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ABSTRACT

The study of the potential impacts of climate change in water resources aims 

to provide the required information needed for human adaptation. Adaptation 

measures aim to reduce the human and physical systems vulnerability to 

changes in climate. The basic tool for the climate research is the climate models. 

Climate models can simulate the past climate, while when they are forced with 

appropriate future emission scenarios they can provide a projection of the future 

climate. However climate projections cannot be used to impact studies in their 

native form, due to the systematic errors that they exhibit. Thus, it is a 

necessary process to correct those biases in order to make the climate model 

data appropriate for impact models that are calibrated against observations. 

In the presented dissertation, a new methodology of statistical bias adjustment 

of precipitation data was developed. The methodology was tested for its 

performance in the results of a GCM, while the results of the methodology were 

compared against another widely used, state of the art methodology. It was 

found that the developed methodology improved the precipitation bias 

correction in the mean but also in the upper percentiles, comparing to the other 

method.

Moreover, the broader used, state of the art climate experiments CMIP3 and 

CMIP5, NARCCAP, EURO CORDEX 44, EURO CORDEX 11 and North 

America CORDEX, were assessed for their ability to represent the precipitation 

and temperature regime over Europe and North America. A comprehensive

assessment of the different regional and global climate experiments using 

multiple performance indicators revealed the most skillful experiment to 

simulate the past climate, for each study area.

The climate information was used to assess the effect of the projected climate 

change over four selected watersheds with and without adjusting the bias in 

precipitation and temperature. The comparison shown that the bias correction 

increased the performance of the hydrological simulations against the observed 

flow data, while it reduced the uncertainty among the different climate 

simulations.

17 
 



Then a trend analysis was performed in order to examine the degree that each 

bias adjustment methodology could affect the long term – annual trend in the 

precipitation and temperature. It was found that the developed precipitation bias 

adjustment methodology could affect in a limited degree the trend of change in 

the precipitation. The trend change in temperature was also small. Nonetheless, 

the combined change of the aforementioned variables, may affect the trend in 

the flow in a larger degree.

Then, the change in seasonality was examined for the best-performing climate 

experiments for each case study area. Finally the change in extreme 

precipitation events was examined for its influence in extreme runoff events 

under the change in climate.
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6 KNMI - RACMO2 ECHAM5-r3
7 METNO - HIRHAM BCM
8 METO - HC HadRM3Q0 HadCM3Q0
9 METO - HC HadRM3Q3 HadCM3Q3

10 METO - HC HadRM3Q16 HadCM3Q16
11 MPI-M - REMO ECHAM5-r3
12 OURANOS - MRCC4.2.1 CGCM3
13 SMHI - RCA3 BCM
14 SMHI - RCA3 ECHAM5-r3
15 SMHI - RCA3 HadCM3Q3
16 UCLM-PROMES HadCM3Q0
17 VMGO HadCM3Q0

NARCCAP

NARCCAP (Mearns et al., 2007; 2009) (North American Regional Climate

Change Assessment Program

,

. NARCCAP

CMIP3

SRES (Naki enovi )

(~50 km) NARCCAP

.

- .
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4: 11
NARCCAP

RCM NAME (ALIASES) - Modeling Group Driving GCM
1 CRCM (MRCC) - OURANOS / UQAM CCSM
2 CRCM (MRCC) - OURANOS / UQAM CGCM3
3 ECP2 (RSM)  - UC San Diego / Scripps GFDL
4 HRM3 (PRECIS, HadRM3) - Hadley Centre GFDL
5 MM5I (MM5, MM5P) - Iowa State University CCSM
6 RCM3 (RegCM3) - UC Santa Cruz CGCM3
7 RCM3 (RegCM3) - UC Santa Cruz GFDL
8 WRFG (WRFP, WRF) - Pacific Northwest Nat'l Lab CCSM
9 WRFG (WRFP, WRF) - Pacific Northwest Nat'l Lab CGCM3
10 HRM3 (PRECIS, HadRM3) - Hadley Centre HadCM3
11 MM5I (MM5, MM5P) - Iowa State University HadCM3

EURO-CORDEX

To EURO-CORDEX (http://euro-cordex.net/)

CORDEX.

(RCMs)

5.

EURO - CORDEX

,

-

– 2100.
2.6, RCP 4.5

8.5 (Moss et al

4.5 RCP 8.5. 

EURO-CORDEX 

5.
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5:
EURO - CORDEX

.

