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Agriculture and Wter Problem in Arid Region of Argentina

Takamiva Kazuki* and Tsutsur Hikaru**

Argentine is considered to be well suited to agriculture particularly live stock due to substantial amount of rainfall.
However western edge of the country at the down slope of Andes Mountain is very arid. In this region irrigation is
essential to perform agriculture. In this arid area centering Mendosa annual rain fall amounts to 200 mm and some
300,000 ha of irrigated agricultural land is subject to severe salinization. In addition, the shortage of water resources
coupled with increasing demand of urban water supply necessitates additional development of water resources and
adequate management of water developed. As an integral part of FAQ'’s study of soil degradation in South America,
detailed investigation was made as to the soil salinization resulted from poorly irrigated soil. This study identified
problem areas and action required to improve the situation. As a result, integrated project improvement of irrigation
and drainage system including water saving irrigation, strengthening of field drainage and control of ground water use
has been implemented.

Key Words: Arid area in Argentina, Irrigation in Mendoza, Land degradation, Salinization
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Fig. 1. Distribution of irrigated area in Niger.
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Table 1. Irrigated area in Niger (at present in 1996),

Irrigate Area (ha) Main Water
Department .
Realized Realuse  Underconst.  Planned Resource
Agadez 25 25 - - Ponds in Oasis
Tillabéri 8,740 7,268 - 2,742 R. Niger
Dosso 4,230 296 3,625 15,360 R Niger
Tahoua 4,250 3,917 - 3470 Reservoirs
Maradi 500 530 - - R. Goulbi
Zinder - - - - -
Diffa 1,326 1,152 45 1,265 R. Komadougou
Sum 19,071 13,188 3,670 22,837
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System for Observation of Hydrological Data and Irrigation Conditions in Niger

Horino Haruhiko*, NAGANO Takanori* and MiTsuNo Toru*

The present state of hydrological observation system and irrigation conditions in Niger, West Africa, is introduced
with some concrete irrigation sites picked up as examples of irrigated area around the Niger River. Irrigation has been
conducted mainly for production of highly valuated crops. The irrigated area realized by the Administration is 19,100ha,
while the actually used area is 13,200ha (less than 70%). This fact suggests that sustainable cultivation for valuated
crops is not always established even if water deficit can be reduced because of poor management systems and poor soil
nutrients. The irrigation area, however, is still being developed, and hydrological data collected by the Argos satellite

system often contribute to planning irrigation projects.

Key Words: Irrigation, Desertification, Sudano-Sahelian, Niger River, Recording hydrological data
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Short Reports

The Workshop on “The Study of the Mechanism of Aeolian Dust
Outbreak from Asian Continent and its Long-range Transport”
Introduction

YABUKI Sadayo*, NaGasHIMA Hideki**, MikaMm1 Masao™**
and IsHIyAMA Takashi****

Dust storm occurs frequently in arid and semi-arid
regions. The wind blown particles not only cause severe
damage to crop growth and domestic animals, but also
have strong effects on climate and the marine primary
productivity. In order to clarify the role of dust on global
environment and the mechanism of aeolian dust out-
break, the international co-operative study titled “Studies
on Origin and Transport of Aeolian Dust and its Impact
on Climate” started in June 2000. This project is finan-
cially supported by Japanese STA. In the period of

feasibility study, the workshop was held at RIKEN on
June 18 and 19, 1999. In the following short reports, the
implementation plans for the international co-operative
study are introduced. The reports included in this
volume were reviewed according to usual process of
Japanese Association for Arid Land Studies (JAALS).
We, the members of sub committee, Drs. YABUKI Sadayo,
NAacGasHIMA Hideki, MikamM1 Masao and IsHIYAMA Takashi
would like to express sincere thanks to the reviewers for
their courteous review.

* RIKEN. Hirosawa 2-1, Wako 351-0198, Japan.

** Tokyo University of Fisheries. 4-5-7, Kohnan, Minato-ku, Tokyo 108-8477, Japan.
*** Meteorological Research Institute. 1-1, Nagamine, Tsukuba 305-0052, Japan.
*++* CEReS, Chiba University. 1-33, Yayoicho, Inage-ku, Chiba 263-8522, Japan.
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Proposal of an International Joint Program on the Evaluation of
Aeolian Dust Outbreak from the Continents
and its Impact to the Climate

Mikami Masao*

1. Preface

In order to figure out the mechanism of the mineral
dust outbreaks from arid regions and to evaluate its
seasonal and annual variability, international joint study
on the mechanisms of aeolian dust outbreak from the
Eurasian Continent and its long-range transport is pro-
posed. This program is also aimed to contribute for the
understanding of the aeolian dust impact to the global
climate system. In 1999 the feasibility study supported
by the STA had been carried out. The synthetic research
plan from April 2000 to March 2004 will be presented to
science and technology agency (STA). In the following
sections, we will briefly introduce the outline of the
research plan.

2. Scientific Background

Large amount of the mineral aeolian dust is drifted
from arid and semi-arid regions in the continents.
According to Tagen and Fung’s (1994) the global amount
of the aeolian dust is 3,000 Mt/year. Especially accom-
panied by the atmospheric disturbances, severe dust
outbreak called ‘dust storm’ are sometimes occurred and
cause serious damage to agriculture, economics and
human life in these regions. In addition, even in a calm
atmospheric condition, dust outbreaks also occur to
some extent whenever the surface wind exceeds a
threshold wind velocity.

The mineral dust in the atmosphere injected from arid
and semi-arid regions changes the radiative forcing of the
atmosphere via scattering and absorbing of the short

wave radiation and absorbing of the long wave radiation.
This process should affect the radiation balance of global
climate system. Moreover, because of their chemical
nature, aeolian mineral dust is important to many biogeo-
chemical cycles after being deposited in the ocean.
Mineral dust supplied to the ocean is one of the major
factors of the carbon dioxide cycle in a global scale.

Dust erosion and its transport to the atmosphere has
been systematically investigated in North Africa, Oceania,
and North America. However, understandings of the
nature and mechanism of wind erosion and its long-range
transport appear to be in the preliminary stage. In addi-
tion, although the inner region of Eurasian continent is
one of the major frequent dust storm outbreak regions,
comprehensive research works in this region are still
lucking. It is generally believed that the aeolian dust
from the Eurasian Continent will affect the climate condi-
tion of the Northern Hemisphere. Thus, there is a strong
need for synthetic research work for investigating the
mechanisms of aeolian dust outbreak from the Eurasian
continent and its long-range transport. For this purpose,
it is desirable to develop international cooperative research
activities for the understanding of these processes.

