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D7.3: Recommendations on methods and datasets for regional climate projections
Partner involved: UEA

1. Introduction

The original title of this deliverable was ‘Recommendations on methods and datasets for statistical and
dynamical downscaling’. The responsible partner (UEA) has been involved in ongoing project
discussions concerning the design, data archiving and analysis of the WP5 regional climate model
(RCM) simulations, and also hosted a visit of Ariel D’Onoftrio (a PhD student based at UBA) to UEA in
early 2009 to discuss statistical downscaling and enhancement of the CHAC downscaling tool. Work on
statistical downscaling in WP7 has also been undertaken by Maria Laura Bettolli of UBA — focusing on a
two-step analogue method. Reflecting these activities, and discussions on desirable enhancements of the
CLARIS-LPB Data Archive Center (CLDAC) during the 2010 annual meeting, the title and scope of this
deliverable has been changed to better meet the overall WP7 objectives and the emerging project needs.

This deliverable now provides a general guide on working with regional climate projections and
scenarios. It encompasses issues such as: handling and quantifying uncertainty in global and regional
climate model simulations; evaluating model performance and the added value of downscaling: and,
techniques for bias correction of RCM data for input to impacts models. It draws on expert guidance
(e.g., from the IPCC on assessing and combining multi-model climate projections and the ETCCDI on
the analysis of extremes) and the recent peer-reviewed literature — highlighting some of the areas of open
debate on methods and approaches. It also draws on the experience of the earlier EU ENSEMBLES
project (van der Linden and Mitchell, 2009).

Consistent with the objective of CLARIS-LPB WP7, this guide aims to bridge some of the gaps between
the climate modeling and impacts communities (Fowler et al., 2007a; Maraun et al., 2010; Wilby et al.,
2009). Quite a lot of the discussion relates to the uncertainties associated with regional climate
projections. It is important that these uncertainties are addressed in impacts and adaptation assessments
despite the challenges they represent to decision making (Dessai et al., 2009; Wilby and Dessai, 2010).

This general guide provides a broader framework and context for the more specific documentation and
analyses of RCM uncertainty being produced by CLARIS-LPB WP5.

Section 2 discusses issues associated with the use of GCMs, while Section 3 focuses on RCM-related
issues. Section 4 introduces the CLDAC developed by WP7, together with other software and guidance
resources which may be relevant for CLARIS-LPB partners.

2. Issues associated with the use of GCMs

2.1 Model skill

The skill of any downscaling method (dynamical or statistical) is constrained by the ability of the driving
GCM to simulate the large-scale circulation (i.e., to provide reliable boundary conditions/forcing). In this
respect, the work of CLARIS-LPB WP4 on the analysis of low-frequency variability trends and shifts
(focusing on modes of variability such as ENSO, Southern Annular Mode, Pacific Decadal Oscillation,
and the North Atlantic Oscillation) and teleconnections with the La Plata Basin hydroclimate is
particularly relevant.
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Users of downscaled information are encouraged to familiarize themselves with the main findings of the
WP4 evaluations. It may also be appropriate to undertake additional evaluations, e.g., validation of
predictors selected for statistical downscaling.

It is because of the existence of global model biases that CLARIS-LPB WP5 has performed ‘perfect
boundary conditions’ simulations using ERAinterim forcing, as well as GCM-forced simulations. The

reanalysis-forced simulations allow evaluation of the RCM performance alone. They also contribute to
the international CORDEX framework (Giorgi et al., 2009).

There are a number of recent papers discussing different approaches and metrics for GCM evaluation in
the context of developing regional climate projections, including discussion of issues such as stationarity
of biases and the relationship between model biases and climate change signals (e.g., Macadam et al.,
2010; Matsueda and Palmer, 2011; Overland et al., 2011; Schaller et al., 2011; and references therein).
These references focus on the CMIP3 ensemble and temperature and precipitation rather than the more
dynamic variables and processes considered by WP4. Nonetheless they provide a useful context for the
CLARIS-LPB work and highlight issues which are also relevant to RCM evaluation, such as spatial scale
and smoothing (Masson and Knutti, 2011a). Better agreement between simulated and observed values
tends to be found with spatial smoothing over several grid points, though this may be at the expense of
the spatial detail desired by users (Masson and Knutti, 2011a). This recent literature reflects the fact that
there are currently many open issues in the modeling/projections community with some contradictory
views and evidence presented.

