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Tropical Cyclones and climate 

Tropical cyclones (TCs) in their most intense 
expression (hurricanes or typhoons) are the most 
spectacular and deadly geophysical phenomena. 
Strong wind, storm surge and extreme 
precipitation are the main factors determining TC 
destructiveness and TC related annual worldwide 
damage is of the order of billions of dollars and a 
death toll of thousands of people. The huge TC 
impact in countries dealing with TCs make our 
ability in modelling TCs a key issue to better 
understand their interaction with the climate 
system and to verify their predictability. In the 
past 10 years CMCC CSP division developed a 
series of General Circulation Models able to 
represent such events, making CMCC an active 
actor in the TC research contest with a special 
focus on prediction and projections.  

TCs are classified mainly based on the associated 
10-meter sustained wind speed. The yearly 
averaged number 90 is obtained adding annual 
number of Tropical Storms (wind speed greater 
than 17.5 m/s) and hurricanes/typhoons (wind 
speed greater than 33 m/s). Strong TCs are named 
“hurricanes” or “typhoons” depending on the 
location where they form: the term “hurricane” is 
used in the Atlantic and Northeast Pacific – 
“typhoon” is used in the Northwest Pacific – 
“cyclone” is used in the Southern Hemisphere. 
Hurricane classes range from category 1 (at least 
33 m/s) to category 5 (greater than 70 m/s).   

The Tropical Cyclone activity dependence on 
climate change started to be investigated with 
reasonably high-resolution models about 10 years 
ago, based on CMIP3 (3rd Coupled Model 
Intercomparison Project) results (Gualdi et al. 
2008). One of the ways TCs play a role in the 

climate system is through their modulation of the 
meridional ocean heat transport (Scoccimarro et 
al., 2011, 2016), affecting the climate system 
thanks to the TC related surface wind stresses. Not 
only local (over the tropical belt) TC effects on the 
ocean are expected, but also effects on the large 
scale atmospheric circulation have been found in 
terms of provision of water content to high 
latitudes (Scoccimarro et al. 2018a) and 
interaction with the Arctic Ocean dynamics 
(Scoccimarro et al. 2012). 

Tropical Cyclone representation in 
dynamical models 

The main tool we use to model the interaction 
between TCs and the climate system are 
dynamical models, commonly known as General 
Circulation Models. 

Figure 1 illustrates the observed TC tracks over the 
period 2005-2014 as resulting from the NOAA’s 
Tropical Prediction Center (Atlantic and eastern 
North Pacific tracks), and from the U.S. Navy’s 
Joint Typhoon Warning Center, compared to the 
results obtained tracking TCs in CMCC-CM2 
General Circulation model output, running with 
two different horizontal resolutions. Models tend 
to underestimate tropical cyclones number 
especially over the Atlantic Ocean with horizontal 
resolution of the order of one degree (figure 1, 
central panel), with a substantial improvement 
moving to ¼ degree resolution (figure 1, lower 
panel), compared to the observations (figure 1, 
upper panel). 

Only few models have demonstrated ability in 
generating a realistic distribution of tropical 
cyclone intensity within the five Saffir-Simpson 
hurricane classes (Wehner et al. 2014, 2015, 
Scoccimarro et al. 2017). Currently, there are only 
three GCMs worldwide able to represent category 
5 TCs (Bathia et al. 2018). Coarse resolution (lower 
than 100 km) GCMs have only a limited ability to 
simulate tropical cyclone intensity, despite the 
reasonable performance in terms of interannual 
TC count variation (Zhao et al. 2009). 
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Figure 1: Observed Tropical Cyclone tracks in the 2005-2014 period (IBTrACS data) compared to 1 degree/0.25-degree 
(central/lower panels) CMCC-CM2 General Circulation Model results.    
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Figure 2: Observed Accumulated Cyclone Energy [m3s-2] over the West North Pacific in the 1979-2008 period compared 
to 1 degree/0.25-degree (central/right box) CMCC-CM2 fully coupled General Circulation Model results over the same 
domain. In each box plot, the box represents the interquartile range (IQR) and contains 50% of the data; the upper edge 
of the box represents the 75th percentile [upper quartile (UQ)], while the lower edge is the 25th percentile [lower 
quartile (LQ)]. The horizontal lines within the box are the median, and the “+” are the mean values. 