RCM NAME (ALIASES) - Modeling Group Driving GCM

EU
R

-1
1

1 SMHI-RCA4_v1 CNRM-CERFACS-CNRM-CM5
2 SMHI-RCA4_v1 ICHEC-EC-EARTH
3 SMHI-RCA4_v1 MOHC-HadGEM2-ES
4 SMHI-RCA4_v1 MPI-M-MPI-ESM-LR
5 SMHI-RCA4_v1 IPSL-IPSL-CM5A-MR
6 IPSL-INERIS-WRF331F_v1 IPSL-IPSL-CM5A-MR
7 DMI-HIRHAM5_v1 ICHEC-EC-EARTH

EU
R

-4
4

1 SMHI-RCA4_v1 CCCma-CanESM2
2 SMHI-RCA4_v1 CNRM-CERFACS-CNRM-CM5
3 SMHI-RCA4_v1 ICHEC-EC-EARTH
4 SMHI-RCA4_v1 IPSL-IPSL-CM5A-MR
5 SMHI-RCA4_v1 MIROC-MIROC5
6 SMHI-RCA4_v1 MOHC-HadGEM2-ES
7 SMHI-RCA4_v1 MPI-M-MPI-ESM-LR
8 SMHI-RCA4_v1 NCC-NorESM1-M
9 SMHI-RCA4_v1 NOAA-GFDL-GFDL-ESM2M
10 IPSL-INERIS-WRF331F_v1 IPSL-IPSL-CM5A-MR
11 KNMI-RACMO22E_v1 ICHEC-EC-EARTH
12 DMI-HIRHAM5_v1 ICHEC-EC-EARTH

NA-CORDEX

DEX

America CORDEX NA-CORDEX). 

NA-CORDEX 

.

6:
-CORDEX

RCM NAME (ALIASES) - Modeling Group Driving GCM
1 DMI-HIRHAM5_v1 ICHEC-EC-EARTH
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7

7:

[deg]
ENSEMBLES 0.25 1950 – 2000 2001 – 2100

EURO-
CORDEX

0.11
1951 – 2005 2006 – 2100

0.44
NARCCAP 0.5 1971 – 2000 2041 – 2070

NA-CORDEX 0.44 1951 – 2005 2006 – 2100

4.3

Blaney-Criddle

3-5.
p

BCET) 3-5 Blaney-Criddle. H

.

82 
 



8
p p.

 
Spencer Cr Yellow Exe

Longitude [deg]
Month 43.43 30.97 50.82 35.15

p 
va

lu
e

Jan 0.206 0.238 0.187 0.230
Feb 0.233 0.250 0.227 0.250
Mar 0.270 0.270 0.268 0.270
Apr 0.300 0.290 0.312 0.290
May 0.334 0.310 0.343 0.310
Jun 0.347 0.320 0.365 0.321
Jul 0.337 0.312 0.355 0.320
Aug 0.317 0.300 0.322 0.300
Sep 0.280 0.280 0.280 0.280
Oct 0.243 0.258 0.238 0.250
Nov 0.213 0.238 0.197 0.230
Dec 0.203 0.228 0.177 0.220

H BCET

Blaney-Criddle . 3-6

mBCET). a b

Penman-Monteith (PMET WATCH, Watch Forcing

Data – WFD (Weedon et al., 2010; 2011). WFD 

ERA-40 (Uppala et al., 2005),

deg

Climate Research Unit 

b

PMET mBCET a

RMS PMET

BCET. a, b Blaney-Criddle

(RMS) oBCET - PMET mBCET - PMET.
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18:

9 a, b Blaney-
Criddle RMS PMET mBCET.

Spencer Cr Yellow Exe
a [mm/day] -0.832 -1.584 -1.502 -0.956

b 0.787 0.977 0.837 0.810
RMSE PMET - BCET [mm/day] 1.301 1.754 2.100 1.794
RMSE PMET - mBCET [mm/day] 0.292 0.469 0.262 0.301

RMS PMET

mBCET RMS PMET

BCET

Blaney-Criddle

Penman-Monteith

R2 PMET mBCET

Yellow (R2

Exe (R2 = 0.938).

-

84 
 



19: Penman-Monteith
(PMET) Blaney-Criddle mBCET

85 
 



20: [mm/day] Blaney
Criddle

Blaney Criddle
Penman-Monteith

4.4 – IHMS

HBV

Yellow Spencer Creek

- B

86 
 



3.6.

–

split sample)

Klemes (1986).

(Klemes, 1986).

,

(HRUs)

(Bloschl et al., 2007)

(Grillakis et al., 2010).

4.5

21. (Scenarios) 

87 
 



(GCMs)

(RCMs)

21:

88 
 



5

5.1
.

