Volume 12
Issues 1-2
2015

Attribution CC BY-NC-ND

The impact of moist processes parameterizations
in ALARO model over Romania
Alexandra CRACIUN • Mihaela-Silvana NEACSU
National Meteorological Administration
E-mail: alexandra.craciun@meteoromania.ro
Abstract. Precipitation forecast represents one of the most difficult tasks for
the forecasters, especially for the case of severe weather events. Regardless
of their resolution, numerical weather prediction models still have some
deficiencies in simulating the precipitation field, regarding the structure, the
evolution and also the maximum amounts forecast. This issue is receiving
much attention, a continuous enhancement of moist processes
parameterization being made. Recent improvements to the parameterization
of these processes in the ALADIN/ALARO model which have been made in
the RC-LACE (Regional Cooperation for Limited Area Modelling in
Central Europe) consortium address these issues. In order to evaluate the
impact of these modifications over Romania, several experiments have been
done. Both subjective and objective (verification scores for a three-month
period) analysis showed an improvement in the model results. Following
these results, the new version of the model ALARO is operational since
January 2014.
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1. INTRODUCTION
Despite the fact that numerical wheather prediction models are
continuously developing, the simulation of precipitation still has
shortcomings, especially regarding severe wheather events. The tendency to
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increase the resolution of the model implies foremost the refining of
physical parametrizations. The limited area model ALARO, which runs
operationally at the National Administration of Meteorology was initially
designed for an integration that uses a horizontal resolution around 5 km,
known as a grey-zone scale (typically for horizontal mesh-sizes between
2 km and 7 km). This grey-zone raises particular issues, since deep
convection cannot be fully resolved by the model grid, neither completely
parameterized. Furthermore, around this resolution the horizontal
component of the turbulent mixing cannot be neglected (approximation
commonly used in numerical wheather prediction models).
Because of these difficulties, the actual trend is to avoid the grey-zone scale
by using higher resolution (1–3 km). On the other hand, the computation
cost increases substantially along with it, becoming prohibitive for small
national meteorological services.
Even for these resolutions, the simulation of finer scale processes
presents some difficulties. The solution chosen in the development of the
model ALARO was to gradually increase the degree of complexity of
physical parameterizations, adding special concern for the efficiency of the
numerical solution in order to obtain a good price-performance ratio.
Developed as a version of the limited area model ARPEGE / ALADIN
(Action de Recherche Petite Echelle Grande Echelle–Aire Limitée
Adaptation Dynamique Développement International), the numerical model
ALARO uses a specific approach with an integrated sequential treatment
together with the use of prognostic variables for moist processes (Gerard et
al. 2009).
Recent developments within the LACE consortium involve a number
of improvements of the physical parameterization schemes of moist
processes with the corresponding tunings, thus being completed the version
ALARO-0 baseline of the model (Pristov 2013) which represents the
backbone of future enhancements in the model.
2. ADJUSTMENT OF MOIST PROCESSES
PARAMETERIZATION
One of the most difficult parametrization schemes is the deep
convection one, because of the resolution dependence. Using prognostic
variables for the convection scheme along with the integrated treatment of
moist processes partially resolves this issue. Altogether, the ALARO model
simulates correctly enough the structure of the precipitation field,
unfortunately the convective diurnal cycle of precipitation is not simulated
accurately enough; a too early onset of rainfall during the morning and a
too early cease in the afternoon. (Gerard et al. 2009)
The purpose of the recent modifications (Brožková 2013) in the deep
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convection parameterization scheme is to avoid this deficiency and they
refer to:
(a) modification of the entrainment rate in the convective cloud: in the
model, the entrainment rate changes from a maximum value at the base of
the cloud to a minimum one at the top of the cloud, following a logarithmic
profile, the maximum and minimum values being functions of the
integrated buoyancy on the vertical depth of the cloud:

Ent = f (λx , λn , φ − φb ) ;
1
λn =
1/ En + α I b ;
1
λx =
1/ Ex + α I b ;
φ

I b = ∫ (h noentr − h)dφ ,
φs

where hnoentr represents the moist static energy of the cloud in non-entraining
case, h is the moist static energy of the environment, while En, Ex and α are
tunable parameters. Commonly, the parameter α is a constant. In this case,
following an idea of Peter Bechtold, the usage of this tuning parameter
introduces a dependence of the saturation rate on the relative humidity of
environment (Rh); when the humidity is closure to saturation, the
entrainment is lower:
φ

∫ R (h
h

*

α =α

noentr

− h) dφ

φs

Ib

(b) modification of the detrainment rate: the clouds entraining less air from
the environment get higher and are warmer; in the used scheme, for
simulating this effect, the equivalent cloud profile is computed with
reducing the thickness of the layer to go up and relaxing the moist static
energy of the cloud to a non-entraining profile.

