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LONG TERM GOALS

To study weather disturbances over the Southeast and East Asian monsoon region and its
adjacent seas using Navy research and operational analysis and forecast models.   The
primary goal is to advance our understanding of the weather-producing systems in the
region, in order to improve forecast capabilities.  In the process we will assess the skill
and characteristics of the models in representing and forecasting these disturbances and
find clues that may be useful for model improvement efforts.

OBJECTIVES

The objectives are to study the structure and the dynamic and thermodynamic properties
of the synoptic and meso scale weather-producing disturbances in the Southeast and East
Asian monsoon region, the South and East China Seas, and the western Pacific and the
eastern Indian Ocean.  The study focuses on the development and evolution mechanisms
of these disturbances and their interactions with the different stages of the large-scale
monsoons in the atmosphere and ocean, in particular the convective “Mei-yu”
disturbances (“Changma” in Korea and “Baiu” in Japan) that developed following the
onset and reinforcement of the southwest monsoon in the South China Sea. This work is
supported by ONR Marine Meteorology.

APPROACH

Observational studies/Data analysis: Use archived gridded data from global NWP outputs
and satellite data to determine the structure of meso and synoptic disturbances in various
local regions.  Use Navy’s MOODS data to study sea surface temperature changes during
the monsoon onset.  Use potential vorticity diagnostic tools in the case studies of the
“Mei-yu” disturbances.  Use composite and principal component approaches to perform
statistical analysis of the data.

Numerical modeling:  Perform sensitivity and simulation studies of the observed monsoon
disturbances with Navy’s regional research and operational models.  Models initialized
with Navy and ECMWF global fields.  The sensitivity studies look at both impacts of
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enhanced radiosonde data reports and effects of topography and diabatic heating.  The
results are analyzed with vorticity and vertical motion diagnostic tools.

Field experiment: Participate in the international South China Sea Monsoon Experiment.
The field phase with enhanced atmospheric and oceanographic observations over the
South China Sea and its vicinity is scheduled for late spring and early summer 1998.  The
field phase data, together with data collected from the concurrently held GEWEX Asian
Monsoon Experiment, will be used both for the observational data analysis and the
modeling studies, as well as to conduct validation for the models’ analysis and
parameterization schemes.

WORK COMPLETED

1.  A data impact sensitivity study on the numerical modeling of East Asian monsoon
disturbance using Navy’s operational regional model (NORAPS).   All experiments were
initiated with the ECMWF analysis, but different amounts of a research data set based on
a post-operational collection of Chinese radiosonde data were used to enhance the initial
field.  The sensitivity study was accomplished by comparing the results of the different
experiments in forecasting a severe summer monsoon disturbance that propagates from
eastern China to the East China Sea and Korea in July 1991.

2.  A diagnostic study of an East Asian monsoon disturbance.  This was a study of the
basic dynamics of severe Mei-Yu disturbances over the East China Sea during northern
summer.  Inversion techniques of linear and nonlinear potential vorticity were used to
diagnose the structure and intensification mechanisms of selected disturbances, for
comparison with future NORAPS and COAMPS simulations.

3.  Analysis and modeling of the atmosphere-sea interaction over the South China Sea
during transition of monsoon from northern winter to northern summer.  This work is
done in collaboration with Prof. Peter Chu of NPS. Navy's Master Oceanographic
Observation Data Set was used to identify a warm-core eddy in the upper South China
Sea west of the Philippines. The evolution of the eddy appear to be related to the
development of the monsoon.

4.  Examination of the lateral boundary problem of Navy's operational regional models.
These problems occur primarily in the tropical Asia - Western Pacific - Indian Ocean
monsoon region.   For the regional models (NORAPS and COAMPS) the lateral boundary
problem appears in 24 or 48 hour forecasts of the geopotential height and mean sea level
fields (therefore also the temperature field), where grid points near the lateral boundaries
show isoplethes that are parallel to the boundary.  Through discussions with NRL
scientists Drs. C. S. Liou and Melinda Peng, we performed several experiments trying to
find the source of the problems.

5.  Planning of SCSMEX Field Experiment.  Continued the national and international
coordination and planning activities for the field phase of South China Sea Monsoon
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Experiment, and its coordination with the GEWEX Asian Monsoon Experiment, both
scheduled for late spring and summer of 1998.

RESULTS

1.  The data impact sensitivity study shows the importance of post-operational radiosonde
data.  Forecasts of the July 1991 heavy rainfall case initiated by the advanced 1.125° x
1.125° ECWMF analysis alone underestimates the heavy rainfall over East China Sea,
Yellow Sea and Korea (Chang and Yi, 1997).

2.  The potential vorticity diagnosis of a intense East Asian summer monsoon case shows
that in addition to the condensation latent heat release due to convection, “tropopause
folding” can be another important factor for these systems, particularly in the mature
stage as the disturbances move off east coast of China.  The folding and the development
in middle troposphere leads to a strong vertical coupling and lower level cyclogenesis that
sustains the intensification of the disturbance in the East China Sea-Korea-Japan region
(Chang and Hou, 1997).

3.  The development phase of the warm-core eddy in this hypothesis is tested by using the
Princeton Ocean model. This eddy occurred before the development of the northern
summer monsoon and disappeared afterward.  We propose that this eddy is a result of the
radiative warming during spring and the downwelling due to the anticyclonic forcing at
the surface.  Our hypothesis suggests an air-sea feedback scenario that may explain the
development and withdrawal of the summer monsoon over the SCS.

4.  In both hemispheres the lateral boundary problem in the Navy regional models
becomes more conspicuous when the domain is closer to the equator.  Modifications of
source codes in defining the Coriolis parameter, the treatment of the initial temperature,
the coefficients for variational adjustment of temperature and height, and the
interpolation of pressure did not resolve this problem..

5.  Participated in the SCSMEX Organizing Committee meeting November 1997, the
Science Planning Meeting March 1997 and Science Steering Committee Meeting
September 1997. Revised the science plan and the implementation plan for the field phase
of SCSMEX.  Coordinated radiosonde, ship and radar plans among U.S., Mainland China,
Taiwan, Australia and ASEAN countries.

IMPACT

The research on the East Asian monsoon disturbances provided better understanding of
these heavy weather systems during the onset and active stages of the monsoon.  This
leads to better design of the field experiments and future modeling efforts.  Continuous
interaction with NRL scientists on the application of Navy models provided user
feedback to the modelers on the model performance and special characteristics for the
South and East China Sea, Japan Sea, Yellow Sea, eastern China, Japan and Korea region.
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TRANSITIONS

N/A

RELATED PROJECTS

Collaboration with Prof. Peter Chu’s project “Shallow Water Analysis and Forecast
System for the South China Sea”, under ONR Naval Ocean Modeling and Prediction
Program.
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