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Climate	
  change	
  effects	
  

on	
  land	
  surface	
  processes	
  
can	
  lead	
  to	
  increased	
  risk:	
  

	
  
Floods	
  and	
  extreme	
  events,	
  

landslides,	
  droughts,	
  heat	
  waves,	
  
ecosystem	
  func3ons	
  and	
  services,	
  

food	
  and	
  energy	
  produc3on,	
  
health,	
  geopoli3cal	
  instabili3es	
  

	
  
Most	
  of	
  these	
  impacts	
  are	
  linked	
  

with	
  changes	
  in	
  the	
  hydrological	
  cycle	
  
	
  



Global	
  Climate	
  Models:	
  The	
  most	
  
advanced	
  tools	
  that	
  are	
  currently	
  
available	
  for	
  simula6ng	
  the	
  global	
  
climate	
  system	
  and	
  its	
  response	
  to	
  
anthropogenic	
  and	
  natural	
  forcings.	
  	
  

To	
  es3mate	
  future	
  risks,	
  we	
  need	
  	
  
climate	
  and	
  impact	
  models	
  

Impact	
  models:	
  
Basin	
  response	
  
Ecosystems	
  

Glaciers	
  and	
  snow	
  
Agriculture,	
  Land	
  surface	
  



Problem:	
  
	
  

Most	
  climate	
  change	
  impacts	
  	
  
take	
  place	
  at	
  local	
  scale	
  	
  

	
  
Global	
  Climate	
  Models	
  

currently	
  provide	
  climate	
  projec3ons	
  
spa3al	
  resolu3on	
  between	
  40	
  and	
  100	
  km	
  

	
  
So:	
  scale	
  mismatch	
  and	
  

need	
  for	
  climate	
  downscaling	
  
	
  



Climate	
  downscaling	
  approaches:	
  
	
  

Dynamical	
  downscaling	
  
Regional	
  Climate	
  Models	
  	
  
(eg	
  RegCM,	
  Protheus)	
  
Non-­‐hydrosta6c	
  models	
  	
  
(eg	
  COSMO-­‐CLM,	
  WRF)	
  

	
  
Sta3s3cal	
  downscaling	
  

	
  
Stochas3c	
  (rainfall)	
  downscaling	
  



Dynamical	
  downscaling	
  



Components	
  
of	
  the	
  regional	
  model	
  

RegCM3	
  

MedMIT	
  

18	
  sigma	
  ver3cal	
  levels	
  
	
  
30	
  Km	
  horizontal	
  resolu3on	
  

42	
  ver3cal	
  levels	
  
	
  
1/8°	
  x	
  1/8°	
  horizontal	
  resolu3on	
  

BATS	
  +	
  IRIS	
  

BATS:	
  Biosph.-­‐Atmosph.	
  Transfer	
  Scheme	
  
	
  

IRIS:	
  interac6ve	
  RIvers	
  Scheme	
  

SST	
  

HF-­‐WF-­‐Wind	
  

Computa3onal	
  domain	
  
“An	
  Atmosphere-­‐Ocean	
  Regional	
  Climate	
  Model	
  for	
  the	
  
Mediterranean	
  area:	
  Assessment	
  of	
  a	
  Present	
  Climate	
  
Simula<on”.	
  The	
  Protheus	
  Group,	
  Clim.	
  Dynamics.	
  2009	
  	
  

Regional climate model “Protheus” – ICTP - ENEA UTMEA 

UTMEA	
  -­‐	
  CLIM	
  Lab.	
  

A	
  collabora6on	
  between	
  ICTP	
  and	
  ENEA	
  UTMEA-­‐CLIM	
  

OASIS	
  3	
  
Freq.	
  6h	
  



Climate	
  simula3ons	
  (30	
  years)	
  with	
  WRF	
  at	
  high	
  spa3al	
  resolu3on	
  (0.11°	
  and	
  0.04°)	
  
nested	
  into	
  reanalyses	
  (to	
  be	
  nested	
  also	
  into	
  the	
  EC-­‐Earth	
  GCM)	
  

Total	
  precipita3on	
  
	
  

from	
  WRF	
  climate	
  
simula3ons	
  at	
  4	
  km	
  

January	
  1979	
  

Simula6ons	
  	
  @	
  Leibniz-­‐
Rechenzentrum	
  (LRZ)/
SuperMUC,	
  Munich	
  

	
  
Alexandre	
  Pieri	
  et	
  al,	
  
In	
  prepara6on	
  2014	
  

Non-­‐hydrosta6c	
  RCMs:	
  	
  
simula6ons	
  with	
  WRF	
  

WRF	
  -­‐	
  Weather	
  Research	
  &	
  Forecas3ng	
  Model	
  
h\p://www.wrf-­‐model.org/index.php	
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Sta3s3cal	
  downscaling	
  
