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Tuning of some orography-related
drag parameterizations in the
atmospheric component of the
CMCC Operational Seasonal
Prediction Systems

SUMMARY Starting from October 1st, 2020, a new version of the Euro-
Mediterranean Center on Climate Change Seasonal Prediction System
(CMCC-SPS3.5) has been made operational at CMCC, producing each
month global seasonal forecasts for a variety of users, including the
Copernicus Multi-Model Seasonal Prediction System. CMCC-SPS3.5 has
replaced the previous system version CMCC-SPS3. In both systems, the
atmospheric, land surface, sea ice and river routing model components
are based on CESM, the NCAR Community Earth System Model version
1.2.2, while the ocean component is based on NEMO, the Nucleus for
European Modelling of the Ocean model, in its 3.4 version. The new
version of the Seasonal Prediction System differs from the previous one
essentially only for the horizontal resolution of the atmospheric model
component (CAM 5.3), doubled from approximately 1° in SPS3 to
approximately 0.5° in SPS3.5. Due to this doubling of the atmospheric
model horizontal resolution, re-tuning some physical parametrizations of
the atmospheric model was considered useful in order to reduce the
model bias, mostly on the zonal flow and lower and mid-tropospheric, mid-
latitude dynamical fields. The re-tuning effort was based on the results of
a number of 5-year AMIP-like simulations (1981-1985) and it did
concentrate on the parameterizations of Turbulent Orographic Form Drag,
Orographic Gravity Wave Drag and Vertical Diffusion. Each of these
parameterizations schemes has considerable influence on vertical
momentum (and energy) transport and they all strongly interact non
linearly with each other via, among other things, changing the mean flow.
They cannot, therefore, be re-tuned singularly. Several combinations of
the three parametrization settings were tried until a satisfactory set of new
parameters was achieved, showing noticeable improvements in
comparison with both the old SPS3 and the un-tuned SPS3.5
configurations, in particular over Europe during winter. This exercise
underlines the importance of climate models’ tuning when models’
characteristics are changed, and how an increase in horizontal resolution
alone, without an appropriate re-tuning, can create unbalances and even
increase model biases.

Keywords Atmospheric modelling, parametrizations, bias reduction.
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Tuning of some orography-related drag parameterizations

1. INTRODUCTION

The Euro-Mediterranean Center on Climate Change has been a regular producer of
operational Seasonal Forecasts since 2013. In 2018 it started providing its forecasts,
produced with the CMCC-SPS3 System, to the EU Copernicus Programme as one of
the Multi-Model Seasonal Forecasting components, together with ECMWF, UKMO,
Meteo-France and DWD. In October 2020, the SPS3 System was replaced by the new
System version SPS3.5, with a doubled horizontal resolution of the atmospheric model
component, from 1° x 1° to 72° x 72°. In view of the operational implementation of this
doubling of the atmospheric model horizontal resolution, a re-tuning of some physical
parametrizations of the atmospheric model was considered useful in order to address
the problem of the model bias, concentrating the attention mostly on winter, mid-latitude
dynamical fields. It has long been known that a typical feature of NWP and Climate
(atmospheric) model bias is associated to their inability to correctly represent the
intensity and the structure of the zonal flow, and that the representation of orographic
effects is one (by any means not the only) of the related sources of inaccuracy (Wallace
et al., 1983; Tibaldi, 1986; Palmer et al., 1986; Berckmans et al., 2013; Pithan et al.,
2016; Sandu et al. 2019). Since model horizontal resolution plays an important role in
determining the correct dissipation levels of momentum and energy, for example via the
various types of drag exerted on the mean flow by orographic features/effects either
explicitly resolved or unresolved (and therefore parametrized, Brown, 2004; van Niekerk
et al., 2016; Vosper et al., 2016), it was decided to spend some effort in retuning, in the
increased resolution model, two important orographic drag parametrizations: Turbulent
Orographic Form Drag (TOFD) and Orographic Gravity Wave Drag (OGWD) and,
furthermore, the parameterization of Vertical Diffusion (VDIFF), which plays a very
important role in re-distributing in the vertical dissipative effects on the westerlies. The
paper will describe the CMCC-SPS Forecasting System as a whole and the Atmospheric

Model in some more detail (Section 2), the parametrization schemes involved in the
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retuning and the actual tuning performed (Section 3) and the overall effects of the
retuning on the atmospheric model bias (Section 4). Section 5 will be devoted to some

concluding remarks.

