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Abstract

Subtropical cyclones (STCs) are characterized by a hybrid structure sharing tropical and extratropical features. The impacts of

this kind of cyclones are similar to the generated by tropical storms or even hurricanes, leading to widespread social damage and

great economic losses. Carrying out accurate simulations becomes key for a forecast improvement of these extreme events. In

this study, several STCs that hit the northeastern Atlantic coasts and experimented a transition into tropical storms (Delta 2005)

or even hurricanes (Vince 2005 and Ophelia 2017) are assessed by means of simulations using the high-resolution HARMONIE-

AROME model. This model is developed and operated at 2.5 km resolution through the collaboration of the 10 European

National Meteorological Services (NMS) that are part of the international research program HIRLAM together with the 16

countries that comprise the ALADIN consortium. The HARMONIE-AROME model has a convection-permitting configuration

and uses a non-hydrostatic spectral dynamical core with a semi-Lagrangian and semi-implicit discretization of the equations.

In this way, more realistic results are obtained, which allows providing an added value to the study of tropical transitions.
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The HARMONIE-AROME model 

The HARMONIE-AROME model has a convection-
permitting configuration and uses a non-hydrostatic 
spectral dynamical core with a semi-Lagrangian and 
semi-implicit discretization of the equations. In this 
way, more realistic results are obtained, which allows 
providing an added value to the study of tropical 
transitions.

This model comprises a data assimilation system 
which substantially improves the quality of the 
forecasts, since it allows to evaluate the future state of 
the atmosphere starting from the best possible initial 
state.

This model is developed and operated at 2.5 km 
resolution through the collaboration of the 10 European 
National Meteorological Services (NMS) that are part 
of the international research program HIRLAM, together 
with the 16 countries that comprise the ALADIN 
consortium.

Subtropical Cyclones (STCs) are characterized by a 
hybrid structure sharing tropical and extratropical 
features[3]. The impacts of this kind of atmospheric 
systems are similar to the generated by tropical storms of 
even hurricanes, leading to widespread social damage and 
great economic losses. Carrying out accurate simulations 
becomes key for a forecast improvement of these extreme 
events. 

In the current work, several STCs that occurred over the 
North Atlantic Ocean and experimented a transition into 
tropical storms (Delta, 2005) or even hurricanes (Vince, 
2005 and Ophelia, 2017) are assessed by means of the 
high-resolution HARMONIE-AROME model. 
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HARMONIE-AROME is the high-resolution operational 
Limited Area Model (LAM) of the HIRLAM and ALADIN 
consortia. 

Is a semi-Implicit (SL), semi-Lagrangian (SL), non-
hydrostatic model which explicitly resolve the 
convection (convection-permitting).

It has a 2.5 km horizontal resolution with 65 hybrid 
vertical levels and a model time-step of 75 s.

It is stressed the good results in the prediction of 
convection and extreme rainfall events (included 
electric shocks and hail), wind speed and 2m 
temperature.[1]
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Figure 1. Short Range Numerical Weather Prediction 
(SRNWP) Network

Ophelia STC stage: 07 Oct, 2017 at 1200 UTC Delta STC stage: 22 Nov, 2005 at 1800 UTC

Figure 2. (a) HARMONIE-AROME model Total Cloud Cover (%). (b) Meteosat 
SEVIRI for VIS channel for hurricane Ophelia at its STC stage (1200UTC). 
(Source: Dundee Satellite Receiving Station).

Figure 3. (a) HARMONIE-AROME model Total Cloud Cover (%). (b) Meteosat 
SEVIRI for VIS channel for hurricane Delta at its STC stage (1800UTC). 
(Source: Dundee Satellite Receiving Station).

Global Forecast System (GFS) vs Integrated Forecast System (IFS) 
vs HARMONIE-AROME model

Figure 5. (a) GFS, (b) ECMWF-IFS and (c) HARMONIE-AROME model Wind 
Speed (ms-1) simulation for hurricane Delta at its STC stage (1800UTC).

Figure 4. (a) GFS, (b) ECMWF-IFS and (c) HARMONIE-AROME model Precipitable 
Water (Kgm-2) simulation for hurricane Ophelia at its STC stage (1200UTC).
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