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History of Downscaling Origins in weather forecasting

First AGCM Simulation, 1956
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First statistical downscaling, 1959
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First statistical downscaling
Choice of predictors
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First statistical downscaling
Linear regression
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History of Downscaling Origins in weather forecasting

First model output statistics, 1972
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History of Downscaling Origins in weather forecasting

Early MOS System
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History of Downscaling Origins in weather forecasting

Typical Predictors
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History of Downscaling Origins in weather forecasting

Perfect Prognosis vs. MOS

� PP was born out of necessity
� When long enough model

simulations available, MOS
was developed.
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History of Downscaling Origins in weather forecasting

First limited area models, 1966
Howcroft, J.G. 1966. Fine-Mesh Limited-Area Forecasting Model. Tech. rept. U.S. Air
Weather Service, Scott Air Force Base.
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History of Downscaling Origins in weather forecasting

First limited area models
barotropic, approx. 190km resolution, constant lateral boundary conditions, 24h
simulation
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First climate model, 1967
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First climate projection, 1975
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History of Downscaling Downscaling in climate research

First world climate conference, 1979
led to the establishment of the WCRP and later the IPCC
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First IPCC meeting, 1988
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Establishment of Working Group 1-3
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History of Downscaling Downscaling in climate research

First regional climate change & impact studies

� Use past climates as analogues for warmer future climate (e.g.,
Wigley et al., 1986)
Critique: forcing of past climates different from future climate ⇒
also response patterns different.

� Impact model sensitivity studies (e.g., Schwarz, 1966)
� Change factor approach (e.g., Mearns et al., 1984)
� Interpolation of GCM surface variables (e.g., Cohen and Allsopp,

1988; Wigley et al., 1990)
Critique: GCMs do not simulate realistic fields beyond a minimum
skillful scale (Grotch and MacCracken, 1991); climate change at
regional scale might differ from climate change at large scale
(Giorgi et al., 1991).
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History of Downscaling Downscaling in climate research

First ESD in climate research, 1984
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History of Downscaling Downscaling in climate research

First conceptual discussion, 1985
Introduction of the term “downscale”
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The Karl et al. paper, 1990
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History of Downscaling Downscaling in climate research

The Karl et al. paper, 1990
Insights and Ideas

The good
� Downscaling in climate science is similar to PP and MOS in NWP;
� Only free atmospheric variables as predictors;
� Problem of extrapolation.

The bad
� Variance inflation (actually, after Klein et al., 1959);
� Muddled understanding of PP and MOS.
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The von Storch et al. paper, 1993
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History of Downscaling Downscaling in climate research

The von Storch et al. paper, 1993
Insights and Ideas

� Predictor scale should be larger than minimum skillful scale
(Perfect prognosis);

� Predictors should be informative, i.e., explain large fraction of local
weather.
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History of Downscaling Downscaling in climate research

Delta change; change factor weather generators

Delta change
� Add/multiply simulated long-term change to present observational

series (e.g., Rosenzweig, 1985; Santer, 1985).

Weather generators
� Wet day generator: Gabriel and Neumann, 1962;
� Precipitation generators: Katz, 1977; Buishand, 1977;
� Weather generator: Richardson, 1981.

Change factor weather generators
� Change factor weather generator: Wilks, 1988.
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History of Downscaling Downscaling in climate research

Perfect Prognosis weather generators

� WG conditioned on observed day-to-day weather types: Hay et
al., 1991; Bardossy and Plate, 1991; Bardossy and Plate, 1992;

� WG conditioned on GCM simulated weather types: Matyasovszky
et al., 1993;
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The first regional climate model, 1989
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History of Downscaling Downscaling in climate research

The first RCM projection, 1991
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History of Downscaling Downscaling in climate research

First climate bias correction, 2002
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History of Downscaling Downscaling in climate research

MOS and bias correction, 2003
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History of Downscaling Downscaling in climate research

Stochastic bias correction, 2014
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History of Downscaling Coordination

Model intercomparison and validation

� Project to Intercompare Regional Climate Simulations (PIRCS,
Takle et al., 1999)

