
Tropical Cyclogenesis Associated with Rossby Wave Energy Dispersion of a
Preexisting Typhoon. Part II: Numerical Simulations*

TIM LI, XUYANG GE, AND BIN WANG

Department of Meteorology, and International Pacific Research Center, University of Hawaii at Manoa, Honolulu, Hawaii

YONGTI ZHU

Shanghai Typhoon Institute, Shanghai, China

(Manuscript received 29 October 2004, in final form 7 June 2005)

ABSTRACT

The cyclogenesis events associated with the tropical cyclone (TC) energy dispersion are simulated in a 3D
model. A new TC with realistic dynamic and thermodynamic structures forms in the wake of a preexisting
TC when a large-scale monsoon gyre or a monsoon shear line flow is present. Maximum vorticity generation
appears in the planetary boundary layer (PBL) and the vorticity growth exhibits an oscillatory development.
This oscillatory growth is also seen in the observed rainfall and cloud-top temperature fields. The diagnosis
of the model output shows that the oscillatory development is attributed to the discharge and recharge of
the PBL moisture and its interaction with convection and circulation. The moisture–convection feedback
regulates the TC development through controlling the atmospheric stratification, raindrop-induced evapo-
rative cooling and downdraft, PBL divergence, and vorticity generation. On one hand, ascending motion
associated with deep convection transports moisture upward and leads to the discharge of PBL moisture
and a convectively stable stratification. On the other hand, the convection-induced raindrops evaporate,
leading to midlevel cooling and downdraft. The downdraft further leads to dryness and a reduction of
equivalent potential temperature. This reduction along with the recharge of PBL moisture due to surface
evaporation leads to reestablishment of a convectively unstable stratification and thus new convection.

Sensitivity experiments with both a single mesh (with a 15-km resolution) and a nested mesh (with a 5-km
resolution in the inner mesh) indicate that TC energy dispersion alone in a resting environment does not
lead to cyclogenesis, suggesting the important role of the wave train–mean flow interaction. A proper initial
condition for background wind and moisture fields is crucial for maintaining a continuous vorticity growth
through the multioscillatory phases.

1. Introduction

Tropical cyclone (TC) genesis is the least understood
phase of the TC life cycle. In Li and Fu (2006, hereafter
Part I), a cyclogenesis scenario associated with the
Rossby wave energy dispersion of a preexisting typhoon
was revealed from Quick Scatterometer (QuikSCAT)
and Tropical Rainfall Measuring Mission (TRMM)
Microwave Imager (TMI) satellite data. In Part II, we

simulate this cyclogenesis process in a 3D primitive
equation model to investigate the specific physical pro-
cesses that give rise to the cyclogenesis.

Most previous studies on TC energy dispersion
(TCED) were confined to a barotropic framework with
the focus on TC motion. For instance, using barotropic
models, Chan and Williams (1987) and Fiorino and Els-
berry (1989) showed that a cyclonic vortex experiences
Rossby wave energy dispersion, resulting in an asym-
metric structure with a cyclonic gyre to the west and an
anticyclonic gyre to the east of the vortex center and
the ventilation flow between the gyres that advects the
vortex poleward and westward. Except for the isolated
vortex that has a net zero angular momentum, most
vortices are subject to energy dispersion due to Rossby
wave radiation (Flierl 1984; Shapiro and Ooyama 1990;
Luo 1994; Carr and Elsberry 1995). Luo (1994) studied
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the effect of Rossby energy dispersion on the TC mo-
tion and structure in a nondivergent barotropic model
and showed that a wavelike wake formed as a result of
Rossby energy dispersion from the vortex. Because of
the leaking of energy, the vortex weakened with time in
the model.

Holland (1995) made the first attempt to simulate the
TCED-induced cyclogenesis in a 3D model in a resting
environment. The convective heating in the model was
proportional to low-level vorticity. Initializing the
model with a cyclonic vortex on a � plane in a quiescent
environment, a wake with alternating anticyclonic and
cyclonic vorticity developed because of the TCED pro-
cess. Because of a positive feedback between the con-
vective heating and the low-level vorticity, a new TC
was generated in the wake with cyclonic circulation.
The numerical experiment thus suggested that the
TCED alone, without interactions with the mean flow,
might lead to cyclogenesis.

