
!"#$%&'($)#*+#%,(-%-./&%-#*012('3%

!"#$%&'()*+,-'.&)/&0&'#12)3++,'(1&)
!"#"$%&'())"*+&,'-./0'

www.ecra-climate.eu 

45647%89-1:%4;<5=%>-0//#)/)

*$++'4$#'56&)7#$8#'--&)
12%#3")'4#'52"'6,7$8&8349%&'1,9&"'12%#3")'4#'52"'6,7$8&8349%&'1,9&"'

!"#$%&'()*(+*,"#&%,%-.'()*/0)&#"-.%)-12*0)$#"*
$%3#"#)-*&4%5.-#*&6.)7#*8&#)."%(8*

!+,0')7'+'99,:):;(1<1=>'
'

;,+6,')<&#9'8$)'(=)>$0.)6$()?'#=&(4&#8:):;(1<1=>'
3(.$(&++$)7#$6&(9'+&:):!!<1=>''

$%3#"#)-*&4%5.-#*&6.)7#*8&#)."%(8*
9)&#"-.%)-1*%)*&4%5.-#*5($#4%)7*(+*,"#&%,%-.'():*+"(5*$.-.*-(*$(;)8&.4%)7*



Current	
  needs	
  

To	
  provide	
  unambiguous	
  analysis	
  of	
  the	
  changes	
  and	
  
uncertainDes	
  in	
  the	
  global	
  water	
  cycle	
  we	
  require	
  global	
  

data	
  sets	
  
	
  
	
  
	
  

ü  Long-­‐term	
  in-­‐situ	
  observaDons	
  and	
  satellite	
  data	
  

ü  Numerical	
  models	
  of	
  the	
  climate	
  system	
  	
  
to	
  test	
  and	
  improve	
  our	
  understanding	
  of	
  the	
  physical	
  

processes	
  that	
  drive	
  the	
  climate	
  system,	
  iden5fy	
  feedbacks,	
  
predict	
  future	
  changes	
  



•  Hydrological	
  processes	
  are	
  oHen	
  only	
  crudely	
  represented	
  in	
  the	
  
models	
  

•  Future	
  changes	
  in	
  some	
  components,	
  such	
  as	
  precipitaDon,	
  
evapotranspiraDon,	
  runoff,	
  and	
  precipitable	
  water	
  content	
  are	
  
not	
  captured	
  in	
  detail	
  and	
  are	
  affected	
  by	
  large	
  uncertainDes	
  

•  	
  Detailed	
  changes,	
  especially	
  in	
  the	
  terrestrial	
  components	
  of	
  
the	
  hydrological	
  cycle,	
  are	
  largely	
  uncertain	
  or	
  are	
  not	
  tackled	
  at	
  

all	
  (groundwater,	
  snowmelt,	
  permafrost	
  hydrology,	
  and	
  
wetlands)	
  

•  Certain	
  anthropogenic	
  influences	
  are	
  generally	
  not	
  considered	
  
(irrigaDon,	
  dams,	
  river	
  regulaDon,	
  and	
  agricultural	
  land	
  use	
  

changes	
  and	
  management).	
  	
  

Model	
  uncertainDes/weak	
  points	
  	
  



•  Climate	
  projecDons	
  from	
  global	
  climate	
  
models	
  are	
  available	
  at	
  coarse	
  resoluDons	
  
(~80-­‐120	
  km)	
  

	
  
•  Impacts	
  on	
  ecosystems,	
  hydrology,	
  risks,	
  

surface	
  processes	
  act	
  mostly	
  at	
  local	
  scales	
  

à 	
  Scale	
  mismatch	
  and	
  need	
  for	
  downscaling	
  	
  

•  Local	
  surface	
  processes	
  may	
  feed	
  back	
  on	
  
large	
  scales	
  	
  

à 	
  need	
  for	
  upscaling	
  

From	
  large	
  to	
  small	
  scales	
  (and	
  back)	
  