3. Objectives

To estimate the impacts of aeolian dust on global
climate system, it is indispensable to evaluate its supply
to the atmosphere and into the ocean. It is also important
to figure out the spatial and size distributions of atmos-
pheric mineral dust and its seasonal to annual variation.
In addition, information of the physical and chemical
characteristics of aeolian dust, e.g. complex refractive

* Meteorological Research Institute. 1-1, Nagamine, Tsukuba 305-0052, Japan.

(Received, July 5, 1999; Accepted, December 10, 1999)



index, is required. The essential steps toward under-
standing the mechanisms of aeolian dust outbreak and its
long-range transport are as follows.

(1) Intensive field researches in the dust outbreak
regions for the understanding and the parameterizing
of the dust erosion processes.

(2) Observations of long-range transport and sedimen-
tation processes of aeolian dust to obtain three-
dimensional distribution of aeolian dust size and its
concentration.

(3) Analyses of the mineralogical, physical, chemical
and isotopic compositions of dust particles including
its size distribution and of the horizontal distribution
of deposition rate of acolian dust from source region
to Japan.

(4) Mapping the land surface conditions for use in the
dust model.

(5) Build up an integrated dust model including dust
erosion scheme, boundary layer processes, and

,:f Transport to the
A \ free atmosphere )=

Measurement of streamwise ;
dust flux and transport to
the atmosphere

= network, dust
. (IOP, long-term monitaring

sampling and

analysis
_Q_t‘udy on the mechanism
of dust outbreak

Lidar and radiometer

analysis, and satellite

Stu the mechanism of
long-range transport
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three-dimensional distribution in the atmosphere in
order to access the time variation of dust emission
rates into the atmosphere and the ocean.

(6) Figure out the characteristics of the severe dust

storm and to analyze its mechanism.
4. Strategy

The outline of the research plan is shown in Fig. 1.
The research plan is categorized into three sub-groups,
G1 to G3. Groups G1 to G2 are expected to supply the
boundary conditions, initial conditions and input data for
the model study, G3, and also supply the verification data
sets for the improvement of the model. Three sub-groups
are as follows;

(1) Observational and analytical studies on the wind
erosion and dust transport within ABL.

The aim of this group is to figure out the mecha-

Evaluation of radiative
forcing and
climatological analysis
for the past 50 years.

Evaluation of dust

outbreak to the
. atmosphere

Study on the evaluation of aeclian dust [} |
| outbrezk and its impact to the climate i

Fig. 1. Outline of the research plan.
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nism of dust outbreak and to evaluate the aeolian
dust flux from the boundary layer to the free
atmosphere.
Develop dust erosion scheme for integration into
numerical model and compile data for use in wind
erosion and boundary layer transport sub-models.

(2) Observational and analytical studies on the mecha-

nism of the long-range transport of aeolian dust.

The aim of this group is 1) to establish the Asian
Lidar and Radiometer Network (ALiRN) for observ-
ing three-dimensional distribution of airborne dust
in a continental scale including information of its
time sequence and size distribution and 2) to figure
out the mineralogical and isotopic characteristics of
the aeolian dust.

(3) Numerical studies on dust outbreak and long-range

transport of aeolian dust.

The aim of this group is to evaluate the supply of the
aeolian dust to the atmosphere including its three-
dimensional concentration and size distribution
during the past 50 years. For this purpose, we
develop the integrated dust model composed of
wind erosion, boundary layer transport, and long-
range transport sub-models. We also compile the
database of time variations of land surface condit-

ions for use in the model. In addition, based on the
information of 3-dimentional-size distribution and
concentration of aeolian dust during the past 50
years, we evaluate the radiative forcing of aeolian
dust and its relation to the climatic variability.

Necessary conditions for carrying out the research
activities in China to achieve item (1) through (3) are as
follows.

(i) Find out the most suitable observational sites

within the dust outbreak regions,

(ii) Organize a simultaneous observational regime
between Japan and dust outbreak region to follow up
the dust outbreak events,

(iii) Build up a supporting system for the long-term
monitoring, and

(iv) Compiling the data set of dust outbreak events in
relation to the land surface and hydrological
conditions during the past 50 years.

Reference

Tagen, 1. and Fung’s, . (1994): Modeling of mineral dust in the
atmosphere: Sources, transport and optical thickness. J.
Geophys. Res., 99 (D11)? 22897-22919.
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Field Research in the Dust Outbreak Regions for the Undersanding
and the Parameteizing of the Dust Erosion Process

Mikami Masao !, NacasHIMA Hideki 2, ABE Osamu 3,
It Hiroyuki 4, Maxi Taichi® and YaMaDA Yutaka ©

1. Minimum Requirements

The minimum requirements for Group 1 are as follows;
@ Data acquisition for the parameterization of dust erosion

sub-model and boundary layer sub-model.

For parameterizing the dust flux scheme, we need to
make a long-term automatic observation for meteorolog-
ical elements near the ground surface, soil wetness, dust
flux, and aeolian dust concentration and their size
distribution within the atmospheric boundary layer.

@ Information for the verification of dust model.

For the implementation of realistic dust model in order
to assess the dust impacts on the climate systems,
verification data sets inc]uding.streamwise dust flux
information, vertical dust flux information are required.
In addition, observations of the structure of boundary
layer and of aeolian dust distribution within the boundary
layer are needed for the verification of the boundary layer
sub-model.
® Information of the boundary conditions and parameters

used in the model.

Roughness length, size distribution and mineralogical
characteristics of the soil near the ground surface,
vegetation, and albedo are to be measured at the sites.

@ Monitoring the severe dust storm events.
Severe dust storms, accompanied by strong wind and

density current mixed with high density of dust, are
sometimes observed in the target regions, the Tarim
basin. In order to figure out the basic characteristics of
these events, we need to develop a simple and reliable
observation system including measurements of meteo-
rological elements and dust flux. Besides the automatic
stations, the visibility measurement by eye is recom-
mended.

2. Long-term Monitoring and Intensive Obser-
vation

In order to clarify the dust emission and transport
processes within the boundary layer under various con-
ditions, long-term monitoring of meteorological elements
and dust emission processes is proposed (Fig. 1).

For measurements of parameter incorporate into dust
model, intensive observation (I.O.P.) is also planned
during our stay in the study areas (Fig. 2).

Long-term monitoring is planned to be enforced at the
three sites for estimating dust emission rate from the
ground surface to free atmosphere. In addition, long-term
observation at the mountain areas in the southern part of
the Tarim basin is planned to make clear the relationships
between dust emission and local circulation system
around the basin. Observation sites are shown in Fig. 3.

