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1 Introdu
tion

In 2013 ARPA Emilia Romagna has implemented a Rapid Updating Cy
le (RUC) based on COSMO-I2 model.

RUC is made up of three hours assimilation 
y
les (00 UTC, 03 UTC, 06 UTC, 09 UTC, 12 UTC, 15 UTC,

21 UTC) followed by 18 hours fore
ast runs. The aim of RUC is to take advantage of radar data and other

"fresh" observations available (e.g. air
raft reports, lo
al surfa
e station networks) for produ
ing a numeri
al

weather fore
ast having some added value in the now
asting range.

ARPA Piemonte has implemented a parallel version of the RUC in order to be used as a test suite for

some modi�
ation whi
h, if su

essful, 
ould be introdu
ed in the o�
ial Italian RUC. In parti
ular this

implementation di�ers in two 
omponents: the �rst one is the assimilation of non-GTS data from the high

resolution network of the Italian National Civil Prote
tion Department (DPC) and a the se
ond one is the

introdu
tion of the FASDAS (Flux-Adjusting Surfa
e Data Assimilation System) s
heme whi
h has been

already tested su

essfully. The aim of the present work is to make a �rst 
omparison of the performan
e of

the two di�erent 
on�gurations.

2 Model setup: similarities and di�eren
es

The ARPA Piemonte and the ARPA Emilia Romagna RUC modelling systems share the same integration

area (Northern Italy, surrounding the Alps, �gure 1), the grid step of 2.8 Km, the operational COSMO-I2


on�guration (default Runge-Kutta dynami
s, parametrized shallow 
onve
tion), the boundary 
onditions

from the operational COSMO-I7. The two modelling systems implement the latent heat nudging using 15

minutes surfa
e pre
ipitation estimated by radar 
omposite provided by DPC. As reported in �gure 2, RUC

Figure 1: Integration area.

is made up of short 
ut-o� qui
k assimilation runs 
overing the last 3 hours followed by 18 hours fore
ast

runs. In order to improve the quality of the model state every 12 hours (00 UTC and 12 UTC) a long 
ut-o�

"re-assimilation" run 
overing the last 12 hours is made; these runs use COSMO-I7 analysis as boundary


onditions and more observations than the qui
k assimilation. The boundary 
onditions for assimilation run

of 03 UTC, 06 UTC, 09 UTC, 12 UTC and the relative fore
asts are supplied by COSMO-I7 fore
asts ini-

tialised at 00 UTC; boundary 
onditions for assimilation run of 15 UTC, 18 UTC, 21 UTC, 00 UTC and

the relative fore
asts are supplied by COSMO-I7 fore
asts initialised at 12 UTC. This has two 
onsequen
es:

�rstly it produ
es a progressive worsening of fore
ast quality going from 03 UTC to 12 UTC and from 15
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UTC to 00 UTC initialisation time, due to the use of older boundary 
onditions for assimilation and fore-


ast; se
ondly between fore
asts initialised at 12 and 15 UTC and similarly between 00 UTC and 03 UTC

fore
asts, there 
ould be a dis
ontinuity due to the use of di�erent fore
asts as boundary 
onditions. The

Figure 2: Rapid Updating Cy
le s
heme.

ARPA Piemonte and the ARPA Emilia Romagna RUC modelling di�er in two 
omponents. The �rst one

is the assimilation of T2m 
oming from the high density weather stations network of ARPA Piemonte and

DPC. The goal is to take advantage of su
h a network for enhan
ing the quality of the COSMO-I2 analysis

produ
tion. In previous studies, it has been shown how the assimilation of T2m from non-GTS network has

a major importan
e in improving the fore
ast. The se
ond di�eren
e is the use of FASDAS (Flux-Adjusting

Surfa
e Data Assimilation System) s
heme implemented inside COSMO 
ode. FASDAS is able to improve

the s
heme involved in the T2m assimilation taking advantage of the great availability of data in the analysis

produ
tion. FASDAS updates the soil state related variables and the soil to atmosphere �uxes, so it 
ouples

temperature and humidity in
rements in the atmospheri
 �elds with in
rements in the soil temperature and

moisture �elds, in order to maintain balan
ed turbulent heat �uxes between the soil and the atmosphere.