2.2 Model ensembles

There is, however, general agreement on the need to work with model ensembles. One ensemble
strategy is to explore the uncertainties due to model parameterization using perturbed physics ensembles
based on one model, but the approach taken in CLARIS-LPB (and in the IPCC assessment reports using
the CMIP ensembles) is to explore uncertainties due to model differences and internal climate variability
using multi-model ensembles. A recent IPCC good practice guidance paper focuses on assessing and
combining multi-model climate projections (Knutti et al., 2010a). The recommendations for regional
assessments include a reminder of the four factors that should be considered in assessing the likely future
climate change in a region (Christensen et al., 2007): historical change; process changes (e.g., changes in
the driving circulation); global climate change projected by GCMs and downscaled projected change. All
these factors are addressed by CLARIS-LPB: WP3, for example considers recent past climate variability
in La Plata Basin. The IPCC good practice guidance paper focuses on the use of global models, but many
of the recommendations are also applicable to dynamical and statistical downscaling (Knutti et al.,
2010a).

More detailed discussion of the issues involved in combining multiple global climate models, particularly
from the CMIP3 ensemble, is provided in recent papers (e.g., Annan and Hargreaves, 2010; Knutti, 2010;
Knutti et al., 2010b; Masson and Knutti, 2011b; Réisdnen and Ylhaisi, 2011; Collins et al, 2012 and
references therein). These issues include ongoing discussion of metrics for evaluating models,
particularly with respect to the development of performance-based weighting schemes and probabilistic
projections. Regional probabilistic projections have been constructed from global climate models as
exemplified by Tebaldi and Sans6, 2009 and Tebaldi and Knutti, 2010. Care is needed in applying
weighting schemes, however, in the light of shared/common model parameterization schemes and biases
(Palmer et al., 2008; Knutti, 2010). In summary, a number of challenges exist with respect to: ensemble
design and spread; model independence; structural uncertainty; how many models to use and how to
combine them; model evaluation and metrics; and model calibration and evaluation (Knutti, 2010).
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CLARIS-LPB D7.2 provides a review of methods for calibration and combination of multi-model
ensemble simulations focusing on probabilistic approaches. Recommendations are made with respect to
appropriate methods and datasets. Two methods [multiple linear regression (Greene et al., 2006) and
fuzzy regression (Bisserier et al., 2010)] are investigated using temperature projections from five of the
CMIP3 models (a total of 27 ensemble members for the A1B emissions scenario). Results are presented
for three homogeneous regions (northern, central and southern) of La Plata Basin. In addition to this
approach for calibrating temperature projections, the potential for spatial calibration of precipitation
projections using forecast assimilation (Coelho et al., 2006) and focusing on EI Nifio-related
relationships is explored using the HadCM3 model.

2.3 Representing uncertainty

Consideration of uncertainty in the wider CMIP3 ensemble is important in the context of the WP5 RCM
simulations (see Table 1) which take boundary conditions from three GCMs (including three EC50M
ensemble members). Though it should be noted that the CMIP3 ensemble is itself an ‘ensemble of
opportunity’ (Annan and Hargreaves, 2010; Knutti et al., 2010b). While complex probabilistic
approaches can be used to explore the spread of uncertainty, simpler presentations used in the [IPCC AR4
include ensemble means and inter-model standard deviations, together with counts of the number of
ensemble members showing projected changes in the same direction (e.g., IPCC AR4 Figure SPM7
showing seasonal changes in precipitation). The latter can be considered as an indication of the
robustness of change — assuming that the greater the number of models in agreement (i.e., the greater the
inter-model consistency), the greater the robustness (though results may be misleading when the
projected changes are close to zero). No account is taken, however, of common biases which may affect
the projected changes as well as present-day simulations. Model convergence will not provide an
appropriate guide to the credibility of projections if all models, or the majority of models, are ‘wrong’.
Thus while used as a criterion in the original version of the Reliability Ensemble Averaging method
(Giorgi and Mearns, 2003), model convergence was dropped in a later upgraded version of the method
(Xu et al., 2010).

