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Why do we need downscaling?



GCM (~300 km) 
Precipitation October

Observation (~5km)

   Problems:
• GCM too coarse for local assessment
• GCM biases in climatology (spatially and 

temporally)
• Regional climate variability (topography, 

surface landscapes, coastlines)

Why do we need downscaling?



Downscaled

Dynamical Downscaling Statistical Downscaling
Climate Model
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Develop
transfer function



Dynamical downscaling (RCMs)

WCRP CORDEX

Dynamical downscaling required large resources to 
cover all scenarios, different GCM/RCM sensitivity 



Source: Giorgi (2008)

• Uncertainties in future 
greenhouse gas and aerosol 
emissions

• Uncertainties in global and 
regional climate sensitivity, due 
to differences in the way 
physical processes and 
feedbacks are simulated in 
different models

• Regionalization with statistical 
approach doesn’t need 
extensive resources and, 
therefore, possible to cover all 
the uncertainties and produce 
probabilistic projection.

Why statistical downscaling?



Uncertainty from AR5 Emission Scenarios



Uncertainty from Global Climate Models

Summer precipitation change(%) with CMIP5 models under RCP8.5 scenario



Uncertainties Assessment (Hawkin and Sutton, 2009)
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(Dynamical-) Statistical Downscaling

Simple Statistical Downscaling:
Bias Correction Spatial Downscaling (BCSD) 

Wood et al. 2004, and Maurer 2007

• Aggregate gridded OBS to GCM resolution
• Remove trend (if the trend is significant)
•Generate CDF of observed and GCM data
- Q-Q mapping approach
- limitation on extrapolation 

• Add trend back in
• Resample/interpolate to finer resolution
• Apply spatial factor to account for subgrid topography



Statistical downscaling and bias 
correction by cumulative distribution 
function and interpolation

Wood et al. 2004, and Maurer 2007

(Dynamical-) Statistical Downscaling
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CMIP5 models
(29 centers, 

>50 model versions)
CMIP5

experiments
historical

RCP2.6, 4.5, 6.0, 8.5



New high-resolution (1~5km) 
gridded climate data over TaiwanAPHRODITE (0.25°)

Require long-term high-resolution observations 



2-stages downscaling



Aphrodite 0.25°

Taiwan gridded 
5km

2-stages:  (1) GCM ⇒0.25°  (2) 0.25°⇒ 5 km

(2)

(1)

CMIP5 Model Projected Future Change in Precipitation (%) RCP8.5
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Uncertainties Assessment (Hawkin and Sutton, 2009)
Fraction of  Total  Variance Plot (Scenario, Model, Internal Variability) 
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Summary and Concluding Remarks

• Must consider the other major uncertainties (emission scenario, 
model, etc.) regarding future climate in addition to downscaling 
to local scale.  Probabilistic projection better represent the 
uncertainty.

• Large resources are needed for dealing with all the uncertainties 
using dynamical downscaling approach. Statistical approach is a 
relatively simple alternative.

• For Taiwan region, scenario uncertainty become more dominate 
for future warming at the end of century, but only very limited 
contribution to the future precipitation change.  Model 
uncertainty is the main reason for the range of projected future 
rainfall change.  Internal variability can have sizable influence on 
regional to local climate changes.
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