!"#$%"&'"()%*+&)#,+"& -+.(#/%"&'"()%*+&)#,+"&

0*%121'%"32*#'4%21'&
,#5/2'%"(/.&

&

6)7%'*&#/&&
+'#849,:#"#.('%"&7:#'+22+2&

!"#$%&'()*+,-(./-01+*2$*"+-($@2"'78E#)9%&4#3'*87"&&4#3'92%4#'



!"#$%"&'"()%*+&)#,+"& -+.(#/%"&'"()%*+&)#,+"&

0*%121'%"32*#'4%21'&
,#5/2'%"(/.&

&

6)7%'*&#/&&
+'#849,:#"#.('%"&7:#'+22+2&

!"#$%&'()*+,-(./-01+*2$*"+-($@2"'78E#)9%&4#3'*87"&&4#3'92%4#'
!"#$%"&'"()%*+&)#,+"&

6)7%'*&#/&&

@2"'78E#)9%&4#3'*87"&&4#3'92%4#'



W4#5"$'
W")5"$&4")'

:#74%#')?**"$'R8#)88#'

:@1X'N=6';YRRZ>O'

L L

L L
:@1X'N=6':@1X'N=6':@1X'N=6';YRRZ>;YRRZ>;YRRZ>

6[['

64*%&%,%'

C)?9)9@@.=%AB=%CB%D('%E9-*#'F#-+=%9'*%GB%?-(D#'@9)#B%4;<HB%?-#1.I.J92('%.'%J:#%E.'*06K0/:%K9-9&(-9L%E.L9)9M9N%
OF/#-D92('/%9'*%,0J0-#%/1#'9-.(/=%CB%P#(I:M/B%Q#/B%GJL(/B=%<<R=%R5S<;;%
T%U.).II.=%VB=%?9)9@@.=%AB=%D('%E9-*#'F#-+=%CB%W%?-(D#'@9)#=%GB%4;<XB%80)2*#19*9)%Y9-.92('/%.'%J:#%Q#)92('/:.I%
F#J$##'%J:#%"GO%9'*%Z.'J#-%?-#1.I.J92('%.'%J:#%E.'*06K0/:%K9-9&(-9LB%C(0-'9)%(,%[).L9J#%\4;<X]B%*(.N
<;B<<^5_C[V`6a6<X6;;4R7B<=%

64#7?<[?)2'[%$%M8$%*'64*%&%,%\'"]%*A&"'
<'!1R)'A$"94A45%D8#J')#8E'%#7'5"*A"$%5?$"'
<'14$9?&%D8#'%#7'@"&"98##"9D8#)'



!"!!−!"#$$%&

'(!

'(!

)(!

)(!

*(!

*(!

+(! +(!

( , - . ) /( /, /- /. /) ,(

001234
'(!

'(!

)(!

)(!

*(!

*(!

+(! +(!

!"#$%−!&$'())&#

*+!

*+!

,+!

,+!

-+!

-+!

.+! .+!

+ / 0 1 , %+ %/ %0 %1 %, /+

223456
*+!

*+!

,+!

,+!

-+!

-+!

.+! .+!

MIROC5 JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20

mm/day
70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

!"#$%&'−%()**+(

,-!

,-!

.-!

.-!

/-!

/-!

0-! 0-!

- ' 1 2 . 3- 3' 31 32 3. '-

445#"6
,-!

,-!

.-!

.-!

/-!

/-!

0-! 0-!

inmcm4 JJAS

70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

0 2 4 6 8 10 12 14 16 18 20

mm/day
70˚

70˚

80˚

80˚

90˚

90˚

30˚ 30˚

!"#$%&'−&$())*%

+,!

+,!

-,!

-,!

.,!

.,!

/,! /,!

, 0 1 2 - ', '0 '1 '2 '- 0,

334567
+,!

+,!

-,!

-,!

.,!

.,!

/,! /,!

!"#$%&−'()**$&

+,!

+,!

-,!

-,!

.,!

.,!

/,! /,!

, ( 0 1 - 2, 2( 20 21 2- (,

334567
+,!

+,!

-,!

-,!

.,!

.,!

/,! /,!

!"#$−%&'(−$)*++(#

,-!