! Meteorological Research Institute. 1-1, Nagamine, Tsukuba 305-0052, Japan.
2 Tokyo University of Fisheries. 4-5-7, Kohnan, Tokyo 108-8477, Japan.
3 Shinjo Branch of Snow and Ice Studies, National Research Institute for Earth Science and Disaster Prevention, STA. Tokamachi, Shinjo

996-0091, Japan.

4 Wakayama University. 930, Sakaedani, Wakayama 640-8510, Japan.
4 Ehime University. 10-13, Dogo-Himata, Matsuyama 790-8577, Japan.

5 The Institute of Physical and Chemical Research (RIKEN). 2-1, Hirosawa, Wako, Saitama 351-0198, Japan.

(Received, July 26, 1999; Accepted, January 7, 2000}
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Tig. 3. Map of the site planning for in situ and Lidar-radiometer network observations.
In situ observation [A: Cele, B: Akesu, C: Dunhuang)
Netwark observation [() Akesu, 2 Dunhuang, (3 Shapotou, @) Beijing,
(8 Yantai, @ Hefei, (7) Naha, ® Fukuoka, (9 Nagoya, (0 Tsukuba)

3. Discussion

In this workshop, all the participants took part in the
discussion about the research plan of Group 1. Extensive
discussion was made from technical problems to manage-
ment. It was summarized as following three points: 1) site
selection, 2) measurement of dust flux, and 3) coopera-
tion with other groups.

1) In order to observe the dust transport rate from the
boundary layer to free atmosphere, optimization of the
site selection corresponding to representative scale of the
dust outbreak disturbance is essentially important. As an
effective method, utilization of 3 dimensional regional
simulation model to estimate the typical horizontal scale

of diurnal and nocturnal circulation systems around the

research area are recommended.

2) In the long-term observation, direct measurements
of streamwise dust flux and vertical dust flux near the sur-
face will be difficult due to power supply and maintenance
problems. For this, a simple indirect method for the
measurement of dust flux during long-term observation
should be developed and tested in the field. One possible
method will be use of a simplified visibility meter using
forward scattering radiation signal.

3) Both soil sampling and fallout dust sampling at the
ground surface are included in the research plan of other
groups. FFor the purpose of efficient field planning, these
sampling tasks should be allotted to each field work
groups to cover a wide range of the continent. Building
up the systematic management of the field research

planning is essential for this purpose.
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Observational and Analytical Studies on the Mechanism
of the Long-Range Transport of Aeolian Dust

Yasur Motoaki !, TsucHiva Kiyoshi 2, Kai Kenji 3, UEHARA Toshikazu 4,
OotoMo Takeshi 3, Nacal Tomohiro &, Mizutant Kohei !, MiyaMoTO Jun?,
ITou Akihiko %, NakAZATO Masahisa ® and IcHix1 Akinori ®

1. Introduction

Long-range-transported dust originating from Chinese
deserts seriously affects climate in the Asian and
Northern Pacific region. Over the region, a large portion
of tropospheric aerosols is composed of aeorian dust
particularly in spring. The dust has significant effects on
the atmospheric radiation processes not only directly but
also indirectly, that is to say, they act as condensation
nuclei to form clouds which have a large effect on the
radiation budget of the atmosphere. The main objectives
of the observational and analytical studies are as follows.

(1) Estimate the amount of aeolian dust lifted from the

boundary layer to the free troposphere.

(2) Clarify the mechanism of the long-range transport

of airborne dust.

(3) Clarify the mechanism of the modification of dust

particles during the transport.

(4) Provide the model-simulation research group with

data sets.

2. Research Groups
1) Satellite remote sensing group

Among the first priority items in the study of the long-
range transport of aeolian dust, to which the contribution

of remote sensing is expected, will be 1) a mechanism for
the genesis of a dust storm, 2) the relationship between
meteorological disturbance and dust distribution, and 3)
radiative characteristics of dust.

Zhu and Zhang (1998) states that “a lot of studies show
that the gale days are more than the dust storm days in
the northwestern China, especially in spring. The occur-
rence of the dust storm is the small probability event”.
Their study suggests that strong wind is a necessary con-
dition, but not sufficient; and other atmospheric factors
and the land surface condition are also important. Jiang
et al. (1998) classified significant cloud features in GMS
(Geostationary Meteorological Satellite, “Sunflower” in
Japanese name) images for the genesis of intense and
extensive dust storms. The relationship between
meteorological disturbances and dust distribution is not
as simple as it appears in Figs. 1 and 2 and Fig. 6 of
Yoshino (1998). Fig.1 (a) and Fig.2 (a) indicate a band of
dust stretching from China to Japan on the northern side
of the cold front extending southwestward from a low
located to the east of the northernmost island of Japan.

In Fig.1 (b) there is no dust over the sea to the south of
Korea. After the point in time shown in Fig.1 (a) time, a
low-pressure system rapidly developed, as shown in Fig.2
(b). It is considered that heavy rainfall during the
passage of the low-pressure system and downward air
motion after the passage of the low accelerated the fall of

! Communications Research Laboratory. 2-1, Nukui-Kita 4-chome, Koganei, Tokyo 184-8795, Japan.

2 Hiroshima Earth Environmental Information Center. 2-1-1, Miyake, Saeki-ku, Hiroshima 7315143, Japan.
3 Graduate School of Human Informatics, Nagoya University. Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan.
4 Space Engineering Development Co. Ltd. EDC Build., 5-62-1, Nakano, Nakano-ku, Tokyo 164-0001, Japan.
5 Japan Meteorological Agency. 3-4, Otemachi 1-chome, Chiyoda-ku, Tokyo 100-8122, Japan.

% Meteorological Research Institute. 1-1, Nagamine, tsukuba, Ibaraki 305-0052, Japan.
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Fig. 1. GMS image of visible channel at 15]ST (Japan Standard Time) showing aeolian dust distribution:

(a) 15]ST, Apr.15, '79. (b) 15]JST, Apr. 16, '79.
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Fig. 2. Surface weather maps at 09JST: (a) Apr. 15,79, (b) Apr. 16, '79.
Weather and wind symbols are those currently in use in newspapers and junior and senior
high schoel education in Japan. Wind velocity is in the Beaufort scale. Weather symbols
(cloud coverage): O clear (£0.2), (D partly cloudy (0.3--0.8), © cloudy = 0.9), & snow.

the dust there. This will be important in modeling the
long-range transport of aeolian dust. The determination
of the dust area based on the visible channel data is
comparatively easy over a calm sea under cloudless
conditions if the dust layer is of more than moderate
thickness. owever, it is rare to obtain such an image in

the target study area, particularly off the coast of China.