� PRUDENCE (Christensen and Christensen, 2007)
� STARDEX (Haylock et al., 2006; Goodess et al., 2010)
� ENSEMBLES (Hewitt, 2005; van der Linden and MItchell, 2009)
� NARCCAP (Mearns et al., 2009)
� CORDEX (Giorgi)
� VALUE (Maraun et al., 2015)
� CORDEX-ESD
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History of Downscaling Coordination

Climate information distillation and
ethical aspects

� How to construct regional climate information from multiple,
apparently contradictive, sources (observed trends, expert
knowledge, GCMs, RCMs, PP, bias correction)?
WCRP expert workshop on climate information distillation,
Santander, Oct. 2014;
IPCC workshop on regional climate projections, Sep. 2015;
WCRP frontier projects.

� Providing plausible, defensible and actionable information is an
inherently ethical problem (Hewitson et al., 2014; Maraun et al.,
2015).
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Overview of downscaling approaches Dynamical Downscaling

Dynamical Downscaling
Nest a limited area RCM into a global GCM

Large Scales

Regional Scales

Local Scales

GCM

RCM

Observations
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Overview of downscaling approaches Dynamical Downscaling

RCMs add value
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Overview of downscaling approaches Dynamical Downscaling

RCMs are biased
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Overview of downscaling approaches Dynamical Downscaling

Sub-grid parameterisations

Small scale processes are included by empirically
derived relationships
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Sub-grid parameterisations
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Overview of downscaling approaches Statistical Downscaling

The basic idea

Mapping between a large (or larger) scale predictor X and the
expected value of a local-scale predictand Y :

E(Y |X) = f(X , β)

β: vector of unknown parameters

Variability not explained by X can be modelled as noise η.

Observed X for calibration ⇒ Perfect Prog (PP);
Modelled X for calibration ⇒ Model Output Statistics (MOS).
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Overview of downscaling approaches Statistical Downscaling

PP vs. MOS
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Overview of downscaling approaches Statistical Downscaling

The concept
Perfect Prog(nosis, PP) establishes a statistical link between observed large and local
scales

Large Scales

Regional Scales

Local Scales

GCM

Downscaling
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Overview of downscaling approaches Statistical Downscaling

Predictor Choice
Predictors are required to be

� informative
� stationary relationship with predictand
� capturing long term variability
� well represented by GCMs (PP condition)

Predictors need to capture
� atmospheric circulation (pressure fields, airflow indices, weather types)
� temperature
� moisture

Predictors are often transformed, e.g., by PCA, “physical” transformations or
cluster analysis.
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Overview of downscaling approaches Statistical Downscaling

Limitations of PP

� Stationarity assumption often questionable;
(depends heavily on the predictor choice)

� Often only single site models;

� In general no full spatial fields;

� Mesoscale physics not considered.
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Overview of downscaling approaches Statistical Downscaling

Model output statistics (MOS)
also called bias correction, corrects specific model output

Large Scales

Regional Scales

Local Scales

GCM

RCM

Correction
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Overview of downscaling approaches Statistical Downscaling

Limitations of MOS I

� Delta method does not account for dynamical changes;

� Most current approaches correct only long term distributions;

� Stationarity assumption questionable;

� When calibrated against gridded data, limited resolution;

� When calibrated against station data, no full fields; variability
underestimated by most approaches;

� Most approaches do not correct location bias;

� Almost no methods for extremes.
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Overview of downscaling approaches Weather generators

Simple unconditional weather generator (WG)

1. Markov chain to model wet- and dry-day sequence:

pij(t) = P(Xt = j|Xt−1 = i), i, j ∈ (0, 1)

2. Gamma distribution to model rain amount on a wet day:

P(yi > y0|i = 1) ∼ Γ(k, θ)
k: shape
θ: scale

(some WGs model individual storm cells)
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Overview of downscaling approaches Weather generators

Schematic of a weather generator
Hidden Markov model for transitions and logistic regression for wet and dry days
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Overview of downscaling approaches Weather generators

PP and MOS WGs

PP WGs
The parameters of the WG are conditioned on large scale weather.

MOS WGs
The parameters of the WG are conditioned on the RCM grid box
values.

Change Factors
Condition parameters of unconditional weather generators on RCM
grid box climate.
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