Δφ ' = Δφ /{1 + υχ max(0, h noentr − hu )} , υ = z α / (z + α )
The parameter υ determines the height and the shape of the cloud
profile. Until now, this parameter was a constant. In the ALARO-0 baseline
version of the model, the parameter υ is no longer a constant, but depends
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on the evaporation of previous rainfall, such that the detrainment gains an
adaptive feature. Parameter z is computed using the following formula:

z t −Δt + (kE + υmin )Δt / τ
z=
,
1 + Δt / τ
where E represents evaporation and τ the relaxation time. Thus, a higher
amount of precipitation leads to more intense evaporation, conducing to
higher clouds therefore to a prolonged convective activity.
(c) modified closure assumption: usually, in the convective scheme, closure
is based on moisture convergence. The influence of the moisture
convergence can be modulated, considering that a part of the available
moisture is consumed in condensation, while another part contributes to the
increase of moist static energy in the cloud (similarly to the closure type
based on CAPE), the result being a mixed type of closure:
CVGQ'=CVGQmin(1,µσuCVGQ')
with σu the updraft area fraction, µ a closure tuning parameter and CVGQ
represents moisture convergence.
Although different types of thermodynamic adjustments are available
in the model (Smith-Gerard, Rash-Kristjansson, Smith), in the baseline
version this scheme uses a slightly modified Xu-Randall formula in order to
find a thermodynamic equilibrium between larger-scale condensation /
evaporation, water vapours content, the condensed water in the clouds
(prognostic variables) and the cloud fraction.
r

⎛ q ⎞
α qc
N = ⎜ v ⎟
δ
⎝ qw ⎠ α qc + (q w − qv )
Generally, the condensation begins at a moment when a certain
threshold of the relative humidity is reached. The value of the critical
humidity is computed at each model level. The last modification includes,
besides the vertical profile also a dependence of the horizontal resolution of
the model. Thus, the vertical profile is modulated as a function of the grid
step size, the maximum value (1) of the critical humidity being reached
slower when the resolution is finer.
In microphysics, in addition to the sedimentation of precipitation with
relatively big fall speed, the sedimentation of cloud water and ice with small
speeds was also introduced (Brozkova, 2013).
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3. EVALUATION OF THE MODEL
In order to evaluate the precipitation forecast obtained with the new
version which includes all the modifications described above, several
simulations were made for May and June 2013. Generally, the structure of
the precipitation field was more accurate comparing to the forecast obtained
with the operational model version. The differences between the two
versions were larger or smaller, depending on the synoptic features: smaller
for the case of intense frontal passage and bigger for the case of convective
development that didn't followed the frontal passage. The case of June 14th
2013 was chosen for illustration because of the significant differences
between the two model versions simulations. In the afternoon, high amount
of rainfall was recorded, as well as lightning activity and wind
intensification in Dobrogea region and in the center of Moldova.
On the 14th of June 2013, the surface pressure field over Europe was
described mainly by a depressionary area in the North and a wide
anticyclonic belt extended from the Azores Islands to the Russian Plain,
covering Central Europe and most of the Mediterranean Sea. It can be also
noticed the presence of a cyclone (even if not deep), in the Black Sea and
Anatolian peninsula region with a significant role in the weather evolution
over Romania (figure 1).
Both cyclonic disturbances had corresponding baric formations
in the troposphere (figure 2); the isolated cut-off on the south-eastern part of
the continent had a slightly retrograde circulation gradually weakening the
dorsal oriented south-west north-east. Romania was situated at the contact
zone between the anticyclonic belt and the depressionary field above the
Black Sea and the Asia Minor peninsula, with pressure values between 1010
and 1015 hPa. The country hasn't been crossed by any major front, as it can
be observed on the frontal analysis from the German Weather Service
(DWD - figure 3). However, during that day the cold air advection behind
the corresponding front of the perturbation over the Scandinavian peninsula
increased slightly in west and north east of Romania, around the
Carpathians, causing the increase of the pressure values over that area
(figure 3 - center).
At the same time, the evolution of the retrograde high altitude cut-off
led to the warm moist air advection above the Black Sea, following a northeastern circulation (figure 4) over the southern half of Moldova and
Dobrogea. In this context, an instability line was developed (as seen in the
radar reflectivity image from Medgidia - figure 5) which generated
significant amount of rainfall in about 3 hours.
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00 UTC

06 UTC

12 UTC

18 UTC

Figure 1. ECMWF analysis: mean sea level pressure (continuous line) and 850 hPa
temperature (dotted line) - 14.06.2013, 00 (top left), 06 (top right), 12 (bottom left) and 18
UTC (bottom right).