MSBC

Simon Laplace Coupled Model (IPSL), version 4 (Hourdin et al. 2006; Goosse 

and Fichefet, 1999; Madec et al., 1998; Fichefet and Maqueda, 1997)

~300Km [Hagemann et

WATCH (WATer and 

global CHange) EU FP6 (www.eu- WATCH Forcing Data (WFD)

(Weedon et al., 2011)

–

Giorgi and Bi

[2005]

22b

10. –

MSBC, -

– 2000.

89 
 



22: a)

b) .

90 
 



5.1.1

(Seg)

-

IPSL.

22a.

’

.

(Remaining Bias - RB)

– 23a.

91 
 



10:

Giorgi and Bi [2005].

MAPE
95

North Europe NEU 9.4% 8.0%
Mediterranean Basin MED 14.8% 13.3%
Northeast Europe NEE 5.7% 5.4%
North Asia NAS 7.6% 8.0%
Central Asia CAS 10.8% 11.6%
Tibet TIB 16.9% 18.6%
Eastern Asia EAS 9.4% 10.2%
Southeast Asia SEA 10.1% 16.4%
Northern Australia NAU 10.4% 10.5%
Southern Australia SAU 9.0% 11.5%
Sahara SAH 204.5% 205.3%
Western Africa WAF 10.7% 10.9%
Eastern Africa EAF 31.5% 35.7%
East Equatorial Africa EQF 7.1% 7.0%
South Equatorial Africa SQF 11.1% 11.5%
Southern Africa SAF 6.8% 6.8%
Alaska ALA 7.9% 8.8%
Greenland GRL 8.0% 7.8%
Western North America WNA 10.3% 14.9%
Central North America CNA 6.2% 9.1%
Eastern North America ENA 5.0% 7.6%
Central America CAM 10.2% 18.6%
Amazon AMZ 10.9% 17.2%
Central South America CSA 12.9% 11.9%
Southern South America SSA 9.5% 8.7%
South Asia SAS 14.2% 14.6%
Global GLB 21.0% 22.3%

92 
 



23: SCORE)

(a, c) (b, d).

5.1.2

MSBC, (RB)

-

±0.5 mm/

( 23b ±0.5 

mm/

10

93 
 



.

SSCORE

23d. SSCORE

24a SSCORE

24:

SSCORE

24

94 
 



5.1.3

et

al., (2007)

95

(RB)

25b. 1

±5 mm/day. 

SSCORE

25

–

24

95 
 



25: SCORE)

(a, c) (b, d).

5.1.4

Tsanis et al., (2013) 

Piani et al

GCMs

WATCH (FP6). MSBC

WSBC (WATCH Statistical Bias Correction)

26a

MSBC

WSBS

-2000.

MSBC to 1% WSBC 1% 

( 26b).
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26: a)
WFD GCMs

Tsanis et al., (2013). b)
GCMs MSBC -

WSBC – . 

5.2 –

HBV,

(warm up)

Spencer Creek

Grillakis et al ,

97 
 



Vrochidou et al. (2012). 

11:

Warm up

Spencer 01/01/1989 31/12/1989 01/01/1990 31/12/1999 01/01/2000 31/12/2008
Yellow 01/01/1950 31/12/1960 01/01/1961 31/12/1980 01/01/1981 31/12/2000
Exeter 30/04/1956 31/12/1960 01/01/1961 31/12/1980 01/01/1981 31/12/2000

01/09/1973 31/08/1974 01/09/1974 31/12/1986 01/01/1987 31/08/1996

NS, logNS, AccDiff PE

3.6.

.

12

NS logNS AccDiff PE [%]

. . . [mm/yr] [%] .

Spencer 0.741 0.755 0.754 0.734 0 1.07 0.11 -0.157 -0.090
Yellow 0.806 0.794 0.798 0.711 0 4.12 0.26 -0.068 -0.227
Exeter 0.791 0.826 0.814 0.831 0 6.05 0.47 -0.290 -0.304

0.782 0.743 0.710 0.721 0 5.29 0.59 -0.166 -0.026

- . 13

,

IHMS-

HBV

98 
 



73.3% 74.7

(2000 .

Yellow 60.4%

-

Sanford et.al., (2012) USGS. Spencer Creek

58.1%,

Sultana and Coulibaly Exeter

34.5%.

Kay et al. (2013).

IHMS – HBV.

-

Spencer Creek,

-

,

Grillakis et al. (2011). Exe,

.

Yellow,

99 
 



.

13:
) PET)

IHMS-HBV.

.

