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Abstract
Tropical cyclones (TCs) rarely form within about 5 degrees of latitude of the
Equator due to the weak Coriolis force, yet it is not clear how a weak Coriolis
force would affect an already developed TC vortex. In this study, a set of Cori-
olis parameter (f ) sensitivity experiments are applied to a well-developed TC
vortex in idealized simulations by decreasing f to zero, both abruptly and grad-
ually. The simulated TCs weaken due to the reduction of f . However, depending
on the initial intensity, it can take several days for the TC to decay to a tropical
storm. Both radial inflow and outflow strengthen throughout the cyclone depth,
because of decreasing inertial stability and increasing agradient force associ-
ated with reduced f . This further causes a deeper inflow layer and strengthened
downdrafts associated with convection in the outer rainbands. The downdraft
entrainment of mid-level dry air into the deeper inflow layer stabilizes the
boundary layer and suppresses deep convection, ultimately resulting in the
weakening of TCs. Although TCs are not formed readily near the Equator, if they
are steered there they could potentially exist long enough to cause damage.
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1 INTRODUCTION

Tropical cyclones (TCs) are among the most destructive
natural phenomena, posing significant risks to coastal
regions and human life: for example, see Sparks and
Toumi (2024) and Young and Hsiang (2024). The Corio-
lis parameter f , a fundamental aspect of geophysical flow,
plays a pivotal role in TC genesis and governing the TC
circulation. The Coriolis effect is a consequence of Earth’s
rotation. It initiates cyclonic rotation by deflecting mov-
ing air—counter-clockwise in the Northern Hemisphere
and clockwise in the Southern Hemisphere. It is widely
accepted that cyclones rarely form within about 5◦ of the

Equator due to the weak Coriolis effect there (Briegel &
Frank, 1997; Gray, 1968, 1979, 1985, 1998).

However, there appear to be some exceptions. One
noteworthy example is Typhoon Vamei, which was first
classified as a tropical depression at about latitude 1.5◦N
on December 26, 2001 over the South China Sea. It was
caused by a persistent low-level cyclonic Borneo vortex
and the enhancement of background cyclonic vorticity
by a cold surge (Chang et al., 2003). Some studies have
also investigated TC formation near the Equator using
idealized simulations initialized with a weak prescribed
vortex, and have examined events such as Typhoon Vamei
and Hurricane Pali using ECMWF analysis data (Kilroy
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et al., 2020; Steenkamp et al., 2019). The results show
that cyclogenesis processes near the Equator are similar
to those in higher latitudes, indicating that Earth’s back-
ground rotation is not essential for TC genesis if an initial
vortex is present and can be intensified by other systems.

As the Coriolis parameter, f , is directly related to plane-
tary vorticity, it influences the TC size as an environmental
factor by contributing planetary angular momentum to
the TC system. Climatology studies have shown that TCs
develop a larger outer size at higher latitudes, with more
sufficient import of planetary angular momentum in the
lower troposphere (Chan & Chan, 2013; Merrill, 1984).
An analytic growth model shows that the mean latitude
during growth is one of the four factors dominating the
growth of the outer size, with TCs tending to grow faster at
higher latitudes (Wang & Toumi, 2022). Simulation work
by (Li et al., 2012) confirms that not only is the outer
size larger at higher latitudes, but the radius of maximum
wind (RMW) is also larger. Whereas the larger RMW is
attributed to higher inertial stability at higher latitudes,
the outer size is determined primarily by environmental
angular momentum import.

The Coriolis effect affects the intensification rate of
TCs. Model simulations have shown that TCs intensify
more rapidly at lower latitudes (DeMaria & Pickle, 1988;
Li et al., 2012; Rappin et al., 2011; Smith et al., 2011). Li
et al. (2012) attributed this to stronger and deeper sub-
gradient inflow under a lower planetary vorticity envi-
ronment, which enhances boundary-layer moisture con-
vergence and condensational heating, thereby facilitating
faster TC development compared with higher planetary
vorticity conditions. Smith et al. (2015) similarly explained
that TCs at lower latitudes possess stronger inflow in the
boundary layer, which induces stronger convergence of
absolute angular momentum and thus more rapid inten-
sification. Li et al. (2023) revisit the low-latitude problem
and highlight that low latitudes enhance the convergent
inflow in the boundary layer and depth of convection in the
eyewall by reducing the inertial stability in the boundary
layer instead of the outflow layer. Beyond the intensifica-
tion phase, Li and Toumi (2024) found that TCs at lower
latitudes decay more quickly after reaching their lifetime
maximum intensity, which has not been fully understood.

