven	
  results	
  

NSC	
  



TMPA	
  V7	
  driven	
  (1999-­‐2011)	
  model	
  evalua&on	
  against	
  GRDC	
  gauge	
  data	
  
There	
  are	
  220	
  (out	
  of	
  580)	
  gauges	
  with	
  monthly	
  NSC	
  >	
  0	
  with	
  a	
  mean	
  of	
  0.32,	
  	
  
and	
  76	
  gauges	
  with	
  NSC	
  >	
  0.4	
  with	
  a	
  mean	
  of	
  0.57.	
  	
  
There	
  are	
  123	
  (out	
  of	
  580)	
  gauges	
  with	
  daily	
  NSC	
  >	
  0	
  with	
  a	
  mean	
  of	
  0.17.	
  

	
  Nash-­‐Sutcliffe	
  Coefficient	
  (NSC)	
  



Area	
  	
  30,334	
  	
  	
  	
  	
  	
  	
  	
  	
  31,233	
  	
  	
  	
  	
  	
  	
  	
  	
  48,073	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  782	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  50,061	
  	
  	
  	
  	
  	
  	
  	
  7,534	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10,418	
  	
  	
  	
  	
  	
  	
  3,045	
  	
  km2	
  

Model	
  Evalua&on	
  Period:	
  2000-­‐2011	
  
With	
  8	
  GRDC	
  gauges	
  

	
  Nash-­‐Sutcliffe	
  Coefficient	
  (NSC)	
  



Site	
  1262	
  -­‐	
  Changane	
  River	
  in	
  Mozambique	
  	
  

GDACS	
  Flood	
  magnitude	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  	
  
-­‐24.28	
  S,	
  33.70	
  E	
  	
  

Flood	
  detec&on/intensity	
  (depth	
  above	
  
threshold,	
  mm)	
  
-­‐24.3	
  S,	
  33.7	
  E	
  	
  

Streamflow	
  12	
  km	
  (m3/s)	
  
-­‐24.3	
  S,	
  33.7	
  E	
  

Comparison	
  between	
  GFMS	
  and	
  GDACS	
  

GFMS	
  

GFMS	
  
GFMS	
  



Site	
  1258	
  -­‐	
  Incoma&	
  River	
  in	
  Mozambique	
  	
  

GDACS	
  Flood	
  magnitude	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  	
  
-­‐25.24	
  S,	
  32.98	
  E	
  	
  

Flood	
  detec&on/intensity	
  (depth	
  above	
  
threshold,	
  mm)	
  
-­‐25.2	
  S,	
  32.9	
  E	
  	
  

Streamflow	
  12	
  km	
  (m3/s)	
  
-­‐25.2	
  S,	
  32.9	
  E	
  

GFMS	
  

GFMS	
  
GFMS	
  

Comparison	
  between	
  GFMS	
  and	
  GDACS	
  





Site	
  1255	
  -­‐	
  Limpopo	
  River	
  in	
  Mozambique	
  	
  
Comparison	
  between	
  DFO	
  and	
  GDACS	
  

DFO	
  Discharge	
  (m3/s)	
  
-­‐24.88	
  S,	
  33.61	
  E	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  

-­‐24.88	
  S,	
  33.61	
  E	
  

DFO	
  Runoff	
  (mm)	
  
-­‐24.88	
  S,	
  33.61	
  E	
  

GFMS	
  



Site	
  1256	
  -­‐	
  Limpopo	
  River	
  near	
  Chokwe	
  in	
  Mozambique	
  
Comparison	
  between	
  DFO	
  and	
  GDACS	
  

DFO	
  Discharge	
  (m3/s)	
  
-­‐24.44	
  S,	
  32.89	
  E	
  

DFO	
  Runoff	
  (mm)	
  
-­‐24.44	
  S,	
  32.89	
  E	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  

-­‐24.44	
  S,	
  32.89	
  E	
  

X	
  1256	
  

GFMS	
  



Site	
  1260	
  -­‐	
  Limpopo	
  River	
  in	
  Mozambique	
  	
  
Comparison	
  between	
  DFO	
  and	
  GDACS	
  

GDACS	
  Flood	
  magnitude	
  	
  	
  
(St.	
  dev.	
  from	
  the	
  mean)	
  

-­‐23.53	
  S,	
  32.44	
  E	
  

DFO	
  Runoff	
  (mm)	
  
-­‐23.53	
  S,	
  32.44	
  E	
  

DFO	
  Discharge	
  (m3/s)	
  
-­‐23.53	
  S,	
  32.44	
  E	
  

X	
  1256	
  

X	
  1260	
  

GFMS	
  



GDACS	
  Site	
  1255	
  
GDACS	
  Site	
  1262	
  

GDACS	
  Site	
  1258	
  

x	
  

x	
  
x	
  GFMS	
  

GDACS	
  Site	
  1256	
  

x	
  

GDACS	
  Site	
  1260	
  

x	
  