Ensemble means, standard deviations, consistency counts and box plots have been used in a number of
papers exploring global changes in extreme events:

e Temperature and precipitation extremes in the CMIP3 multi-model ensemble: Tebaldi et al.,
2006; Kharin et al., 2007; Orlowsky and Seneviratne, 2011

e Heatwaves in the Hadley Centre’s QUMP perturbed physics ensemble: Clark et al., 2006; 2010

e Drought in the QUMP and CMIP3 ensembles: Burke and Brown, 2008; Sheffield and Wood,
2008

For La Plata Basin, these studies indicate fairly robust increases in warm extremes (more frequent warm
days and nights and more frequent and longer heat waves and warm spells) and decreases in cold
extremes (less frequent cold days and nights). Changes in precipitation extremes are less consistent
between models, though there is some tendency towards more heavy precipitation in this part of South
America. See Seneviratne et al (2012) for a detailed assessment of projected changes in extremes.

2.4 Partitioning GCM uncertainty

A number of studies attempt to partition or quantify the different contributions to uncertainty in the
CMIP3 ensemble, in particular that due to internal variability of the climate system, model uncertainty
and emissions scenario uncertainty (e.g, Hawkins and Sutton, 2009; 2011). Such studies are relevant in
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assessing the wider representativeness of the CLARIS-LPB regional simulations (see also Section 3.2)
for the two selected future periods 2011-2040 and 2071-2100.

Hawkins and Sutton (2009; 2011) demonstrate that the sources of uncertainty are dependent on the future
time period considered and also on the variable, region and spatial/temporal averaging used. In general,
however, the balance of uncertainty is expected to be rather different for the earlier CLARIS-LPB
scenario period (dominated by internal variability and model uncertainty) compared with the later period
(where model and scenario uncertainty are important). This is particularly the case for temperature:
emissions scenario uncertainty tends to be less important for precipitation on all timescales. This website
http://climate.ncas.ac.uk/research/uncertainty/ provides maps and figures showing the signal-to-noise
ratios and the relative importance of each source of uncertainty for each five-year period over the 21
century. In the case of temperature over La Plata Basin, in the first decade internal variability accounts
for 40-50% of the total ensemble uncertainty, and model uncertainty 50-60%. By the ninth decade, model
uncertainty is reduced to 30-40% and emission scenario uncertainty dominates at 70-80%. The maps also
illustrate the very much weaker signal-to-noise ratio over La Plata Basin for precipitation compared with
temperature.

With respect to the earlier CLARIS-LPB scenario period, 2011-2040, it should be noted that the GCM
simulations used do not attempt to provide an estimate of the actual evolution of the climate in the future
starting from well-defined initial conditions, i.e., they should be viewed as climate projections or
scenarios and not as decadal predictions. The latter science is in its infancy and many methodological
and scientific challenges remain to be addressed (Meehl et al., 2009; Solomon et al., 2011).

It should also be noted that modeling work to date has focused on the SRES and other non-mitigation
emissions scenarios. The balance of uncertainties may be different for the mitigation scenarios included
in the set of Representative Concentration Pathways (Moss et al., 2010) developed ahead of the IPCC
Fifth Assessment Report.

Many of the uncertainty issues related to global climate models are also relevant in considering regional
climate models (see Foley, 2010 for a rather general and non-technical review), though here the
uncertainties associated with the downscaling itself must also be considered.

3. Issues associated with the use of RCMs

3.1 Ensemble design

A number of technical considerations and challenges specific to dynamical downscaling, relating to
issues such as choice of boundary conditions and domain size (Wang et al., 2004; Laprise et al., 2008;
Rummukainen, 2010; Arritt and Rummukainen, 2011; Rapai¢ et al., 2011), had to be considered in
designing the WP5 RCM simulations.