2. THE CMCC SEASONAL PREDICTION SYSTEM
The CMCC Seasonal Prediction System (CMCC-SPS) consists of several
independent but fully coupled model components which simulate simultaneously the
evolution of Earth’s atmosphere, ocean, land, sea ice and river routing, together with a
central coupler/driver component that controls data synchronization and exchange

between modules (see Figure 1).

Figure 1. General scheme of the CMCC-SPS3.5 fully coupled Seasonal Prediction System
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The CMCC-SPS atmospheric, land surface, sea ice and river routing model
components are based on CESM, the NCAR Community Earth System Model version
1.2.2 (in their CAMS5.3, CLM4.5, CICE4 and RTM versions, respectively). A detailed
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description of such models is given in Hurrell et al. (2013) and references therein. The
atmospheric model and the land model have a horizontal resolution of 1° x 1° (System
version SPS3) or 2° x /2° (new System version SPS3.5). The ocean component of
CMCC-SPS is based on NEMO, the European Nucleus for European Modelling of the
Ocean model, in its eddy-permitting 3.4 version, with a horizontal resolution of 74° x V4°
(Madec et al., 2008). In the horizontal, the model uses an ORCA, nearly isotropic,
curvilinear, tri-polar, orthogonal grid, while in the vertical, a partial step z-coordinate is
used, with 50 vertical levels. For an evaluation of CMCC-SPS3 performance in terms of

climate bias and seasonal forecasting skill, see Sanna et al. (2017).

The atmospheric component of CMCC-SPS3.5 is the Community Atmosphere
Model version 5 (CAM5.3, see Neale et al., 2012 for a description of the model
macrophysics) which can be configured to use a spectral element, a finite volume, a
spectral Eulerian or a spectral Semi-Lagrangian dynamical core, see Dennis et al. (2012)
and Neale et al. (2012). The atmosphere implemented in CMCC-SPS3.5 is hydrostatic
and uses the Spectral Element dynamical core (a formulation of the spectral element
method using high-degree hybrid polynomials as base functions can be found in Patera,
1984), with a quasi-homogeneous horizontal resolution of 72° (about 55 km), 46 vertical
levels up to about 0.3 hPa. The integration time-step of the full physics is 30 minutes (in
both SPS3 and SPS3.5) while, as far as the dynamical core is concerned, the time-step
of the “tracer” advection in SPS3.5 is 225 seconds (360 s in SPS3), i.e. 1/8 of the physics
time-step (1/5 in SPS3) and the time-step of the fluid-dynamics is 56.25 seconds (90 s
in SPS3), i.e. 1/32 of the physics time-step (1/20 in SPS3). The atmospheric model’s
horizontal grid is the so-called Cubed-Sphere grid first used in Sadourny (1972). Each
cube face is mapped to the surface of the sphere with the equal-angle gnomonic
projection (Rancic et al., 1996) which amounts to tiling the surface of the sphere with
quadrilaterals. An inscribed cube is projected to the surface of the sphere, then the faces

of the cubed sphere are further subdivided to form a quadrilateral grid of the desired
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resolution. The vertical coordinate is an eta-type coordinate, following Simmons and
Burridge (1981).

