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LONG-TERM GOALS

The long-term goal of this project is to improve the prediction of tropical cyclone (TC) genesis,
structure and intensity changes through improved understanding of the fundamental mechanisms
involved. The accurate prediction of TC genesis, structure and intensity changes is critical to Navy
missions and civilian activities in coastal areas. Significant gains have been made in the TC track
prediction over the past decades. The genesis and intensity forecast, however, has shown very little
progress during the same period. A main factor contributing to the lack of skill in the prediction of TC
genesis and intensity is the lack of observations prior to and during TC genesis and intensification
periods and the inadequate understanding of physical mechanisms that control the cyclogenesis and
intensity change. The TCS-08 and TPARC field campaign provide an unprecedented opportunity for us
to gain the first-hand insight of observed characteristics of TC genesis in western Pacific and to
compare them with high-resolution model simulations. By analyzing and assimilating these data, we
intend to understand the physical mechanisms that involve the TC internal dynamic and
thermodynamic processes, external forcing, and scale interactions. Only after thoroughly understanding
these processes, can one be able to tackle the weaknesses in the current state-of-art weather forecast
models.

OBJECTIVES

The objective of this project is to investigate the synoptic and climatic aspects of tropical cyclone (TC)
genesis in the western North Pacific (WNP). On one hand, specific synoptic and dynamic processes
through which an initial weak vortex (either mid-level or near-bottom vortex) develops into a TC will
be investigated in a cloud-resolving model. On the other hand, the large-scale control of the Madden-
Julian Oscillation (MJO) and El Nino-Southern Oscillation (ENSO) on TC genesis in the WNP will be
examined. Additional effort is to conduct data assimilation using data collected from TCS-08
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observational campaign. We will examine how the cyclogenesis forecast may be significantly
improved with a better description of the dynamic and thermodynamic precursor signals.

APPROACH

For understanding the synoptic aspect of cyclogenesis, a multi-nested WRF model (with 2 km
resolution in the innermost mesh) will be used to simulate both idealized and real-case cyclogenesis
events. Through the diagnosis of the model outputs, we intend to understand the common and different
development characteristics associated with cyclogenesis in an environment with a near bottom vortex
(EBV) and an environment with a mid-level vortex (EMV). The genesis time for each model run will
be defined based on an objective way. A concept of the cyclogenesis efficiency (which is related to the
initial environmental dynamic and thermodynamic conditions) will be introduced. A number of
idealized experiments will be designed to illustrate the relative importance of initial column-integrated
absolute vorticity, PBL parameters, surface fluxes, and vertically integrated relative humidity in
determining the TC genesis efficiency.

For understanding the climatic aspect of cyclogenesis, various statistical tools such as the wavenumber-
frequency analysis, lagged regression analysis, and composite analysis methods will be applied to
understand the role of the MJO and ENSO in determining the intraseasonal and interannual variability
of TC activity in the WNP.

For the data assimilation task, WRF 3DVar assimilation system will be employed. Because the TCS-08
campaign provides variety types of in-situ data at irregular spatial and temporal intervals, we intend to
construct a high-resolution regular-grid reanalysis product that combines in-situ observations (such as
ELDORA radar, Doppler wind lidar, dropsondes and driftsondes) with satellite remote sensing
products.

WORK COMPLETED

The large-scale factors including the ENSO and MJO that affect multiple TC genesis in the WNP were
investigated. A paper about occurrence of multiple TC events was published in 2011 in the Monthly
Weather Review. A review paper entitled “Synoptic and climatic aspects of tropical cyclogenesis in
western North Pacific” was accepted for publication as a chapter in a book named “Cyclones:
Formation, triggers and control” edited by K. Oouchi and H. Fudevasu. The studies about TC track
change under two types of El Ninos and dynamics of secondary eye wall were also accepted for
publication in GRL and J. Atmos. Sci., respectively. A manuscript entitled “Tropical cyclone genesis
efficiency: Mid-level versus bottom vortex” was submitted to J. Tropical Meteorology and is currently
under revision.

Typhoon reanalysis during the period of TCS-08 campaign was completed. The TC reanalysis data are
currently available at IPRC/UH website.

RESULTS

The statistical feature of occurrence of summer (June-September) multiple tropical cyclone (MTC)
events in the western North Pacific was examined for the period of 1979-2006 (Gao and Li 2011). The



number of MTC events ranged from 1 to 8§ per year, experiencing a marked interannual variation. The
spatial distance between the TCs associated with MTC events is mostly less than 3000 km, which
accounts for 73% of total samples. The longest active phase of a MTC event lasts for nine days, and
about 80% of the MTC events last for five days or less.

A composite analysis of active and inactive MTC phases reveals that positive low-level (negative
upper-level) vorticity anomalies and enhanced convection and mid-tropospheric relative humidity are
the favorable large-scale conditions for MTC genesis. It is noted that the MTC events are closely
associated with the Madden-Julian Oscillation (MJO) and the biweekly (10-20-day) oscillation (BWO).
Figure 1 shows the composites of 25-70-day band-pass filtered OLR fields during the MTC inactive
and active phase respectively. Note that during the MTC active phase, negative OLR anomalies
associated with the MJO cover the entire SCS/WNP region from 110°E to the east of 170 °E and from
5°N to 25°N. The condition is completely reverse in the MTC inactive phase, in which positive
intraseasonal OLR anomalies occupy the region. The difference is statistically significant, exceeding
the 95% confidence level. This indicates that the MJO is in a wet (dry) phase with enhanced
(suppressed) convective activity in WNP when an active (inactive) MTC phase occurs. This implies
that the large-scale circulation anomaly associated with MJO favors the genesis of MTC events.