In addition, decisions had to be made concerning the forcing GCMs — balancing scientific and pragmatic
considerations. The final ensemble of 11 members (Table 1) consists of seven RCMs forced by three
different GCMs. This offers a number of opportunities for analysis and intercomparison. Four RCMs are
forced by HadCM3-QO0 and four by EC50M-R3 — allowing exploration of the effect of choice of RCM in
both GCM cases. RegCM3 and LMDZ are both forced by two GCMs — providing some indication of the
effect of GCM choice. RCA is forced by three ensemble members of EC50M-R3 — thus addressing intra-
GCM variability. All simulations are for the A1B emissions scenario, so emissions scenario uncertainty
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is not addressed. However, as discussed in the previous section (Hawkins and Sutton, 2009; 2011),
emissions scenario uncertainty is not so important for the earlier CLARIS-LPB scenario period (2011-
2040) and is likely to be less important for precipitation than for temperature in the later scenario period
(2071-2100).

GCM/RCM | HadCM3-0Q0 | EC50M-R3 | IPSL
MMS5 X

RCA XXX

RegCM3 X X

REMO X

PROMES X

LMDZ X X
Eta X

Table 1: GCM (columns) / RCM (rows) matrix of the 11 CLARIS-LPB RCM simulations.

3.2 Partitioning RCM uncertainty

The partitioning of uncertainty in RCM simulations was addressed in the EU ENSEMBLES and
PRUDENCE projects. The general message emerging from the ENSEMBLES studies (Kendon et al.,
2008; 2010; van der Linden and Mitchell, 2009; Déqué et al., 2011) and the earlier PRUDENCE work
(Déque et al., 2007), can be summarized as: the higher the climate change signal, the more important the
GCM spread, the lower the signal, the more important the RCM. This implies that, for the end of the 21
century, it is important to fully sample the range of GCM uncertainty, whereas, for periods closer to the
present day, more RCMs should be sampled. One study of flood hazards in Europe indicates that for the
end of the century, the choice of GCM is more important than either RCM or emissions scenario
uncertainty in determining the projected magnitude and even direction of change in extreme river
discharge (Dankers and Feyen, 2009). All these conclusions are, however, based on the European case.
Even within Europe, the balance of uncertainty shows regional variation (Déqué et al., 2007) and it may
be different for La Plata Basin. As indicated above, the design of the CLARIS-LPB RCM ensemble
provides opportunity for exploring a number of these issues.

3.3 Some general guidelines for users

The CLARIS-LPB RCM ensemble represents a major advance in the modeling information available for
La Plata Basin. In using this information for the development of regional climate projections and in
impacts applications, the following general guidance should be considered:

e The added value of downscaling should be demonstrated not assumed

e Even where RCMs provide added value, biases may exist which need to be corrected before the
RCM data are used for impact applications

e Avoid using single grid points/boxes (if this has to be done, check their representativeness
compared to neighbouring grid points both with respect to biases and projected changes)

e In coastal areas: check the model land-sea mask before extracting or averaging grid points/boxes

¢ Do not expect temporal (i.e., day-to-day or year-to-year) correlation between observations and
GCM-forced simulations.

e RCM output are provided on the native model grids (which differ from model to model, and
include rotated latitude/longitude grids and Lambert conformal projections). In order to ease
inter-comparison and to facilitate use in impacts studies, it is useful to interpolate to a
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common/standard grid, as is being done in CLARIS-LPB (though care may be needed with
respect to the preservation of daily extremes and inter-variable relationships) — see the document
on interpolation on the WP5 section of the CLDAC.

e RCMs provide area-averaged values rather than point values so grid-point values cannot be
directly compared with station data (rain days are much more frequent and area-averaged
extremes are less intense than point values — Frei et al., 2003; Barring et al., 2006; Chen and
Knutson, 2008; Haylock et al., 2008). Thus the gridded observed datasets for temperature
(available since June 2011 — and see Tencer et al, 2011) and precipitation (in preparation)
developed by WP3 are of great value for model validation purposes.

o Working with 30-year baseline and future periods (1961-1990 and 2011-2040/2071-2100
respectively in CLARIS-LPB) helps to allow for inter-annual and inter-decadal variability in
model simulations

e The baseline period used in CLARIS-LPB is 1961-1990 which means that a part of the projected
change has already occurred

e Ideally, all available RCM simulations would be used for the CLARIS-LPB impacts work. Where
this is not possible, it is important to assess where the selected simulations fall within the wider
RCM range (as well as where the driving GCMs fall within the wider CMIP3 range)

e The quick-look plots provided on the CLDAC by WP5 provide a valuable overview of both ERA-
interim and GCM-forced simulations.