Turning the attention to physical parametrizations, a description of the treatment for
stratiform cloud formation, condensation, and evaporation macrophysics is given in
Neale et al. (2012). A two-moment microphysics parameterization (Morrison and
Gettelman, 2008; Gettelman et al. 2008) is used to predict the mass and number of
smaller cloud particles (liquid and ice), while the mass and number of larger-precipitating
particles (rain and snow) are diagnosed. A statistical technique is used to represent sub-
grid-scale cloud overlap (Pincus et al., 2003). Cloud microphysics interacts with the
model’s greenhouse gas concentration, where observed yearly values are specified
before 2005 and CMIP5 protocol concentrations (scenario RCP8.5) are used after 2005,
see IPCC (2013). Differently from the standard version of CAM5.3, in CMCC-SPS3.5
(and in CMCC-SPS3) the aerosol distribution does not evolve in time but is taken from
a fixed climatology (referring to the year 2000). The value of the total sun’s radiative
forcing (Solar Constant) is subjected to a solar cycle periodic variability and a Rapid
Radiative Transfer Model for GCMs (RRTMG; lacono et al., 2008, Bretherton et al.,
2012, Liu et al., 2012) is used to calculate the radiative fluxes and heating rates for
gaseous and condensed atmospheric species. Moist turbulence (Bretherton and Park,
2009) and shallow convection parameterization schemes (Park and Bretherton, 2009)
are used to simulate shallow clouds in the planetary boundary layer. The process of deep
convection is treated with a parameterization scheme developed by Zhang and
McFarlane (1995) and modified with the addition of convective momentum transports by
Richter and Rasch (2008) and a modified dilute plume calculation following Raymond
and Blyth (1986, 1992). The physics package includes a parameterization of convective,
frontal and orographic Gravity Wave Drag (GWD) following McFarlane (1987), Richter
et al (2010) and Richter et al. (2014). The convective GWD efficiency is adjusted to
produce a QBO period in the lower stratosphere closer to observations. The Turbulent

Orographic Form Drag (TOFD) due to unresolved orography is taken into account by the
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Turbulent Mountain Stress (TMS) scheme and details on this parameterization can be
found in Neale et al. (2012), Richter et al. (2010) and Lindvall et al. (2017). Vertical
Diffusion (VDIFF) of heat and momentum is parameterized following Bretherton and Park
(2009) with the so-called “University of Washington Moist Turbulence scheme” (UWMT).
Inside UWMT the effect of turbulence is represented by a down-gradient diffusion term.
In the horizontal, a Hyperviscosity term is also included in order to damp the propagation

of spurious grid-scale modes (Ainsworth & Waijid, 2009).

In its operational seasonal forecasting implementation, CMCC-SPS is operated in
Ensemble mode (6-month predictions, 50 ensemble elements) and a set of hindcasts
(re-forecasts) covering the 24-year period 1993-2016 (6-month predictions, 40 ensemble
elements) has been produced for both SPS3 and SPS3.5 System versions. Initial
condition (IC) fields for all necessary forecast modules (atmosphere, ocean, including
sea ice, and land, including land ice and snow) are prepared routinely to initialize the
monthly operational forecast. These IC fields are, furthermore, perturbed in order to
generate the set of initial conditions to construct the ensemble. 10 atmospheric perturbed
ICs, 3 land perturbed ICs and 9 (4 in hindcast mode) ocean perturbed ICs are combined
to yield 270 perturbed ICs (120 in hindcast mode), among which 50 ICs (40 in hindcast
mode) are chosen at random to produce the forecast ensemble.

3. THE MOUNTAIN-RELATED DRAG PARAMETRIZATIONS CONSIDERED

FOR RETUNING

Before describing the effects of the retuning of the parameterizations on the model

climate bias, a short description of the physical basis of the three schemes needs to be

outlined and the three following sub sections are dedicated to this purpose.

All three parameterizations schemes considered have large influences on vertical
momentum (and energy) transport and they strongly interact non linearly with each other
via, among other things, changing the mean flow. They could not, therefore, be tuned

one-by one, without taking into account the mutually interactive effects. Guidance in the
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tuning effort was also derived by bearing in mind the order of application of the
parameterizations in the numerical integration time-step cycle. The tendency due to
TOFD on wind values is computed and applied first, and the effect of TOFD on the
immediately successive application of OGWD can be very large, for example by
decreasing the wind speed and therefore the possibility to successively generate
orographic gravity waves (and thus decreasing the value of the tendency due to OGWD
on wind itself). Several combinations of the three parametrization settings were therefore
tried until a (subjectively) satisfactory set of new parameters was achieved, which
showed noticeable improvements in comparison with both the old SPS3 and the un-
tuned SPS3.5 configurations, in particular over Europe during winter. This is, admittedly,
a somewhat arbitrary procedure, but a degree of arbitrariness is the only possibility in
the absence of alternative prime-principle-based criteria and it is a procedure often used

in parametrization tuning exercises.

