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Cluster	  Analysis	  (Ward)	  

•  Euclidean	  distance	  between	  two	  &me-‐series	  

•  Weighted	  distance	  between	  two	  clusters	  
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Sample	  dendrogram	  



Data	  

•  Daily	  temperature	  and	  precipita&on	  records	  from	  64	  
weather	  sta&ons	  of	  the	  Italian	  Air	  Force	  network	  from	  
1st	  January	  1958	  to	  31th	  December	  1999	  	  

	  
•  Coupled,	  ocean-‐atmosphere	  limited	  area	  model	  

–  	  atmospheric	  component	  has	  a	  uniform	  horizontal	  grid	  
spacing	  of	  30	  km,	  18	  σ-‐levels.	  

–  	  lateral	  boundary	  condi&ons	  provided	  every	  6	  hours	  by	  
interpola&ng	  horizontal	  wind	  components,	  temperature,	  
specific	  humidity	  and	  surface	  pressure	  from	  ERA40	  for	  the	  
period	  1958-‐2000	  

	  



Model	  domain	  



Grid	  point	  

Weather	  Sta&on	  



Coincidence	  Table	  

64% Mod	  =	  1 Mod	  =	  2 Mod	  =	  3 

Obs	  =	  1 6 6 1 

Obs	  =	  2 14 30 0 

Obs	  =	  3 1 1 5 

Var:	  Tmin	  



Tmin	  

Observa3ons	   Model	  

Coincidence	  64%	  



Tmax	  

Observa3ons	   Model	  

Coincidence	  28%	  



Rainfall	  

Observa3ons	   Model	  

Coincidence	  60%	  



Tmin	  –	  Alpine	  Region	  cluster	  



Tmax	  –	  Alpine	  Region	  cluster	  



Rainfall	  –	  Alpine	  Region	  cluster	  



Tmax	  extremes	  



Conclusions	  
•  Iden&fied	  homogenous	  clima3c	  zones	  by	  using	  the	  Ward’s	  method	  	  
•  Closest	  match	  between	  model	  and	  observa&ons	  is	  for	  the	  case	  of	  

daily	  minimum	  temperature	  
•  Maximum	  temperature	  shows	  an	  unrealis&c	  summer	  peak	  during	  

summer	  over	  most	  part	  of	  the	  considered	  domain	  
•  The	  model	  shows	  also	  a	  tendency	  to	  overes&mate	  total	  rainfall	  

especially	  during	  spring	  and	  early	  summer	  
•  Late	  spring	  and	  summer	  mismatches	  may	  be	  corrected	  by	  locally	  

adjus&ng	  land-‐atmosphere	  interac&ons	  through	  changes	  in	  the	  
land-‐atmosphere	  energy	  fluxes	  and	  atmospheric	  deep-‐convec3on.	  

•  During	  winter	  and	  fall,	  a	  large	  frac&on	  of	  total	  rainfall	  is	  associated	  
to	  well-‐characterized	  large	  scale	  circula&on	  pacerns.	  In	  this	  case,	  a	  
model	  improvement	  is	  likely	  to	  require	  substan&al	  tes&ng	  of	  the	  
ability	  to	  correctly	  describe	  the	  propaga&on	  of	  synop3c	  scale	  
circula3on	  pa*erns.	  



Tmin	  

Observa3ons	   Model	  



Tmax	  

Observa3ons	   Model	  



Rainfall	  

Observa3ons	   Model	  



Seas cycle: Tmax3 

Seas cycle: Tmax2 

Seas cycle:  Tmax1 

 1 

Seas cycle: Prec1 

Seas cycle: Prec2 

Seas cycle: Prec3 
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(b) Tmin<-2σ: cluster 2 

(c) Tmin<-2σ: cluster 3 

(a) Tmin<-2σ: cluster 1 

 1 

(a) Tmax> 2σ: cluster 1 

(b) Tmax> 2σ: cluster 2 

 

(c) Tmax> 2σ: cluster 3 
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(a) Prec> 2σ: cluster 2 

 

(b) Prec> 2σ: cluster 3 

 


