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Recent review paper on downscaling  



  
 

Topography in a global climate model 

NCEP Reanalysis Model 
same resolution as  
IPCC AR4 models 



Problems with GCM-simulated precipitation 
IPCC AR4 ensemble mean  2080-2099 relative to 1980-1999 

CMAP observations (annual mean 1980-1999)           IPCC AR4 ensemble mean 

Coarse resolution 
 

Biases 
 

internal variability vs.  
true model differences? 
 

large-scale circulation 
vs. parametrisation errors? 
 

representation of  
temporal variability? 
 

GCM precip can often not 
be directly used 



Topography in a 
regional model (REMO)  

(courtesy  F. Feser) 

50 km resolution 17 km resolution 



RCMs are biased  

mean precipitation in ERA40-driven RCMs (from ENSEMBLES)  



RCMs are biased  

    precipitation bias in ERA40-driven RCMs (from ENSEMBLES)  



Statistical downscaling (Perfect Prog) 

(courtesy Douglas Maraun) 

observed statistical link 



Perfect Prog(nosis) Downscaling 



Perfect Prog downscaling 

Challenging predictor requirements 
 
- informative: high predictive power on timescale of interest 
 

- effective: non-redundant, smallest set 
 

- physically motivated 
 

-  
   in a climate change context this means predictors must be a plausible  
   realisation of future climate (no systematic model errors) 
  
-  candidates include circulation, temperature, humidity 
 
Statistical relationships need to be stable over time 
 
Bypasses complex synoptic- and mesoscale processes that may be 
successfully simulated and tries to describe them with simple statistical models 
 
 



Model Output Statistics (MOS), aka bias correction 



Downscaling classification (used in VALUE COST action)  

1. Dynamical Downscaling  (E. Coppola, S. Kotlarski) 
 
1. Perfect Prog(nosis)  (PP) 
 
2.1   deterministic 
 
2.2    probabilistic (PDFs but no time series) 
 
2.3    stochastic, time series / weather generator  (R. Chandler) 
 
 
3.     Model Output Statistics  (MOS) 
 
3.1   deterministic 
 
3.2    probabilistic 
 
3.3    stochastic, timeseries / weather generator 
 
  



Perfect Prog downscaling - estimating precip from pressure 

(Widmann and Bretherton, J. Climate 2000; Widmann et al., J. Climate, 2003) 

pair 1 

pair 2 

geopot. height (Z1000)      precipitation  topography 

Coupled anomaly patterns (SVD) between DJF 1000 hPa geopotential  
height (NCEP) and daily preciptation 



Model Output Statistics - estimating true precipitation 
from simulated precipitation       

simulated precipitation  
(NCEP reanalysis) observations 

Coupled anomaly patterns  
(SVD) between DJF daily  
simulated  (NCEP)  and  
observed preciptation 

topography 



precipitation  (3 y mean, DJF 1958-1998) 
predictors: geopot. height (ZSVD) 
                  or humidity (qSVD)  

ä ä 

simulated precipitation 
(RP and PSVD)  



Bias of RCM (MM5, ERA40 driven) over the Alps 

(courtesy Matthias Themeßl, Uni Graz) 

Difference to observations (HISTALP) in mm/wetday 



Correction of RCM-simulated daily precipitation distribution  

(Themeßl et al., IJC 2011) 

substantial improvement 
over raw RCM output 
 
works better than MLR   

MM5 driven by ERA40 



Model Output Statistics (aka bias correction)  

Model Output Statistics (MOS) is standard in weather forecasting  
and is preferred to Perfect Prog (PP). It is also used to correct RCMs 
 
 
MOS in weather forecasting and in the reanalysis example are based on  
(generalised) regression equations and thus require representation of 
true circulation variability in model (known as -wise  
 
 
If only climatologies or standard simulations are available:  
 
- only simple MOS models can be fitted (scaling and correction of PDFs)  
   and it is unclear to what extent these are biased by different circulation 
   (known as distribution-wise MOS); 
 
- it is not clear whether temporal variability is reasonably simulated and  
   the MOS correction makes any sense. 
 
Full MOS has not been possible yet with GCMs as only standard forced 
simulations were available (random circulation variability). For RCMs 
reanalysis-driven simulations provide the necessary set-up. 
 