P[
M

/Y
R

]

Q
[M

M
/Y

R
]

Q
 [%

]

A
ET

[M
M

/Y
R

]

A
ET

[%
]

900.8 233.4 25.9 660.0 73.3
SPENCER 943.8 394.6 41.8 548.4 58.1
EXETER 1295.9 845.0 65.2 444.0 34.5
YELLOW 1590.5 621.6 39.1 952.3 60.4
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27

HBV,

Blaney - Criddle)

HBV
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28:

–

lumped)

Thiessen
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29 (x-axis) (y-
axis)

.
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boxplots

30: Box plot –
-

mm/ .
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5.3

4.2.3

4.2.2

4.2.1

MSBC)

3.2

3.3

Blaney Criddle

3.1.2 P

– HBV 3.6.

224

P, T, ET,

14.

ENSEMBLES, “CMIP3-ENS”

NARCCAP “CMIP3-NAR”.

.

RCP26 

105 
 



EUR-11 EUR-44

North America CORDEX

RCP45 RCP85 .

14:

EUR: - Exeter NAM: Yellow - Spencer
@ @

CMIP3-ENS@A1B 5 CMIP3-NAR@A2 3
CMIP5-E11@RCP26 1 CMIP5-N44@RCP45 1
CMIP5-E11@RCP45 5 CMIP5-N44@RCP85 1
CMIP5-E11@RCP85 6 NARCCAP@A2 11
CMIP5-E44@RCP26 1 NAM-44@RCP45 1
CMIP5-E44@RCP45 11 NAM-44@RCP85 1
CMIP5-E44@RCP85 11
ENSEMBLES@A1B 17
EUR-11@RCP26 1
EUR-11@RCP45 5
EUR-11@RCP85 6
EUR-44@RCP26 1
EUR-44@RCP45 12
EUR-44@RCP85 12

5.3.1
.

o

SSCORE

106 
 



(S)

-2000

Exeter Yellow, 1973- -2000 

Spencer Creek. 31

Exeter,

EUR-44. To EUR-11

ENSEMBLES.

.

CMIP5

CMIP3.

EUR44

ENSEMBLES.
oC

oC). 

Exeter

EUR-44. 

107 
 



EUR- EUR-11 

ENSEMBLES

CMIP3-ENS

(~35%)

Tsanis et al. (2011)

ENSEMBLES,

CMIP3

CMIP5, oC

ENSEMBLES EUR-44.

Boberg &

Christensen (2012

ENSEMBLES

EUR-44

ENSEMBLES.

EUR-11

ENSEMBLES .

~60%, 

EUR-44.

Yellow, CMIP5-N44

CMIP3

108 
 



20%

NARCCAP -44.

,

NARCCAP,

-

Spencer Creek,

CMIP3 – NAR ,

NARCCAP

CMIP5-N44 NAM-44.

CMIP3-NAR

~1.5 C, s NARCCAP

~0.75 C. CMIP5- ,

NARCCAP -

109 
 



31:

±

110 
 



o SSCORE

3.4,

HBV. 32

.

(~0.95 Exeter,

~0.85 Yellow Spencer Creek). 

5.1

32

MSBC.

SSCORE

Exeter ENSEMBLES,

EUR11, EUR44

Exeter

0.44

111 
 



CMIP3 CMIP5 RCMs

Yellow Spencer, SSCORE

CMIP5 North America CORDEX

GCMs RCMs

Exeter

CMIP3

CMIP5 GCMs. RCMs

Yellow, Spencer

HBV .

SSCORE Nash – Sutcliffe 

32,

SSCORE Exeter

Yellow Spencer

Creek. SSCORE

32

112 
 



32: SSCORE

( ) ( )

(S)
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33.

S

,

S

Exeter,

CMIP3

CMIP5

S ENSEMBLES

CMIP3

EUR-11 EUR-44

CMIP5.

S,

ENSEMBLES

CMIP3

(0.35), EUR-11 kai EUR-44

S

Yellow, NARCCAP S

114 
 



CMIP3-NAR. CMIP5-

N NAM-44, 

CMIP3-NAR CMIP5-N44 NARCCAP

NAM-

Spencer Creek, S

Yellow

Exeter,

CMIP3-ENS

S

S

)

( 33) SSCORE

S

S

Exeter Spencer Creek),

S

Exeter,

115 
 



« »

GCMs .

31)

S

15.

Eq

5-1:

1 1 1OveralScore 13 3 3scoreS S Bias Eq 5-1

SSCORE,

S

Overal Score

SSCORE S

+ ±1oC.

5-1

15.

116 
 



33 (S)

117 
 



15

5-1.

 

Overall PT - 15

Exeter EUR-44, EUR-

11. Exeter

ENSEMBLES

Yellow,

NAM-44.

