


Is	
  this	
  too	
  much?	
  



Το σύνολο είναι 
µεγαλύτερο 
από το 

άθροισµα των 
µερών 



Strong	
  emergence	
  says	
  that	
  systems	
  can	
  have	
  quali3es	
  
not	
  directly	
  traceable	
  to	
  the	
  system's	
  components,	
  but	
  
rather	
  to	
  how	
  those	
  components	
  interact.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Complex	
  systems	
  are	
  systems	
  where	
  the	
  collec3ve	
  
behavior	
  of	
  their	
  parts	
  entails	
  emergence	
  of	
  proper3es	
  
that	
  can	
  hardly,	
  if	
  at	
  all,	
  be	
  inferred	
  from	
  proper3es	
  of	
  
the	
  parts.	
  



Complex	
  system	
  theory	
  is,	
  well,	
  complex!	
  

Let’s	
  keep	
  it	
  simple…	
  



p1	
   m1	
  

where	
  pi	
  is	
  a	
  “part”,	
  e.g.,	
  a	
  surface	
  sta3on,	
  and	
  mi	
  is	
  a	
  benefit	
  from	
  
that	
  part.	
  The	
  total	
  benefit	
  to	
  society	
  (emergence)	
  is:	
  

E = mi
i
∑

so	
  that	
  the	
  whole	
  (benefit)	
  is	
  equal	
  to	
  the	
  sum	
  of	
  the	
  parts.	
  	
  

p3	
   m3	
  

p2	
   m2	
  

p4	
   m4	
  

The	
  Total	
  Benefit	
  from	
  Independent	
  Parts	
  



p1	
  

The	
  Total	
  Benefit	
  from	
  an	
  Integrated,	
  	
  
Coordinated	
  Network	
  of	
  Parts	
  

!E = [mi +β(F)]
i
∑ > mi

i
∑

p3	
  

p2	
   m2+β(F) 

p4	
  

where	
  pi	
  is	
  a	
  part,	
  mi	
  is	
  a	
  benefit	
  from	
  that	
  part,	
  and	
  β(F)	
  is	
  an	
  added	
  
benefit.	
  The	
  total	
  benefit	
  to	
  society	
  (emergence)	
  is:	
  

so	
  that	
  the	
  whole	
  is	
  greater	
  than	
  the	
  sum	
  of	
  the	
  parts.	
  	
  

External	
  Forcing,	
  F	
  
(coordina9on)	
  

m4+β(F) m1+β(F) 

m3+β(F) 



There	
  are	
  many	
  individual	
  in	
  situ	
  measurement	
  
sites,	
  some	
  going	
  back	
  many	
  decades.	
  They	
  all	
  
operate	
  independently.	
  



Similarly,	
  there	
  are	
  many	
  individual	
  satellites.	
  
Most	
  operate	
  independently.	
  



Cryospheric observation 
stations in China  

Ø  National supported 
observation stations：2 

Ø  Academy-based 
observation stations：3 

Ø  Institute-based 
observation stations：9 

Institute 

National 

Academic 

The challenges are varying ownership, 
operational status, measurement methods,	

WMO 

both for in situ…	





…and satellite systems	





Elements of Integration and Coordination 
(the “forcing”) 
•  Measurement	
  standards	
  and	
  best	
  prac3ces	
  
•  Community	
  assessment	
  of	
  observa3onal	
  requirements	
  
•  Community	
  assessment	
  of	
  user	
  requirements	
  
•  Quality	
  control	
  and	
  maturity	
  assessments	
  
•  Core	
  sets	
  of	
  measurements	
  
•  Data	
  standards	
  
•  Data	
  distribu3on	
  interoperability	
  
•  Coordina3on	
  with	
  other	
  observing	
  systems	
  (in	
  situ	
  +	
  

satellite)	
  
•  Broader	
  par3cipa3on	
  by	
  countries	
  
•  Increased	
  funding	
  opportuni3es	
  
•  Sustainability	
  



Example of basic coordination: International Arctic Systems for 
Observing the Atmosphere (IASOA) 



Example	
  of	
  basic	
  coordina3on:	
  Virtual	
  Satellite	
  
Constella3on	
  for	
  Sea	
  Surface	
  Temperature	
  



Assessment	
  with	
  the	
  goal	
  of	
  integra3on:	
  
Integrated	
  Global	
  Observing	
  Strategy	
  Partnership	
  

The	
  IGOS	
  themes	
  were	
  developed	
  primarily	
  to	
  assess	
  current	
  
observing	
  systems,	
  including	
  capabili3es	
  and	
  requirements.	
  



WMO 

The	
  IGOS	
  Cryosphere	
  Theme	
  
led	
  to	
  a	
  broader	
  effort…	
  



Global Cryosphere Watch (GCW) 

GCW will provide authoritative, clear, 
and useable data, information, and 
analyses on the past, current and 
future state of the cryosphere to meet 
the needs of WMO Members and 
partners in delivering services to 
users, the media, public, decision and 
policy makers 
 

GCW was approved by the 
World Meteorological 
Organization Congress in 2011 
 



GCW coordination 
element: 
Measurement 
standards and 
practices 



•  Routine evaluation of products 
•  Product intercomparisons 
•  Self-assessements of maturity, etc. 
•  Products meet user needs 
•  Sustainable product development  

and production 
•  Transfer from research to operations 

SWE derived from SSM/I for Western Canada 

WMO 

GCW coordination element: Authoritative Products 



GCW coordination 
element: 
Integration across 
observing systems 



The	
  GCW	
  web	
  portal	
  will	
  provide	
  the	
  ability	
  to	
  exchange	
  cryosphere	
  data,	
  
metadata,	
  informa3on	
  and	
  analyses	
  among	
  a	
  distributed	
  network	
  of	
  providers	
  
and	
  users	
  in	
  support	
  of	
  informed	
  decision-­‐making.	
  	
  	
  

METNO	
  

GCW coordination element: Data Interoperability 



GCW 
coordination 
element: 
information 
integration 
and 
distribution 

globalcryospherewatch.org 
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Layers	
  of	
  	
  
Coordina3on	
  



The	
  Total	
  Benefit	
  from	
  a	
  System	
  of	
  Systems	
  

!!E =
n
∑ [mi +β(F)]

i
∑ !>> !E

At	
  this	
  level,	
  the	
  external	
  forcing	
  and	
  hence	
  the	
  added	
  benefit	
  is	
  
smaller.	
  The	
  total	
  benefit	
  to	
  society	
  is:	
  

so	
  that	
  the	
  whole	
  is	
  not	
  significantly	
  greater	
  than	
  the	
  sum	
  of	
  the	
  parts.	
  	
  

External	
  Forcing,	
  F	
  
(smaller)	
  	
  

!	





Benefit	
  and	
  Forcing	
  vs	
  Level	
  of	
  Coordina3on	
  

Note:	
  This	
  above	
  is	
  a	
  qualita9ve	
  assessment	
  based	
  on	
  experience,	
  not	
  quan9ta9ve	
  evidence.	
  

Level	
  of	
  Coordina3on	
  

E()	


(benefit)	



F (forcing)	



Many	
  elements	
  of	
  
integra3on	
  and	
  
coordina3on	
  

Very	
  lible	
  can	
  
be	
  added	
  



This	
  picture	
  is	
  made	
  up	
  of	
  1,000s	
  of	
  	
  versions	
  of	
  the	
  picture	
  at	
  upper	
  leF.	
  
	
  