Over land, it is also difficult due to higher reflectivity and
complex land cover. Legrand (1990) and Tokuno (1997)
successfully utilized thermal infrared data, while Dulac ef
al. (1998) derived a dust index from thermal IR data.
Since a newly developed satellite sensor has more
channels in the thermal infrared window spectra, the
usefulness of future satellite IR data will increase. Since
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the wind speed in the upper atmospheric layer is greater
than that of pressure system movement, fine dust blown
up into higher levels must be ahead of the center of a low-
pressure system. However, it is difficult to isolate a thin
layer of dust from present meteorological satellite
images; thus, it is necessary to develop an effective
methodology for the isolation of a thin layer of dust.
Some part of the radiative characteristics of the dust can
be obtained from measurements obtained with a ground-
based sunphotometer or similar sensors; however, the
analysis of actual outgoing radiance data recorded by a
satellite is indispensable in establishing the true radiative
characteristics of aeolian dust. Several countries, in
addition to Japan, have plans to launch new earth
observation satellites with higher spectral and spatial
resolution sensors. It is expected that more accurate
data on aeolian dust can be obtained through effective
study of data measured using new, more advanced
sensors. Although earth observation satellites have the
advantage of more sophisticated sensors, they also have a
disadvantage in that the same location can be observed
only at intervals of many days, and the chances of obtain-
ing good data on aeolian dust are few. Therefore, it is
necessary to develop a methodology to intercalibrate
different sensors and collate data measured with different
satellite sensors. Taking these issues into consideration,
the following research subjects are proposed.
A. Research subjects

1. Retrieval of dust area from satellite data.

2. Relationship between the extent of aeolian dust
area and meteorological disturbances.

3. Diffusion of aeolian dust during its long-range
transport.

4. Radiative characteristics of aeolian dust in visible-,
near- and thermal-infrared spectra.

5. Estimation of spectral optical thickness of aeolian
dust.

6. Intercalibration of different satellite sensors and
collation of data measured with different satellite
sensors.

B. Ground truth surveys

The ground truth at representative spots is indispens-
able for the analysis of satellite data. The survey includes
the following information.

Measurements of 1) spectral reflectance of ground

surfaces with stable uniform reflectivity such as sand and
rocky deserts, using a portable spectral radiometer; 2)
spectral reflectance over lakes and sea surface; 3) solar
spectral radiance using a sunphotometer; 4) surface tem-
perature using a portable thermal infrared radiometer; 5)
the sky temperature, using a portable infrared radiometer,
as a measure of the degree of transparency of the atmos-
phere; 6) the near-surface temperature and humidity
using an Assman ventilated psychrometer.

Panoramic views using a portable video camera will
also be collected at significant places.

2) Ground-based remote sensing group

Ground-based remote sensing will be performed using
lidar and sunphotometer. The main objectives of the
observational studies are the clarification of the long-
range transport mechanisms, the clarification of the
structure of the dust layers in both China and other
countries along the route of the long-range transport of
the dust. Furthermore, the model-simulation group will
be provided with the results of the analysis as a data set,

to improve the accuracy of the simulation.

1. Observation of vertical structure of dust layer in

Taklimakan Desert

Fig.3 (a) shows the result of a simulation of the long-
range transport of aeolian dust originating in the Takli-
makan Desert. The simulation was carried out using real
data sets of March 1986. The scenario for the transport
of the dust is shown in Fig. 3(b). Dust on the ground
surface was blown by turbulent winds up to the boundary
layer (about 100 m from the ground); after that the dust
was lifted to the uppermost level of the mixing layer (a
few km from the ground). This level is called the entrain-
ment layer, in which the exchange of matter between the
mixing layer and the free troposphere occurs. The
aeolian dust, which was lifted through the mixing layer
and entrained into the free troposphere, was transported
to Japan in 5 or 6 days by the westerlies.

Fig.3 (c) shows the vertical structure of a potential
temperature profile in the mixing layer. There is a strong
inversion at the top of the layer. Generally, aeolian dust
is lifted into the inversion. Fig.3 (d) shows a view of the
dust layer above the Taklimakan Desert observed from an
airplane on February 20 in 1991. There was a dense dust
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Fig. 3. (a) Long-range transport of aeolian dust originating in the Taklimakan desert. (Kai ef al., 1998)
(b) Illustration of the mixing layer and the boundary layer. (Oke, 1987)
(c) Potential temperature profile in the mixing layer. (Kai et al., 1998)
(d) ustration of the dust layer above the Taklimakan Desert. (Kai, ¢ al., 1998)

layer between the ground and the height of around a few
km. The dust layer contained much dust, and visibility
was not clear inside the layer. There was an entrainment
zone at the top of the dust layer where the exchange of
particles between the dust layer and the free troposphere
occurred. There were cumulus clouds present at the
height of the entrainment layer. Above the cloud layer,
the view was clear, and we could see the Tianshan
Mountains.

The major objective of the observational study is to
measure the thickness of the dust layer above the
Taklimakan Desert. Furthermore, we will broaden the
research to include clarification of the characteristics of
seasonal variation of the dust layer.

2. Observation of vertical structure of dust layer in Shapotou

The Communications Research Laboratory has carried
out lidar observations of the dust layers at Shapotou
which is located in the northeast of Lanzhou. Fig.4
shows an example of the result observed using the lidar.
Generally, for lidar observation, there is a lower limit of
observable altitude, as shown in Fig.5. In the case of the
current lidar system at Shapotou, this limit is around 1.5
km. To clarify the structure of the dust distribution in the

lower mixing layer, it is necessary to extend the obser-
vation range toward levels below 1.5 km. To achieve that,
we plan to modify the current system.

Figure 6 shows the seasonal variation of integrated
backscattering coefficients for the height range between
1.5 km and 6 km observed in 1995 and 1996. The amounts
of the dust were relatively large in the spring and summer.
In the winter, the amounts were small. There was no
observation from December to March, because the
observatory was closed during the coldest season. To
attain a complete understanding of the seasonal variations,
we will consider the possibility of continuing the observa-
tion during the coldest season.

The observational research work will be carried out in
collaboration with the Institute of Desert Research in
Lanzhou.

3. Observation of vertical structure of Kosa-dust layers in
Japan
The meteorological Research Institute has carried out
lidar observation of the stratospheric aerosols in Tsukuba
and Naha. In this study, we are going to modify the lidar
systems in order to observe the tropospheric dust layers.
Furthermore, we plan to build a simple aerosol lidar
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which is easy to transport and operate. Using these
lidars, we will observe alterations of the vertical structure
of the dust layers transported along Japan. The results of
the observation will provide important information with
regard to the mechanisms of the long-range transport
and modification of the dust layers.