3.4 Model evaluation

A set of metrics to be employed in evaluating regional model performance in CLARIS-LPB has been
identified by WP5 (see deliverable D5.1). These encompass long-term annual and seasonal mean fields,
the diurnal cycle, low-level winds, synoptic-scale variability, intraseasonal variability and interannual
variability. Appropriate basic statistics, skill score indices, diagrams (such as Taylor diagrams) and tables
are proposed. Additional evaluation focusing on extreme events is being undertaken by WP6.

The CLARIS-LPB approach to regional model evaluation recognizes that it is important to consider the
full distribution of variables, their temporal and spatial variability and, at least implicitly, the underlying
physical processes (Maraun et al., 2010). As part of the ENSEMBLES project, a set of metrics or weights
was developed addressing various aspects of model performance including both their representation of
large-scale features and their ability to add value on smaller scales (Christensen et al., 2010; Kjellstrom
and Giorgi, 2010). The latter was assessed by decomposing the RCM signal of temperature and
precipitation into a large-scale component coming from the GCM and the mesoscale signal (Coppola et
al., 2010). Such approaches attempt to identify the ‘true’ added value of downscaling, rather than just the
benefits of averaging over a smaller spatial area which will by itself tend to give more intense extreme
events, for example, than averaging over a larger area (Kanamitsu and DeHaan, 2011). It is also
interesting to determine the extent to which specific GCM biases propagate down through to the RCM
and are reduced (Liang et al., 2008) or amplified (Kjellstrom and Lind, 2009) by downscaling.

3.5 Model selection

The ENSEMBLES performance-based weights were developed for use in the production of probabilistic
climate change projections and are acknowledged as being exploratory in this respect (Christensen et al.,
2010; Kjellstrom and Giorgi, 2010). It is not recommended that they be used for the selection of a subset
of models since this might lead to an undersampling of uncertainty (Christensen et al., 2009). The
minimum recommended requirement with respect to the ENSEMBLES RCMs (an ensemble of 25
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members) is to use results based on two or more RCMs that are forced by at least two GCMs (i.e., an
absolute minimum of four simulations). The full ensemble should then be used as supporting information
on how the subset relates to the other cases. This is consistent with the advice based on the earlier
PRUDENCE RCM ensemble (Christensen and Christensen, 2007).

Selecting a subset is not, however, easy. In general terms (and whether considering statistical and/or
dynamical downscaling), no single model performs ‘best’ (in comparison with observations) for all
variables, seasons and locations. Present-day performance may, however, be used to reject the ‘worst’
models’ and/or to identify the ‘least bad’ or ‘better models’. The alternative (and preferred) approach is
to use all available simulations — either with equal weighting (all models treated equally, i.e., with an
implied weight of 1) or performance-based weighting. This may, however, be precluded by the
computational demands of impacts models.

Present-day performance is only one consideration in model selection. It is also necessary to consider the
climate change signal and the relative sensitivity of the different ensemble members. An indication of
this is provided by simple scatter plots of projected changes in temperature vs precipitation. It can also be
helpful to plot the changes from any larger GCM ensemble at the same time in order to provide a broader
picture of the uncertainty ranges (e.g., Figure 2.6 in van der Linden and Mitchell, 2009).

In the EU ClimateCost project
(http://www.climatecost.cc/images/Policy brief 1 _Projections 05_lowres.pdf), a ranking system was
used to identify which models lie closest or furthest away from the ensemble mean (this was done both
for the ENSEMBLES RCMs and CMIP3 GCMs). The ranking was constructed by calculating the
ensemble mean change and inter-model deviation. The ‘deviation’ of each model run from the ensemble
mean was then scaled by the standard deviation. This was done for winter and summer, and for
temperature and precipitation, and the results combined to give a single root-mean square value for the
overall model deviation. Runs were then ranked on the basis of this deviation from the ensemble mean,
with the least deviation being given a rank of 1 and a larger ranking indicating a larger deviation.
Although such ranking systems can have some utility, they do not necessarily indicate the relative
sensitivity of runs with respect to impacts applications. It may, however, be very hard to know in
advance what aspects of climate change are most important for impacts and hence to devise appropriate
selection criteria.