Large-scale atmosph. state 

Simulated precipitation 

Observed precipitation 

Parameterisations 

Topography 

Validation/Correction 
MODEL WORLD 

REAL WORLD 

1. Simulated large-scale fields can 
be different from true values 

2. Parameterisations and topography 
used to simulate precipitation may 
not be accurate 

(Eden, Widmann, Grawe and Rast, 2012,   
 J. Climate) 

Contributions to error in simulated precipitation 
For skill assessment and correction two types of error should be separated. 
MOS is conceptually consistent with PP if only error 2 is corrected. 



 
 

What is the purpose of downscaling? 
 

 
- provide regional climate consistent with large-scale GCM states? 
 
-  
  large-scale GCM errors? 
 
 

 
 
First case is consistent with many cases of Perfect Prog downscaling 
 
 
 
 



Storm track density, climate change and bias 



Simulated precipitation 

Observed precipitation 

Parameterisations 

Validation 
MODEL WORLD 

REAL WORLD 

Skill assessment and MOS based 
on parametrisation errors 

Large-scale state 

(Eden et al. 2012) 

Nudging of ECHAM5 towards ERA40 reanalysis 

Variables nudged towards ERA40  
reanalysis (entire troposphere): 
 
- circulation (div, vort.) 
 

- temperature 
 

SST as in ERA40 
 
 



RCM and GCM setup for pairwise Model Output Statistics  

Pairwise GCM MOS has been applied already for monthly mean precipitation 
(Eden and Widmann, J. Clim 2014) 



Distributionwise vs pairwise Model Output Statistics  

If only climatologies or standard simulations are available only 
 

 
-  scaling, bias correction, correction of PDFs  
    
- it is not clear whether temporal variability is reasonably simulated  
  and the MOS correction makes any sense. 
 
 
If simulations are available in which the simulated and real weather 
situations match (generalised) regression equations can be used. 

 
 
- RCMs driven by reanalysis (perfect boundary) 
 
- GCMs nudged towards reanalysis 
 
 



Normal (non-nudged) 

Nudged to ERA-40 

Correlation 
ECHAM5 
precipitation and 
GPCC observations 
January 1958-2002 

(Eden, Widmann, Grawe, and Rast, 
J. Climate 2012) 

first quantification of 
GCM skill in simulating  
temporal precipitation  
variability given correct 
synoptic circulation 
 
correction in low-skill  
regions makes no sense 

 



Correlations of ECHAM5 with observed seasonal  
precipitation means and scaling factors  

correlations scaling factors 



ECHAM5 scaling factors  
using GPCC obs (0.5 deg) 

scaling factors shown only for 
gridcells where interannual 
variability is well-captured (i.e. 
correlation coefficient > 0.7) 
 
 
ECHAM5: 
 

- good agreement with  
  observations over large parts   
  of Europe 
 

- too wet over Scandinavia  
 

- too dry over parts of the  
   Mediterranean coast  
 
- some differences between 
  nudged and non-nudged  
  simulation 

(Eden et al. 2012) 



Probabilistic MOS 
 
for RCMs and GCMs 



Deterministic downscaling  

One predictor in -->  one predictand out 
 

Does not account for unexplained small-scale variability (local noise) 
 
Local, deterministic MOS 
 

- bias correction 
 

- PDF matching 
 

- can be applied to RCMs and GCMs 
 

- can be used with reanalysis-driven RCMs or nudged GCMs for fitting,  
  or with standard GCM (and nested RCM) runs: different errors are   
  corrected 
 
Non-local MOS (and PP)  
 

- predictors from a domain 
 

- PC-MLR, 1D MCA ... 