As an example, Figure 2 highlights the deficiency 
of a coarse resolution (about 100 km) GCM in 
representing the Accumulated Cyclone Energy 
(ACE) by TCs in the West North Pacific compared 
to observations and higher resolution (about 25 
km) modelling results. ACE is equal to the squared 
wind speed of each TC summed every 6 h and over 
all of the TCs active in a basin, over the considered 
period. It emerges that to obtain a realistic 
representation of the entire range of observed TC 
intensities a horizontal resolution of ¼ degree is 
necessary. In addition, the model horizontal 
resolution of ¼ degree highlights the importance 
of having a coupled ocean model to realistically 
represent the SST feedback, necessary to avoid 

too strong category 5 typhoons and hurricanes.  
This is evident in figure 3 where intense TCs are 
classified by categories in three different ¼ degree 
resolution CMCC-CM2 model configurations: an 
atmosphere only run (FORCED = black line), a 
coupled run with daily/hourly coupling between 
atmosphere and ocean components (LF/HF = red 
line/blue line). The overestimation of category 5 
TCs is still present in the coupled simulation at the 
low coupling frequency (daily). The positive bias in 
strong TC classes, compared to the observations 
(black and red lines compared to the green line) 
disappears only when the hourly coupling 
between atmosphere and ocean is applied, linked 
to the realistic SST feedback representation. 
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Figure 3: Hurricane/Typhoon representation in CMCC-CM2-VHR (0.25-degree horizontal resolution). FORCED (black) 
refers to an atmosphere only simulation. HF/LF (blue/red) refers to a coupled simulation with hourly/daily coupling 
between atmosphere and ocean components. 

Prediction and Projection of Tropical 
Cyclone activity 

Global scale dynamical models are used by many 
research centers around the world to forecast TC 
track and intensity on the short time scale (less 
than a week). These models take several hours to 
run on the most powerful supercomputers 
worldwide. On the other hand, a statistical 
approach, differently form the dynamical 
approach, does not explicitly consider the physics 
of the atmosphere but instead is based on 
historical relationships between storm behavior 
and storm-specific details such as averaged 
intensity or location. On a short time scale TC 
tracks and intensity forecast are performed 
through dynamical models, in association with 
statistical models and trajectory models.  

Moving to the seasonal scale, predictions are 
mainly performed based on parameters indicative 

of the TC activity integrated over a basin (such as 
the ACE), without any consideration of TC track 
forecast, landfall estimate, etc. Dynamical 
downscaling has been shown to be a very useful 
tool also at the seasonal time scale and can be 
associated with a statistical approach (Vecchi and 
Villarini 2014). Different TC forecasting groups 
operate at the seasonal scale, mainly based on 
statistical approaches. A recent work also 
suggested that a significant step toward 
operationally reliable seasonal predictions of 
tropical cyclone activity in the Atlantic basin is 
gained after including upper ocean mean 
temperatures (upper 40-m averages) over the 
eastern Atlantic domain instead of surface 
temperature only, with remote effects providing 
potential skill up to 3 months in advance 
(Scoccimarro et al. 2018b).  

A new source of information to the public relative 
to the hurricane seasonal forecast over the 
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Atlantic basin is offered by the BSC (Barcelona 
Supercomputing Center) Seasonal Hurricane 
Prediction group 
(http://seasonalhurricanepredictions.bsc.es/): the 
seasonal forecast of Accumulated Cyclone Energy 
provided by many (more than 20) forecast 
agencies (universities, private entities, 
government agencies) is collected and the 
averaged forecast is also shown in terms of 
normal, high or low forecasted activity, compared 
to the historical period.   

Dynamical models are used not only for the 
prediction of TC activity at the short and medium-
term time scales, but also to investigate TC activity 
under different future potential climate scenarios. 
A TC count reduction is expected in a warmer 
climate based on both fully coupled General 
Circulation Models and Hurricane model studies 
(Gualdi et al. 2008, Knutson et al. 2013): fewer TCs 
in a warmer climate are expected compared to the 
present climate, with a few exceptions (e.g., 
Emanuel, 2013) mainly due a less prone 
environment to the development of organized 
convective systems linked to a more stable 
projected atmospheric conditions . Such TC count 
reduction is mainly due to a reduction of the 
number of weak tropical storms and not to the 
most intense TCs. The strongest TCs, such as 
hurricanes and typhoons tend to be more 
frequent in a warmer climate as demonstrated 
based on dynamical downscaling of GCMs 
projections through hurricane models.  

Another important aspect to investigate under 
different climate conditions is the TC associated 
precipitation, not used to define the “intensity” of 
a TC, but even more important for some impact 
evaluations. In terms of climate change effect on 
TC, there is consensus in claiming that an increase 
of associated rainfall amount is expected under 
warmer conditions (Gualdi et al. 2008; Knutson et 
al. 2013-2015; Villarini et al. 2014; Scoccimarro et 
al. 2014). The 10% to 20% projected increase has 
been associated with the enhanced tropospheric 
water vapour projected in a warmer climate, 
inducing an increase of the moisture convergence 
(Knutson et al. 2013-2015, Scoccimarro et al. 
2014).  

A strengthening of the coupling between 
dynamical and statistical prediction approaches is 

expected in the near future, together with the 
identification of new predictors that might emerge 
in a more realistic modelling framework. In 
addition, a more precise quantification of the TC 
fingerprint on the climate system will be obtained 
soon, thanks to the HighResMIP (Haarsma et al, 
2016) data that will be made available within the 
upcoming 6th Coupled Model Intercomparison 
Project. 
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