In summary, while sufficient f may not be necessary
for TC formation, it remains an important factor influenc-
ing TC development through boundary-layer dynamics.
However, it is not clear how a reduced f would affect the
development of a pre-existing TC and what the mecha-
nism would be. In particular, this study aims to investigate
whether a TC vortex can exist near the Equator under
the hypothetical circumstances of no f , focusing on the
response of pre-existing TC intensity to the removal of the
Coriolis effect.

2 METHOD

2.1 Model setup and experimental
design

The Weather Research and Forecasting (WRF) model
version 4.2.2 (Skamarock et al., 2019) is used to simu-
late TCs on an idealized aquaplanet with a full-physics
parameterization setup. Two nested square domains are
used. The side of the outer domain is 5400 km (450 × 450
grid cells, 12-km grid spacing). The inner domain has a
side length of 1800 km (450 × 450 grid cells, 4-km grid
spacing). The model consists of 41 layers in the vertical
from 𝜎 = 0 to 𝜎 = 1, with eight levels under 2 km and
18 levels under 5 km. A full suite of physics schemes is
used, including the WRF single-moment six-class micro-
physics (WSM6) scheme (Hong & Lim, 2006), the Rapid
Radiative Transfer Model for general circulation models
(RRTMG) scheme (Iacono et al., 2008) for shortwave and
longwave radiation, the Yonsei University (YSU) scheme
(Hong et al., 2006) for planetary boundary-layer processes,
the revised MM5 scheme for surface-layer physics (Fairall
et al., 2003; Jiménez et al., 2012), and the New Tiedtke
scheme (Zhang & Wang, 2017) for cumulus parameteriza-
tion in the outer domain.

The sea-surface temperature (SST) is fixed at 27 ◦C.
The initial environmental conditions are specified with
moist tropical soundings from Dunion (2011). We initial-
ized the simulations with an axisymmetric vortex with
a tangential velocity (v(r, z, 0)) following Rotunno and
Emanuel (1987):
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where r0 is the outer radius of the vortex beyond which
v = 0, vm the maximum wind, and rm the radius of maxi-
mum wind. The intensity decays linearly with height, so
that v = 0 at z = z∗. We also let v = 0 for z > z∗ and set
z∗ as 20 km. We choose r0 = 412.5 km, rm = 82.5 km, and
vm = 15 m/s. All the simulations are performed in an ide-
alized environment with no environmental flow or shear
imposed.

To investigate the impact of a reduced Coriolis param-
eter f on a developed TC vortex, a series of reduced-f
experiments were designed. The control run is conducted
on an f -plane at 20◦N and lasts for 10 days (f20). Sensitiv-
ity experiments involved shifting the f -plane from 20◦ to
the Equator (0◦) at different rates, both abrupt and gradual,
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T A B L E 1 List of simulations. The increments are compared with the control one.

Simulations Changes in f Restart time Run time

f20 (Control) f = 20◦ 240 h

f0 f = 0◦ 216 h

f20-0@72h Δf = −20◦ T = 72 h 120 h

f20-0@96h Δf = −20◦ T = 96 h 120 h

f20-0@120h Δf = −20◦ T = 120 h 120 h

f20-0@144h Δf = −20◦ T = 144 h 120 h

f20-0@168h Δf = −20◦ T = 168 h 120 h

f-varying@144h Δf = −0.625◦ every 3 h T = 144 h 144 h

Note: The bold font entries (f20, f20-0@144h, and f-varying@144h) are the main experiments analyzed in this work, while the non-bold entries are provided for
completeness.

restarting at simulation time 144 h (T144). These were iden-
tified as f20-0@144h and f-varying@144h, respectively.
In the f20-0@144h experiment, f was instantaneously
decreased to zero at T144. Unlike the instantaneous f -plane
reductions, the f-varying@144h experiment decreased f
gradually by 0.625◦ every 3 h from T144, reaching zero by
T240. Note that we use T to denote the absolute simulation
time and t to represent the relative time since the restart.

