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Abstract. During February 2012, very low temperatures were recorded in 
Romania by almost all operational numerical weather prediction systems 
failed in simulating them. Although the numerical weather models are 
continuously improved, some severe weather events are still difficult to be 
correctly forecast. These difficulties can appear due to the insufficient 
accurate initial state of the model or to the model itself. The present paper 
analyzes the impact of data assimilation in relation to the operational 
forecasting system based on the ALARO model, which is used in dynamical 
adaptation mode. For February 2012, in order to improve initial state of the 
ALARO limited area model, the three-dimensional variational data 
assimilation technique on the observational locally data (synop data) was 
applied. The performance was evaluated through the computation of 
statistical scores with and without data assimilation for temperature at 2m, 
the most relevant parameter for this cold period. A more detailed analysis 
was performed for 8-12 February 2012 period, when the National 
Meteorological Administration (Meteo Romania) issued a yellow code 
warning for persistent cold air. The results obtained using the data 
assimilation technique, for the limited area model ALARO, show a 
significant improvement of the 2m air temperature forecast.  
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 1. INTRODUCTION 
 

 In December 2011 and early January 2012, almost all over Europe, 
the weather was unusually mild. After this period “an incursion of cold 
polar air, coming from northern Russia brought a sudden cooling towards in 
almost Eurasian continent” (WMO report, 2012). 
 Gradually, the East European anticyclone had extended over the 
Central Europe and together with the Azores anticyclone formed a belt over 
the most of Europe generating a blocking circulation. In the coupling area 
with the cyclonic perturbations from Mediterranean Sea, blizzards occurred 
in late January and the first decade of February. The sedimentation of the 
cold mass led to the appearance of strong thermal inversions, decoupling the 
circulation in the lower and medium troposphere. In many European 
countries (e.g. Belarus, Poland, Ukraine, Moldova, European Russia) were 
recorded minimum temperatures around -30 °C, and in several parts of 
northern Sweden, Finland and Russia even below -40 °C. Romania was no 
exception, although the absolute minimum temperature record was not 
exceeded. However, daily minimum temperature records were registered, 
especially in February. 
 Most numerical weather prediction models had difficulties in 
simulating correctly the low recorded temperatures in this period. The 
limited area model ALARO, derived from ALADIN French model (Aire 
Limitee Adaptation Dynamique Development INternational), coupled with 
the French global model ARPEGE/IFS (Action de Recherche Petite Echelle 
Grande Echelle)   made no exception, overestimating the temperature values 
for the entire period. Since errors in the initial conditions of the model affect 
the numerical forecast performance, especially for severe weather situations, 
one idea was to improve numerical forecast using data assimilation 
technique.  
 The impact of the ALARO model, using data assimilation technique, 
was compared with the operational version of the model which does not 
include this technique. This work analyzes the impact through ALARO 
model of data assimilation for February 2012. 
  The data assimilation procedure applied to ALARO model is shortly 
described in Section 2. In Section 3 is analyzed the impact of data 
assimilation for temperature at 2 m for February 2012 in respect with 
operational forecast. A more detailed analysis is performed for 8 to 12 
February 2012 period, when very low temperatures were recorded over 
Romania. The main conclusions of this study are summarized in Section 4. 
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 2. DATA ASSIMILATION APPLIED TO ALARO MODEL 
FORECAST 

 
 Data assimilation is an analysis technique in which the observed 
information is accumulated into the model state by taking advantage of 
consistency constraints with laws of time evolution and physical properties 
(Bouttier 1999). 
 In ALARO model, the observational data assimilation technique 
involves the following steps which are described below: 
– To compute the covariance matrix of the model through ensemble 
variational method (EnVar) (Stefanescu 2009). At the beginning, the 
ensemble analysis of global model ARPEGE (6 members) was downscaled 
using ALARO model. Thereby, based on the differences between short 
forecast range (6 hours) of different ensemble members, the errors which 
will be contained in the first guess of the initial state, were computed over 6 
months period (Ficher 2003). 
– The existence of a previous estimation of the model state which can be 
either one analysis or a previous forecast of the model. 
– The pre-processing and monitoring the observations, to supply continuous 
the specific model database (ODB – Observational Data Base). 

