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Global	  and	  local	  threats	  	  
(climate	  change,	  pollu1on,	  land-‐use	  change,	  	  

alien	  species,	  habitat	  fragmenta1on)	  are	  changing	  	  
ecosystem	  structure,	  func6ons,	  	  

processes	  and	  services	  
	  

Loss	  of	  ecosystem	  services	  (clean	  air	  and	  water,	  	  
slope	  stability,	  water	  regula1on,	  raw	  materials,	  

sustainable	  tourism,religious	  and	  aesthe1c	  values)	  	  
is	  a	  major	  issue	  of	  the	  Anthropocene	  

	  
	  
	  
	  
	  
	  



	  

Loss	  of	  ecosystem	  services:	  	  
a	  problem	  at	  con4nental	  scale	  with	  local	  modula4on	  

	  

	  

	  

	  

	  

	  

	  

	  

	   Beierkuhnlein,	  Jaeschke,	  Provenzale	  in	  prep.	  	  

Drivers	  and	  Responses	  

Climate	  Change	   Pollu1on	   Land	  Cover	  Change	   Biodiversity	  Response	  

•  Con1nental-‐scale	  and	  local	  drivers	  of	  the	  loss	  of	  ecosystem	  services	  
•  Rapid	  and	  large-‐scale	  responses	  are	  problema1c	  for	  monitoring	  and	  policy	  	  
•  Priority	  areas	  must	  be	  defined	  
•  Need	  for	  future	  projec1ons	  on	  ecosystem	  state	  and	  services	  



Monitoring	  and	  
measurements	  

Data	  analysis	  	  
and	  interpreta6on	  

Ecosystem	  models	  

Ecosystem	  theory	  

How	  do	  we	  address	  predic6on	  of	  
ecosystem	  response	  to	  global	  change?	  



Monitoring	  and	  
measurements	  

Data	  analysis	  	  
and	  interpreta6on	  

Ecosystem	  models	  
Climate	  and	  

environmental	  
change	  scenarios	  

Ecosystem	  response	  
and	  change	  

Ecosystem	  theory	  



Ecosystem	  
models	  

Global	  climate	  	  
and	  environmental	  
change	  scenarios	  

Ecosystem	  
response	  and	  

change	  



Global	  Climate	  Models:	  The	  most	  
advanced	  tools	  that	  are	  currently	  
available	  for	  simula1ng	  the	  global	  
climate	  system	  and	  its	  response	  to	  
anthropogenic	  and	  natural	  forcings.	  	  

Ecosystem	  models	  
(determinis1c,	  empirical)	  

	  
Biodiversity	  es6mates/models	  

Precipita6on	  



A	  known	  problem:	  
	  

Ecosystem	  response	  to	  climate	  change	  	  
oMen	  takes	  place	  at	  local	  scale	  	  

	  
Global	  Climate	  Models	  

currently	  provide	  climate	  projec6ons	  
spa6al	  resolu6on	  between	  40	  and	  100	  km	  

	  
So:	  scale	  mismatch	  and	  

need	  for	  climate	  downscaling	  
	  



Dynamical	  downscaling	  



Climate	  simula6ons	  (30	  years)	  with	  WRF	  at	  high	  spa6al	  resolu6on	  (0.11°	  and	  0.04°)	  
nested	  into	  reanalyses	  (to	  be	  nested	  also	  into	  the	  EC-‐Earth	  GCM)	  

Total	  precipita6on	  
	  

from	  WRF	  climate	  
simula6ons	  at	  4	  km	  

January	  1979	  

Simula1ons	  	  @	  Leibniz-‐
Rechenzentrum	  (LRZ)/
SuperMUC,	  Munich	  

	  
Alexandre	  Pieri	  et	  al,	  

J.	  Hydrometeorology	  2015	  

Non-‐hydrosta1c	  RCMs:	  	  
simula1ons	  with	  WRF	  

WRF	  -‐	  Weather	  Research	  &	  Forecas6ng	  Model	  
hZp://www.wrf-‐model.org/index.php	  	  
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Global	  climate	  model	   Regional	  climate	  model	  

Sta6s6cal/stochas6c	  
downscaling	  

	  