At the end of each of the three following subsections, describing the parametrizations
in some detail, the parameter value decided after the tuning effort is also reported, which

is the one used in producing all the diagnostics material presented in Section 4.
3.1 TURBULENT OROGRAPHIC FORM DRAG (TOFD)

In CAM5, the turbulent surface drag due to unresolved orography is taken into
account by the Turbulent Mountain Stress (TMS) scheme. Details on this
parameterization can be found in Neale et al. 2012, Richter et al. 2010 and Lindvall et
al. 2017.

The TMS surface stress T is calculated as

T=pC,|V|V

where p and V are the air density and the wind vector at the lowest model level and Cd

is a drag coefficient given by
_ R
‘ lnz[(z +24)/z]
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where f(Ri) is a function of the Richardson number Ri of the form:
« f(Ri)=1ifRi<0;
+ f(Ri)=0ifRi>1;
+ f(R)=1-Riif0<Ri<1;

where k=0.4 is the Von Karman constant, z is the altitude of the model mean orography
and z0 is an effective roughness length, representing the idealized size of the perturbing

(turbulent-eddies-generating) surface elements due to the unresolved orography. In fact,
Zo = min (tms_z0fac*o , 100m)

where o is the standard deviation of unresolved orography (measured in meters) on
scales smaller than 6 km and assuming that the maximum vertical extent of the
unresolved orographic roughness elements is order of 100m. Effects of the unresolved
orographic spectrum on scales between 6 km and model resolution are taken into

account by the gravity wave scheme (Sect. 3.1).

tms_zOfac is a numerical parameter affecting the minimum roughness length seen
by the model. The standard value of tms_z0Ofac is 0.075. After the tuning experiments, it

was decided to set tms_z0fac = 0.1875, increasing it by a factor 2.5.

The TMS scheme is active only over land points and only where surface altitude is
greater than 0. In addition to TMS, the Community Land Model, coupled to CAM and
also part of the CMCC-SPS Systems (see Fig.1), calculates the surface fluxes of
momentum, sensible heat, and latent heat due to land cover (land use and vegetation),
exploiting Monin-Obukhov similarity theory applied to the surface layer, Neale et al
(2012) and Dai et al (2001). Over the ocean, surface fluxes of momentum, water and
heat are diagnosed using bulk formulas documented in Neale et al (2012) and Bryan et
al (1996).
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3.20ROGRAPHIC GRAVITY-WAVE DRAG (OGWD)

CAM5 OGWD is parameterized following McFarlane 1987. Further information can

also be found in Neale et al. 2012.

The first quantity estimated by the parameterization scheme is the height of the
source level at which orographic gravity waves are generated. This source level height
is diagnosed as the depth to which the typical unresolved mountain penetrates into the
atmosphere, which is taken to be equal to 20, where o is the standard deviation of the
unresolved orography on scales between 6 km and model horizontal resolution. The
choice of this lower-limit cut-off length scale is motivated by the theoretical argument by
which only sufficiently large orographic features are able to excite vertically propagating
gravity waves. The effects of even smaller orographic feature on the atmospheric flow is
taken into account by the form drag scheme (see next Section 3.2). Once the source
level height is determined, the magnitude of the vertical flux of horizontal momentum at

the source level (the stress) is parameterized as:

k _
Tg = Eh%PONOMO

where hO represent the streamline vertical displacement at the source level due to
unresolved orography and p0, NO and 00 are the mean values of respectively air density,
Brunt-Vaisala frequency and wind speed from the model lower surface up to the source
level height. The streamline displacement hO is also determined from the standard
deviation of unresolved orography o, and limited, following the saturation criterion
proposed in McFarlane (1987), to avoid wave saturation at the source level in regions of

large unresolved orographic standard deviation:

ho = min | (20 Z,PC@]
o = min | (20)?, Feyl
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where Fc is a critical inverse Froude number, set equal to 1 following theoretical

arguments.

Once the stress at the source level stress calculated, the vertical profile of the
vertical momentum flux is determined scanning all the model levels from the source level
up to the model top. Physically, the aim of this procedure is to produce a vertical
momentum flux that is constant where the wave does not experience dissipation
processes, while it decreases with height in regions of wave breaking/saturation.
Therefore, the vertical momentum flux at a given level k is assumed to be equal to the

value at the level below, unless it is greater than a saturation value 1.