Find	
  sta6s6cal	
  rela6onships	
  between	
  large-­‐scale	
  climate	
  features	
  

and	
  fine-­‐scale	
  climate	
  for	
  a	
  give	
  region:	
  
	
  

1.	
  Find	
  a	
  large-­‐scale	
  predictor	
  
2.	
  Determine	
  its	
  rela6on	
  with	
  a	
  predictand	
  	
  

3.	
  Use	
  the	
  projected	
  value	
  of	
  the	
  predictor	
  to	
  es6mate	
  the	
  future	
  
value	
  of	
  the	
  predictand	
  (assuming	
  sta6onarity)	
  

Generalized	
  Linear	
  
Model	
  (GLM)	
  

Large-­‐scale	
  
predictors	
  

Large-­‐scale	
  
predictors	
  

GCMs,	
  Reanalyses	
  

GCMs	
  Projec3ons	
  

Historical	
  Period	
  
(calibra6on)	
  

Local	
  
Predictands	
  

Local	
  
Predictands	
  Future	
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Highly	
  intermi\ent	
  fields	
  such	
  as	
  rainfall	
  can	
  be	
  difficult	
  to	
  
handle	
  with	
  dynamical	
  or	
  sta6s6cal	
  downscaling	
  (no	
  simple	
  

interpola6on	
  is	
  possible).	
  

Stochas3c	
  downscaling	
  

An	
  alternate	
  approach	
  is	
  stochas3c	
  downscaling	
  
which	
  leads	
  to	
  ensemble	
  projec6ons	
  

convective cells 

Synoptic scale 

mesoscale 
structures 

-­‐ 	
  Highly	
  non-­‐homogeneous	
  phenomenon	
  	
  

-­‐ 	
  Organized	
  in	
  hierarchic	
  structures	
  (scaling	
  
property	
  of	
  rainfall)	
  
	
  
-­‐	
  Highly	
  	
  intermigent	
  	
  in	
  	
  space	
  	
  and	
  3me	
  	
  
(alterna6ng	
  between	
  dry	
  and	
  rainy	
  periods).	
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α	
  
Slope	
  derived	
  from	
  P	
  
and	
  propagated	
  to	
  
smaller	
  scales	
  

RainFARM	
  uses	
  simple	
  sta6s6cal	
  
proper6es	
  of	
  large-­‐scale	
  rainfall	
  
fields,	
  such	
  as	
  the	
  shape	
  of	
  the	
  
power	
  spectrum,	
  and	
  generates	
  

small-­‐scale	
  rainfall	
  fields	
  
propaga3ng	
  this	
  informa3on	
  to	
  
smaller	
  (unreliable/unresolved)	
  
scales,	
  provided	
  that	
  the	
  input	
  
field	
  shows	
  a	
  (approximate)	
  

scaling	
  behaviour	
  

SPATIAL	
  Power	
  spectrum	
  of	
  rainfall	
  field	
  

P(X,	
  Y,	
  T),	
  input	
  field	
  
L0,	
  T0:	
  reliability	
  scales	
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Stochas3c	
  downscaling	
  
RainFARM	
  (Rainfall	
  Filtered	
  Auto	
  Regressive	
  Model)	
  



§ 	
  122	
  rain	
  gauges	
  
§ 	
  1958-­‐2001	
  
§ 	
  Daily	
  resolu6on	
  
	
   	
  

PROTHEUS:	
  Δx≈30km	
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§ 	
  Al6tude	
  max:	
  2526	
  m	
  
§ 	
  Al6tude	
  min:	
  127	
  m	
  

33	
  pixels	
  

D’Onofrio	
  et	
  al.,	
  	
  
J.	
  Hydrometeor,	
  	
  

15,	
  830–843,	
  2014	
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Stochas3c	
  downscaling	
  
RainFARM	
  (Rainfall	
  Filtered	
  Auto	
  Regressive	
  Model)	
  



Global	
  climate	
  model	
   Regional	
  climate	
  model	
  

Sta6s6cal/stochas6c	
  
downscaling	
  

	
  

Impact	
  on	
  	
  
eco-­‐hydrological	
  processes	
  

The	
  downscaling-­‐impact	
  chain	
  



Troubles,	
  oh	
  troubles	
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Palazzi	
  E.,	
  von	
  Hardenberg	
  J.,	
  Provenzale	
  A.:	
  Precipita<on	
  in	
  the	
  Hindu-­‐Kush	
  Karakoram	
  Himalaya:	
  Observa<ons	
  
and	
  future	
  scenarios,	
  JGR	
  2013	
  

The	
  chain	
  of	
  uncertain3es:	
  (1)	
  data	
  for	
  model	
  valida6on	
  
Summer	
  precipita6on	
  (JJAS),	
  Mul6annual	
  average	
  1998-­‐2007	
  



The	
  chain	
  of	
  uncertain3es:	
  (2)	
  spread	
  between	
  CMIP5	
  models	
  	
