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Equations of conservation 
(mass,momentum,energy,water vapour) 

and gas state 
v = (u, v, w), T, p, ρ = 1/α and q 

Historical  
simulations 

2000 1990 1980 

1h integration step x 30 years 
2,6x105 simulations/gridcell 

GCMs 

Global Climate 
Models (GCMs) 
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Equations of conservation 
(mass,momentum,energy,water vapour) 

and gas state 

Global Climate 
Models (GCMs) 

v = (u, v, w), T, p, ρ = 1/α and q 

Computational 
(and physical) 
constraints limit 
the resolution 
(~100-200 Km) 

Historical  
simulations 

2000 1990 1980 2010 2020 2030 2040 2050 2060 2070 2080 2090 

Future projections  
(scenarios) 

1h step x 30 years 
2,6x105 simulations/gridcell 

GCMs 
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Regional Climate 
Models (RCMs) 
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NorESM1M-r1

MPI-ESM-LR-r1
HadGEM2-ES-r1

CNRM-CM5-r8
CMCC-CM-r1

MPI-ESM-LR-r2
MIROC5-r1
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Emission scenarios RCMs SDMslow high
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Euro-CORDEX is the last of a 
series of international 
initiatives for regional climate 
change projection over 
Europe. 
 

•  0.11º and 0.44º resolution. 
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0.44º 0.11º 0.11AGG 

JJA SDII relative bias 

Hi-res 0.11º Euro-CORDEX 
simulations took ~100x the 
computing power of the 
standard 0.44º CORDEX 
resolution. 

Where should we look for 
added value in hi-res 
simulations? 

Important biases at both 
resolutions in SDII and 
RR1. 

EURO-CORDEX 

Casanueva et al. (2015) “Daily pr statistics in the EURO-CORDEX … ”, Cliimate Dynamics. 
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Downscaling 
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Local data (points) Gridded data (~10 km) 

– Energy 
– Health 

– Hydrology 
– Agriculture 
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[subdaily, daily temporal scale] 
Models exhibit biases when 
compared with observations: 
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Variables Description Units 
tas 2-meter temperature K 
tasmax Daily maximum 2-m temperature K 
tasmin Daily minimum 2-m temperature K 
wss 10-meter wind speed m/s 
huss 2-meter specific humidity Kg/kg 
hurs 2-meter relative humidity % 
tdps 2-meter dew point temperature K 
psl Mean sea level pressure Pa 
pr Precipitation Mm 
evspsbl Evaporation Mm 
evspsblpot Potential Evapotranspiration Mm 
rss Net SW surface radiation W/m^2 
rls Net LW surface radiation W/m^2 
rsds Downward SW surface radiation W/m^2 
rlds Downward LW surface radiation W/m^2 
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2. Different resolutions 

 

1. Systematic model biases 
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GCM outputs (~200 km) 
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Delta method 
(change factors) 
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GCM outputs (~200 km) 

Historical  
simulations 

2000 1990 1980 2010 2020 2030 2040 2050 2060 2070 2080 2090 

Future projections  
(scenarios) 

“delta” method 
Warming signal 

2070-2100 – 1970-2000 
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Regional 
Climate 
Models 
(RCMs) 

Dynamical 
downscaling 

GCMs 

Forcing 

Statistical  
Downscaling ( SDM) 
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Regional 
Climate 
Models 
(RCMs) 

Dynamical 
downscaling 

GCMs 

Y = f (X;θ) 
parameters are 
asjusted using 
historical data for 
both GCMs and 
observations. 

Bias  
correction  

PP and MOS 
Statistical 

downscaling 

Forcing 

Statistical  
Downscaling ( SDM) 
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Approaches: 
MOS & PP 

•  Model Output Statistics (MOS): The model is trained using 
observations and GCM outputs (which include biases/errors). 

precipobs[d] = f (precipgcm[d]) 
First introduced in weather forecast (Glahn and Lowry, 1972),  
but problematic for climate projection. R

ES
O

LU
TI

O
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B
IA

SE
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Approaches: 
MOS & PP 

•  Model Output Statistics (MOS): The model is trained using 
observations and GCM outputs (which include biases/errors). 

precipobs[d] = f (precipgcm[d]) 
First introduced in weather forecast (Glahn and Lowry, 1972),  
but problematic for climate projection. R

ES
O

LU
TI

O
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B
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B
IA

SE
S Adapted for climate projection under the name 

“bias-correction” in a PDF-wise approach: 

PDF(precipobs) = F (PDF(precipgcm)) R
C

M
s 
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Source Piani et al. 2010 

Bias correction: 
QQ Mapping 

(bias correc.) 

obs 

model output 

y = f(x) = cdfobs
-1(cdfprd (X )) 

Requires a 
“reference” 
PDF !!!! 
 