The BWO, on the other hand, shows a different spatial pattern (Fig. 1). It is found that during the MTC
active phase a negative OLR anomaly appears west of 140 °E, while a positive OLR anomaly occurs to
the east. The negative OLR anomaly to the west is stronger than the positive one to the east. Such a
zonal dipole pattern is consistent with the fact that the BWO has a relatively short zonal wavelength
compared to that of the MJO. An approximately opposite pattern of the OLR anomaly appears in the
inactive MTC composite. The difference is most significant in a region from 125°E to 140°E. The
result suggests that the strengthened BWO activity in that region favors the MTC generation in the
WNP.
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Figure 1. The 25-70-day (left) and 10-20-day (right) band-pass filtered OLR (unit: W/m?) fields
composed based on MTC active (top panel) and inactive (middle panel) phases and their difference
fields (bottom panel). The OLR anomalies with a value greater than 1 W/m’ or less than -1 W/m’

are shaded in top and middle panels. Shading in the bottom panel indicates that the difference

between the active and inactive phase exceeds a 95% confidence level.

The possible effect of the large-scale control of the MJO and BWO may be revealed by counting the
percentage of individual MTC events that appear during the active phases of the MJO and BWO
respectively. Due to the spatial variability of cyclogenesis locations associated with the MTC events,
the OLR values associated with the MJO and BWO at individual genesis locations on the genesis dates
were calculated. Prior to that, a Lanczos filter is applied to the daily OLR field to extract the biweekly
(10-20-day), intraseasonal (25-70-day) and lower frequency (> 90 days) components. The number of
positive and negative OLR values was then counted at each of the genesis location and date for each of
the following scenarios: the MJO mode only, the BWO mode only, sum of the MJO and BWO modes,
and sum of the MJO, BWO and lower-frequency oscillation (LFO, >90 days) modes.

Table 1 shows the percentage of number of the negative OLR values during active MTC events for
each of the scenarios above. It is found that about 77% of the TCs associated with the active MTC
events occur when either BWO or MJO is in a wet phase. The combination of the BWO and MJO
modes leads an increase of the occurrence percentage to 84%. This implies that the predictability of the
MTC events might increase when one considers both the MJO and BWO impacts. The percentage of
occurrence of the MTC events increases further to 98% when the combined BWO, MJO and LFO
forcing effects are included.



Table 1. The percentage of occurrence of the MTC events in the genesis locations where
the BWO, MJO and/or LFO are in a wet phase

Mode Percentage of occurrence of negative OLR values
BWO (10-20-day) 77.30
MJO (25-70-day) 76.69
BWO + MJO 84.05
BWO + MJO + LFO 97.85

The observational analysis result above indicates that the occurrence of the MTC events is greatly
regulated by the combined large-scale impacts of the BWO, MJO and the lower-frequency oscillation.
On the interannual timescale, the MTC frequency is closely related to the seasonal mean anomalies of
850-hPa vorticity, OLR and 500-hPa humidity fields. The MJO and BWO activity is greatly
strengthened (weakened) in the WNP region during the MTC active (inactive) years.

Impacts of two types of El Nifios, the eastern Pacific El Nifio (EP-EN) and the central Pacific El Nifio
(CP-EN), on tropical cyclone (TC) tracks over the western North Pacific (WNP) were examined based
on observational data (Hong et al. 2011). Whereas TC tracks between CP-EN and EP-EN show a small
difference in boreal summer (JJA), they do exhibit a great difference in boreal autumn (SON), that is,
TCs recurve northward at a further westward location near the coastline of East Asia during CP-EN. As
a consequence, more TCs make landfall to Taiwan and South China during CP-EN. A further
observational analysis indicates that the westward shift of the subtropical high and associated steering
flow during CP-EN is a key factor that causes the difference in the TC tracks in autumn. Numerical
experiments further suggest that the difference of local SST in the WNP between CP-EN and EP-EN
accounts for the distinctive differences in the local Hadley circulation, the subtropical high and the TC
steering flow.

IMPACT/APPLICATIONS

The investigation of dependence of TC genesis efficiency on initial vortex structure and large-scale
factors that control TC genesis and the construction of the typhoon reanalysis product may improve our
current understanding of cyclogenesis dynamics and promote a more skillful prediction of TC genesis
and intensity change.

TRANSITIONS
Results from this study may lead to improvement of TC prediciton in the NOGAPS and COAMPS

models. The TC dynamic initializ scheme used in the typhoon reanalysis effort may be transitioned into
a 6.4 project.



RELATED PROJECTS

This project is complimentary to the ONR funding entitled “Initialization of tropical cyclone structure
for operational application” in which we applied TC dynamic initialization strategy to the Observation
System Simulation Experiment (OSSE) in an idealized setting using the WRF model and real-case TC
forecast during 2009-2010 using NRL COAMPS-TC model. Knowledge gained from this project will
help improve the current operational model TC initialization.
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