4. Observation of atmospheric turbidity using sunpho-
tometer
The World Meteorological Organization (WMO) has
initiated a Global Atmosphere Watch (GAW) Programme
to measure current levels of pollution and to document
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trends in changing chemical compositions and physical
properties of the atmosphere. The Japan Meteorological
Agency (JMA) has been monitoring atmospheric tur-
bidity using sunphotometer at three stations, Ryori,
Minamitorishima and Yonagunijima (Fig.7), which are
GAW observation stations.

In this study, observation at Tsukuba, as an additional
station, is intended to be carried out in order to compare
the results with those of the observations by lidar.

Atmospheric turbidity is measured using a sunpho-
tometer mounted on a sun tracker (Fig.8). Narrow band
filters for 5 wavelengths (368, 500, 675, 778, and 862 nm)
are mounted on the EKO sunphotometer MS-110, as
recommended by the WMO as suitable for turbidity
observation. The turbidity observation is carried out
three times a day with adequate instrumental mainte-

Specification of Sunphotometer

Type : BKO MS-110
Detector: Silicon Photo-diode
Filter : Interference Filter
Aperture Angle (Whole) : 2.25°
Temperature Dependence :

Whole Thermo-controlled at 45°C

Weight of Instrument  : 8kg

Fig. 8. Sunphotometer mounted on a sun tracker.
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nance, e.g., regular cleaning of the face of the glass. For
analysis, optical depths are calculated from output
voltages (irradiance measured at the stations) on the
basis of the calibration constant (relative irradiance
outside the atmosphere) determined beforehand by the
Langley method.

Since 1995, the atmospheric turbidity observed using
the sunphotometer at Ryori has been at the same level as
before the eruption of Mt. Pinatubo in July 1991. The
observation of aerosol optical depth at 368 nm and 862

nm suggests that the contribution of aerosols of small

3. Summary

Observational and analytical studies will be carried out
using remote sensing equipment, that is, satellite-borne
sensors, lidar and sunphotometers. The observations will
be performed in China and at some locations along the
route of the long-range transport of the aeolian dust.
Teams in the group will be coordinated with each other
to enable the studies to be carried out effectively.

The model simulation group will be provided with the

results of the studies as a data set to improve their

radius to the atmospheric turbidity is greater at Ryori simulation.
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from Source Region to Japan
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1. Introduction

An Asian dust event is a common phenomenon that
occurs frequently during spring in arid and semi-arid
regions of the Eurasian continent. Particles ranging from
submicron to micron size are blown into the upper atmos-
phere and are transported over long distances to East
Asia and Pacific regions by strong westerly winds. Such
mineral dust particles have been attracting increasing
attention recently because they play an important role in
global climate change.

As described in the previous session, we propose a
systematic research plan for the full understanding of the
mechanisms of aeolian dust outbreak and its long-range
transport.

The aims of group 3 are as follows.

1. Provide information necessary for a modeling group,
such as size distribution, as well as other chemical and
physical properties of aeolian dust particles.

2. Provide information necessary for remote sensing
observation.

3. Focus on determination of the source of aeolian dust.

4. Verification of the numerical model study.

For these purposes, systematic sampling of aeolian
dust particles from source regions and during their long-
range transport, as well as of glacier ice core, loess and
paleosol deposits will be carried out.

2. Research Subjects

1) Grain size distribution

Grain size distribution data of aeolian dust is infor-
mation necessary for remote sensing observation and
numerical study. Therefore, we note this subject as a
minimum requirement of subgroup 3. There are several
different methods and instruments with which to measure
particle size distribution (Table 1). In this fiscal year, we
will carry out preliminary experiments and select the
method and instruments appropriate for our purpose.

2) Mineral composition

The mineral composition of aeolian dust is not only an
important factor in estimating the impact of aeolian dust
on the global climate system, but it is also information
necessary for remote sensing observation. EPMA and
SEM observations will be employed to investigate the
chemical composition of individual particles and to
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Table 1. Aeolian dust particle size distribution analysis.
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. Range Price
Method Principles (um) Note (¥)
Optical microscope lmage * * *
Sieving Di; of particle that pass through the net >32 *
Sedimentati Stokes” law Pipette method (JIS Z 8901) and hydrometer
Pipettc method and Appareat diameter becomes small if pasticle is not 0.001- 500 [method (JIS A 1204) are time consuming.
Photo/X-ray-transmittance _|°* (Stokes -~
Photon lati hod anslyzing of Measurement of particle size distribution, average
Dynamic scattering scattering il by Brown ment of particle. 0.003-5 [diameter, molecular weight, and cocfficient of *
Fluid resistant diameter. diffusion for colloidal particles.
. _ [Photo seanering sqivalem iamein Short measuremeat ime (sbout 20 sec), good
Laser diffraction / scattering In case of non-round sphere, longer diameter or 0.04 - 2000 :cproducx:;::l;;,er c:;;y use. App?renits p:i;:le size >9,800,000]
equivalent to equal volume sphere.
[rrelevant to shape, refraction rate and specific weight. Measurement time: 10-30 sec.
Electro zone method/ Sensitive to the distribution of smaller size. Diameter 0.3- 1200 [M ing range is 2-60% of sampling capillary. >17,800,000)
equivalent to equal volume sphere. Particle smaller than lower limit is ignored.
T Obtain the information of particle picture, size
:"“;‘l” ?’s"‘ particle image ;e ibution by real time image analysis of particles in 1-160  |About 3 minutes per one sample >22,000,000
¥s! suspended solution.
Capillary hydrody S on and detection of particl ity moving _
fractionation method through Poiseuillc fluid in capillary. 0.015- 1.1 f* >12,500,000
. . . s . . Real time measurement for aerosol with 100,000
;:{:gty’nmxc time of flight Dclsclion by laser using air dynamic time of flight 0.2- 700 I iclesfsec, 10% resolution, Sampl ) 8,500,000
0.01-1g.

estimate mineral species.

3) Chemical composition

Bulk chemical compositions have been used for the
source apportionment of aeolian dust. For example, a
higher enrichment factor (EF) of elements to the earth’s
crustal composition is thought to correlate with a higher

between elements and airborne particulates is often used

to estimate sources of each element (Fig.1). In this study,
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Fig. 1. Aerosol particles of various origin.

the aeolian dust particles collected will be measured by
several analytical methods (EPMA, XRF, ICP-MS, ICP-
AES etc.), and by combining the single particle and bulk
analysis, the amount of mass transfer of specific chemical
species will be assessed.
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4) Isotope composition

The isotope composition of some elements has been
used as a useful tracer of material circulation on the
earth. However, very few isotopic studies of aeolian dust
have been carried out. This is partly because of the
difficulties of systematic sampling and also of obtaining
sufficient amounts of samples. In this study, we aim to
introduce oxygen, sulfur, strontium, neodymium and lead
isotope compositions in order to trace the movement of
aeolian dust particles.