Additional experiments with the same instantaneous
change to f = 0 were performed at T72, T96, T120, and T168
to test the sensitivity to initial TC intensity when f was
decreased to zero. An experiment with a constant f = 0
throughout (f0) was also conducted for comparison. All
experiments and the corresponding changes in f are sum-
marized in Table 1. We focus on f20, f20-0@144h, and
f-varying@144h to investigate the physical mechanisms
underlying the TC intensity response to reduced f (high-
lighted in Table 1). Results from another group (f20 and
f20-0@96h) showing consistent responses are included in
the Supporting Information (see Figure S1–S7).

2.2 Gradient wind balance

Except in the surface frictional boundary layer and the out-
flow layer, where friction and radial acceleration are not
negligible, gradient wind balance is essential to controlling
the primary circulation in intense storms. The gradient
balance describes the balance between three key forces
that govern the motion of air parcels around the cyclone:
the centrifugal force, the pressure gradient force, and the
Coriolis force. The impact of zero f on the gradient wind
balance and TC circulation will be one focus of this study.
The gradient wind equation can be expressed as

V 2
gr

r
+ fVgr =

1
𝜌

𝜕p
𝜕r

,

where Vgr is the gradient wind (which approximates the
tangential wind), r is the radial distance from the TC cen-
tre, f is the Coriolis parameter, 𝜌 is the air density, and
𝜕p∕𝜕r is the radial pressure gradient.

3 RESULTS

3.1 Simulations

Figure 1a illustrates the intensity evolution of simulated
TCs listed in Table 1. In the control experiment (f20),
the TC remains in a stable mature phase following its
developmental stage, while in the case of a constant f =
0 (f0) the hurricane strength threshold cannot be held
after the initial spin-up. In the reduced-f experiments, TC
intensity decreases after a temporary intensification as f
is decreased. While the weakest storm (f20-0@72h) and
the storm under varying f (f-varying@144h) can main-
tain at Saffir–Simpson CAT 1 (Simpson & Saffir, 1974)
with decreasing f , the other simulated TCs dissipate
completely. Stronger storms decay faster compared with
weaker storms. The weakening rates of the first 24 hours
are 12.1, 12.7, 17.4, 20.7, and 30.5 m/s for f20-0@72h, 96h,
120h, 144h, and 168h, respectively.

The set of comparable experiments restarted at
T144 is shown in Figure 1b. In f20-0@144h, a rapid
weakening occurs after a temporary intensification, fol-
lowed by another rapid weakening starting at t60. In
f-varying@144h, TC intensity decreases followed by a
26-hour stable period. The weakening mechanisms under
zero f are examined at t6 for f20-0@144h and at t48 for
f-varying@144h.

Comparisons of axisymmetric TC wind structure
between f20 and reduced-f experiments are shown in
Figures 2 and 3. At t6, the reduced-f experiments showed
a temporary strengthening of both inflow and outflow
throughout the entire cyclone depth (Figure 2b,d,f).
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4 of 13 LI and TOUMI

F I G U R E 1 (a) Time evolution of the maximum surface wind (vmax) from the control experiment and seven reduced-f experiments. (b)
Time evolution of vmax from three comparable experiments: f20, f20-0@144h, and f-varying@144h, relative to the restart time at T144. The
vertical dashed lines (t6, t36, and t48) mark the key points for subsequent analysis.

F I G U R E 2 Height–radius plots of the azimuthally averaged tangential wind (contours) and radial wind (shading) from experiments
f20 (first row), f20-0@144h (second row), and f-varying@144h (third row) at t = 0 h (first column), 6 h (second column), and 36/48 h (third
column). The annotations in the top left corner of each panel give the maximum and minimum radial wind. The blue contours, defined as 5%
of the maximum radial inflow, represent the inflow layer height. The grey dashed lines indicate the radius of maximum wind at each level for
each snapshot.
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LI and TOUMI 5 of 13

F I G U R E 3 Height–radius plots of the azimuthally averaged vertical velocity (shading) and tangential wind (contours) from
experiments f20 (first row), f20-0@144h (second row), and f-varying@144h (third row) at t = 0 h (first column), 6 h (second column), and
36∕48 h (third column).

The strengthening of inflow at the low and mid-levels
is associated with an increase in inflow layer height
(Figure 2d), which is defined by 5% of the maximum radial
inflow (Zhang et al., 2011). During the weakening stage,
f20-0@144h showed significant decline of both inflow and
outflow at t36 (Figure 2e); f-varying@144h showed limited
change in the strength of upper-level outflow but an out-
ward shift at t48 (Figure 2g). The reduced-f experiments
both showed a large inflow layer height.