In this case the vertical momentum flux is limited following the saturation criterion
proposed by Lindzen 1981:
kK w
* 2 k
T < T =F 0k
¢ 2Pk N
and the algorithm proceeds to level above. The saturation value depends on local
values of density, wind speed and Brunt-Vaisala frequency, and represents the residual
momentum flux propagating upward after the wave experienced an instability. The whole
stress profile is finally multiplied by an efficiency factor effgw_oro, crudely representing
the effect of temporal and spatial intermittency of the wave breaking processes inside
the model gridbox, an effect intuitively strongly dependent upon model horizontal

resolution.

The second part of the code determines the wind tendency due to the drag force
acting on the flow in regions of vertical momentum flux deposition due to wave
dissipation, that is where the stress profile decrease with height. In fact, the stress profile
is now scanned from the model top down to the source level, and the wind tendency at

each level is determined differencing the stress profile between adjacent levels:

aﬁk 5kT
T 85k,
ot oFp
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where p is pressure and 6*X represents the difference between X at level k and X at the

level below.

The magnitude of the momentum flux and, consequently, the value of wind
tendencies are modulated by the efficiency parameter effgw_oro. Its standard value is
0.0625. After the tuning experiments, it was decided to increase, in the double resolution
model, effgw_oro by a factor 2.5: in SPS3.5, effgw_oro = 0.15625.

3.3VERTICAL DIFFUSION (VDIFF)

Vertical diffusion of heat and momentum in CAMS5 is controlled by the Bretherton
and Park (2009) parameterization, the “University of Washington Moist Turbulence
scheme” (UWMT). Inside UWMT the effect of turbulence is represented by a
downgradient diffusion; the turbulent fluxes of a variable X (heat, h, and momentum, m)

between adjacent model levels are calculated as

ax
Xaz

where w indicates vertical velocity, z is height and the Kx, called eddy diffusivities, have

WIXI —

the form
K, =1S,e” and K, =1IS,e".

Here, e is the local Turbulent Kinetic Energy (TKE), which is diagnosed by the
scheme at each level interface; | is a turbulence length scale, and Sy and S, are stability

functions.

The Richardson number R is used to diagnose the existence of turbulence, and the
activation of diffusion between adjacent levels. The transition between turbulent and
stable level interfaces is marked by a critical Richardson number R¢:: when R>R. the

interface is labeled as stable, and diffusion does not happen, while if R< R diffusion is

—
—
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activated. Thus, after the classification based on the local Richardson number, the local
e, |, Sn and Sy are calculated at turbulent interfaces, and the turbulent fluxes are
estimated. The interested reader can find more details on the calculations in Bretherton
and Park (2009).

The value of R¢ in the untuned 0.5° Horizontral Resolution model version was 0.19.
After the tuning experiments, we decided to nearly double R, setting Rc = 0.4, allowing

therefore for more vertical diffusion.
4. THE EFFECTS OF THE TUNING ON THE ATMOSPHERIC MODEL BIAS

Having briefly outlined the three parametrizations which have been the object of the
tuning effort, this section is devoted to documenting the effects of the tuning on the
atmospheric model climate bias. As anticipated, all results are based upon 5-year AMIP-
like model integrations covering the period 1981-1985, with the atmospheric model

forced by observed SST and sea-ice conditions.

The effects of the three parametrizations retuning on the model climate bias will be
documented by comparing mean fields of a number of atmospheric variables of the
previously 1°x1° horizontal resolution model with the 2°x’2° model, untuned and then
tuned, and all of them with ERA5 reanalysis (Hersbach et al. 2020), remembering that
no other change was made to dynamics or physics parameters (other than the necessary
timesteps). All results refer mostly to the winter season (DJF) of the Northern
Hemisphere. The layout of the figures/panels will, as far as possible, be mostly the same,
with ERADS full-field 5-year mean on the left, and then progressively towards the right the
corresponding model bias of the 1° model (SPS3) and then the 72° model bias, first for

the untuned model, then for the tuned model.

Starting from the MSLP field, it is evident from Fig. 2 that the horizontal resolution
increase alone is having slightly negative effects on the MSLP bias, especially over
Western Europe and the Eastern Atlantic, where the 1° model was already showing a

negative bias centre over the North Atlantic. On the other hand, the bias is becoming
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slightly worse over the North American continent and Northern Siberia, intensifying its
Wavenumber 2 character.