Spencer Creek, CMIP5-NAR,

-44

M
ea

n 
Bi

as

Sk
ill

 s
co

re

Sc
or

in
g 

In
de

x

O
ve

ra
ll 

P

M
ea

n 
Bi

as

Sk
ill

 s
co

re

Sc
or

in
g 

In
de

x

O
ve

ra
ll 

T

O
ve

ra
ll 

PT

M
ea

n 
Bi

as

Sk
ill

 s
co

re

Sc
or

in
g 

In
de

x

O
ve

ra
ll 

Q

O
ve

ra
ll 

PT
Q

CMIP3-ENS -31% 0.66 0.80 0.71 0.39 0.81 0.83 0.75 0.73 -33% 0.76 0.94 0.79 0.75
CMIP5-E11 -30% 0.68 0.56 0.64 0.56 0.87 0.95 0.75 0.70 -19% 0.78 0.84 0.81 0.74
CMIP5-E44 -25% 0.69 0.67 0.70 1.04 0.85 0.95 0.60 0.65 -19% 0.78 0.90 0.83 0.71
ENSEMBLES -16% 0.73 0.72 0.76 -0.17 0.89 0.96 0.89 0.83 -10% 0.76 0.88 0.84 0.83
EUR-11 17% 0.83 0.80 0.82 -0.97 0.89 0.98 0.63 0.73 38% 0.65 0.90 0.73 0.73
EUR-44 -9% 0.77 0.85 0.85 0.03 0.90 0.97 0.94 0.89 0% 0.76 0.93 0.89 0.89
CMIP3-ENS -59% 0.56 0.36 0.44 3.39 0.62 0.69 0.44 0.44 -100% 0.68 0.00 0.23 0.37
CMIP5-E11 -66% 0.60 0.29 0.41 2.79 0.64 0.78 0.47 0.44 -100% 0.68 0.00 0.23 0.37
CMIP5-E44 -60% 0.61 0.37 0.46 3.05 0.63 0.79 0.47 0.47 -99% 0.68 0.00 0.23 0.39
ENSEMBLES -38% 0.66 0.43 0.57 1.42 0.82 0.94 0.59 0.58 -59% 0.69 0.04 0.38 0.51
EUR-11 18% 0.73 0.95 0.83 -1.70 0.85 0.98 0.61 0.72 48% 0.86 0.84 0.74 0.73
EUR-44 -8% 0.80 0.77 0.83 1.03 0.81 0.96 0.59 0.71 -28% 0.85 0.57 0.71 0.71
CMIP3-NAR -51% 0.73 0.61 0.61 -0.71 0.84 0.95 0.69 0.65 -66% 0.46 0.53 0.44 0.58
CMIP5-N44 7% 0.90 0.80 0.87 0.47 0.77 0.91 0.74 0.81 22% 0.75 0.80 0.78 0.80
NARCCAP -23% 0.83 0.50 0.70 -0.24 0.83 0.96 0.85 0.78 -22% 0.64 0.63 0.68 0.74
NAM-44 -23% 0.94 0.88 0.86 0.03 0.87 0.96 0.94 0.90 -38% 0.69 0.75 0.69 0.83
CMIP3-NAR 0% 0.83 0.50 0.78 -1.63 0.89 0.98 0.63 0.70 12% 0.83 0.73 0.81 0.74
CMIP5-N44 11% 0.93 0.56 0.79 -0.78 0.86 0.98 0.69 0.74 22% 0.48 0.82 0.69 0.72
NARCCAP 12% 0.89 0.45 0.74 -0.78 0.87 0.96 0.68 0.71 23% 0.75 0.67 0.73 0.72
NAM-44 27% 0.89 0.58 0.73 -1.05 0.85 0.97 0.61 0.67 52% 0.74 0.83 0.68 0.67SP

EN
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Overal PTQ -

15),

5.3.2

SSCORE,

(SSCORE95

MSBC

5.3.1

.

34: SSCORE

Exeter,
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ENSEMBLES EUR-44 EUR-11. 

CMIP3-NAR

NARCCAP. CMIP5-N44 

NAM-44. Yellow,

Spencer Creek

SSCORE95

SSCORE

5.3.1

SSCORE. Exeter,

MSBC,

EUR-11

SSCORE95

EUR-44

5.3.1

SSCORE95.

SSCORE95 EUR-11

SSCORE95

5.3.3

120 
 



.

16

17

slo) mm/year
oC/year.

(inter) .

2:

intery t slo    [ 5-2]

y t, slo

inter

16 17.

ANOVA)

.

p-value p-

values ANOVA p-

val)

.

121 
 



,

( 16)

Exeter Spencer Creek,

Exeter

p-value > 0.05). 

YELLOW,

RCP26, 

( 16),

RCP85 A1B

(

16).

( 17).