Regarding vertical motion, f20-0@144h showed that
the sloping updrafts extended outward above 5 km at
t6 (Figure 3d) and declined by t36 (Figure 3e). In
f-varying@144h, the sloping updrafts broadened out-
ward above 5 km and were reduced significantly at t48
(Figure 3g). The expansion of updrafts above 5 km relates
to the expansion of deep convection (Figure 4b,c). Deep
convection is evidenced by radar reflectivity greater than
20 dBZ at 10 km altitude (Rogers et al., 2020; Stone
et al., 2023; Wadler et al., 2023); Figure 4). The expansion
of deep convection is attributed to strengthened low-level

inflow, which enhances convergence outside the eyewall
(Figure 2). While the low-level updrafts outside the eye-
wall can be offset by downdrafts from evaporative cooling,
the expansion of updrafts persists above 5 km.

Alongside the more active deep convection in the outer
rainbands (Figure 4b,c) there are more pronounced con-
vective updrafts and downdrafts (Figure 5b,c). The down-
drafts occur on the convective scale and typically form due
to evaporative cooling of precipitation in mid-levels out-
side the eyewall and in outer rainbands. The convective
downdrafts play an important vertical mixing role in bring-
ing low 𝜃e mid-tropospheric air to the surface (Chan &
Kepert, 2010).

3.2 Reduction in equivalent potential
temperature in the boundary layer

To investigate the decay under zero f , we examine the
changes in equivalent potential temperature (𝜃e) below
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6 of 13 LI and TOUMI

F I G U R E 4 Horizontal cross-sections of radar reflectivity greater than 20 dBZ at a height of 10 km around the TC centre for (a) the
initial state, (b) f20-0@144h at t = 6 h, and (c) f-varying@144h at t = 48 h. The circles indicate the radius of maximum wind for each snapshot.

F I G U R E 5 Horizontal cross-sections of vertical velocity (w) at a height of 2 km around the TC centre for (a) the initial state, (b)
f20-0@144h at t = 6 h, and (c) f-varying@144h at t = 48 h. The circles indicate the radius of maximum wind for each snapshot.

1.5 km, which is the typical height of the boundary layer
in TCs (approximately 0.5–1.5 km: Kepert, 2001). Figure 6
shows the time evolution of 𝜃e within the boundary layer
(BL). A pronounced decrease in 𝜃e, approximately 12 K
near the eyewall region, is observed from t6 in f20-0@144h.
In the f-varying@144h scenario, a minor decrease in 𝜃e
occurred until a noticeable decline was observed starting
at t48. If the 𝜃e reduction in the BL cannot be recovered by
the surface flux, the low-𝜃e air feeding into the eyewall will
suppress the eyewall convection and cause a weakening of
the TC (Alland et al., 2021a; Riemer et al., 2010).

Why does the 𝜃e in the BL decrease for smaller f ?
The deepening of the inflow layer (e.g., Figure 2d) and
increasing downdrafts (e.g., Figure 5b) come into our
consideration.

The inflow layer height in the reduced-f experiments
has increased significantly due to the enhancement of
radial inflow at the low and mid-levels (e.g., Figure 2d).
Meanwhile, the distribution of 𝜃e shows high values in the
BL and low values in the mid-levels (approximately 3–8 km

altitude: Figure 7b,c), confirming that the free troposphere
is the source of low 𝜃e (Simpson & Riehl, 1958). Therefore,
a deeper inflow layer would enhance the entrainment of
dry air from the mid-levels, leading to a reduction in 𝜃e
within the BL.

Moreover, the reduced-f experiments have stronger
downdrafts in the outer rainbands (Figures 5 and 7). The
strengthened downdrafts would also carry low-𝜃e air from
the mid-troposphere to the BL. Collectively, the combined
effects of the highly elevated inflow layer and the enhanced
downdrafts outside the eyewall will enhance the entrain-
ment of low-𝜃e air into the inflow layer and lower the
𝜃e in the BL, thereby disrupting the energy production
necessary for sustaining deep convection.

3.3 Gradient imbalance analysis

Agradient force (AGF) is a key force in driving the
radial wind. It arises when the gradient wind balance is
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F I G U R E 6 Time–radius plots of changes in azimuthally averaged equivalent potential temperature (𝜃e) under 1.5 km relative to its
initial restart value. Black dashed lines indicate t = 6, 36, and 48 h after reduction f . Vertical lines mark the radius of maximum wind at t0 for
each case.