1. Oxygen isotope composition

The oxygen isotope composition of quartz, once formed,
is not modified during the processes of weathering,
transportation and sedimentation; therefore, the oxygen
isotopic signature of quartz provids definitive evidence of
the origin of soils and sediments (Fig.2).

2. Sulfur isotope composition

Sulfur is one of the common elements in the earth
environment. Sulfates in the atmosphere are considered
to come from four sources; (1) industrial sulfur, (2)
bacteriogenic hydrogen sulfide, (3) sea spray sulfate, and
(4) volcanic sulfur. Several works pointed out that mineral
dust can react with sea salt, SOz and NOy. Sulfur isotope
ratio of non-sea salt sulfate in aerosol was higher in
spring than that in the other seasons. This remarkable
seasonal variation suggested that non-sea salt sulfate in

spring was derived from the source having a higher
sulfur isotope ratio, such as sulfate in desert soil from the
Asian Continent. In trace chemical modification of
mineral dust during long-range transport, sulfur isotope
ratios will be as one of the useful tracers (Fig.3).

3. Strontium and neodymium isotope systematics

Strontium and neodymium are trace elements in
common rocks and minerals, and their isotopic composi-
tions are characteristics of each mineral or rock. Its
isotopic comosition depends on the age and Rb/Sr ratio
of the rock or mineral because of the formation of the
radiogenic ¥Sr by the decay of naturally occurring ®Rb.
Similarly, Neodymium isotopic composition depends on
the age and Sm/Nd ratio due to the decay of ’Sm to
143Nd. Therefore, Sr and Nd isotope systematics
contribute significantly to estimation of source materials
and source regions of aeolican dust (Fig.4, Fig.5).

4, Lead isotope composition

Lead isotope ratios (***Pb/?%Pb and 2°’Pb/?%Pb) in
aerosol samples, which collected in Japan, observed had
large variations. Aerosol samples were classified into five
categories based on the five areas where air mass
trajectries passed over. Those are (1) Japan, (2) Russia
and nortern China, (3) northern China and northern
Korean peninsula, southern Korean peninsula and middle
China, and (5) southern China. Lead isotope ratios from
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each categorized area indicated characteristic value
individually. These differences are considered to depond
on the degree of the countermeasure of lead source in
each region. Lead isotope ratios in aerosol could be good
tracers to indicate long-range transport of air pollution in
the Asian region.

5) Rate of dust deposition estimated from glacier ice
cores
Dust fall frequency has been recorded in the glacial
ice. Thus, we can reconstruct the dust flux based on

microparticles which are trapped in glacial ice core, and
use the results to verify the numerical model study
(Fig.6).

3. Sampling Methods and Schedules

3-1 Aerosol sampling using air samplers

3-2 Direct sampling of dust deposition

3-3 Direct sampling of aeolian dust using balloons/air-
planes

3-4 Sampling of aeolian dust trapped in glacial ice/snow
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Fig. 6. Reconstructed dust flux based on microparticle analysis for a core from the Chongce

Ice Cap, West Kunlun Mts., China.

3-5 Loess/paleosol sampling

Items 3-1 and 3-2: Radar and satellite observation
stations will be constructed by group 1 and group 2 in
source regions and along the route of long-range trans-
port from northwestern China to Japan. To provide
information necessary for remote observation, direct
sampling of aeolian dust particles will be carried out at
the same locations. It is necessary to develop a long-term
and simultaneous sampling system. To avoid local

anthropogenic contamination as much as possible,
sampling sites should be remote from industrial or
residential areas.

Item 3-3: To verify the numerical study of long-range
transport, it is necessary to collect aeolian dust particles
using balloons or airplanes and to determine spetial and
size distributions.

Items 3-4 and 3-5: To verify the integrated dust model
which will be built up by group 5, we will take glacial ice



cores and characterize the aeolian dust particles trapped
in it. Loess and paleosol will also be sampled for
verification of past climate changes.

4. Summary

To carry out studies on the physical and chemical
properties of aeolian dust, it is necessary to collect
aeolian dust particles using air samplers and fallout
collectors. Aeolian dust trapped in glacial ice/snow and
loess/paleosol sediments will also provide useful
information about past aeolian dust.

The model simulation group and remote sensing
observation group will be provided with the results of the
studies to improve their simulation and observation.
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Analytical Studies on the Relationship between
Land Surface Conditions and Outbreak of Aeolian Dust

Maki Taichi !, YosHINO Masatoshi 2, It Hiroyuki 3,
TsucHIYA Kiyoshi# and SuciHAra Shigehiko °

1. Introduction

The main study objectives are the evaluation and
analysis of data of the ground and ocean surfaces,
satellite data and various experimental results with
regard to the influence of aeolian dust upon natural and
social environments and the interrelation between dust
and land use/cover, water use, vegetation deterioration
and desertification.

Such data provide (1) information about the
distribution of dust outbreak regions and their relation to
land use and water use, (2) information about annual
variations of land surface conditions for the evaluation of
seasonal, annual and interannual changes of dust storm
outbreaks, and (3) valuable information about the role of
nutritional salt deposited into the ocean from the view
point of carbon circulation between the ocean and the
atmosphere.

2. Study Methods and Schedules

1) Study methods and analyses

(a) The study field is the arid and semi-arid regions in
China from the northwest part to northeast part, and in
the regions on the land and sea in and around Japan.

(b) Various data are collected on the ground surface and
ocean surface and from a satellite, and are evaluated and
analyzed.

(c) The study will clarify the relationship between dust
storm occurences and the natural and social environments.
(d) The study of the natural environment makes clear
the surface conditions of pebbles, sand and soil, climate,
water content, and types of material and so on, which will
be put into the simulation studies.

(e) The study of the social environment concerns with
the properties of water usage and land surface change
during the last 50 years, and their contribution to dust
storm occurrences.

(f) The influences of dust are analyzed by various exper-
iments on the standpoint of crop science in China and
Japan, and countermeasures against agro-meteorological
disaster by the falling dust are inquired.

(g) The contents of main studies are described in the
following section 3 from 1) to 5).

2) Study schedules and study items
(a) Study period 1999: Feasibility studies.

