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Introduction 
 The formation of a tropical cyclone (TC) 
depends on various factors. During rapid 
intensification (RI) phase, one particular 
parameter that influences RI is vertical wind 
shear, which is often only considered between 
850hPa and 200hPa  (Kaplan and DeMaria 
2003; Onderlinde and Nolan 2017). Since the 
impact of shear is not straightforward, 
considering shallower layers may aid the 
physical interpretation, and might show 
different pathways through which RI is affected 
at different altitudes.  

This study aims to use a numerical model to 
simulate TCs in an idealized setting and to 
investigate the response of a TC to 
environmental vertical wind shear in a shallow 
layer at different altitudes, and how these differ 
from unsheared environments and a broader 
shear in a layer from 850hPa to 200hPa. One 
specific point of interest is the relative humidity 
within and immediately surrounding the TCs 
and changes thereof in different scenarios. 
Experimental design 

This study uses the Non-hydrostatic 
Icosahedral Atmosphere Model NICAM 
(Tomita and Satoh, 2004; Satoh et al., 2008, 
2014). The simulations are performed on a 
double-periodic f-plane, as described by Ohno 
and Satoh (2015). The lengths of the directions 
are about 7000 km in x-direction, 6000 km in y-
direction, and 38 km in z-direction. The Coriolis 
parameter is prescribed at a latitude of 20N.  

To enable f-plane experiments for a sheared 
environment, we specify a shear in the northern 
half of the domain and an inversed shear profile 
in the southern half of the domain (Fig. 1). The 
temperature field is in thermal wind balance 
with the shear. The initial vortex is only given 
within the northern half of the domain; the 
tangential velocity is 20 m/s and the radius is 
400 km for the initial vortex. Three cases of the 
shear are shown in Fig. 2: A2 850hPa to 200hPa 
shear, A3 midlayer shear, and A4 toplayer shear. 

Results 
The evolution of the maximum azimuthally 

averaged tangential wind speed of simulations is 
shown in Fig. 3. The simulations with initial 
wind shear first experience a phase of barely any 
intensification, and then a delayed RI phase. The 
toplayer shear shows the smallest delay in RI, 
while the midlayer shear shows the shortest RI 
phase of the sheared cases. What is notable is 
that the maximum azimuthally averaged 
tangential wind speed differs only mildly after 
six to seven days of simulation. 

The cumulative precipitation at RI onset is 
shown in Fig. 4 for the three cases of the 
simulations. The most striking difference is that 
A2 and A3 seem to promote convection, and 
thus formation of precipitation, on the side of the 
TC where the rotation is opposite to the zonal 
wind, while in simulation A4 convection seems 
to be promoted on the side where the rotation 
and the zonal wind are in the same direction. 

We further analyze relation between relative 
humidity (RH) fields and the initial sounding. 
The midlayer shear is centered around the RH 
minimum of the initial sounding, while the 
toplayer shear is centered far above this 
minimum. This indicates that the intrusion of 
dry air into the storm in the midlayer shear case 
is linked to the higher environmental zonal wind 
speed at an altitude where the RH is low.  
Summary 

Idealized numerical simulations of TCs were 
performed using NICAM. These simulations 
were initialized with a vertically sheared zonal 
wind profile. The shear in shallow layers at both 
chosen altitudes successfully delayed RI of the 
initial vortex by a time comparable to the delay 
caused by the wind shear in a deeper layer. The 
RH fields and their relation to the initial 
sounding are analyzed. Furthermore, it is 
proposed that the tilt of a tropical cyclone that is 
caused by vertical wind shear may play a minor 
role in development near the beginning of the 
rapid intensification phase. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Fig. 1: Meridional distribution of the initial 
environmental fields for the midshear case. Left: zonal 
wind, right temperature. 

Fig. 2: Shear profile and the initial sounding. 
Top: midshear (A3), middle: topshear (A4), 
bottom: broadshear (A2). 

Fig. 3: Time evolution of maximum 
tangential velocities.  

Fig. 4: Cumulative precipitation until 96 
hours. Top: midshear (A3), middle: topshear 
(A4), bottom: broadshear (A2). 