Figure 2. Northern Hemisphere DJF MSLP. From left to right: ERAS5 full field, 1° model 1

bias, "2 ° untuned model bias, 2 ° tuned model bias. Integration period is December 1980-
December 1985, included.
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The 500 hPa Geopotential Height bias (Fig. 3) confirms the tendency, common to
many global models, to show, compared with the MSLP maps, a bias characterized by
a substantially equivalent-barotropic structure, with an evident Wavenumber 2 signature.
The lower resolution model displays the largest bias, with a large negative centre over
the North-Atlantic and a slightly less intense double negative structure over Northern
Russia.

Figure 3. Northern Hemisphere DJF 500 hPa Geopotential Height. From left to right: ERAS
full field, 1° model bias, '> ° untuned model bias, "2 ° tuned model bias. Integration period
is December 1980-December 1985, included.
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The untuned 2° model moves the main negative centre over the British Isles and
Western Europe. This negative centre is much reduced by the retunin again with a strong
WN2 signature g, at an expense, however, of the positive bias centres over Northern

Siberia and North, America, again with a strong WN2 signature.

The comparison among models’ biases of the Stationary Waves shown in Figure 4
allows to interpret the results of Figure 3, showing how the Stationary Waves bias is to
be held responsible for the strong WN2 signature on the 500hPa (but not only) and for
the mixed, somewhat contradictory, results of the retuning on the model’s tropospheric

NH mid-latitudinal winter climate bias.

Figure 4. Stationary Planetary Scale Waves bias at 500 hPa in the three model
configurations. The panel arrangement is the same as in all other Figures.

ERA5 1 deg. model Untuned 0.5 deg. model Tuned 0.5 deg. model
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Turning the attention to mean westerly wind bias, Fig. 5 shows Northern Hemisphere
DJF cross-sections of U for the whole Troposphere. All models show a similar pattern of
NH westerly wind bias, with the mean westerly jet too strong and too concentrated in the
mid-latitudes. The bias is essentially equivalent barotropic up to 200 hPa, where it tends
to tilt equatorward. From this perspective, the positive impact of the retuning is very clear,
since it reduces the bias with respect to both the 1° model and the '2° model, which

shows an increase in the bias with the increase in horizontal resolution alone.
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wind component, Equator to 80°N. From left to right: ERAS5, 1° model, 'z ° untuned model,

Figure 5. Northern Hemisphere DJF tropospheric cross-sections of U, the wind westerly
2 ° tuned model. Integration period is December 1980-December 1985, included. 1
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Figure 6 explores in some more detail the problem of the westerly wind bias by
showing the Jet Latitude Index (Woollings et al. 2010), calculated from the zonal wind at
850 hPa over the Atlantic Sector (20N - 75N; O0W-60W) for the same DJF period,
suggesting that the tuned, higher resolution model configuration is the only one capable
of reducing the bias in jet intensity, without losing the capability to correctly represent the
jet variability in latitudinal positioning which gives rise to the observed multi-modal
latitudinal distribution. It should also be noted how the untuned 2° model erroneously
concentrates the jet around 45°N even more than the 1° model, losing at the same time

almost completely the two lateral secondary maxima at higher and lower latitudes.
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Figure 6. Jet Latitude Index computed over the North Atlantic Sector (20N - 75N; 0W-60W)
for ERAS5, 1° Model, '2° untuned model and "2° tuned model (upper panel) and bias of all
three models w.r.t. ERA5 (lower panel). Data are for Winter period (DJF)..
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Figure 7. Northern Hemisphere DJF 850 hPa Zonal Wind. From left to right: ERAS full field,
1° model bias, 2 ° untuned model bias, 2° tuned model bias. Integration period is
December 1980-December 1985, included.
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Figures 7 and 8 show the Northern Hemisphere, DJF Zonal Wind bias at 850 and
250 hPa. The equivalent-barotropic character of the error is clearly confirmed but, more
interestingly, it is documented how the bias is more evident over the Atlantic and
Eurasian sectors in the 1° model, over the Eurasian and Western Pacific sector in the
¥2° untuned model and is more evenly distributed around the hemisphere, in addition to
being greatly reduced in amplitude, in the %2° tuned model, both at lower and high level.
¥2° untuned model and is more evenly distributed around the hemisphere, in addition to

being greatly reduced in amplitude, in the '2° tuned model, both at lower and high level.