F I G U R E 7 Height–radius plot of the azimuthally averaged negative vertical velocity (shading) and 𝜃e (contours) for (a) the initial
state, (b) f20-0@144h at t = 6 h, and (c) f-varying@144h at t = 48 h. The blue dashed contours represent 5% of the maximum radial inflow.
The grey dashed lines indicate the radius of maximum wind for each snapshot.

unbalanced, which can be given as

AGF =
V 2

gr

r
+ fVgr −

1
𝜌

𝜕p
𝜕r

.

An outward agradient force (supergradient force) acceler-
ates radial outflow, while an inward agradient force (sub-
gradient force) accelerates radial inflow. The comparison
of the agradient force for the three experiments outside
the eyewall region (> 40 km) is shown in Figure 8a–c.
Figure 8d–f shows the pressure gradient force, while
Figure 8g–i shows the combined centrifugal and Cori-
olis forces, illustrating the components of the gradient
imbalance.

In the outer-core region (40–160 km) and lower to
mid-troposphere (0–10 km), the reduced-f experiments

show an enhanced subgradient force (Figure 8b,c), which
can accelerate the radial inflow. They also show a
decrease in centrifugal and Coriolis forces (Figure 8h,i),
consistent with the enhanced subgradient force, while
the low-level pressure gradient force remains largely
unchanged (Figure 8e,f). This indicates that the reduced
centrifugal and Coriolis forces under the smaller f are
responsible for the enhanced subgradient force at low to
mid-levels at t6.

In the mid to upper troposphere (above 6 km) near
the eyewall (40–80 km radius), the reduced-f experiments
show a much stronger supergradient force than the control
run (e.g., Figure 8d), contributing to a stronger upper-level
outflow. Figure 8e shows an increased outward pressure
gradient force, aligning with the enhanced supergradi-
ent force. In contrast, changes in centrifugal and Coriolis
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8 of 13 LI and TOUMI

F I G U R E 8 Height–radius plots of the azimuthally averaged forces: agradient force (AGF, shading, first row), pressure gradient force
(PGF, shading, second row), and the sum of centrifugal and Coriolis forces (CenF+CorF, shading, third row), shown for the initial state (first
column), f20-0@144h at t = 6 h (second column), and f-varying@144h at t = 48 h (third column). Contours indicate changes from the initial
state with a 0.01 interval in kg ⋅ m ⋅ s−2.

forces oppose the agradient change (Figure 8h). These
results suggest that the increased pressure gradient force
is responsible for the stronger upper-level supergradi-
ent flow.

Inertial stability describes how resistant the TC circu-
lation is to changes or perturbations in the radial direc-
tion. High inertial stability means that the system strongly
resists such changes, maintaining a stable and tightly
wound circulation. Inertial stability can be expressed as

follows:
I2 =

(
𝜕rvt

r𝜕r
+ f0

)(
f0 +

2vt

r

)
,

where I2 is inertial stability, r is the radial distance from the
TC center, vt is the tangential wind, and f0 is the Coriolis
parameter at the TC center.

Figure 9 illustrates the distribution of I2. Due to a sub-
stantial decrease of f in f20-0@144h, there is a significant
decrease in I2 near the eyewall caused by the shrinkage
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LI and TOUMI 9 of 13

F I G U R E 9 Height–radius plots of the azimuthally averaged inertial stability (I2, contours) and changes in I2 (shading) relative to
restart time for (a) the initial state, (b) f20-0@144h at t = 6 h, and (c) f-varying@144h at t = 48 h. The contours have an interval of 3 × 10−6 s−2.

of maximum wind speed during intensification at t6, with
relatively smaller changes observed in the outer-core
region (Figure 9b). While the quantity of I2 is directly
related to both the storm’s intensity and the change in f ,
the net effect from f was evaluated by computing the
changes in the I2 field before and after the reduction of f0
to zero at t6. We find a median decrease of approximately
1.26 × 10−8 s−2 in I2, compared with the actual decrease
of 1.46 × 10−8 s−2 in I2 outside the radius of 80 km.
This confirms the relatively significant role of f in the
outer-core region. Collectively, the decline in I2 in the
outer-core region, along with enhanced agradient forcing
(Figure 8b,c), can thus drive stronger radial inflow at low
to mid-levels and stronger radial outflow aloft.