3 Temperature and wind speed veri�
ation

The preliminary veri�
ation has been made from the 15

th

of January 2014 to the 15

th

of February 2014 using

the observed data 
oming from a subset of veri�
ation stations not used for assimilation. The stations are

all inside the 0-500 m range. Surfa
e variables have been evaluated by 
omparing the mean error (ME) and

the root mean square error (RMSE) of the two simulations for ea
h run (from 00 UTC to 21 UTC) and for

ea
h fore
ast time (from +00 to +18). ME and RMESE have been 
al
ulated with respe
t to all the ground

stations in
luded in the integration area for the standard variables (T2m, RH2m, W10m). ME and RMSE

are de�ned as usually by equations:
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where N is the number of observed-predi
ted data 
ouples, O

i

and P

i

represent respe
tively the ith observed

and predi
ted values.

If we 
onsider T2m mean error (�gures 3 and 4) we 
an see a good improvement of ARPA Piemonte RUC with

Figure 3: Mean error of two meters temperature for 00 UTC, 03 UTC, 06 UTC, 09 UTC initializations.

respe
t to ARPA Emilia Romagna RUC for almost all runs. Furthermore, both fore
asts show a 
lear daily


y
le: ARPA Emilia Romagna RUC tends to have a greater underestimation during daytime than during night

time, ARPA Piemonte RUC tends to overestimate during night time and to underestimate during daytime.

This di�erent behaviour probably arises from the introdu
tion of FASDAS s
heme be
ause T2m in
rements

is dire
tly 
orrelated to sensible and latent heat �uxes.

Figure 4: Mean error of T2m for 12 UTC, 15 UTC, 18 UTC, 21 UTC initializations.
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As we 
an see in �gure 5 the root mean square error of ARPA Piemonte T2m shows a 
lear improvement

with respe
t to ARPA Emilia Romagna RUC. If we 
onsider mean error and root mean square error of W10m

(�gures 6) the two model systems do not show relevant di�eren
es, indeed wind speed is not an assimilated

variable.

Figure 5: Root mean square error of T2m for 00 UTC and 12 UTC initializations.

Figure 6: Mean error and root mean square error of W10m for 00 UTC.

3 Pre
ipitation veri�
ation

We have 
arried out also the veri�
ation of pre
ipitation using the observed data 
oming from high density

weather stations network of ARPA Piemonte. Thresholds of 1, 2, 4 and 6 mm have been 
onsidered and per-

forman
e diagrams have been made every six hours from +06 to +18 
omparing the pre
ipitation predi
ted

and observed. Results are displayed in �gures 7, 8 and 9.

In the performan
e diagram are reported POD (Probability Of Dete
tion) on y-axis, SR (Su

ess Ratio) on x-

axis, TS (Threat S
ore) as solid lines in plot area and BIAS s
ore as dashed lines in plot area de�ned as follow:

POD =

hits

hits+misses

(3)

SR =

hits

hits+ falsealarms

(4)

TS =

hits

hists+misses+ falsealarm

(5)

BIAS =

hits+ falsealarms

hits+misses

(6)

In performan
e diagram legends RAC stands for ARPA Piemonte system, RUC for ARPA Emilia Romagna

system.

There are better performan
e of ARPA Piemonte RUC for all thresholds due to a general in
rease in the

fra
tion of the observed pre
ipitation events 
orre
tly fore
asted (POD). For thresholds of 1 and 2 mm in

both models is present a daily e�e
t. In 00 UTC run (�gure 7) the �rst six hours fore
ast (red in performan
e

diagram) presents a worse SR values and a better POD values than the se
ond six hours fore
ast (green in
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Figure 7: Performan
e diagram for 1 mm threshold.

Figure 8: Performan
e diagram for 2 mm threshold.

performan
e diagram), but in 12 UTC run (�gure 7) the �rst six hours fore
ast (red in performan
e diagram)

presents a better SR values and a worse POD values than the se
ond six hours fore
ast (green in performan
e

diagram); so it means an in
rement in number of false alarm events during night time.

Figure 9: Performan
e diagram for 4 mm threshold.
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4 Summary and future plans

The introdu
tion of FASDAS in the COSMO observation nudging 
ode has a double justi�
ation: on the one

hand it produ
es more balan
ed analysis with respe
t to the land surfa
e turbulent energy �uxes, and on the

other hand it introdu
es dire
tly in the analysed �elds the soil. The soil is 
hara
terised by longer response

times 
ompared to the planetary boundary layer, so the better initialisation of the soil produ
es also a better

feedba
k on the model fore
asts at on the surfa
e with better values of T2m and pre
ipitation estimates


ompared to an operational 
on�guration of the COSMO model.

The work goes on be
ause the veri�
ation time of one month is quite short, but as soon as the statisti
s is

more solid (and these preliminary results are 
on�rmed), the modi�
ations 
an be applied operationally.
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