,-!

.-!

.-!

/-!

/-!

0-! 0-!

- 1 2 3 . 4- 41 42 43 4. 1-

556789
,-!

,-!

.-!

.-!

/-!

/-!

0-! 0-!

0.75° 1.25° 1.40° 

1.875° 2° 2.5° 

2.8125° 3.75° 
^^(;'A$"94A45%D8#'

(B"$%3"'/_./<-..0'
1R:`0'RaLZG;'

6[[6'A$"94A45%D8#\'"]%*A&"'



>>3;)%#&1,%,.'5$(:)D"+5'(("'+)'6&#'8&)EFFGHIJJK)
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

?9)9@@.=%AB=%CB%D('%E9-*#'F#-+=%9'*%GB%?-(D#'@9)#B%4;<HB%?-#1.I.J92('%.'%J:#%E.'*06K0/:%
K9-9&(-9L%E.L9)9M9N%OF/#-D92('/%9'*%,0J0-#%/1#'9-.(/=%CB%P#(I:M/B%Q#/B%GJL(/B=%<<R=%R5S<;;=%
*(.N%<;B<;4b_4;<4Ca;<R7b^%%%

!$477"7'
)5%D8#'7%5%'

6[[6'A$"94A45%D8#\'"]%*A&"'

;%5"&&45"'7%5%'

R"$3"7'7%5%'

>"%#%&,)")'



Maximum Number of Gauges/grid over time ! CRU

70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

0 1 2 3 4 5 6 7 8

gauges/grid
70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

Maximum Number of Gauges/grid over time ! GPCC

70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

0 1 2 3 4 5 6 7 8

gauges/grid
70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

Maximum Number of Gauges/grid over time ! CRU

70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

0 1 2 3 4 5 6 7 8

gauges/grid
70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

Maximum Number of Gauges/grid over time ! GPCC

70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

0 1 2 3 4 5 6 7 8

gauges/grid
70˚

70˚

75˚

75˚

80˚

80˚

85˚

85˚

90˚

90˚

95˚

95˚

25˚ 25˚

30˚ 30˚

35˚ 35˚

Maximum Number of Gauges/grid over time ! CRU

30˚ 30˚

35˚ 35˚

0 1 2 3 4 5 6 7 8

gauges/grid
70˚70˚70˚

70˚70˚70˚

75˚75˚75˚

75˚75˚75˚

80˚80˚80˚

80˚80˚80˚

85˚85˚85˚

85˚85˚85˚

90˚90˚90˚90˚

90˚90˚90˚90˚

95˚95˚95˚95˚

95˚95˚95˚95˚

25˚25˚25˚ 25˚25˚25˚

30˚30˚30˚30˚ 30˚30˚30˚30˚

35˚35˚35˚ 35˚35˚35˚

30˚

35˚

25˚25˚25˚

30˚30˚30˚30˚

35˚35˚35˚

Maximum Number of Gauges/grid over time ! CRU

30˚ 30˚

35˚ 35˚

0 1 2 3 4 5 6 7 8

gauges/grid
70˚70˚70˚

70˚70˚70˚

75˚75˚75˚

75˚75˚75˚

80˚80˚80˚

80˚80˚80˚

85˚85˚85˚

85˚85˚85˚

90˚90˚90˚90˚

90˚90˚90˚90˚

95˚95˚95˚95˚

95˚95˚95˚95˚

25˚25˚25˚ 25˚25˚25˚

30˚30˚30˚ 30˚30˚30˚

35˚35˚35˚ 35˚35˚35˚

30˚

35˚

25˚25˚25˚

30˚30˚30˚

35˚35˚35˚

R%]4*?*'#?*+"$'8C'
3%?3")SA4]"&'

LEFJEHIJEMNO)!+&6'5$()
P)EJJJ)-)'O0O+O)

R%]4*?*'#?*+"$'8C'
3%?3")SA4]"&'
LEFJEHIJEMNO))

<,-&)0&#,&0)$@).2&).$.'+)
("-4&#)$@)8'"8&0),()
.2&)?QQ)'(=)?,-'+'A')

!`11'$%E'

!`11'4#5"$A8&%5"7'

!
`1

1'
!

