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Methodology	  and	  SDR	  defini:on	  
	  

•  In	   analogy	   with	   Rauscher	   et	   al.	   [2008]	   study	   done	   for	   western	   US,	   we	  
considered	   only	   regions	   that	   are	   dominated	   only	   by	   SDR.	   Those	   regions	  
are	  selected	  as	  areas	  in	  which	  50%	  or	  more	  of	  the	  annual	  runoff	  occurs	  in	  
the	  period	  April-‐July.	  	  

•  Following	  Moore	   et	   al.	   	   [2007],	   we	   calculated	   the	   Julian	   Day	   inside	   the	  
water	  year	  (from	  October	  to	  September	  of	  the	  following	  year),	  on	  which	  
each	  percen:le	  of	  that	  year’s	  annual	  flow	  occurred.	  

•  	  To	  inves:gate	  on	  the	  early,	  middle	  and	  late	  seasonal	  flows	  we	  calculated	  
the	  25th,	  50th	  and	  75th	  DQFs	  (Date	  of	  Quarterly	  Flow).	  These	  calcula:ons	  
were	   performed	   only	   for	   regions	   in	   which	   50%	   or	   more	   of	   the	   annual	  
runoff	  occurs	  in	  April-‐July.	  



Methodology	  -‐	  Models	  

Med-CORDEX Euro-CORDEX 

Model	   ResoluAon	   Driven-‐model	   Domain	  

ALADIN	  	   0.11	  deg	  –	  0.44	  deg	  	   CNRM-‐CM5	   Med-‐CORDEX	  

RegCM	   0.11	  deg	  –	  0.44	  deg	  	   HadGEM	   Med-‐CORDEX	  

RACMO22E	   0.11	  deg	  –	  0.44	  deg	  	   EC-‐EARTH	   Euro-‐CORDEX	  

CCLM4-‐8-‐17	   0.11	  deg	  –	  0.44	  deg	  	   MPI-‐ESM-‐LR	   Euro-‐CORDEX	  
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Methodology	  -‐	  Grids	  



	  European	  Water	  Archive	  (EWA)	  observed	  runoff	  stations  
dataset	  over	  the	  Alps	  
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Valida:on	  
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Valida:on	  of	  the	  ensemble	  model	  output	  
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Discussion-‐	  runoff	  and	  precipita:on	  	  
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Discussion-‐Snow	  change	  
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Discussion-‐	  Temperature	  and	  Net	  surface	  shortwave	  
radia:on	  change	  
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Summary	  
•  The	  0.11	  ensemble	  is	  able	  to	  capture	  the	  :ming	  of	  the	  SDR	  in	  the	  Alpine	  change.	  

The	  0.44	  has	  a	  worse	  performance	  when	  compared	  to	  the	  sta:ons.	  
•  The	  response	  of	  SDR	  to	  climate	  changes	  is	  dominated	  by	  increases	  in	  winter	  

temperatures	  (up	  to	  4	  C)	  and	  associated	  reduc:ons	  in	  snow	  cover.	  
•  The	  response	  of	  the	  SDR	  to	  global	  warming	  is	  dominated	  by	  the	  effect	  of	  the	  

related	  reduc:on	  in	  spring	  snow	  cover.	  The	  25th,	  50th	  and	  75th	  percen:les	  of	  SDR	  
are	  shided	  earlier	  in	  the	  year	  during	  the	  end-‐of-‐century	  :me	  slice,	  with	  this	  effect	  
being	  especially	  pronounced	  for	  the	  25th	  and	  50th	  percen:les	  in	  response	  to	  
spring	  snowmelt	  	  

•  	  The	  temperature	  increases	  reduce	  the	  amount	  of	  land	  covered	  by	  snow	  and	  
hence	  the	  surface	  albedo	  (reflec:vity).	  This	  results	  in	  an	  increase	  in	  the	  amount	  of	  
surface	  absorbed	  solar	  radia:on	  and	  further	  amplifies	  the	  surface	  warming,	  
resul:ng	  in	  addi:onal	  mel:ng	  and	  a	  posi:ve	  feedback	  (known	  as	  the	  snow-‐albedo	  
feedback).	  

•  For	  both	  ensemble	  model	  resolu:ons,	  the	  25th	  DQF	  largest	  changes	  are	  up	  to	  80	  
days	  and	  are	  distributed	  all	  around	  the	  perimeter	  of	  the	  Alpine	  chain	  for	  the	  0.11	  
resolu:on	  and	  more	  concentrated	  on	  the	  west	  side	  for	  the	  0.44	  resolu:on.	  The	  
50th	  and	  the	  75th	  show	  changes	  up	  to	  50	  and	  35	  days	  respec:vely,	  but	  a	  different	  
spa:al	  distribu:on	  :ghten	  to	  the	  topography	  is	  evident.	  

	  



•  The	  change	  in	  SDR	  decrease	  from	  the	  25th	  to	  the	  75th	  and	  this	  means	  that	  the	  
annual	  hydrograph	  is	  widening	  and	  the	  :me	  is	  moving	  backward	  with	  all	  
happening	  earlier	  then	  the	  present	  day	  (Coppola	  et	  al.,2014).	  

•  The	  main	  difference	  between	  the	  0.11	  and	  0.44	  resolu:on	  is	  in	  the	  spa:al	  
distribu:on	  of	  the	  change	  signal	  with	  a	  reduced	  :me	  shid	  on	  the	  highest	  eleva:on	  
for	  the	  0.11	  resolu:on.	  

•  the	  topographic	  signal	  found	  in	  the	  change	  of	  runoff	  and	  SDR	  quan:les	  simulated	  
by	  the	  0.11	  models	  is	  related	  to	  the	  persistence	  of	  snow	  cover	  over	  the	  highest	  
Alpine	  peaks	  in	  the	  future	  :me	  slice	  and	  the	  local	  increase	  of	  precipita:on	  
(convec:ve)	  (Giorgi	  et	  al,2016),	  which	  also	  affects	  the	  details	  of	  the	  spa:al	  
paierns	  of	  warming	  over	  the	  Alps.	  

•  Accurate	  simula:on	  of	  changes	  in	  runoff	  :ming	  requires	  high	  resoluAon	  
representaAon	  of	  the	  Alpine	  topography.	  Early	  SDR	  can	  have	  several	  impacts	  and	  
consequences	  for	  the	  society	  and	  ecosystem.	  The	  change	  in	  the	  hydrological	  cycle	  
can	  increase	  flood	  in	  winter	  and	  spring,	  change	  the	  water	  load	  in	  the	  stream	  and	  
lakes	  and	  therefore	  change	  the	  aquaAc	  ecosystem.	  The	  change	  in	  :ming	  of	  the	  
runoff	  pick	  can	  be	  relevant	  for	  the	  water	  storage	  regulaAon	  for	  hydropower	  
produc:on,	  agriculture	  and	  domesAc	  usage	  and	  all	  this	  can	  impact	  the	  economy	  
of	  the	  region.	  	  	  

Summary	  con:nued	  
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