 
  For upper altitude parameters analysis, the three - dimensional 

variational assimilation technique (3D-Var) was used. This technique is the 
most often used operationally in the major weather centers and it is based on 
the minimization of the cost function using an iterative method. The cost 
function (equation 1) measures the deviation between analysis and all the 
available information (first guess, observations) weighted according to the 
degree of precision of each source of information (Ficher 2001; Ficher 
2006): 
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where B is the covariance error matrix, R – the observations covariance 
error matrix, H – observations operator, d – innovation vector (the deviation 
of observations from the first guess), Dx - increment defined by the 
difference between the analysis vector and the first guess of the model. 
 The French limited area model ALADIN has been run at National 
Meteorological Administration (NMA) of Romania since 1997. The actual 
version of the French limited area model is ALARO, which is operational 
since 2009 and uses the dynamical adaptation mode (the model does not 
have its own analysis). The initial and boundary conditions of the model are 
provided by ARPEGE/IFS global model analysis interpolated into ALARO 
domain (see Fig. 1), taking in account the description of the physico-
geographical parameters for the model resolution. At the time when the 
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experiments were performed, the horizontal resolution of ALARO model is 
about 6.5 km with 49 vertical levels. On the other hand, ARPEGE model 
has a coarser resolution over Romania, with 115.5 km horizontal resolution 
and 60 vertical levels.  
 Although the global model analysis is the result of the four-
dimensional variational assimilation technique, higher resolution has a 
greater sensitivity and dependency on initial conditions than models with 
coarser resolution. For ALARO model, the horizontal resolution is 
increased and also the differences between physical parameterizations 
leading to the necessity of using its own analysis. 
 

 
Figure 1. ALARO-Romania operational domain. 

 
At this point, data assimilation technique is applied to ALARO 

model only experimental, using a specific database which is currently 
generated by the Hungarian Meteorological Service for all member 
countries of the RC-LACE consortium (Regional Cooperation for Limited 
Area Central Europe) which is a common project for ALADIN countries, 
Romania being a part of it. This operational database contains:  

• surface weather observations (SYNOP) from  GTS (Global 
Telecommunications System) where Romania provides only 23 
stations from 163 available; 

• observations from ships (SYNOP-SHIP); 
• radio sounding data (TEMP);  
• data SHIP PILOT and PILOT type, data "wind-profiler" type (WP);  
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• data from commercial aircrafts (AMDAR, AIREP). 
In order to include all local surface stations (163 synop stations) in 

model database and to provide a higher spatial density for observations, 
procedures have been developed in this way.  

The purpose of this paper is to carry out experiments using data 
assimilation technique. For this, it is necessary to obtain an initial state of 
the numerical weather model based on surface and altitude parameters 
analysis.  

Regarding the surface, the ARPEGE model analysis (including sea 
surface temperature – SST) is used as a first guess. As well, relative 
humidity and temperature at 2m, which are fetched from the OPLACE and 
local observations databases, are included. The analysis of meteorological 
parameters is achieved by an optimal interpolation technique (OI), who 
assume that only the nearest observation of each grid point is representative 
to determine optimal analysis (“Canary-Code d 'Analyze à ARPEGE pour 
Ses Necessaire Rejets et Son initialization”). After the surface analysis is 
obtained, the model initialization is performed using Incremental Digital-
Filtering Initialization (IDFI) in order to eliminate the weather noise 
(Stefanescu, 2005).  

The altitude parameters analysis is achieved by the 3D-Var 
technique. In the 3D-Var (Montmerle, 2005) and OI schemes the 
observations are taken into account over a time window (± 3 hours around 
the analysis) and it is assumed that they are valid at the same time as 
analysis. The assimilation window is divided in n observations windows 
(usually at every hour) (Fig. 2). For each window are calculated the 
differences between observations and model forecast, valid at the same 
hour.  

 

 
Figure 2. Assimilation cycle: observations (obs) – green, first guess (FG) – red, boundary 
conditions (BC) – blue, surface analysis from ARPEGE (SA) – brown, production cycle 

(30h) – purple. 
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The forecast production cycle was integrated two times per day (00 
UTC and 12 UTC) up to 30 hours with one week spin-up period in order to 
balance the atmospheric fields. 

 
 
3. RESULTS 
 
3.1. The impact of data assimilation technique on temperature 
numerical weather forecast for February 2012 

 
 The performances of the ALARO model with data assimilation and 
without (the operational one) were evaluated through the computation of 
different statistical scores (like mean absolute error, root mean square error, 
standard deviation, variance reduction and correlation coefficient). The 
scores were calculated for temperature at 2m, using 163 surface stations 
from Romania, for the entire February month from 2012. For a better 
understanding, the model using data assimilation is labeled with ALARO-DA 
and the operational one with ALARO-OPER. 
 In Fig. 3, it can be noticed that the statistical scores show an overall 
improvement of the ALARO-DA. Although, using data assimilation the 
value for mean error (Fig. 3 (a)) is decreased, but the temperature is still 
overestimated, especially when the minimum values are reached.  
 As expected, a positive impact of data assimilation usage can be 
observed, mostly, in the first 12 hours of model integration. A slightly 
degradation of ALARO-DA forecast is noticed between 12-15 UTC, when 
the standard deviation shows a larger spread, thus indicating the existence of 
specific locations where errors reach extreme values. However, the 
correlation coefficient has values above 85% in both experiments, which 
means that the model captured well the variability of predicted values 
compared to those observed. 