Impact	  on	  	  
eco-‐hydrological	  processes	  

The	  downscaling-‐impact	  chain	  



Troubles,	  oh	  troubles	  



Aphrodite JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20
mm/day

CRU JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20
mm/day

GPCC JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20
mm/day

TRMM JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20
mm/day

GPCP JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20
mm/day

ERA−Interim JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20
mm/day

Palazzi	  E.,	  von	  Hardenberg	  J.,	  Provenzale	  A.:	  Precipita9on	  in	  the	  Hindu-‐Kush	  Karakoram	  Himalaya:	  Observa9ons	  
and	  future	  scenarios,	  JGR	  2013	  

The	  chain	  of	  uncertain6es:	  data	  for	  model	  valida6on	  
Summer	  precipita1on	  (JJAS),	  Mul1annual	  average	  1998-‐2007	  



The	  chain	  of	  uncertain6es:	  spread	  between	  CMIP5	  models	  	  

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

Precipita9on	  in	  the	  Karakoram-‐Himalaya:	  	  
A	  CMIP5	  view,	  Climate	  Dynamics,	  2015	  



and	  the	  spread	  of	  CMIP5	  temperatures	  



Precipita6on	  sta6s6cs	  from	  WRF	  (Pakistan	  Flood	  2010)	  	  
1-‐
CD

F	  

July	  29,	  2010	  

Francesca	  Viterbo	  et	  al.,	  sub	  judice	  (2015)	  



Climate	  change,	  snow	  and	  mountain	  ecosystems:	  	  
Alpine	  ibex	  at	  the	  Gran	  Paradiso	  Na6onal	  Park	  
Jacobson,	  Provenzale,	  Bassano,	  von	  Hardenberg,	  Festa-‐Bianchet,	  Ecology,	  2004	  
Mignaa,	  Casagrandi,	  Provenzale,	  von	  Hardenberg,	  Gabo,	  Wildlife	  Biology,	  2012	  

Missing	  processes	  in	  ecological	  models	  



Interac6on	  between	  snow	  cover	  
and	  compe66on	  for	  resources	  

Reduced	  winter	  snow:	  
increased	  adult	  survival	  



“Out-‐of-‐sample” predic6ons	  
Train	  the	  model	  on	  the	  first	  por6on	  of	  the	  data	  and	  use	  it	  
to	  predict	  the	  following	  behavior	  of	  the	  system	  

yn = a+ b
± Xn + c

± Sn + e
± XnSn +σ

± Wn

yn = a+ b
± Nn + c

± Sn + e
± NnSn +σ

± Wn



“Out-‐of-‐sample” predic6ons	  
Train	  the	  model	  on	  the	  first	  por6on	  of	  the	  data	  and	  use	  it	  
to	  predict	  the	  following	  behavior	  of	  the	  system	  



Possible	  mismatch	  between	  plant	  
blooming	  and	  ibex	  birth	  date	  

An	  even	  more	  complex	  interac6on	  between	  snow	  
cover	  and	  popula6on	  dynamics	  

Reduced	  	  
winter	  snow:	  	  
DECREASED	  	  
KID	  SURVIVAL	  !	  

Snow	  can	  have	  a	  double	  	  
and	  contras6ng	  effect	  



Sta6s6cal	  uncertain6es	  	  
in	  ecological	  models	  	  

Simona	  Imperio,	  Radames	  Bionda,	  Ramona	  Viterbi,	  Antonello	  Provenzale,	  
Alpine	  Rock	  Ptarmigan,	  PLOS	  One,	  2013	  



Climate	  change	  and	  forest	  fires	  

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

Climate	  acts	  on	  two	  aspects:	  	  
antecedent	  climate	  à	  fuel	  availability	  	  
current	  climate	  à	  fuel	  flammability	  

Drivers	  à	   climate	   variability	   and	   trends,	  
preven1on	  and	  management	  strategies	  

Turco	  et	  al.	  Clima1c	  Change	  2013,	  2014,	  NHESS	  2013	  

Missing	  drivers	  in	  response	  models	  	  



Fire	  response	  to	  climate	  trends	  	  

Climate drivers = both interannual variability and trends are driven only by climate 
All  drivers = includes the trend of prevention measures 
 
Consideration of the trends of management strategies is crucial for a correct 
forecast 

Uncertainty	  bands:	  includes	  90%	  of	  the	  members	  of	  1000	  different	  bootstrap	  replicates	  
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Conclusions	  1a	  (from	  climate	  to	  ecosystems)	  

	  
Scale	  mismatch	  between	  climate	  models	  	  
(and	  drivers)	  and	  land	  surface	  response:	  	  

need	  for	  climate	  downscaling	  	  
	  

Huge	  uncertain6es	  in	  data,	  climate	  models,	  
downscaling	  procedures,	  impact	  models:	  
need	  for	  ensemble	  approaches,	  need	  for	  	  
uncertainty	  es6mates,	  need	  for	  cau6on	  
in	  providing	  and	  interpre1ng	  results.	  