The changes in radial wind driven by agradient force
can change the TC intensity by transporting absolute angu-
lar momentum. The absolute angular momentum (AAM)
per unit mass of an air parcel about the rotation axis is
denoted as

AAM = rvt +
1
2

f r2,

where vt is the tangential wind, rvt is the relative angular
momentum, and 1

2
f r2 is the planetary angular momen-

tum. The radial transport of AAM (AAMF) towards the TC
centre at each point is given by

AAMF = vr ⋅ AAM.

Radial inflow contributes to vortex spin-up by transport-
ing angular momentum inward, partially offsetting losses
due to frictional dissipation near the surface. Figure 10
shows the radial transport of AAM in the three exper-
iments. AAM generally increases with radius due to
its radial dependence, but under reduced f it decreases

notably in the outer region (Figure 10b,c). Despite radial
inflow strengthening at low and mid-levels, it may bring
less AAM into the inner core if the overall AAM reser-
voir is reduced. Previous research has also shown that
the changes in TC intensity are positively related to the
changes in upper-level AAM export (Chan & Chan, 2013).

3.4 Summary

Figure 11 presents a schematic illustrating the poten-
tial mechanisms by which a developed TC responds to a
reduced Coriolis parameter (f ). Based on our analysis, the
direct effect of zero-f on TCs is the reduction of inertial
stability and increased agradient force in the outer-core
region, which can strengthen further both the radial inflow
and outflow throughout the storm’s depth. The enhanced
radial inflow will not only deepen the inflow layer but
also facilitate convergence, thereby intensifying deep con-
vection and strengthening downdrafts in the outer rain-
bands. However, the deepened inflow layer combined with
enhanced downdrafts could promote greater entrainment
of dry air from the free troposphere, which in turn would
lower the boundary layer 𝜃e and cause decay. This TC
weakening can be explained by the following processes:
the lowering BL 𝜃e reduces the vertical gradient of 𝜃e,
thereby stabilizing the atmosphere and suppressing deep
convection along with the associated diabatic heating. This
weakens upward motion and the radial gradient of pres-
sure, consequently causing a diminished secondary circu-
lation. When radial inflow can no longer offset frictional
loss by importing angular momentum, the TC decays. The
decrease in AAM export through upper-level outflow can
aid further in this weakening process.
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F I G U R E 10 Height–radius plots of the azimuthally averaged radial flux of absolute angular momentum (AAMF, shading) for (a) the
initial state, (b) f20-0@144h at t = 6 h, and (c) f-varying@144h at t = 48 h. The contours show the value of absolute angular momentum with
an interval of 5 × 105 m2 ⋅ s−1.

F I G U R E 11 Schematic diagram indicating the decay
mechanism under reduced f : the deepening of the inflow layer
height accompanied by strengthened downdrafts enhances the
entrainment of low-𝜃e air from mid-levels, which leads to the
reduction of 𝜃e in the boundary layer.

4 DISCUSSION

A sufficient Coriolis effect is one of the key factors influ-
encing the formation and development of TCs. However,
it is not clear how a lower latitude would affect an already
developed TC vortex. This study investigates the response
of TC intensity to the reduction of f and reveals that
TCs gradually weaken as f is removed. The key effect of
reduced f on this decay process lies in the deepening of
the inflow layer and the enhancement of downdrafts in the
outer rainbands, which is associated with the strengthen-
ing of radial inflow in the absence of f . The deeper inflow

layer depth and enhanced downdrafts introduce low-𝜃e air
into the BL, leading to the weakening of convection and
TCs to decay. However, it is acknowledged that both the
inflow and outflow are amplified due to the reduction of
f , with in/outflow patterns strengthening throughout the
cyclone depth.

The impact of low latitude (f ) on a developed TC vor-
tex differs from that on TC formation and intensification.
During TC formation, sufficient f facilitates spin-up by
rotating convergent flow and creating angular momentum
(Briegel & Frank, 1997; Gray, 1968, 1979, 1985, 1998). For
TC intensification, the stronger BL inflow associated with
lower latitudes will bring more angular momentum into
the system, promoting faster intensification (Li et al., 2012,
2023; Smith et al., 2015). However, in the case of an already
developed TC vortex, the enhancement of the low-level
inflow combined with enhanced downdrafts disrupts the
BL by entraining more low-𝜃e air from mid-levels. Li and
Toumi (2024) show that TCs decay more quickly with a
smaller initial f . Although the phenomenon might not
be fully linked to the decreasing f scenario in this study,
stronger radial inflow at lower latitudes likely leads to
faster decay.

