
Recommenda)on	  to	  develop	  a	  unified	  large-‐scale	  
hydrological	  system	  to	  consider	  mul)-‐scale	  

predic)ons,	  projec)ons	  and	  analyses.	  

1-‐15	  day	  EPS	  

0-‐6	  month	  	  

1-‐100	  years	  

ESSENTIAL:	  
Forcing	  QPF	  consistency	  
	  	  	  	  	  	  (cri;cal)	  
Climate	  model	  culling……	  

Calibra;on	  
(essen;al,	  necessary)	  

Matching	  forcing-‐model	  

Hydrological	  model	  
choice?	  

• Physical	  !!	  
• Don’t	  neglect	  hybrid	  
	  	  lump-‐distributed	  !	  

Risk=(probability)	  x	  (cost)	  
For	  u;lity,	  f’casts	  must	  be	  probabilis;c	  

Dissemina)on	  and	  
Communica)on	  

• Producing	  a	  forecast	  is	  
only	  50%	  of	  the	  work	  
• Essen;al	  to	  develop	  
strategies.	  
• Developing	  world	  
perspec;ves	  important	  

Hopson	  and	  Webster	  (2010)	  Webster	  et	  al.	  (2011)	  
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	  	  	  	  IFF:	  
 Well	  calibrated	  physical	  model	  
 Sta;s;cally	  rendered	  QPFs	  
 Technology	  exists	  now!	  Develop	  
macro	  hydrological	  predic;on	  system	  
for	  US	  

 But,	  during	  low	  precipita;on	  	  periods,	  
much	  more	  difficult	  

Cri;cal	  issues!	  Aquifer,	  draw-‐down	  and	  
etc:	  not	  insurmountable:	  PRIORITY	  

10-‐day	  quan;ta;ve	  probabilis;c	  
forecasts	  are	  opera;onal:	  	  

2009	  India	  drought	  	  

Hopson	  and	  Webster	  (2010)	  Webster	  et	  al.	  (2011)	  Webster	  and	  Jian	  (2011)	  
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 b) Rainfall (ECMWF)a) Rainfall (CMORPH)

[mm/day]

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  JULY	  27-‐28	  
OBSERVED	  RAINFALL	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PREDICTED	  ON	  23	  JULY	  2010	  

ECMWF	  (Rendered)	  QPFs	  for	  Pakistan	  July/August	  2010	  

2      4       6       8      10    12     14    16   18     20     30    40

 b) Rainfall (ECMWF)a) Rainfall (CMORPH)

[mm/day]

ECMWF	  EPS	  based	  forecasts	  
of	  rainfall	  over	  northern	  
Pakistan	  obtained	  both	  
distribu;on,	  magnitude	  and	  
;ming	  of	  the	  5	  major	  
monsoon	  pulses	  that	  
caused	  the	  devasta;ng	  
floods.	  

A	  coupled	  hydrological	  
model	  forced	  by	  these	  
precipita;on	  	  forcing	  
distribu;ons	  would	  have	  
provided	  high	  probabili;es	  
of	  flooding	  7-‐10	  days	  in	  
advance	  

Webster,	  Toma,	  Kim	  (2011)	  GRL	  
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Same	  model	  construct	  
AR-‐4	  model	  input	  
Models	  culled	  re	  current	  climate	  
Calibrated	  re	  present	  discharge	  

This	  approach	  scales	  in	  space	  and	  ;me:	  
Flood	  frequency	  projec;ons	  for	  the	  Brahmaputra	  &	  Ganges:	  2000-‐2100	  	  

GHG	  (2000)	  

Durtaion	  dura;on	  >	  10days	  

Informa;on	  for	  policy	  makers	  regarding	  
log-‐term	  and	  high	  cost	  projects	  
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