More sensitive 
to non-
stationarity 
issues !!!! Requires cross-validation 

(e.g. Gutiérrez et al. 2013) 
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Approaches: 
MOS & PP 

preciobs[d] = f (SLPrea[d],Q850rea[d]) 

•  Perfect Prognosis (PP): The model is trained using observations 
and reanalysis (quasi-observations). Predictors are large-scale 
variables well represented by GCMs.  

•  Model Output Statistics (MOS): The model is trained using 
observations and GCM outputs (which include biases/errors). 

precipobs[d] = f (precipgcm[d]) 
First introduced in weather forecast (Glahn and Lowry, 1972),  
but problematic for climate projection. 
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Adapted for climate projection under the name 
“bias-correction” in a PDF-wise approach: 

PDF(precipobs) = F (PDF(precipgcm)) 
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Typical predictors 
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Large scale atmospheric drivers 
for a particular day n 

Predictands: precip., etc. 
for a particular day n 

Yn (T(1ooo mb),..., T(500 mb);  
  Z(1ooo mb),..., Z(500 mb);  
              .......;  
  H(1ooo mb),..., H(500 mb)) =  Xn 

Linear regression: 
 

  Yn= a Xn+ b 

a

x

y

x1 x2 x3 x4 x5

Logistic regression 
Probabilistic prediction 

  Yn= F(a Xn+ b) 

Technique: 
Rregression 
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VALUE (20012-2016) 

VALUE is an open European network to  
Systematically validate and compare  
(dynamical and statistical)  
downscaling methods for climate change.  
 

Different (cross-validation) experiments: 

•  Perfect (ERA-Interim) Predictor 

•  GCM (CMIP5) Predictor 

•  Pseudo Reality (RCM as predictand). 

86 (53) stations:  
Over Europe (Germany) 

10°W 0° 10°E 20°E 30°E

40
°N

50
°N

60
°N

70
°N Experiments 1a and 1a_RCM

Experiment 1c
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Validation framework 

V1 C 2 C3 C4 C5

C 1C2 V3 C4 C5

C 1V2 C3 C4 C5

C 1C2 C3 V4 C5

C 1C2 C3 C4 V5

1979 2008

V1 V 2 V3 V4 V5

OBS

Validation
metric

C... V... V a l idation blockCalibration block

Cross-validation (k-fold approach, k=5): 

The validation period is 1979-2008 and the 
indices and performance measures are 
obtained: 
-  Unconditionally (for the whole period) 
-  Conditioned to several processes 

(NAO, Blocking, Lamb weather types, 
given by 0/1 binary series). 
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Experiment 1  
... Completed 

A web portal has been developed to collect, validate, visuallize 
and publish the validation results (and data) in a user-friendly way. 
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Precipitation 

MOS, PP and WG 
approaches:  
S (additive/mult. scaling),  
QM (quantile mapping),  
WT (weather types), 
A (analogs),  
TF (transfer function),  
WG (weather generators), 
 
Metadata: 
•  stochastic nature,  
•  multi-site  
•  multi-variable  
•  seasonality 
•  autocorrelation 
 

Shading indicates 
methods applied also for 
temperatures (30 
methods).  
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precipitation biases of 
the downscaling 
methods for winter 
and summer, 
respectively. For each 
method, the box-
whisker-plot 
summarizes the 
results of the 86 
stations. Boxes span 
the 25-75% range and 
the whiskers the 
maximum value 
(within 1.5 times the 
interquartile range); 
outliers are plotted 
individually. A red 
asterisk indicates 
values outside the 
plotted range. 
Average results over 
the different Prudence 
regions are indicated 
for each method. 
Shades indicate the 
MOS results using 
RACMO predictors 
(all others use ERA-
Interim). 



A multidisciplinary approach to weather & climate 
Santander Meteorology Group  

Santander Meteorology Group 
    A multidisciplinary approach for weather & climate 

http://www.meteo.unican.es 

E. Hertig et al. (2017) Comparison of statistical downscaling methods with respect to 
extreme events over Europe. Validation results from the Perfect-Predictor Experiment of 
the COST Action VALUE. International Journal of Climatology. In press. 