As shown in Part I, not all TCED-induced Rossby
wave trains finally lead to cyclogenesis. Favorable
background (dynamic and thermodynamic) conditions
may set the preferred timing and location for cyclogen-
esis, while unfavorable environmental conditions may
prohibit TC formation. Our observational results moti-
vate us to revisit this TCED-induced cyclogenesis prob-
lem using a 3D TC model with more realistic moist
physical processes. In particular, we intend to investi-
gate whether the wave train alone can lead to cyclo-
genesis or if a favorable background flow condition is
required for such events. In addition to simulating the
TCED-induced cyclogenesis in a 3D model, we will diag-
nose the model output to examine the dynamics and
specific physical processes that give rise to the cyclogen-
esis, with a particular emphasis on feedbacks among the
circulation, convection, and atmospheric moisture fields.

The rest of the paper is organized as follows. In sec-
tion 2, we briefly introduce the model and the experi-
mental design. The evolution of vorticity, humidity,
vertical motion, and surface pressure associated with
the TCED-induced cyclogenesis is presented in section
3, and the role of atmospheric moisture in regulating
convective circulation and stratification is described in
section 4. Sensitivity of the model solution to initial
moisture profiles and the model resolution is examined
in section 5. Finally, a summary is given in the last
section.

2. The model and initial conditions

The atmospheric model used in this study is the uni-
form grid version of the triply nested movable mesh
primitive equation model (TCM3). A detailed descrip-

tion of the model can be found in Wang (1999, 2001).
The model is a hydrostatic primitive equation model
formulated in Cartesian coordinates in the horizontal
on either an f or beta plane, with � (pressure normal-
ized by the surface pressure) as the vertical coordinate.
The model consists of 20 layers in the vertical from � �
0 to � � 1 with a substantial concentration of resolution
within the planetary boundary layer (PBL). The model
physics include an E � � turbulence closure scheme for
subgrid scale vertical mixing above the surface layer
(Detering and Etling 1985; Langland and Liou 1996), a
modified Monin–Obukhov scheme for the surface flux
calculations (Fairall et al. 1996), an explicit treatment of
mixed ice phase cloud microphysics (Rutledge and
Hobbs 1984; Reisner et al. 1998; Wang 1999, 2001), and
a fourth-order horizontal diffusion with a deformation-
dependent diffusion coefficient. The model prognostic
variables consist of zonal and meridional winds, surface
pressure, temperature, turbulence kinetic energy and
its dissipation rate, and mixing ratios of water vapor,
cloud water, rainwater, cloud ice, snow, and graupel.
This model has been used for the studies of various
aspects of tropical cyclones (e.g., Wang 2002).

Although TCM3 provides movable mesh and triply
nested function, we use a single mesh with a uniform
grid spacing of 15 km in this study to reduce the poten-
tial mesh interface effect on the structure of the wave
train due to Rossby wave energy dispersion. At this
resolution, TCM3 uses both the explicit heating scheme
for grid-resolving processes and the Tiedtke (1989)
mass flux convective parameterization scheme to in-
clude the effect of subgrid-scale cumulus convection.
The model domain covers 4500 km by 4500 km on a
beta plane centered at 18°N. A strong damping is speci-
fied at a sponge layer near the model lateral boundaries
to prevent wave reflection into the interior. To test the
sensitivity of the model simulation to the domain size, a
sensitivity experiment with a larger domain (6000 km
by 6000 km) is conducted, and the result shows that the
model solution is not sensitive to the domain size.

Since the main focus of this study is to examine
whether tropical cyclogenesis can occur in the wave
train of a preexisting TC due to the Rossby wave en-
ergy dispersion and the possible role of the large-scale
environmental flow in such a scenario, we thus first spin
up a TC on a beta plane for 10 days such that a 3D
Rossby wave train pattern is well developed. The initial
condition used in the spinup is a symmetric vortex,
which has a maximum tangential wind of 30 m s�1 at a
radius of 100 km in a resting environment. The tangen-
tial wind has maximum amplitude at the surface and
decreases gradually to 0 at about 100 hPa. The envi-
ronmental temperature and moisture profiles are the

MAY 2006 L I E T A L . 1391






