Figure 2. ECMWF analysis: geopotential height (continuous line) and 500 hPa temperature
(dotted line) for 14.06.2013 at 00 UTC (left) and 18 UTC (right).
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06 UTC

12 UTC

18 UTC

Figure 3. Frontal analysis – DWD for 14.06.2013.

Figure 4. ECMWF analysis for 14.06.2013, 12 UTC. Left: geopotential height (continuous
line) and 850hPa temperature (dotted line); right: 850 hPa wind.
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Figure 5. Radar reflectivity at lowest elevation (0.5º), Medgidia – 14.06.2013, from left to
right: 11:30, 12:30, 13:37 (peak of the convective development) and 14:07 UTC.

Rainfall forecast
Comparing the 24 - hour cumulated precipitation simulated with both
model versions in respect with the observation, it can be noticed that the
new version led to an improvement in the model performance (figure 6)
predicting the amount of precipitation, especially in the south-eastern part of
the country. Even though the position of precipitation nuclei is not
sufficiently accurate and the maximum amount of rainfall is underestimated
(it does not exceed 50 l/m2 in respect with the measured amount which
reached 90 l/m2 in Dobrogea), the operational version fails to capture this
aspect. Also, the more intense precipitation nucleus in the north-eastern part
of Romania was not sufficiently well defined.

Figure 6. 24-hour rainfall accumulation: 14.06, 06 UTC - 15.06.2013, 06 UTC: Alaro-0
baseline (top left), operational model version (top right) and observation data – synop and
rain gauge (bottom).
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The model simulates the meso-scale convective system in the southeastern part of the country. However, its evolution (as it can be observed on
the radar images in figure 5), with the convective intensity peak at 13:37
UTC, seems to be delayed, the maximum amount of rainfall being
forecasted between 14 and 15 UTC (figure 7).

14 UTC

15 UTC

17 UTC

16 UTC

18 UTC

Figure 7. Hourly precipitation forecasts, simulated by Alaro-0 baseline version: 14.06.2013
from 14 to 18 UTC.

In order to evaluate the diurnal cycle of precipitation, the sum of
hourly simulated precipitation (on a subdomain which includes Romania)
was calculated for each of the two ALARO versions. In figure 8 it can be
easily observed that, when using ALARO-0 baseline, the maximum rainfall
(recorded in the afternoon) is shifted to evening – in contrast with the
operational model version, where the maximum rainfall is forecasted
between 11 and 12 UTC. It is a known fact that the operational version has a
two early onset of convective precipitation during the morning and a too fast
cutback in the afternoon. However, it appears that in this case the new
version led to results that show a slightly too big delay in the triggering of
the convective phenomena.
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Figure 8. Evolution of hourly precipitation amount over Romania: 14.06.2013, 00 – 72
UTC (Alaro-0 baseline – red line; operational model version – green line).

3.1. Double chain setup for ALARO-0
In order to select the optimal configuration for local implementation
of the new version, a series of experiments was previously carried out. The
aim was to analyze the model sensitivity to time step, number of vertical
levels and the vertical discretization scheme.
Looking for a better representation of the planetary boundary layer,
the number of vertical levels was increased from 49 to 60 in the
experiments, while the horizontal resolution remained the same (Δx=6.5
km). Furthermore, vertical discretization based on finite differences was
replaced with finite element method. However, it has been found that the
impact of these modifications on the precipitation field is minor beside the
adjustments made within moist processes parameterization. For illustration,
the plots below (figure 9) show the forecast for 24-hour cumulated
precipitation. They were obtained using the operational version and
configuration, given that the vertical resolution and discretization scheme of
the model were changed.