  

Palazzi	
  E.,	
  von	
  Hardenberg	
  J.,	
  
Terzago	
  S.,	
  Provenzale	
  A.:	
  	
  

Precipita<on	
  in	
  the	
  Karakoram-­‐Himalaya:	
  	
  
A	
  CMIP5	
  view,	
  Climate	
  Dynamics,	
  	
  

2014	
  (in	
  press)	
  



And	
  the	
  spread	
  of	
  CMIP5	
  temperatures	
  



Precipita3on	
  sta3s3cs	
  from	
  WRF	
  (Pakistan	
  Flood	
  2010)	
  	
  
1-­‐
CD

F	
  

July	
  29,	
  2010	
  

Francesca	
  Viterbo	
  et	
  al.,	
  in	
  prepara6on	
  (2014)	
  



The	
  chain	
  of	
  uncertain3es:	
  (3)	
  downscaling	
  

Gabellani,	
  Boni,	
  Ferraris,	
  	
  
von	
  Hardenberg,	
  Provenzale	
  
Adv.	
  Water	
  Res.	
  2007	
  



The	
  chain	
  of	
  uncertain3es:	
  (4)	
  local	
  impact	
  models	
  	
  

Simona	
  Imperio,	
  Radames	
  Bionda,	
  Ramona	
  Viterbi,	
  Antonello	
  Provenzale,	
  
Alpine	
  rock	
  ptarmigan,	
  PLOS	
  One,	
  2013	
  



Climate	
  change	
  and	
  forest	
  fires	
  

The	
  year-­‐to-­‐year	
  changes	
  in	
  NF	
  and	
  BA	
  	
  
are	
  mainly	
  related	
  to	
  climate	
  variability.	
  	
  

The	
  climate	
  acts	
  mainly	
  on	
  two	
  aspects:	
  	
  
(i)	
  antecedent	
  climate	
  à	
  fuel	
  to	
  burn;	
  (ii)	
  
coincident	
  climateà	
  fuel	
  flammability.	
  

Long-­‐term	
   changes	
   à	
   human	
   ac6vi6es,	
  
climate	
  trends.	
  

Turco	
  et	
  al.	
  Clima6c	
  Change	
  2013,	
  2014,	
  NHESS	
  2013	
  

The	
  chain	
  of	
  uncertain3es:	
  (4)	
  local	
  impact	
  models	
  	
  



Fire	
  response	
  to	
  climate	
  trends	
  	
  

Climate drivers = both interannual variability and trend are driven by climate 
All  drivers= MLR considers the year-to-year climate variation + overall trend 

Uncertainty	
  bands:	
  includes	
  90%	
  of	
  the	
  members	
  of	
  1000	
  different	
  bootstrap	
  replicates	
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Impact	
  of	
  future	
  climate	
  change	
  on	
  wildfires	
  	
  

NF BA 
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Observed

•	
  Future	
  response	
  depends	
  on	
  management	
  strategies	
  
	
  
•	
  Uncertainty	
  in	
  RCM	
  scenarios	
  is	
  larger	
  than	
  impact	
  	
  
	
  	
  	
  	
  model	
  uncertain6es	
  for	
  forest	
  fires	
  



	
  
Conclusions	
  (?)	
  

	
  
Scale	
  mismatch	
  between	
  climate	
  models	
  	
  
(and	
  drivers)	
  and	
  land	
  surface	
  response:	
  	
  
need	
  for	
  downscaling	
  (and	
  upscaling)	
  

and	
  considera6on	
  of	
  cross-­‐scale	
  interac6ons	
  
	
  	
  

Huge	
  uncertain3es	
  in	
  data,	
  climate	
  models,	
  
downscaling	
  procedures,	
  impact	
  models:	
  
need	
  for	
  ensemble	
  approaches,	
  need	
  for	
  	
  
uncertainty	
  es3mates,	
  need	
  for	
  cau3on	
  
in	
  providing	
  and	
  interpre6ng	
  results.	
  

	
  



	
  

To	
  address	
  these	
  issues,	
  
Open-­‐access	
  EO	
  and	
  in	
  situ	
  data	
  are	
  essen3al	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
  

We	
  know	
  a	
  lot,	
  but	
  s3ll	
  not	
  enough	
  
	
  

Applica3on	
  must	
  be	
  based	
  on	
  solid	
  grounds:	
  
further	
  research	
  and	
  understanding	
  
of	
  climate	
  and	
  land	
  surface	
  systems	
  

are	
  necessary	
  
	
  

The	
  role	
  of	
  interdisciplinary	
  approaches	
  
In	
  Geosciences	
  is	
  crucial:	
  we	
  need	
  to	
  think	
  

In	
  terms	
  of	
  Earth	
  System	
  Science	
  



Thank	
  you	
  for	
  your	
  a,en.on!	
  