Projections and predictions of Local prEcipitation Intensities:  
Advanced Downscaling using Extreme value Statistics 

Probabilistic MOS for downscaling daily precipitation 

- probabilistic: account for non-explained local variability 
  by predicting distributions  
 
- use mixture of Gamma and Generalised Pareto distribution 
 

- make distribution parameters dependent on simulated precipitation   
 
 



Stationary mixture model 

(i.e. no downscaling)  



distributions for bulk of precipitation values 
 - Gamma or log-normal distribution 
 - bad representation of extremes 
 
 
 
 
 
 
 

 
extreme value distributions for the extremes 
 - Generalized Extreme Value Distribution  for block maxima 
 - Generalized Pareto Distribution for peaks over threshold  
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(M. Vrac, 2009) 

Modelling daily precipitation distributions 



From Frigressi et. al. (2002)  merge classical and EV 
distributions 
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(M. Vrac, 2009) 

(courtesy Geraldine Wong)  



Non-stationary mixture model 

(MOS downscaling)  



Probabilistic MOS (non-stationary mixture model)  

(Wong, Maraun, Vrac, Widmann and Eden, J. Clim. 2014) 



Probabilistic MOS (non-stationary mixture model)  

(Wong, Maraun, Vrac, Widmann and Eden, in revision) 

x_i   is simulated precipitation on day i 
 

generalised linear 
 

 
model parameters are fitted using 
Maximum Likelihood Estimation 



Stochastic MOS:  
VGLM mixture model 

Daily precipitation  
in Cambridge 
 
Simulation: 
CLM driven by ERA40 
with nudging of  
upper-level winds 
 
Solid: VGLM mixture 
 
Dashed: VGLM Gamma 

DJF 

JJA 

(Wong et al., J. Clim. 2014) 



Stochastic MOS:  
VGLM mixture model 

Daily precipitation  
in Cambridge 
 
Simulation: 
CLM driven by ERA40 
with nudging of  
upper-level winds 

JJA 

DJF 

(Wong et al., J. Clim. 2014) 



RCM-MOS  
vs GCM-MOS  

                                                    
Does the RCM provide added value? 
 
Aspects: 
 

- fit between estimated distributions and past observations (this talk) 
 

- spatial coherence 
 

- magnitude of climate change signal 
 

- pattern of climate change signal 



Reference:           

stationary Gamma 

Validation of RCM and GCM MOS: 
wet day occurrence from logistic regression 

(Eden et al.,  
JGR 2014) 



sk
ill 

RACMO2 

DJF 

JJA 

ECHAM5 

QVSS for 90th 
percentile 

C-CLM 

Quantile verification skill 
score (QVSS) measures 
the relative performance 
success of the VGLM.  

Reference:          
stationary Gamma 

Validation of RCM and GCM MOS  
VGLM Gamma model 

(Eden et al.,  
JGR 2014) 



UKCP09 
probabilistic climate change 
projections: 
precipitation 

(UK Climate Projections: briefing report 
http://ukcp09.defra.gov.uk ) 

2080s, medium emissions scenario 
 
Based on  
 
- weather generator fitted to current climate 
 

- modified by (additive) change factors for 
  mean and variance, derived from RCMs 
 
- perturbed physics RCMs and GCMs from 
  Hadley Center/Met Office 
 
- also 12 other GCMs 



UKCP09 
probabilistic climate change 
projections: 
daily average  
temperature 

(UK Climate Projections: briefing report) 

2080s 
 
medium emissions 
scenario 
 



The science of VALUE:   Validation 



 
 

The science of VALUE:   Validation 

- Distributionwise 
 
   How is the climate distribution represented?    
 
 
- Eventwise 
 
   How well are events represented? 
 
   Essential, even though we are not interested in forecasting. 
 



The science of VALUE:   Validation 
Indices and performance measures 



The science of VALUE:    
Validation indices and performance measures 

One-point correlation maps 



 
 

The science of VALUE:   Validation in present climate 

Predictands (observations) 1980-2010 

Predictors (stat. DS)  and boundary conditions (dyn. DS) :  
ERA interim  



 
 

The science of VALUE:   Validation in future climate  

RCM-simulated pseudoreality 
 
- fit DS models using GCM-driven RCMs as predictands 
 
- validate how well RCM-simulated climate for the second half of  
   the 21th century is  estimated  
  
 



Summary and final comments    

 
VALUE has provided a systematic classification of methods  
(used also in NCPP controled vocabulary). 
 
 
A systematic validation and method comparison is needed. VALUE has defined  
a systematic framework, which is currently being implemented on a web-portal. 
 
 
The ranking of methods will most likely depend on which aspects are validated. 
 
Errors introduced by the large-scale GCM forcing are a big problem and there 
is no concensus whether and if so how to deal with the in downscaling  
 
 
 



END 