	  



Conclusions	  1b	  (from	  climate	  to	  ecosystems)	  
From	  climate	  change	  hotspots	  
to	  ecosystem	  response	  hotspots	  

	  

Turco,	  Palazzi,	  von	  Hardenberg,	  Provenzale,	  GRL,	  2015	  



Ecosystem	  
models	  

Global	  climate	  	  
and	  environmental	  
change	  scenarios	  

Ecosystem	  
response	  and	  

change	  

Ecosystem	  feedbacks	  on	  climate	  



 
 
 
 
 

Climate  
downscaling 

 
 
 
 
 
 
 
 
 
 
 



 
 
 

Upscaling of 
ecosystem 
feedbacks  

 
Rietkerk et al. 

Ecological complexity 2011 
 
 
 
 
 
 
 
 
 
 



Vegeta6on	  paberns	  in	  arid	  and	  semi-‐arid	  regions	  
Rietkerk	  et	  al.,	  The	  American	  Naturalist	  160	  (4),	  2002	  



What	  is	  the	  role	  of	  	  
small-‐scale	  spa6al	  vegeta6on	  paberns?	  

	  
and	  
	  

Do	  we	  need	  to	  keep	  paberns	  into	  account	  
when	  we	  run	  a	  climate-‐vegeta6on	  model	  
or	  do	  biomass	  and	  area	  cover	  suffice?	  



Mechanisms	  of	  vegeta1on	  paZerning	  

Increased	  infiltra6on	  Water	  uptake	  by	  roots	  

Posi4ve	  feedbacks	  between	  biomass	  and	  water	  +	  compe44on	  

Precipitation Precipitation 

infiltration 

Soil crusts reduce 
infiltration 

Von	  Hardenberg	  et	  al,	  PRL	  2001,	  Gilad	  et	  al	  PRL	  2004,	  JTB	  2007,	  	  
KleZer	  et	  al	  JTB	  2009,	  Baudena	  et	  al	  AWR	  2013	  



Mul1ple	  steady	  states	  	  
with	  non-‐homogeneous	  vegeta1on	  distribu1ons	  



The	  extension	  of	  the	  desert	  
Dekker	  et	  al,	  Global	  Change	  Biology	  2007,	  Biogeosciences	  2010	  



Evapotranspira1on	  differences	  between	  different	  paZerns	  
Baudena	  et	  al,	  Advances	  Water	  Resources	  2013	  



Effects	  on	  transpira6on	  fluxes	  

stripes	  

spots	  

Transpira1on	  and	  evapora1on	  	  
per	  unit	  biomass	  or	  unit	  vegeta1on	  cover	  

in	  the	  five	  days	  ajer	  a	  rainfall	  event	  

Baudena	  et	  al.,	  Advances	  Water	  Resources	  2013	  



Effects	  of	  temporal	  rainfall	  intermibency	  	  
	  D’Onofrio	  et	  al.,	  in	  prepara1on	  2015	  

Mean	  Annual	  Precipita1on:	  700	  mm	  



	  
Conclusions	  2	  (from	  ecosystems	  to	  climate)	  

	  
Scale	  mismatch	  between	  climate	  models	  	  

and	  land	  surface	  response:	  	  
need	  for	  upscaling	  of	  land-‐surface	  effects	  	  

	  
Need	  for	  parameteriza6ons	  	  

of	  small-‐scale	  ecosystem	  processes	  
taking	  into	  account	  cross-‐scale	  interac6ons	  



Cross-‐scale	  interac6ons	  
Soranno	  et	  al.	  Fron1ers	  Ecol.	  Env.	  2014	  	  	  

Rietkerk	  et	  al.,	  Ecological	  Complexity	  2011	  	  	  

A	  European	  way	  to	  Macrosystems	  Ecology	  
and	  cross-‐scale	  interac6ons	  



ECOPOTENTIAL:	  
Improving	  future	  ecosystem	  benefits	  

through	  Earth	  Observa4ons	  	  
	  

Star6ng	  date:	  1st	  of	  June	  2015,	  Dura6on:	  4	  years	  
	  

Coordinator:	  Antonello	  Provenzale	  
Ins1tute	  of	  Geosciences	  and	  Earth	  Resources,	  Na1onal	  Research	  Council	  of	  Italy	  	  	  	  