35 42

122 
 



m3/s

Savitzky-Golay

«Hockey stick» (Wegman et al., 2006)

35 – corrected PET).

( 35 36)

( 17)
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35:
(P, T, PET)
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36:
P, Q, AET)

Exeter ( 37 - 38)
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37:
P, T, PET

Exeter
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38:
P, Q, AET)

Exeter

Yellow ( 39 40),

( 27
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39:
P, T, PET

Yellow
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40:
P, Q, AET)

Yellow

129 
 



Spencer Creek ( 41

42),

–

41:
P, T, PET

Spencer Creek
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42:
P, Q, AET)

Spencer Creek.

131 
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CMIP3ENS_A1B 2.48 0.53 1.06 -0.10 3.60 1.40 1.82 1.21 9.9 0.7 1.5 1.9 9.5 1.0 2.1 2.6 14.77 0.79 1.21 -0.29 16.47 1.50 1.07 0.61
ENSEMBLES_A1B 3.02 -0.85 0.85 2.34 3.59 -0.41 -0.58 -0.19 9.3 0.9 1.9 2.9 9.5 0.9 1.7 2.5 19.53 -1.85 -0.31 1.42 16.33 -1.25 -1.89 -1.10
CMIP5E44_RCP26 3.11 -0.22 0.44 -3.10 3.56 2.15 3.09 -1.52 9.9 0.7 1.1 1.1 9.5 1.0 1.5 1.5 19.67 -1.62 -1.39 -6.69 16.21 1.74 3.37 -4.04
EUR44_RCP26 3.13 -3.93 -0.17 -1.39 3.56 -3.86 0.14 -0.78 9.2 0.8 1.0 1.1 9.5 0.8 1.1 1.2 20.64 -5.31 -1.06 -2.91 16.17 -6.80 -1.21 -2.82
CMIP5E11_RCP26 3.11 -0.22 0.44 -3.10 3.56 2.15 3.09 -1.52 9.9 0.7 1.1 1.1 9.5 1.0 1.5 1.5 19.67 -1.62 -1.39 -6.69 16.21 1.74 3.37 -4.04
EUR11_RCP26 4.06 -3.24 -0.61 1.08 3.61 -2.25 1.04 2.21 8.1 0.8 1.0 1.1 9.6 0.9 1.1 1.2 29.07 -4.51 -1.57 0.83 16.36 -2.47 1.59 2.54
CMIP5E44_RCP45 2.66 1.89 1.39 3.09 3.59 3.87 2.16 4.60 10.6 0.8 1.4 1.7 9.6 1.0 1.6 2.0 17.16 1.64 1.02 2.59 16.46 4.02 1.16 3.87
EUR44_RCP45 3.26 2.19 0.28 2.21 3.59 3.47 0.87 2.90 9.6 0.8 1.2 1.6 9.6 0.8 1.3 1.7 21.70 1.71 -1.23 0.90 16.31 2.52 -1.40 1.07
CMIP5E11_RCP45 2.53 1.89 2.14 3.32 3.60 4.48 1.87 4.94 10.1 1.0 1.5 1.9 9.5 1.0 1.7 2.1 18.11 2.06 3.19 3.77 16.54 4.65 0.66 3.95
EUR11_RCP45 3.36 1.31 -2.30 4.75 3.63 2.99 -0.15 4.16 8.4 0.9 1.4 1.8 9.6 0.9 1.4 1.8 23.42 1.03 -4.40 3.47 16.47 3.57 -1.54 3.45
CMIP5E44_RCP85 2.69 1.85 2.40 3.95 3.59 3.58 4.36 6.95 10.6 0.9 1.9 3.1 9.6 1.1 2.1 3.6 17.63 1.10 0.38 0.12 16.46 3.11 4.26 5.88
EUR44_RCP85 3.26 2.15 1.29 4.04 3.58 3.23 2.41 5.09 9.6 0.8 1.7 3.0 9.6 0.9 1.8 3.1 21.70 1.61 -0.12 2.09 16.31 1.95 0.84 3.27
CMIP5E11_RCP85 2.49 2.06 2.52 5.38 3.59 3.09 3.17 7.07 10.2 0.9 1.9 3.2 9.6 1.0 2.1 3.5 17.66 1.55 0.09 0.72 16.46 2.30 2.52 5.96
EUR11_RCP85 4.24 1.23 0.34 1.95 3.63 2.39 1.65 4.20 8.5 0.9 1.7 3.0 9.6 0.9 1.8 3.2 30.45 0.81 -0.88 -0.19 16.50 2.19 1.16 3.11
PLATYS
CMIP3ENS_A1B 0.99 -4.12 -12.34 -12.08 2.42 0.46 -6.37 -3.39 18.4 0.6 1.3 2.0 15.1 1.2 2.7 4.0 0.01 -47.88 -77.14 -91.69 1.47 1.25 -14.65 -11.05
ENSEMBLES_A1B 1.49 -6.59 -31.46 -45.66 2.42 -5.62 -19.24 -26.75 16.4 1.0 2.2 3.3 15.1 1.3 2.6 3.9 0.61 -12.40 -65.39 -97.57 1.45 -14.95 -44.81 -61.60
CMIP5E44_RCP26 1.19 0.88 0.74 2.59 2.42 4.98 4.74 6.97 17.2 0.5 0.9 0.9 15.1 1.0 1.8 1.8 0.02 -4.19 -3.06 52.69 1.46 11.05 6.63 19.21