Figure 8. Northern Hemisphere DJF 250 hPa Zonal Wind. From left to right: ERAS full field,
1° model bias, "2 ° untuned model bias, 2 ° tuned model bias. Integration period is
December 1980-December 1985, included.
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Figure 9 shows the global bias on precipitation. Here the effects of model resolution
increase alone are slightly detrimental, especially over Indonesia and Northern Australia,
and only the retuning effort is capable of reconducing the precipitation bias of the 1%°

model to values comparable to those of the 1° model, although not completely.
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Figure 9. Global precipitation bias. Top left GPCP observations, top right 1° model, lower
left untuned 2° model, lower right tuned 2° model.
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5. AN EXAMPLE OF PROCESS DIAGNOSTICS

In addition to comparing maps and cross-sections of mean fields of wind or
geopotential height, it is of interest to verify the impact of the retuning on a dynamical
processes considered to be of of great importance for the Northern Hemisphere mid-

latitude winter troposphere: Atmospheric Blocking.

Atmospheric Blocking can be very synthetically described as a quasi-stationary,
synoptic scale, high pressure pattern that establishes itself in some preferred quadrants
of the Northern Hemispheric mid-latitudes, disrupting for a period of days-to-weeks the
typical westerly progression of synoptic perturbations and thereby causing, by its
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persistence, intense meteorological phenomena in the affected areas. See Tibaldi and
Molteni (2017) and references therein for an overview of the process, associated
phenomena, possible dynamical explanations and difficulties in modelling it. Since the
early years of global operational medium-range numerical weather forecasts it has
become apparent that representing blocking in numerical weather prediction models
could constitute a problem (Tibaldi and Molteni, 1990), and the same was later found out
for global climate models (e.g. D’Andrea et al, 1998). All of this explains why representing
blocking has often been taken as a significant benchmark for global weather and climate

model performance.

Figure 10 shows 2D maps of winter blocking frequency for ERAS5, 1° model, '2°
model untuned and tuned in the usual layout. Two facts appear evident: the resolution
increase, far from being beneficial in this respect, decreases an already too low (as usual
for weather and climate numerical models, e.g. Tibaldi and Molteni 1990; Jung et al
2010; Anstey et al., 2013; Davini and D’Andrea, 2020) blocking frequency, especially
over Eastern Europe and Western Asia. The tuning is decisively beneficial, restoring
more acceptable values of frequency over the high and mid-latitude belt which goes from
the Western Atlantic all the way until Eastern Russia and Alaska, although the loss of
the maximum over the Euro-Atlantic region evident from the comparison between the 1°

and the 2° model panels is not completely recovered.
Figure 10. NH Winter Blocking Frequency computed with a two-dimensional blocking

index (the “Absolute” method of Woolings et al., 2018) for the same five winters DJF
period December 1980-February 1985. Panels layout as usual.
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6. CONCLUSIONS

It is evident from the results shown that the mere increase of horizontal resolution
does not, in itself, necessarily have a beneficial impact on the model’s climate bias. This
should not be a surprise, because many of the physical parametrization schemes are
formulated in such a way as to be critically dependent on, at the same time, the volume
of the grid-box and the exact values of the empirical parameters. The great importance,
therefore, of an accurate retuning of all physics, and of orography-dependent
parametrizations in particular, when atmospheric model horizontal resolution is changed,

is clearly demonstrated.

The authors are aware that the work reported here paints an only partial picture of
the effects of such a partial model physics re-tuning effort and therefore suffers from a
number of shortcomings and limitations, possibly brought about by the urgency of
implementing a higher resolution version of the CMCC operational model within a tight
time schedule. The evidence reported about several final positive results of the effort,
however, can be useful as a preliminary indication of possible directions to pursue in
similar exercises to be performed by other modelling groups. The results documented
here in any case underline the importance of climate models’ physics re-tuning when
models’ characteristics are changed (in particular those which are strongly affected by
model resolution). Care should therefore be applied when evaluating model
intercomparison exercises based upon resolution increase alone, without previous
appropriate physics re-tuning, since resolution increases alone could create undesirable

effects due to unbalances and even increase model biases.
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