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1. Abstract

The Asian dust storms are well known to be
one of the major aerosol sources for atmosphere
in spring, and their impacts on regiona air
quality are also noted. Other than natural aerosol
source like dust storms, the aerosols produced by
the bio-mass burning in the Southeast Asia
recently attract much attention from the research
society. In this project, space-time characteristics
of Asian aerosols are carefully examined. In
particular, the background climate for long-range
transport of Asian aerosolsis presented.
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2 ~ Introduction

It iswell known that three conditions
are necessary to induce a dust storm: (i)
strong winds, (ii) unstable boundary
layer, and (iii) dry and loose soils. The
landscape of midlatitude Asian continent
(40°N~50°N/80°E~110°E) meets
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condition (iii), while the active frontal
movement provides the necessary
conditions (i) and (ii). Asian dust storms
are most active in the spring with peak
month at April (Chen and Chen 1987).
Yu et a. (2002) use FGGE and
TOMS data to examine the long-range
transportation of dust aerosols and
summarize that there are two major
transportation routes for dust aerosols.
One propagates eastward and the other
propagates southeastward, depending on
the large-scale atmospheric winds. They
also note that the dust aerosols may
penetrate southward to the subtropics. In
this case, the air quality in Taiwan could
be severely worsened (Lin et a 2001).
The FGGE surface observations not
only provide the occurrence and
propagation of a dust storm system but
also provide its strength at each single
station. Even TOMS data can capture
the evolution of a dust storm system as
well as the FGGE observations, the
latter can provide additional information
for numerical ssimulation purpose. For
instance, the strength of the surface
aerosol density isimportant in providing
the correct initial conditions. Since most
numerical models simply set the initial
aerosol density arbitrarily without any
observational evidence, the additional



information (e.g., strength of dust storm,
visibility, etc.) provided by FGGE data
may be able to greatly improve the
model accuracy in simulating the
long-range transportation of Asian dust
aerosols.

Meanwhile, recent articles published
in Sciences (Menon et a. 2002
Chameides and Bergin 2002) indicate
that black carbon can affect regional
climate by absorbing sunlight and
thereby altering the East Asian monsoon
circulation. Using the NASA Goddard
Ingtitute for Space Studies climate
computer model and aerosol data from
46 ground stations in China, they found
that the effect of increased amounts of
soot (over southern China) created a
clear tendency toward the flooding
scenario that has been occurring in
southern China and the increasing
drought over northern China that has
persisted over the last several years.

The biomass burning over South
Asia and Southeastern Asia during
spring causes Asian brown clouds that
persist for three to four months. The
aerosol produced by the biomass
burning has a strong impact on atering
the radiative fluxes at the top of the
atmosphere (Dr. Tsay, NASA, persona
communication). This should further
affect the Asian regional climate due to
the variation of the radiative forcing.

Since Asian aerosols are much
abundant in spring and their impacts on
regionad climate ae not fully
investigated and understood. It is our
purpose here to use statistical analysis of
various data sets and atmospheric
models of various complexities to
examine the impacts of aerosol
variability on the regional climate
through interactions of aerosol, cloud,
and radiation. Detailed examination of
the space-time aerosol variability and

the background climate favoring
long-range transportation are aso
carried out to provide the basis for
numerical experiments.

3~ Introduction

In the first-year project, FGGE-type
surface weather codes, NCEP grid data
of atmosphere, surface weather maps,
and TOMS aerosol index data are used
to investigate the East Asian dust storm
activity. The FGGE-type ground-station
dataset provides 8 times daly
observations of cloud cover, winds,
visibility, weather phenomena, sea-level
pressure, air temperature, precipitation,
etc. Figure 1 shows the geographical
distributions of some FGGE ground
stations used in this study. It is noted
that, except over Tibetan Plateau, ground
stations are dense enough over regions
of dust storm genesis and propagation.

The NCEP/NCAR (National Center
for Environment Prediction/National
Center for Atmospheric Research)
reanalysis data used in this study use a
state-of-the-art analysis/forecast system
to perform data assimilation using past
data from 1948 to present. This data set
provides 4 times daly tempora
resolution that includes air temperature,
geopotential height, relative humidity,
specific humidity, vertical velocity, and
horizontal winds at 17 pressure levels
from 1000hPa up to 10hPa, with a
horizontal resolution of 2.5° x 2.5°
longitude/latitude degrees. Detailed
descriptions of this dataset are discussed
in Kalnay et a. (1996).

! FGGE experiment was held in the summer of
1979. Since then, data formats of traditional
meteorological observations (e.g., ground,
sounding, ship, and buoy observations) were
unified and the name “FGGE-type data” was
widely used or these traditional meteorological
observations.