Figure 9. 24-hour rainfall accumulation: 14.06, 06 UTC - 15.06.2013, 06 UTC:
operational version (left – 60 levels); operational configuration (center – 49 levels) and
vertical finite element discretization ( right – 60 levels).
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Moreover, it has been found that the decrease of the time step from
300 to 240 seconds could lead to a slight improvement of the results. In
order to make a systematic evaluation of model performance, a double chain
was set for a three-month test period: July - September 2013.
3.2. Statistical verification
Every verification system is based on creating a set of pair-weather
observations - synchronous in time and space. In our case, this kind of
database was performed for the three months: July, August and September.
The scores were computed for all the 163 synoptic stations of Romania,
using the results from the operational version as well from the new one. For
the discontinuous parameters: total nebulosity and the 12/24 hour
precipitation the following scores were computed: equitable threat score
(ETS) false alarm rate (FAR), probability of detection (POD),
fraction/proportion correct (PC), Hansen-Kupiers skill score (HKSS) and
Heidke skill score (HSS). Moreover, for the cloudiness classes (clear,
scattered, broken and overcast) mean error and root-mean-square error were
computed.
The statistical analysis for precipitation amount generally showed a
better forecast then the operational version (confirmed also by the subjective
evaluation): the proportion correct score indicates that the percentage of
correctly predicted events is higher for all classes of precipitation (but not
for September). For example, figure 10 shows the value of this score for the
class of precipitation between 2-10 mm/24 h. The unrealistic light
precipitation (0.1-2 mm within 12 and 24 hours) is reduced; it is usually
overestimated by the operational model version (figures 11 and 12). Also,
the more intense precipitation (10.1-200 mm/12 h) scores are better for the
first day.
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July 2013

August 2013

September 2013

Figure 10. The class of precipitation 2-10 mm/24 h: the proportion correct score for July,
August and September 2013 (Alaro-0: blue line; Alaro-operational: red line).

Figure 11. The class of precipitation 0.11-2 mm/24 h: probability of detection (left) and
false alarm rate (right) for August 2013 (Alaro-0: blue line; Alaro-operational: red line).
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Figure 12. The class of precipitation 0.11-2 mm/24 h: Heidke Skill Score (left) and
Hansen-Kupiers Skill Score (right) for August 2013 (Alaro-0: blue line; Alaro-operational:
red line).

Equitable Threat Score

Heidke Skill Score

Proportion correct score

Figure 13. The class of precipitation >10 mm/24 h: Equitable Threat Score, Heidke Skill
Score, and the proportion correct score for July 2013 (Alaro-0: blue line; Alaro-operational:
red line).

It should be noted that because of the discontinuity of the precipitation
field, the scores which were computed by comparing the value measured at
synoptic stations with the forecasted value at the nearest grid point, do not
provide a very realistic evaluation for 12-hour/24-hour precipitation. In
addition to, more statistical scores are required because a single score
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cannot grasp all the features of the forecast. An analysis of the hourly
observed precipitation field (after gridpoint interpolation) would be
necessary in order to assess the diurnal cycle. Currently hourly precipitation
values are available from radar data, but they often contain errors and the
correction procedure of this kind of data taking into account observation
data from synoptic stations and rain gauge measurements is not yet
completed.
For other kind of meteorological parameters with a continuous
distribution the evaluation is easier, usual statistical scores giving enough
useful information. For example, it can be seen in figures 14, 15 and 16 the
mean error, root mean square error, standard deviation and variance
reduction for 2m temperature, wind speed and total cloudiness. On the other
hand, other scores were computed for cloudiness taking into consideration
four classes: clear, scattered, broken and overcast. Figure 17 shows some
scores for the class overcast sky.

Mean error and RMSE

Standard deviation

Variance reduction

Figure14. 2m - temperature: mean error (blue lines), RMSE (red lines), standard deviation
and variance reduction for July 2013 (operational version: continuous lines; Alaro-0
baseline version: dashed lines).
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Figure 15. 10m – wind speed: mean error (blue lines), RMSE (red lines) – left, standard
deviation – right for July 2013 (operational version: continuous lines; Alaro-0 baseline
version: dashed lines).

Mean error and RMSE

Standard deviation

Correlation coefficient

Figure 16. Total cloudiness: mean error (blue lines), RMSE (red lines), standard deviation
and correlation coefficient for July 2013 (operational version: continuous lines; Alaro-0
baseline version: dashed lines).
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Figure 17. Total cloudiness – overcast sky class: HSS for August – left and the proportion
correct score for July 2013 - right; operational (red lines), Alaro-0 baseline (blue lines).

4.CONCLUSIONS
Several simulations were made using the latest modifications in the
parameterization scheme of moist processes. Both the subjective (for
specific cases) and objective evaluation (computation of statistical scores for
a three-month period) showed an improvement in the representation of the
structure and evolution of the precipitation field. Verification scores proved
also a slightly better forecast for temperature and wind speed, which was
expected because of the increase in vertical levels (leading to a better
representation of the planetary boundary layer) used for model integration
during the test period July - September 2013. Taking all this into account,
the new version is operational since January 2014.
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