The weakening rate of the first 24-hour decay is pro-
portional to TC intensity, with the strongest storm showing
the largest weakening rate (Figure 1a). Sensitivity exper-
iments with zero-f initiated earlier at T96 are presented
in the Supporting Information (Figures S1–S7). The same
mechanism is discernible in this analysis, characterized
by enhanced radial inflow and outflow, the presence of
downdrafts external to the eyewall, and a marked reduc-
tion in 𝜃e within the boundary layer. However, it has a
lower weakening rate of 12.7 m/s compared with 20.7 m/s
at T144. This is consistent with existing observations, which
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suggest that stronger storms usually decay faster than
weaker storms (Wang et al., 2020). Notably, the stronger
storm shows more intense downdrafts near the eyewall
(comparing Figures 7b and S7b), resulting in a more sub-
stantial decrease in 𝜃e in that region (comparing Figures 6b
and S6b). This result suggests that the influence of zero-f
on weakening rate may depend on the strength of down-
drafts, which is expected to increase with TC intensity.

The deeper inflow layer height under lower f in this
study also aligns with theoretical studies. The inflow layer
height is commonly used as a dynamical definition for the
boundary-layer height in TCs (Zhang et al., 2011, 2023).
Theoretical studies indicate that the boundary-layer height
is inversely proportional to the square root of inertial sta-
bility (I) at the top of the boundary layer, expressed as De =
(2K∕I)1∕2, where K is the turbulent diffusivity (Kepert &
Wang, 2001). As I is typically proportional to the Coriolis
parameter f , this relationship implies that boundary-layer
height increases when f (and thus I) decreases. This is
consistent with the increased inflow layer height observed
under reduced f conditions in our results. Outside
the core region, where inertial stability is lower and
the Coriolis parameter f plays a relatively greater role, the
boundary-layer height is more sensitive to reductions in f .
This is consistent with our findings that the inflow layer
deepens more significantly in the outer-core region under
reduced f conditions.

The mechanisms identified in this study share notable
similarities with those previously proposed for TC weaken-
ing under vertical wind shear (Alland et al., 2021a, 2021b;
Riemer et al., 2010). Shear-induced downward transport
of low-equivalent potential temperature (𝜃e) air into the
boundary layer has been shown to reduce TC intensity
from the view of a Carnot-cycle heat engine for intense
TCs in shear (Riemer et al., 2010). In particular, radial
and downdraft ventilation associated with vortex tilt under
shear were shown to contribute to this weakening by trans-
porting low-𝜃e air inward and downward, respectively,
which suppresses inner-core upward mass flux and limits
the spatial extent of strong convection (Alland et al., 2021a,
2021b). Interestingly, the dynamic response observed in
the reduced-f experiments exhibits effects comparable
with shear. However, unlike shear-induced cases, no ver-
tical wind shear is imposed in this study, and no sig-
nificant vortex tilt develops, with maximum changes of
4.2 and 2.4 km in f20-0@144h (mean tilt = 6.3 km) and
f-varying@144h (mean tilt = 6.5 km), respectively, com-
pared with the control (mean tilt = 5.4 km) during the
first 24 hours after restart, thereby validating the ther-
modynamic decay method irrespective of shear or zero f .
Other dynamical processes, such as outflow layer dynam-
ics, increased frictional dissipation, and potential eyewall
replacement cycles, may also influence TC weakening;

however, these are not explored and are outside the scope
of this study. Regardless of that, we find that the combined
effect of increasing inflow layer depth and downdrafts
is the main cause of decay under the pure modification
of f .

5 CONCLUSIONS

This study aimed to investigate the response of a
pre-existing TC vortex to the removal of the Coriolis effect.
It is found that TCs decay gradually under extremely
reduced f . The deepening of the inflow layer and reduc-
tion in 𝜃e in the boundary layer were considered as the key
to causing TC weakening. These findings provide a deeper
understanding of how the Coriolis effect can affect inten-
sity evolution, in particular the declining phase of the TC
life cycle. This study implies that, while TCs may not form
near the Equator, a TC steered equatorward could persist
for several days despite gradual weakening, posing a poten-
tial threat to vulnerable and unprepared communities in
equatorial regions.
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