Aerosol particles are scattering and
absorbing incoming sunlight, thus
reducing visibility and increasing optical
depth. The data from NASA’s Total
Ozone Mapping Spectrometer (TOMS)
provides the Aerosol Index (Al) of
aerosol particles in the atmosphere. The
Al is determined by the UV radiometry
measurements of TOMS with a property
that positive values generaly correspond
to UV-absorbing aerosols and negative
values to non-absorbing aerosols. Al is
also related to aerosol optical depth,
which is atitude dependent and is an
indication of severity of the dust storm
or aerosol. Aerosols at low altitudes tend
to have a lower TOMS aerosol index
than an equivaent depth of aerosol at a
higher altitude.
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Figure 1. A horizontal distribution of land
stations providing FGGE-type surface
weather monitoring in East Asia.

4 ~ Results

Figure 2 shows the seasonal activity
of Asian dust storms. It is clearly that
northern spring (March, April, and May)
is the active season for Asian dust
storms. All  together, the spring
accounting for nearly 70% of the total
FGGE dust reports. Since the dust
storms occurring to the east of 95°E are
most capable to transport dust particles
easstward to affect the downstream
regions, only dust activitiesto the east of

95°%E will be carefully examined in this
project.
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Figure 2: Monthly dust activity as measured by

total FGGE dust-storm hours from 1993 to
2003 (upper) and the frequency of FGGE
dust reports for March, April, May, and other
month (lower).

Since the yearly activity of Asian
dust storms vary significantly according
to the background atmospheric climate
conditions. Figure 3 compares dust
storm activity between less-active and
active years. In 1999, dust storms are
relatively non-active. Over the dust
storm source region, dust storm reports
arerare. In 2001, much more active dust
storms are observed over Gobi desert
and over Inner Mongolia of China. The
much active dust storm activity in 2001
compared to 1999 is a result of much
stronger winds observed in the spring of
2001 as shown in Figure 4 which the
frequency of strong winds (over 15 m/s)
increases significantly compared to that
in 1999.
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Figure 3: The dust-storm activity as measured by
the numbers of dust storm day (or frequency
in units of % in parenthesis) for the northern
spring season in 1999 (upper panel) and
2001 (lower panel), respectively.
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Figure 4: Same as in Fig. 3, except for the
strong-wind occurrence days.

Figure 5 shows the background
1000hPa climate for spring season in
East Asia. We clearly note that the
existence of an east-west oriented dry
zone is a common feature over the
mid-latitude Asian continent in spring.
Yet, we aso note that the dry zone is
much more intense with low humidity
contours extending further eastward in
2001 compared to 1999. The prevailing
winds over dust storm source region are
mostly northwesterly or westerly in
2001, favoring long-range transport of
dust aerosols.
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Figure 5: Horizontal distribution of the 1000hPa
winds, geopotential height, and relatively in
East Asiafor the year 1999 (upper panel) and
2001 (lower panel), respectively.

To further understand the space-time
characteristics of Asian dust aerosols,
we employ the empirical orthogonal
function (EOF) anaysis of the TOMS
aerosol index (Al). Figure 6 show the
horizontal distribution of TOMS Al



variability. In 1999, Al signals are
mostly observed over Inner Mongolia
and Hobe Province of China These
signals are the results of severa minor
dust activities observed in April and
May as shown in the time series of
principle component. In 2001, Al signals
are more widespread and significant Al
signas are also found over northeast
China and northern Japan, as well as the
surrounding oceans. These Al signals
are the results of an intense dust storm
event occurring in early April as shown
in the time series of principle
component.
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Figure 6: EOF analysis of the TOMS aerosol
index for the year 1999 (upper panel) and
2001 (lower panel), respectively.

5. Concluding remarks

In the first-year project, statistic
methods such as the EOF (Empirica
Orthogona Function) Analysis, SVD
(Singular Value Decomposition) analysis,
and composite analysis are used to
examine i) the space-time characteristics
of Asian aerosols resulted from either
the Asian dust storms or the bio-mass
burning processes. ii) the background
climatology that favors long-range
aerosol transport that is important for
forecast purpose.

The preliminary results indicate that
the Asian dust storms are much more
activein spring (March, April, and May),
with nearly 70% of the dust storms
observed in the spring season. However,
the dust activity aso exhibits large
inetrannual variability as a result of
changing large-scale  atmospheric
circulation over Asian continent. We
choose 1999 (2001) as an example of
less-active (active) dust year. By
comparing the background climate
between 1999 and 2001, we note the
prevailing northeasterly winds observed
over Gobi desert and Inner Mongoliain
the spring of 2001 are pretty much
responsible for the intense and
widespread dry zone, which may result
in the enhancement of dust storm
activity over East Asia.
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