$47
7"

7'
7%

5%
)"

5'

`$"94A45%D8#'7%5%)"5)'b'4))?")'



6[[6'A$"94A45%D8#\'"]%*A&"'

Figure 4:6:R(G(c(' 6[['

?9)9@@.%AB=%CB%D('%E9-*#'F#-+=%cB%d#-@9+(=%GB%?-(D#'@9)#B%4;<XB%?-#1.I.J92('%.'%J:#%K9-9&(-9L6
E.L9)9M9N%G%[8`?5%D.#$=%[).L9J#%aM'9L.1/=%*(.N%<;B<;;^_/;;HR46;<X64HX<6@%

:)'52"$"'8#"'*87"&J'8$'3$8?A'8C'*87"&)J'52%5'A$8B47")'52"'<#8-*
"#804-8*4#'5"$*)'8C'A$"94A45%D8#'%##?%&'9,9&"'4#'8#"'8$'+852'

$"348#)d'

3(("'+)*A1+&)



6[[6'A$"94A45%D8#\'"]%*A&"'

Figure 4:

?9)9@@.%AB=%CB%D('%E9-*#'F#-+=%cB%d#-@9+(=%GB%?-(D#'@9)#B%4;<XB%?-#1.I.J92('%.'%J:#%K9-9&(-9L6
E.L9)9M9N%G%[8`?5%D.#$=%[).L9J#%aM'9L.1/=%*(.N%<;B<;;^_/;;HR46;<X64HX<6@%

6:R(G(c(' 6[['

($"'52"$"'%#,'*87"&'C"%5?$")'52%5'2%B"'"*"$3"7'%)'528)"'
A$8B474#3'52"'<#8-*"#804-8d'

3(("'+)*A1+&)



!*H!'#.2) *DR7S)

T+$4'+)7#&1,%,.'5$()L/*7)UOSN)

RH Moss et al. Nature 463, 747-756 (2010) doi:10.1038/nature08823 

1R:`0'%#7'>"A$")"#5%DB"'98#9"#5$%D8#'A%52E%,)'



HKKH	
  precipitaDon:	
  example	
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  in	
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  Dynamics,	
  doi:	
  10.1007/s00382-­‐014-­‐2341-­‐z	
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•  Coupling	
  of	
  feedback	
  at	
  mulDple	
  
scales	
  in	
  climate	
  models	
  	
  
(including	
  local	
  feedbacks)	
  is	
  an	
  
essen5al	
  step	
  to	
  be[er	
  
understand	
  and	
  predict	
  global	
  
climate	
  changes	
  

	
  
•  A	
  modelling	
  framework	
  that	
  can	
  

operate	
  both	
  in	
  downscaling	
  and	
  
upscaling	
  modes	
  would	
  provide	
  
the	
  necessary	
  capabili5es	
  for	
  
addressing	
  scaling	
  issues Rietkerk,	
  M.	
  et	
  al.	
  (2011)	
  	
  

Ecological	
  Complexity	
  8	
  (3):223-­‐228	
  

Needs	
  and	
  perspecDves	
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The	
  global	
  hydrological	
  cycle	
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All	
  the	
  components	
  of	
  the	
  
hydrological	
  cycle	
  react	
  in	
  
different	
  ways	
  to	
  climate	
  

change,	
  

,	
  
.	
  

	
  
Varia5ons	
  in	
  the	
  hydrological	
  cycle	
  o`en	
  take	
  place	
  at	
  regional	
  or	
  
even	
  local	
  scale	
  but	
  can	
  trigger	
  modificaDons	
  that	
  have	
  an	
  effect	
  
at	
  larger	
  scales	
  possibly	
  leading	
  to	
   	
  or	
  even	
   	
  changes	
  

in	
  the	
  water	
  cycle	
  

Changes	
  in	
  the	
  Hydrological	
  Cycle	
  

	
  



HKKH	
  temperature	
  (EDW):	
  example	
  	
  
Topography of the Study Area
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