The study group members will select and decide a
study field and position, and a cooperative study institute.
They will also formulate a study project plan, and discuss
and finalize the actual study program from 2000 to 2004.
(b) Study period 2000-2001 in the first phase: Observa-
tions, surveys and experiments in regions such as the
Taklimakan Desert, Gurbantunggut Desert, Xinjiang,
Lanzhou in Gansu, Beijing, etc. from the northeast part to
the northwest part of China and in Japan.

(¢ Study period 2002 in the first phase: As above, extend-

! Ehime University. 3-5-7, Tarumi, Matsuyama, Ehime 790-8566, Japan.
2 Emeritus Professor, University Tsukuba. 5-1-8-202, Komazawa, Setagaya, Tokyo 154-0012, Japan.

3 Wakayama University. 930, Sakaetani, Wakayama 640-8510, Japan.

4 Hiroshima Earth Environmental Information Center. 2-1-1, Miyake, Saeki, Hiroshima 731-5193, Japan.
5 National Fisheries University. 2-7-1, Nagatahonmachi, Shimonoseki, Yamaguchi 759-6595, Japan.

(Received, July 10, 1999; Accepted, December 1, 1999)
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ing to include analyses, presentations and interim
reports.

(d) Study period 2003 in the second phase: Surveys,
observations and experiments (as in study (b)).

(e) Study period 2004 in the second phase: Including

analyses, presentations and final reports.
3. Study Plans of the Individual Subjects

1) Study plan of Sub-Group 1

(a) Japanese team members: Yoshihisa Funra, Tetsuo
MivazawA and Masatoshi YosHINO, Institute of Geogra-
phy, Aichi University.

(b) Study area in China: Oases in the Taklimakan Desert
(Tarim Pendi).

(¢) Contents of study:

In order to study the water usage and land surface
changes in the past and present and their contribution to
dust storm occurrences, differences in the oases between
the northern, southern and western regions of the desert
are clarified by the following study methods: (1) inter-
viewing local the farmers, (2) measurement of water
amounts, temperature and pH at typical points at the
respective oases, (3) literature surveys, (4) collection and
analyses of previously published data and materials, and
(5) ground truth for the satellite images, which will

(&

(%) .

S G

& 9%
%

<
Agro-environment

Influence of dry and wet aeolian
dust-fall on agro-eivironment

support the Sub-Group 4 activities.

Contents of the study program are as follows: (1) inter-
view (about 2 hours per family, 6 to 10 families at the
respective oases) of farmers and observation of water
usage at the oases in the southern regions (Hotan, Qira,
Qiemo, Ruogiang), (2) interview (as above) of farmers and
observation of water usage at the oases in the northern
regions (Akus, Kuqa), (3) interview (as above) of farmers
and observation of water usage at the oases in the western
regions (Kashi, Yecheng), (4) collection of previously
published data and materials on irrigation planning, water
and land use, and (5) finally, analyses and study will be
carried out. The results of the study will be published by

the Japanese and Chinese researchers as co-authors.

2) Study plan of Sub-Group 2
(a) Japanese team members: Taichi Maki, College of
Agriculture, Ehime University and Mingyuan Du, Nation-
al Institute of Agro-Environmental Sciences.
(b) Study area in China and in Japan: Around the
Taklimakan Desert and the Gurubantunggut Desert,
Xinjiang, near Lanzhou and Beijing, and in Japan.
(c) Contents of study:

The study contents and areas are shown in Fig. 1.

(1) Studies in China: The relationship among dust
storms, desertification and the agro-environment (drifting

Collection and analysis of soil
and rainfall, Experiments using
climatron and wind tunnel

Influence of climatic change
on agro-environment

Fig. 1. Influence of sand and dust on the agro-environment.



sand and aerial dust), and prevention methods for agri-
cultural disasters (windbreaks and straw-mat network).

Field survey and data collection with regard to the effect -

of dust-fall on the agricultural environment. Clarification
of the direct effects on the agro-environment of dry and
wet dust-falls and the indirect effects on the agricultural
environment of meteorological or climatic change from
the middle to the eastern parts of northern China.

(2) Studies in Japan: The effect of climatic change on
the agro-environment; analyses of the effect on agriculture
and the agro-environment based on the amount of dust-
fall and the migrations of sand, soil and dust, by the Cs-
137 measurement method and by wind tunnel experi-
ments.

3) Study plan of Sub-Group 3

(a) Japanese team members: Hiroyuki II and Tatemasa
HirATA, Faculty of Systems Engineering, Wakayama
University.

(b) Study area in China: Some oasis villages (Aksu,
Hotan, Kashi and Kuqa) around the Taklimakan Desert
and the Shapotou Study Station near Lanzhou.

(c) Contents of study:

First, it is important to study surface conditions in and
around desert areas for the clarification of dust migration.
In particular, dust migration is affected by water content
and types of materials in the surface. Then, water
content changes in the soil will be measured to clarify the
relationship between dust storms and water content in
soil and to estimate the evaporation rate of water.

Isotopic ratios of hydrogen and oxygen in soil, river
and well water will be studied in order to estimate the
evaporation rate of water and water origins. Chemical
compositions in soil, river and well water will also be
measured to estimate water migration in soil. Geological
surface conditions will be studied to clarify the relation-
ship between dust storms and geology by measuring the
thickness of weathered rock, size of materials in soil and
ancient dust deposit layers from trenches and outcrops.

4) Study plan of Sub-Group 4

(a) Japanese team members: Kiyoshi TSUCHIYA and Yuzo
Suca, Hiroshima Earth Environmental Information
Center, Yoshinari Ocuro, Hiroshima Institute of
Technology, and Tamotsu IGARASHI and Muhtar QONG,
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National Space Development Agency of Japan (NASDA).
(b) Study area in China: Around the Taklimakan Desert,
and western parts of Gansu and Inner Mongolia.

(c) Contents of studies:

For the study of the genesis of a sand storm, the distri-
bution of the sandy desert is one of the most significant
factors. Therefore, the development of a methodology
for the classification of sandy and rocky deserts is of vital
importance.

In view of the fact that new satellites with higher spatial
and spectral resolution sensors will be launched soon,
the study of the following subjects based on remote
sensing is proposed.

(1) Determination of the most suitable index to evalu-
ate the landcover status of arid region.

(2) Determination of the sandy desert areas signifi-
cantly contributing to the genesis of aeolian dust.

(3) Seasonal and annual changes in landcover/land use.

(4) Roughness of land surface.

(5) Characteristics of the soil.

For the analysis of satellite images, ground truth
surveys covering the following material will be carried
out.