3.6 Bias correction

As noted above, even where RCMs provide added value over GCMs, they may still be subject to biases
compared with the present day which require correction before time series can be used in impact models.
This is particularly the case with respect to hydrological models which are sensitive to the absolute
magnitude of simulated variables.

A number of bias correction methods have recently been developed (Maraun et al., 2010) and sensitivity
studies indicate that hydrological and other impacts are more reliably simulated when using bias-
corrected model outputs. Paeth et al (2011), for example, used multiple linear regression to adjust
monthly precipitation, further postprocessed using a daily weather generator (Paeth and Diederich,
2011), for impacts applications in West Africa. Oettli et al. (2011) bias corrected the ENSEMBLES
RCM simulations for West Africa (van der Linden and Mitchell, 2009) using quantile mapping and
cumulative distribution function transforms (CDF-t). Crop yields are more reliability simulated using the
CDF-t bias correction method, which was originally developed by Michelangeli et al. (2009), than when
using raw model output. A recent extension of the method (XCDF-t), allows non-stationary downscaling

Work Package: 7
Deliverable D7.3 Page 9 of 21


http://www.climatecost.cc/images/Policy_brief_1_Projections_05_lowres.pdf

CLARIS LPB
A Europe-South America Network for Climate Change Assessment

™

/ and Impact studies in La Plata Basin
. www.claris-eu.org I
CLARIS | LPB Deliverables PROGRAMME

of the extreme value distribution (Kallache et al., 2011). R software for implementing these methods is
available (see Section 4.2).

An alternative, relatively simple approach uses a power law transform to correct biases in both the mean
and variability (coefficient of variation) of daily precipitation (Leander and Buishand, 2007) and,
together with a linear correction for temperature, has been tested in hydrological applications for the
Rhine and Meuse river basins (van Pelt et al., 2009; Hurkmans et al., 2010; Terink et al., 2010).

Seven different methods for bias correction of RCM daily precipitation were evaluated by Themefl et al.
(2010) focusing on the alpine region of Austria. These include five indirect methods such as multiple
linear regression and two direct methods employing the simulated precipitation fields (local intensity
scaling and quantile mapping). Quantile mapping based on empirical distribution functions is shown to
provide the best performance in this study, particularly for the higher quantiles. The quantile mapping
method implemented by Themefl et al. would need further modification for application to future time
periods. Another mapping or distribution-based approach uses a fitted histogram equalization function in
order to map the simulated probability distribution function onto the observed distribution (Piani et al.,
2010a,b). This approach, referred to as ‘statistical bias correction’, has been applied to GCM simulations
in the EU WATCH project (Piani et al., 2010b) as well as to RCMs (Piani et al., 2010a). It has also been
used within the EU ClimateCost project to bias correct the ENSEMBLES RCM simulations before input
to the Lisflood hydrological model (Dosio and Paruolo, 2011; Rojas et al, 2011). In a subsequent
refinement of the method, a cascade of bias correction functions is produced, each function operating on
a different timescale (hourly, daily, monthly) (Haerter et al., 2011).

Underlying all these bias correction methods is the assumption that the biases remain constant and can be
applied to future projections. There is, however, some evidence that RCM biases may be non-linear
(Christensen et al., 2008). As with the stationarity assumption underlying statistical downscaling (i.e.,
that the present-day predictand/predictor relationships will be unchanged in the future), the bias
assumption cannot be fully tested. Though using cross-validation, one study demonstrates how over-
adjustment of precipitation in the validation period may lead to overestimation of observed hydrological
discharges (Terink et al., 2010). The effect of making different assumptions about the nature of the biases
(i.e., assuming constant biases or constant relationships, equivalent to using additive or multiplicative
approaches) is explored by Buser et al. (2009; 2010). It is shown that the different assumptions made can
affect the spatial pattern of warming over Europe as well as the spread of the projections, with the effect
depending in part on whether models under- or over-estimate inter-annual variability. In practice it is
difficult to know which assumption is most appropriate (Buser et al., 2010). Most recently, Maraun
(2012) has used RCM output as ‘pseudo reality’ to explore the stationarity of bias assumption.