Extremes 

Marginal aspects 
Skewness 
Relative frequency of days with precip. >= 10mm 
98th percentile of wet (>=1 mm) days 
Total amount above 98th percentile of wet (>=1 mm) days 
20-years return value (max values, right tail) 
90%, 95%, 99% quantiles 

Temporal aspects 
Median of the annual dry (<1mm) spell maxima 
Median of the annual wet (>=1mm) spell maxima 

Marginal aspects 
Skewness (Tmin, Tmax) 
98th percentile Tmax 
20-years return value Tmax (max values, right tail) 
2nd percentile Tmin 
20-years return value Tmin (min values, left tail) 
90%, 95%, 99% quantiles Tmax 
10%, 5%, 1% quantiles Tmin 
Tmin < 0°C (Frost days)	
Tmax < 0°C (Ice days) 
Tmax > 25°C (Summer days) 
Tmax > 30°C (Hot days) 
Tmin > 20°C (Tropical nights) 

Temporal aspects 
Median of the annual cold (< 10th percentile Tmin) spell maxima 
Median of the annual warm (> 90th percentile Tmax) spell maxima 
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ERAINT-200 RAW
ERAINT-075 RAW
Ratyetal-M6 MOS S
Ratyetal-M7 MOS S
ISI-MIP MOS S/PM
DBS MOS PM
Ratyetal-M9 MOS PM
BC MOS PM
GQM MOS PM
GPQM MOS PM
EQM MOS QM
EQMs MOS QM
EQM-WT MOS QM/WT
QMm MOS QM
QMBC-BJ-PR MOS QM
CDFt MOS QM
QM-DAP MOS QM
Ratyetal-M8 MOS QM
MOS-AN MOS A
MOS-GLM MOS TF
VGLMGAMMA MOS TF/WG
FIC02P MOS+PP PM/A/TF
FIC04P MOS+PP PM/A/TF
FIC01P PP A/TF
FIC03P PP A/TF
ANALOG-ANOM PP A
ANALOG PP A
ANALOG-MP PP A
ANALOG-SP PP A
MO-GP PP TF
MLR-SDSM PP TF
MLR-RAN PP TF
MLR-RSN PP TF
MLR-ASW PP TF
MLR-ASI PP TF
GLM-DET PP TF
GLM PP TF
GLM-WT PP TF/WT
WT-WG PP+WG WG/WT
SWG PP+WG WG/TF
SSWG WG WG
MARFI-BASIC WG WG
MARFI-TAD WG WG
MARFI-M3 WG WG
GOMEZ-BASIC WG WG
GOMEZ-TAD WG WG

ANNUAL WINTER (DJF) SUMMER (JJA)

EQM: Empirical Quantile  
Mapping with frequency  
adaptation adjusting 99 perc. 
and linearly interpolating  
betwen them; constant  
Extrapolation is used outside  
this range.  
 

EQM-WT is a state-dependent 
version of EQM, conditioning  
the training to 12 Weather  
Types defined using daily SLP  
Over  Europe.  
 

GPQM: Parametric Gamma  
(Gaussian) Quantile Mapping  
with frequency adaptation for 
precipitation. A Generalized  
Pareto Distribution is used to  
adjust separately the  
extremes values (over the  
95th percentile). 
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WorldClim 

Global 
monthly  
hires (1km)  
grids 
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ESCENARIOS-PNAC 2012 

Distribuido por AEMET y UC. 

Towards Escenarios-  
PNACC 2012 
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Towards Escenarios-  
PNACC 2017 
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Conclusions 

In order to work with extremes, two different 
approaches are advised in order to adjust model 
biases: 
 

-  For GCMs and RCMs: The “delta” method, which 
provides climate information about parameters of 
interest (e.g. change in the mean). 

-  For RCMs: Bias adjustment techniques, exploring 
different versions modeling the extremes.  

 In any case, there are unavoidable deficiencies which 
have to be estimated from a pragmatic way using 
ensembles. 
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GCM biases 

CMIP5 Multi-model mean biases. Flato et al., IPCC AR5, 2013 

Some of these biases are a consequence of the bad representation 
of key dynamical processes. These are difficult to correct/adjust. 