 
3.2. The February 8–12, 2012 interval  

 
 A more detailed analysis was performed for the 8–12 February 2012 
period, when National Meteorological Administration of Romania issued a 
yellow warning code for persistent cold weather due to the high atmospheric 
stability conditions. The global deterministic model ECMWF (European 
Center for Medium Range Weather Forecast) analysis has been used for the 
large scale conditions. The weather in Romania was influenced by a high 
pressure field with values between 1030-1035 hPa, slightly lower at the end 
of the interval in southwest, due to the increase of cyclonic activity in the 
Central Mediterranean Sea who led to an increase of the baric gradient. At 
surface, the advection of the cold air had continued, favored by the northeast 
circulation. In the medium atmosphere, the cold air mass was gradually 
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expanded to central Europe, on February 10the and a cut-off of very cold air 
mass (with values up to -46 °C at 500 hPa level) was centered over Austria 
(Fig. 4). 
 

 
Figure 3. Mean error and mean square error (upper left panel), variation reduction (upper 
right panel), correlation coefficient (lower left panel) and standard deviation (lower right 

panel) for February 2012. 
 

 
Figure 4. ECMWF analysis - temperature at 2 meters and mean sea level pressure (left 
panel);  temperature and geopotential at 500 hPa (right panel) for February 10th, 2012. 

 
The cold air mass sedimentation, at lower layers, led to the 

generation of strong inversions in most Eastern Europe, as can be seen from 
the temperature difference between 925 and 1000 hPa pressure levels (Fig. 
5). Over Romania, in Carpathian regions, it can be observed the existence of 
a thermal inversion that will become more extended in the morning. 

The usage of data assimilation technique in ALARO model, leads to 
the expansion of the inversion area towards southwest regions, inversion 
who became more enhanced (Fig. 6). 
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Figure 5. ECMWF analysis – temperature differences between 925 and 1000 hPa pressure 

levels for February 10th, 2012 at 06 UTC (left panel) and 12 UTC (right panel). 
 

 
Figure 6. ALARO - temperature differences between 925 and 1000 hPa pressure levels 

 for February 10th, 2012, ALARO-OPER (left panel) and ALARO-DA (right panel). 
 

The impact of data assimilation is highlighted by the minimum (Fig. 
7) and maximum (Fig. 8) temperature forecasts was assessed through the 
ALARO-DA (right panels) and ALARO-OPER (left panels) forecasts. This 
comparison shows that ALARO-OPER forecasts are overestimated; the 
overestimation is reduced for ALARO-DA.  
 The benefit role of the local data assimilation can be observed 
especially in Dobrogea (southeastern Romania) and intra-Carpathians 
regions, where the predicted values are close to the observed ones. Hence, 
the values for the extreme temperatures forecast by ALARO-DA are not 
reduced enough in the Western part of Romania.  
 The reduction of positive systematic error of the ALARO-OPER 
model is visible for temperature parameter at 2m, which is valid at 06 UTC 
(Fig. 9, left). In extra-Carpathian area, this reduction is insufficient and may 
be related to the deficiencies of the model in simulating strong thermal 
inversions. Around noon (Fig. 9, right), the positive error is much smaller. 
Using data assimilation, the negative errors area is larger, leading to a 
slightly degradation of the forecast, as can be noticed in the Fig. 3, where 
the mean scores were computed for the entire month of February. However, 
it must be noted that for the errors calculation, the differences in altitude 
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between the observational stations and the nearest grid point of the model 
were not taken into account.  
 

 
Figure 7. Minimum temperature for February 10th, 2012 at 06 UTC: ALARO-OPER (left 
panel) and ALARO-DA (right panel); observations - circles colored in the same colors as 

model forecasts. 
 

 
Figure 8. Maximum temperature for February 10th, 2012 at 18 UTC: ALARO-OPER (left 
panel) and ALARO-DA (right panel); observations - circles colored in the same colors as 

model forecasts. 
 
 
 4. CONCLUSIONS AND OUTLOOK 

 
The analysis of the ALARO forecast model for near surface 

temperature, for an extremely cold month (February 2012) shows that, when 
the data assimilation is included, a good overall performance (the 
correlation coefficient has values over 85%), exceeding the operational 
model performance. In general, errors are kept to acceptable values for all 
forecast ranges and for the entire domain. 

Although, trough data assimilation technique the forecast of 
ALARO model was improved, it failed to simulate correctly the extreme 
thermal values on extra-Carpathian regions. One possible reason could be 
the poor simulation of the thermal inversion from the lower layers of the 
atmosphere. This is a preliminary conclusion, and should be confirmed by 
further studies for several similar cases. 

Considering the results obtained, as expected, the positive impact of 
the data assimilation is more pronounced in the first 12 forecast hours. Data 
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assimilation proves to be particularly beneficial in severe weather situations, 
helping to the reduction of the model errors compared to observations. 
 

 
Figure 9. The errors distribution in comparison with the observations for 2m temperature: 
ALARO-OPER at 06 UTC (upper left panel), ALARO-DA at 06 UTC (upper right panel), 

ALARO-OPER at 12 UTC (lower left panel) and ALARO-DA at 12 UTC (lower right panel) 
for February 10th, 2012. 
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