(1) Spectral reflectivity of different landcover types in
the range from visible to near-infrared spectra using a
portable spectral radiometer.

(2) The surface, near-surface and underground temper-
atures using a portable thermal IR radiometer.

(3) Near-surface temperature, humidity and winds
using an Assmann ventilated psychrometer.

(4) Landcover/land use images with portable and 8 mm
video cameras.

5) plan of Sub-Group 5
(a) Japanese team members: Shigehiko SUGIHARA and
Tomoharu SENJYU (Dept. of Fishery Science and Tech-
nology) and Yasuhiro HAwAYAKA (Dept. of Fisheries
Information and Management), National Fisheries
University.
(b) Study area in Japan: Three stations in the north of
Shimonoseki City, Yamaguchi Prefecture, Japan.
(c) Contents of study:

Study contents and areas are shown in Fig. 2.

Chinese dust transport over the Yellow Sea to Japan is
quantitatively assessed on the basis of material and optical
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: § [Je Coltection of dust fallowt
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of for ination of dust deposition in ocean

Fig. 2. Dust collection and atmospheric transmittance
measurements at Shimonoseki, along with the
determination of atmospheric dust concentrations
from satellite data.

data collected at Shimonoseki, which is situated in the
westernmost part of the main Honshu island and under a
general “milk road” for dust transport.

Dust concentrations near the land surface and the
amount of dust fallout are directly determined by
collecting the dust through air filtration, while the total
concentration of dust suspended in the troposphere is
monitored using an atmospheric transmittance meter.
Then, the relationship between material and optical
measurement results is investigated.

In addition, the amount of dust deposited in the sea is
determined in coastal seawater sampled at two stations in
the north of Shimonoseki City.

On the other hand, horizontal dust distribution in and
around Shimonoseki is estimated based on remote
sensing data. For this purpose, we develop and discuss
an algorithm for evaluating the amount of atmospheric
dust on the basis of remotely sensed radiance, paying
attention to radiance variation with land height.
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Numerical Modeling of Aeolian Dust Emission
and Long-distance Transport

CHIBA Masaru*

1. Background

Wind erosion is a serious environmental problem in arid
and semi-arid regions in the Continents. It occurs when
the ground-surface is devoid of vegetation and the soil
water is limited. Under such ground surface conditions,
strong winds sometimes lift up dust particles together
with drifting of sands. These small-sized dust particles,
approximately <10 pum in diameter are suspended in the
air and decrease visibility sometimes to less than 1km,
They usually contain mostly organic matter and nutrients,
and can be carried a long distance by wind as dust
storms. Such dust storms cause damage to the public.
Moreover, to clarifilication of the effects of dust on
climatic and global environment is now an urgent issue.
The relatively smaller soil particles, sometimes called
mineral dust or aeolian dust, are lifted up and carried to
the surroundings to far regions far from the source area.
Not only are these mineral dust activated as cloud
condensation nuclei probably controlling the optical
nature of clouds or the precipitation amount, but they
also affecting the radiative forces in the atmosphere via
scattering and absorbing of short and long wave radia-
tions. Furthermore, mineral dust probably enhances the
biological activity of plankton in the ocean which is one
of the important factors in the carbon dioxide cycle.
However, the magnitude of this effect is still not clear.
Uncertainty in the knowledge of quantitative effects of
aeolian dust on radiation processes or biophysical
processes basically originates from little knowledge
available on the quantity of dust lifted from the ground
surface, how far this dust is transported into the atmos-
phere, and where it is deposited. Hence, it is very

important to develop a simulation system for dust
processes and to evaluate the behavior of mineral
particles quantitatively on space and time scales.

2. Proposal

The wind erosion model has been intensively studied
in the United States and Australia mainly in the field of
agriculture to protect the cultivated fields form severe
dust storms. However, on the Asian Continent, the actual
situations and the understanding of the mechanism of the
wind erosion of dust is still unknown. Thus, we will
attempt to evaluate the amount of dust outbreak from the
Asian Continent and its long-distance transport together
with the amount of dust deposited on the earth’s surface
by using a numerical model. Because the soil erosion
model must include many sub-processes to simulate
dynamics and chemical process on the soil surface, the
model becomes very complicated. However, it is possible
to parameterize these processes through intensive field
studies and by the development of analysis methods of
satellite data.

The long-distance transport of dust is usually evaluated
using an atmospheric general circulation model. But
because of the limitations of computer resources, the
resolution of the model is not sufficient to simulate the
behavior of the dust immediately after it is lifted up into
the atmosphere. We will overcome this drawback by
developing a meso-scale atmospheric model which repre-
sents local circulation and weather systems. By linking
these two numerical models it is possible to simulate the
behavior of dust uptake from the Asian Continent into the
atmosphere. By comparing the data obtained by various
field studies such as analysis of dust samples, measure-

* Meteorological Research Institute. 1-1, Nagamine, Tsukuba 305-0052, Japan.

(Received, December 5, 1999; Accepted, January 7, 2000)



258

ment of dust concentration by the lidar network and so
on, the models will be revised and improved so thaat they
are sufficiently accurate for evaluating the impact on the
climatic system by wind eroded dust.

The model consists of the following three sub-models.
1) Wind erosion sub-model

To evaluate dust emission from the ground surface, we
must simulate the following procedures
(1) Local weather forecast or simulation of past weather

where wind velocity is well simulated.

(2) Estimation of frictional velocity and streamwise sand
transports.

(3) Dust emission based on both saltation bombardment
and aerodynamic forces.

In this submodel, several data bases are necessary
such as terrain maps, vegetation cover, soil moisture, as
well as grain size distribution of soil and sand at 10km
grid points.

2) Meso-scale sub-model

To simulate the behavior of dust immediately after it is

lifted up into the atmosphere, a local meso-scale numerical

model of fine grid size must be developed. In this model,
dynamics and physical processes in the atmospheric
boundary layer are well realized and the vertical transport
of dust associated with vertical motion and turbulence of
air is simulated. For this sub-model, a database of the
local climate including data such as the basic vertical
structure of temperature and water vapor should be
prepared together with air pressure distribution in the
upper atmosphere.

3) Long distance transport sub-model

To simulate dust transport over long distances, we use
the Atmospheric Global Circulation Model (AGCM)
developed by MRI. This model is modified slightly to
match the above meso-scale numerical model. In this
model, a global data set, which is used at AGCM, is
necessary.

Our goal is to estimate a half-century history of dust
suspension, long distance transport and deposition by
using the above three numerical sub-models with the aid
of suitable data base sets. In close collaboration with
Chinese and Japanese scientists, hope to achieve our goal
with great success.
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