All of the methods discussed above are univariate methods, i.e., each variable (temperature,
precipitation) is corrected individually. Where temperature and precipitation relationships are weak this
may not be an issue (Terink et al., 2010), but ideally multi-variate correction methods would be
developed and used.

While bias correction should improve agreement between the time series input to impact models and
observed data, the underlying assumptions and sensitivity to methodological choices mean that it should
be considered as another source of uncertainty. The ability to undertake bias correction is also
constrained by the availability of appropriate observed data — which are themselves subject to
uncertainties (see Section 4.1). It should also be remembered that agreement between models and
observations provides necessary, but not sufficient evidence for credible projections. Downscaling
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(whether based on statistical relationships or dynamical parameterizations) may not capture future
changes due to mechanistic process changes if the models are used outside the range for which they were
designed (Christensen et al., 2007).

Within CLARIS-LPB, two WP9 partners are applying bias correction to four selected RCM simulations:
Promes driven by HadCM3, RCA driven by ECHAMS-r1, RegCM3 driven by HadAM3 and LMDZ
driven by IPSL. UBA is bias correcting monthly temperature and precipitation using a method previously
applied in La Plata Basin (Saurral, 2010) and SMHI is correcting daily temperature and precipitation
using the distribution-based scaling method developed by Yang et al (2010) and observed/reference data
from ER A-interim corrected using the GPCC (Global Precipitation Climatology Centre) monthly
precipitation.

3.7 Presenting RCM ensemble information

Different ways of presenting ensemble information from GCMs were discussed in Section 2.3. These can
also be applied to RCM ensembles. ENSEMBLES RCM results have been presented, for example, using
the ensemble mean and inter-model standard deviations of temperature (Goodess et al., 2009, Figures 6.3
and 6.4) together with the ensemble mean and number of models showing an increase for precipitation
(Goodess et al., 2009; Figures 6.5 and 6.6) in order to demonstrate the robustness of projected changes.
Time series (Figures 6.1 and 6.2) and temperature vs precipitation scatterplots (Figure 2.6) were also
used. It is important to consider the ensemble spread and not just the ensemble mean, particularly in the
case of precipitation where changes projected by different models may be of opposite sign. Kjellstrom et
al. (2011) provide examples of relatively simple but informative graphical techniques that can be used to
display regional ensemble information.

Further examples of working with RCM ensembles, including the construction of probability distribution
functions, are available:

¢ Based on the PRUDENCE European ensemble: Fowler et al., 2007b; Fowler and Ekstrom, 2009;
Buser et al., 2009

e Based on the ENSEMBLES European ensemble: Goodess et al., 2009; Boberg et al., 2010; Buser
et al., 2010; Déqué and Somot, 2010; Kendon et al., 2010; Kysely et al., 2011

e Based on the NARCCAP North American ensemble: Gao et al., 2011

Working with probabilistic projections brings a number of challenges for impacts applications — which
are discussed in ENSEMBLES deliverable D2B.26/D6.13 (Carter et al, 2009). This deliverable includes
some practical examples of the use of the response surface approach (Jones, 2000) to impacts modeling —
see also Morse et al (2009).

Finally, when evaluating model performance and considering future projections, it may be helpful to
compare new results with those from earlier studies. Dynamical downscaling has been performed for
South America using the Eta, RegCM3 and Hadley Centre (PRECIS and HadRM3) RCMs (Marengo et
al., 2009; 2010), as well as MMS5 (Solman et al., 2008; Nuiiez et al., 2009) and RCA (Sorensson et al.,
2010). The downscaling activities undertaken as part of the earlier CLARIS project are also relevant
(Menendez et al., 2010a,b). Also as part of CLARIS, the skill of the CMIP3 GCMs in simulating the
hydrologic cycle of La Plata Basin was explored (Saurral, 2010). A full list of publications arising from
both the CLARIS and CLARIS-LPB projects is available from the internal pages of the CLARIS-LPB
web site. The CLARIS-LPB papers produced by WP5 are particularly relevant to the issues discussed in
this deliverable.
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4. The CLDAC and other resources