EUR44_RCP26 2.64 -5.97 -4.03 -4.08 2.42 0.24 1.32 -0.88 15.6 0.7 1.1 1.0 15.1 0.9 1.5 1.4 1.65 -17.84 -18.33 -16.18 1.47 -1.04 3.29 -7.26
CMIP5E11_RCP26 1.19 0.88 0.74 2.59 2.42 4.98 4.74 6.97 17.2 0.5 0.9 0.9 15.1 1.0 1.8 1.8 0.02 -4.19 -3.06 52.69 1.46 11.05 6.63 19.21
EUR11_RCP26 3.03 -1.65 1.01 0.67 2.42 0.00 4.79 8.73 12.6 0.7 1.1 1.2 15.1 0.8 1.3 1.4 2.74 -6.48 -6.11 -6.07 1.45 0.05 8.12 20.19
CMIP5E44_RCP45 0.96 -2.57 -6.71 -10.96 2.42 0.16 -3.40 -7.15 18.1 1.0 1.7 2.1 15.1 2.0 3.2 4.1 0.01 -12.74 -17.14 -67.22 1.44 -0.44 -9.99 -23.92
EUR44_RCP45 2.21 -4.63 -10.29 -14.90 2.42 0.23 -5.73 -11.36 16.1 1.1 1.7 2.2 15.1 1.4 2.4 3.0 1.09 -14.35 -31.66 -43.28 1.46 1.67 -16.60 -29.03
CMIP5E11_RCP45 0.78 -2.23 -5.39 -11.17 2.42 0.68 -1.82 -7.55 17.6 1.0 1.7 2.2 15.1 1.8 3.1 4.1 0.01 -22.78 -8.22 -70.11 1.44 0.52 -4.74 -23.87
EUR11_RCP45 2.40 -2.50 -8.29 -9.35 2.42 1.95 -3.95 -10.02 13.2 1.0 1.8 2.5 15.1 1.2 2.1 2.9 1.89 -11.89 -25.93 -32.81 1.45 -1.51 -18.01 -34.10
CMIP5E44_RCP85 0.96 -4.79 -12.08 -21.28 2.42 -3.16 -7.55 -17.12 18.1 1.2 2.2 3.6 15.1 2.3 4.3 6.9 0.01 -16.07 -63.25 -77.87 1.45 -9.54 -23.15 -41.08
EUR44_RCP85 2.21 -6.99 -18.23 -29.20 2.42 -2.92 -12.69 -24.60 16.1 1.2 2.4 4.0 15.1 1.6 3.3 5.4 1.09 -22.77 -48.91 -67.88 1.46 -6.67 -31.28 -53.92
CMIP5E11_RCP85 0.81 -5.37 -16.15 -24.93 2.42 -3.06 -12.78 -21.38 17.8 1.1 2.2 3.5 15.1 2.1 4.2 6.8 0.01 -35.80 -76.75 -71.35 1.44 -7.75 -33.38 -45.42
EUR11_RCP85 2.81 -4.76 -13.59 -28.47 2.42 -3.13 -10.55 -27.82 13.3 1.1 2.4 3.8 15.1 1.3 2.8 4.5 2.19 -14.46 -35.88 -63.89 1.41 -9.12 -30.83 -64.19
YELLOW
CMIP3NAR_A2 2.11 -1.50 -2.46 -6.99 4.17 3.94 3.26 -2.75 17.3 1.2 2.2 3.8 18.2 1.0 1.9 3.1 10.61 -7.75 -10.90 -26.50 34.20 0.85 -3.00 -17.67
NARCCAP_A2 3.34 4.97 4.40 2.10 17.8 2.1 18.0 1.9 23.99 6.67 36.50 -1.40
CMIP5N44_RCP45 4.54 5.95 2.83 6.14 4.09 12.70 10.37 14.58 18.5 0.9 1.5 1.7 18.3 1.2 1.9 2.2 36.85 7.65 -1.13 1.83 32.21 16.23 9.28 17.96
NAM44_RCP45 3.25 7.97 2.97 8.72 4.45 11.07 5.41 11.51 18.2 0.7 1.3 1.4 18.3 0.7 1.3 1.5 18.67 12.58 5.47 12.52 38.28 14.07 2.79 11.53
CMIP5N44_RCP85 4.54 3.02 4.05 5.67 4.09 11.49 12.94 16.45 18.5 0.9 2.0 3.5 18.3 1.1 2.5 4.4 36.85 1.93 0.02 -5.69 32.21 15.31 12.37 13.07
NAM44_RCP85 3.25 4.03 8.59 5.49 4.45 7.08 10.47 5.89 18.2 0.5 1.7 3.3 18.3 0.5 1.8 3.4 18.67 5.47 10.74 3.58 38.22 6.94 8.51 -4.53
SPENCER
CMIP3NAR_A2 2.38 4.90 4.67 9.08 2.36 10.00 9.89 13.06 6.5 1.4 2.8 4.6 8.8 1.0 2.2 3.8 2.19 4.15 -0.24 -1.43 1.73 18.02 14.64 10.80
NARCCAP_A2 2.65 5.39 2.34 10.49 7.2 2.7 8.7 2.3 2.41 -1.38 1.71 10.41
CMIP5N44_RCP45 2.71 3.70 1.87 8.63 2.38 13.27 11.97 20.11 7.3 1.2 1.9 2.2 8.8 1.0 1.8 2.2 2.54 0.30 -6.22 2.28 1.76 22.10 15.35 27.62
NAM44_RCP45 3.14 3.30 6.31 13.07 2.36 13.01 14.47 22.97 7.2 0.7 1.9 3.3 8.8 0.5 1.8 3.4 3.14 3.21 0.00 4.81 1.68 29.46 21.95 30.47
CMIP5N44_RCP85 2.71 4.55 11.66 17.86 2.38 15.00 26.29 37.22 7.3 1.3 2.3 4.1 8.8 1.1 2.3 4.3 2.54 0.58 6.38 8.36 1.76 23.56 39.06 49.98
NAM44_RCP85 3.14 7.84 5.66 10.52 2.36 17.39 14.60 17.97 7.2 0.7 1.1 1.5 8.8 0.6 1.0 1.4 3.14 8.95 4.03 8.24 1.68 35.35 28.07 30.22
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B -

