Physical modelling of regional climate and model
intercomparisons

Amanda H. Lynch
School of Geography and Environmental Sciences
Monash University VIC 3800 Australia

Introduction

Despite the predictions of Moore’s Law, most multi-decadal sinuigtof global climate system models
can still be considered to be unable to support the representatisnbegynoptic scale dynamical
phenomena. In large part this can be attributed to an emphasis on teoegde(in the development of
climate system models) over resolution. Because of thisaliiom, regional climate models continue to be
used for a range of applications, including geographically ldniarameterization development
(particularly in the polar regions) and downscaling of global modeharios. Sub-synoptic scale features
are instigated in regional climate simulations by three pyirnauses — surface forcing (such as topography
and land-sea contrast), inherent nonlinearities in the dynamical equatidg,dzodynamic instabilities.

Several methods have been proposed for the evaluation of the @erdermf regional climate models
and their applicability for the problems chosen, including climatgacts and parameterization
development. These have ranged from detailed model validation aggtiagb more theoretical approaches
to be discussed later in this paper. A complementary approaclgionakclimate model evaluation, which
can also serve as a forum for model parameterization devetpra the model intercomparison project.
Such “MIPs” have been performed for a range of different models, including glot@dtieric and climate
system models, land surface models and hydrological models. Adviiiggional climate models has the
additional complexity that particular regions must be chosenTalde et al. 1999, Rinke et al. 2004), and
conclusions are often dependent upon the domain location, size and agidgsg\evertheless, such
regional model MIPs have proved useful in promoting model developamhtin enhancing the
connections within the scientific community (Curry and Lynch, 2002).

One such project is the US “Arctic Regional Climate Mdd&ercomparison Project” (ARCMIP) which
was built on the foundations of the Surface Heat Budget of thecASHEBA) experiment (Uttal et al.
2002) and collaborates with the EU “Global Implications ofti&rclimate processes and feedbacks”
(GLIMPSE) project. The utility of model intercomparison igaty enhanced when a data-rich case study
such as SHEBA is used, and this approach also allowed highigdd@omponent model MIPs such as the
Surface Layer Model Intercomparison Project (SLMIP). Thevdalhg broad questions have been identified
for ARCMIP:

- What processes are inadequately represented in Arctic simulbgioagional climate models?
What is the appropriate level of complexity of physical process pagdarsions?
How can regional climate models best he
employed for applications involving 20—
scenarios? @/%‘V _
What can be learned about the bias 7 '
experienced in global climate mode 74
simulations of the Arctic by using Arctic /
regional climate models?
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Figure 1. ARCMIP regional domains in the Western
Arctic, encompassing the SHEBA drift trajectory.
Since all models use different grids and map
projections, there are slight mismatches in the NV
domains (two are shown here). Also shown in the
domain for GLIMPSE project experiments (see
text).
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Arctic Regional Climate Model Intercomparison Proje ct: Phase 1

The ARCMIP experiment encompassed the “SHEBA year” of Oct@B87 - September 1998. High
quality surface-based data were available from the SHEB#Angyice camp as it traversed the Beaufort and
Chukchi Seas, and from the nearby DOE Atmospheric Radiation MeaniréARM) site. In addition, the
First ISCCP Regional Experiment-Arctic Cloud ExperimenREIACE) project with its four months of
aircraft campaigns and the NSF Arctic Transitions in thedtAatmosphere System (ATLAS) project with
several intensive land surface stations were both takawg pFinally, because of the confluence of field and
modeling efforts at this time and place, it became a focsewdral satellite remote sensing groups. Eight
models participated in the phase one experiment, which usediegexxitan and ice state but allowed the
models to evolve their own atmospheric and terrestrial sthiese were ARCSyM, COAMPS, HIRHAM,
NARCM, Polar MM5, RegCLIM, REMO and RCA

The simulation domain (Figure 1) covered the western Arcttyuding the SHEBA drift trajectory, at
around 50 km horizontal resolution (the grid spacing cannot be eraet siodels use different grids and
projections, as can be seen by the slight differences in R@S4M and HIRHAM domains in Figure 1).
The models were initialized in as common a manner as possil8egiamber 1st 1997 using the ECMWF
operational analyses. Initial snow water equivalent and saitore and temperature were obtained from
the common data source, but necessarily had to be interpretedtbynedeling group according to their
land surface model architecture. Throughout, the simulations waredf at the lateral boundaries by six
hourly ECMWF operational analyses and at the lower boundariesatsusiace temperature (SST), sea ice
temperature and sea ice fraction. Sea ice fraction wasrdegel from six hourly SSM/I data (Bootstrap
algorithm; Comiso, 2002). SST and sea ice temperature were ftakersix hourly AVHRR surface skin
temperatures, adjusted for consistency with the sea ice fraction.