4.1 The Claris-LPB Data Archive Center (CLDAC)

The CLDAC is accessible from the main CLARIS-LPB web site (www.claris-eu.org) and is described in
CLARIS-LPB deliverable D7.1 and Goodess et al. (2011). Two principle types of data are provided —
observed and simulated, together with associated metadata and links for downloading data. The
simulated data include the CMIP3 ensemble, together with outputs from the WP5 RCM simulations and
associated material: essential background documentation, useful Quick-Look ERA-interim and Climate
Change plots, and links to observed data for model evaluation.

The present-day observed climate data include reanalysis and CRU TS3.0 monthly gridded data together
with data assembled as part of CLARIS-LPB by WP3. Daily temperature, precipitation, radiation and
riverflow data are available, all searchable by latitude/longtitude or station identification number and the
data can also be filtered by time period before downloading. Interactive maps show the location of
stations. The daily 0.5 degree gridded temperature data set developed by CLARIS-LPB (Tencer et al.,
2011) is also accessible.

The observed datasets provided can be used for model evaluation, but are themselves subject to
uncertainties. The CLARIS-LPB gridded temperature data set, for example, is constructed using a similar
methodology to that used to construct the European E-OBS dataset (Haylock et al., 2008). Both datasets
are subject to uncertainties relating, in particular, to variations in the density of the underlying station
network over both space and time. E-OBS includes confidence estimates for each time/data point — but in
practice these are quite difficult to incorporate in analyses.

CLDAC also provides access to two software tools developed within CLARIS-LPB. The first is APACH,
an analysis and management platform for meteorological databases, including an error
detection/correction tool (see Goodess et al., 2011 for more details). The second is the CHAC weather

pattern classification system for regional climate downscaling of daily precipitation (D’Onofrio et al.,
2010).

4.2 Resources for the analysis of extremes and other climate analyses

The Joint CCI/CLIVAR/JCOMM Expert Team on Climate Change Detection and Indices (ETCCDI)
provides useful guidance and resources for the analysis of climate and weather extremes, including
guidelines on ‘Analysis of extremes in a changing climate in support of informed decisions for
adaptation’ (Klein-Tank et al., 2009).

The ETCCDI/CRD Climate Change indices web pages http://cccma.seos.uvic.ca/ETCCDV/ provide:

e Approved definitions and guidance on the calculations of climate change indices, along with
standard software packages

e Practical guidance on the homogenization of climate data

e Access to online resources of climate indices

e A place for the submission of new or updated indices data
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Software packages are provided for data homogenization (RHtestsV3) and for the calculation of indices
of extremes (RClimDex). Both of these are based on the freely available R statistical package
http://www.r-project.org/.

R is also the basis of the Extremes Toolkit for Extreme Value Analysis developed at NCAR:
http://www.isse.ucar.edu/extremevalues/evtk.html

The CRAN website http://cran.r-project.org/ provides a wide range of contributed R packages for
statistical analysis, including a number for climate analysis such as clim.run (for statistical downscaling,
developed by Rasmus Benestad — see http://rcg.gvce.gu.se/edu/esd.pdf) and Rclim (developed in the
ENSEMBLES project for the analysis of extremes in gridded datasets http://www1.secam.ex.ac.uk/rclim-
initiative.dhtml). The CDF.t package for bias correction (see Section 3.6) is also available from the
CRAN website. The bias correction methods implemented by Themepl et al. (2010) were also
implemented in R. RNetCDF provides an interface between R and NetCDF datasets.

Another potentially useful tool is CDAT (Climate Data Analysis Tools) provided through the PCMDI
software portal - http://www2-pcemdi.llnl.gov/cdat - and based on Python. It is particularly useful for the
visualization of netCDF files provided by PCMDI.

Finally, the ClimateExplorer tool developed by Geert van Oldenborgh at KNMI provides a suite of
analysis tools and a large climate data base for statistical studies: http://climexp.knmi.nl/
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