)
Lat Lon

35.2059 24.6967
35.2258 24.5816
35.1302 24.6430
35.0975 24.6895

Lat Lon
35.2833 24.8833
35.4167 24.2000
35.0500 24.9667
35.1333 24.9000
35.3333 25.1833
35.0000 25.7333
35.2000 25.3333
35.2333 23.6833
35.2000 26.1000
35.5500 24.1167
35.0000 24.7667
35.5000 24.0333
35.2667 25.3333
35.3500 24.5167
35.2000 25.4833
 

)
35.0975 24.6895

Exe

E-OBS)
Lat Lon

Cell center 51.125 -3.875
Cell center 51.125 -3.625
Cell center 51.125 -3.375
Cell center 50.875 -3.625
Cell center 50.875 -3.375

Exe 
56 2011 GRDC)

Thoverton 50.804 3.510

182 
 



Spencer Creek
1/1989 08.

Environment Canada)
Lat Lon

Hamilton RBG 43.287 -79.910
Hamilton Airport 43.175 -79.930

Spencer Creek 
1/1989 08 GRDC)

Dundas 43.266 -79.965

Yellow
 

Maurer et al., 2002)
Lat Lon

Cell center 31.5625 -86.1875
Cell center 31.4375 -86.4375
Cell center 31.4375 -86.3125
Cell center 31.4375 -86.1875
Cell center 31.3125 -86.5625
Cell center 31.3125 -86.4375
Cell center 31.3125 -86.3125
Cell center 31.3125 -86.1875
Cell center 31.1875 -86.5625
Cell center 31.1875 -86.4375
Cell center 31.1875 -86.3125
Cell center 31.1875 -86.1875
Cell center 31.0625 -86.6875
Cell center 31.0625 -86.5625
Cell center 31.0625 -86.4375
Cell center 31.0625 -86.3125
Cell center 31.0625 -86.1875
Cell center 30.9375 -86.6875
Cell center 30.9375 -86.5625
Cell center 30.9375 -86.4375
Cell center 30.8125 -86.6875
Cell center 30.8125 -86.5625
Cell center 30.6875 -86.5625
Cell center 31.5625 -86.1875

Yellow 
38 USGS)

Milligan, Fla 30.753 -86.6291
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