Co-‐Coordinator:	  Carl	  Beierkuhnlein	  
Biogeography,	  BayCEER,	  University	  of	  Bayreuth,	  Germany	  

Project	  Manager:	  Carmela	  Marangi	  
Ins1tute	  of	  Applied	  Mathema1cs,	  Na1onal	  Research	  Council	  of	  Italy	  	  



ECOPOTENTIAL:	  
•	  Focus	  on	  ecosystem	  services	  

•	  Use	  EO	  data	  (satellite	  and	  in	  situ)	  
•	  Build	  products	  and	  make	  them	  widely	  available	  

•	  Build	  models	  capable	  of	  including	  EO	  data	  
•	  Assess	  the	  current	  state	  and	  es6mate	  the	  future	  

evolu6on	  of	  ecosystem	  services	  
•	  Define	  policy	  op6ons	  and	  the	  requirements	  of	  

future	  protected	  areas	  
	  •	  Develop	  capacity	  building	  strategies	  

•	  Make	  all	  results	  available	  to	  the	  community,	  
contribu6ng	  to	  GEO	  and	  GEOSS	  



ECOPOTENTIAL	  	  Par6cipants	  



Focus	  on	  Protected	  Areas	  
ECOPOTENTIAL	  sites	  cover	  terrestrial	  protected	  areas	  over:	  

•  spa1al	  gradients	  in	  Europe	  
•  clima1c	  gradients	  in	  Europe	  

•  biogeographical	  regions	  in	  Europe	  
•  major	  ecosystem	  types	  	  

•  and	  one	  outlayer	  ecosystems	  of	  iconic	  importance	  (Kruger	  
NP,	  SA)	  for	  cross-‐con1nental	  implementa1on	  	  

In	  addi1on	  two	  Large	  Marine	  Ecosystems	  are	  included:	  

•  Mediterranean	  Sea	  

•  Carribean	  Sea	  



Loca1on	  and	  protec1on	  status	  of	  the	  Protected	  Areas	  in	  
ECOPOTENTIAL	  and	  European	  biogeographic	  regions	  



Mountain	  Ecosystems	  
Gran	  Paradiso,	  
Italian	  Alps	  

Foto	  C	  Beierkuhnlein	  



Abisko,	  Scandes,	  
Sweden	  

Foto	  C	  Beierkuhnlein	  

Mountain	  Ecosystems	  



Arid	  /	  Semiarid	  Ecosystems	  

Negev	  Desert,	  	  
Israel	  

Foto	  C	  Beierkuhnlein	  



Kruger,	  	  
South	  Africa	  

Foto	  Hansm	  auf	  wikivoyage	  shared	  	  

Arid	  /	  Semiarid	  Ecosystems	  



Danube	  Delta,	  
Romania	  

Foto	  Elena	  Pleskevich	  Wikimedia	  Commons	  

Coastal	  Ecosystems	  



Coastal	  Ecosystems	  

Camargue,	  	  
France	  



Cinque	  Terre	  -‐	  Vernazza,	  
Mediterranean	  Sea	  Foto	  n-‐tv.de	  

picture-‐alliance/dpa-‐tmn	  

Large	  Marine	  Ecosystems:	  	  
Mediterranean	  



Large	  Marine	  Ecosystems:	  Caribbean	  



ECOPOTENTIAL:	  Ecosystem	  Services	  



ECOPOTENTIAL:	  Best	  use	  of	  EO	  and	  field	  data	  
Essen4al	  Variables	  for	  Ecosystems	  



	  
	  
	  
	  

ECOPOTENTIAL	  will	  develop	  models	  	  
using	  Essen6al	  Variables	  and	  able	  to	  incorporate	  

Remote	  Sensing	  and	  field	  informa6on	  
	  
	  

Data	  will	  be	  assimilated	  	  
into	  widely	  used	  process-‐based	  	  
ecosystem	  modelling	  tools	  

	  

Future	  projec6ons	  (including	  uncertainty)	  
	  
	  
	  
	  
	  
	  



Ecosystems	  as	  complex	  adap6ve	  systems	  
ac6vely	  interac6ng	  with	  the	  physical	  environment	  

ECOPOTENTIAL	  Conceptual	  aspects:	  	  
back	  to	  the	  future	  



Thank	  you	  for	  your	  aVen9on	  