The model ensemble mean reproduced the observed climate qllitengemble mean biases were
within the order of the differences between different olzdems. Nevertheless, it was felt that some
unacceptable errors persisted in the thermodynamic variables. Theerblates for geopotential height and
mean sea level pressure were within 2%, for 2 m air teatyrer mainly within 20%, for cloud cover within
25%, and for longwave and shortwave downwelling within 20%. In conthestndividual models showed
quite different bias magnitudes and signs (e.g. Figure 2). Noesimgdel stood out as “best” in all
comparisons, but it was apparent that the models which had beeadattappolar regions and applied to
many different Arctic applications, such as ARCSyM and HMRH had some advantages in the
performance.

NARCM - ECMWF PolarMMS5 - ECMWF
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Figure 2. As an example, here is shown individual model performance biases for the NARCM and
Polar MM5 models in winter (generally the most challenging month) for 850 hPa geopotential
height.

! Seenttp://curry.eas.gatech.edu/ARCMIP/index.hfor details of these models.
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More Detailed Analyses

The large array of observations available has presented aacadpnted opportunity to improve the
treatments of processes seen to be lacking in the ovetattomparison. Offline parameterizations are
useful to unambiguously identify problems with specific procedses.example, Koltzow et al. (2003,
RegCLIM) showed that their model biases in shortwave radidliixes at the surface in summer could be
improved by using a more sophisticated surface albedo scheme. d@ef2603, RCA) showed that a
more sophisticated cloud scheme significantly improved the angakd of cloud cover in their model.
Prompted by initial observations of differences as high as 30 the shortwave models and 20 W in the
longwave models even when forcing was identical, an offlinecoteparison of all the radiative transfer
codes found that in general, less parameterized (and hence lessatmmally efficient) codes that also
included accurate observational information on aerosols performed bestn@®Meron, pers. comm.)

A second offline intercomparison, SLMIP, has examined the role cfutiace layer parameterization,
and has found that because the SHEBA year was characterizedatiyely warm, neutral conditions,
surface layer parameterizations performed better in the ARCBImulations than in other polar
applications. (Figure 3, J. Cassano, pers. comm.) This has highlighatddrhain and time dependent nature
of conclusions sing this approach.

Figure 3. Sensible heat flux biases for several common surface layer parameterizations for (a)
the SHEBA year and (b) similar data for 45 months from Halley, Antarctica. Unlike the SHEBA

data, Halley station is characterized by frequent occurrences of strong static stability in the
boundary layer. The systematic bias in these cases is due to small scale atmospheric waves.

Issues in Limited Area Climate Modeling

Several issues arise in the application of limited area Imadehe climate problem, many of which are
summarized in Giorgi and Mearns (1999). Most important is thdat#in of the nesting approach as a tool
to downscale global model information, particularly for scenario géinerand climate impact assessments.
Approaches for nesting and the theoretical basis for varippaches continue to be an area of active
research in the limited area modeling community. For exampleder to overcome the fact that the lateral
boundary forcing of a regional climate model must necessarilyidackcales that are too large to be
resolved within the domain of the experiment, several authors éaen advocated the nudging of large
scales over the entire domain (e.g. von Storch et al. 2000). Thibdwn supported by the theoretical
explorations of periodic and non-periodic forcing of limited arealels of Laprise (2003), who notes that
large scale forcing represents a necessary closure due toited mmputational domain.

Denis et al. (2002) devised a perfect prognosis approach, calléBith8rother Experiment”, which
tested a nested regional climate model in such a wayethats could be unambiguously assigned to the
nesting approach, rather than to observational or model defigeridiey found that where the surface
forcing is strong, the downscaling ability of the regional clinmratelel showed considerable skill. Where
stochastic convective activity dominated, where the domain taassmall to allow the evolution of
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mesoscale features, or where the ratio in grid spacingebatforcing and model grid was too large (R.
Laprise, pers. comm.), skill was reduced. The inability, in an R& sense, to reproduce small scales
was interpreted as small phase shifts and intensity diffesein individual weather patterns (de Elid and
Laprise 2003), which suggests that useful information may yebltained from these models, if a

distribution-oriented approach is taken that focuses on the priataibutes of interest, such as extreme
events.
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