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ABSTRACT:

The SKYNET observation network in the East Asia is introduced. The objectives of this network are to
measure the atmospheric radiation budget and related atmospheric parameters, such as aerosol, cloud and
soon. The network data is also useful for satellite validation activities.

Some examples of satellite validation of aerosol and cloud parameters are presented using these data
and show the usefulness of the SKYNET. A cloud validation is not sufficient yet, but will be valuable
after the improvement of algorithms to estimate cloud parameters. And super sites of the SKYNET can
give information to understand the atmospheric structure consistently.
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1. Introduction

As pointed out in IPCC report(2001)[1], acrosol and
cloud can give an important contribution to the Earth
radiation budget and the climate change, but our
knowledge of its performance is still not enough.
There are now several points to consider in this
research field, one of these is the radiative forcing of
aerosol and cloud. There have been many results on
this effect[e.g., 2,3]. However, it is not sufficient for
regions as FEast Asia where the atmospheric
environment and surface conditions are being changed
due to urbanization, industrialization, and/or
desertification.

The other point is the indirect effect of aerosols
accompanied with an environmental change naturally
and economically. East Asia is a suitable target for this
research. Kawamoto and Nakajima(2003)[4] found a
gradual decreasing trend of cloud particle radius in this
region from the NOAA/AVHRR analysis, but because
of several reasons this would be not completely real.
Also Sobajima et al.(2004)[5] using the same kind of
satellite data pointed out the increase in aerosol optical
thickness over the sea of the East Asian region around

the Japan island.
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Figure. 1. Map of the SKYNET observation
network.
The radiation budget at the surface and the TOA as
well as in the atmosphere is affected by the effects.

These should be assessed comprehensively by ground
observations.

2. SKYNET observation network system
Based on these research request(i.e., an assessment
by ground observations of the radiation budget at the
surface), an observation network, named SKYNET, has
been established in East Asia, as shown in Fig.1. This
is a grass-roots effort basically made by integrating
each researcher’s activity in the network, with support
of local institutes, universities or governmental

agencies in various aspects, i.e., to the maintenance of
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observational instruments and analysis or archiving
data.

The SKYNET data are also useful for validation of
satellite analysis in the monitoring of the global
environmental change.

BSRNJ[6] and GAW[7] are the international networks
useful for SKYNET in the learning of how to select and
set the instruments for radiative flux measurements.
AERONET][8] is another network to be coordinated for
performing sun/sky brightness measurements.

2-a SKYNET site and Instrumentation

The SKYNET sites are selected at various climate
regions, as shown in Fig.2, which represent the
relationship of monthly mean downward solar radiation
as a function of site latitude. The smooth lines in the
figure show the surface downward solar radiation at the
middle of each month, simulated for completely dry
and aerosol-free atmosphere. Periods from October to
January have relatively a small amount of cloud.
Especially, northern highland sites seem to have the
smallest cloud. These are in the desert or gobi areas.

SknvETCl imatesis: aa

p——

Figure.2. Monthly mean surface solar radiation
observed at each site(Jan.[upper left], Apr.[lower left],
Jul.[upper right], and Oct.[lower right]).

Also panels of Fig.2 suggest a large amount of cloud
in the mid-latitude, especially during April to July.
Temperature variation is so wide from the sub-tropical
than 30deg in
—20deg in

to sub-arctic, such as more

Srisamrong(sub-tropical) to almost
Mandalgobi(sub-arctic), not shown here.
The SKYNET has two site categories depending on

observational instruments to be set. One is a basic site,

Autor: T. Takamura et alt.



the other is a super site, as shown in Table I.

Table I Instruments at SKYNET site

Site location Instrument

Donhuang(China) Sky radiometer
Basic Yinchuan(China) Pyranometer
site Mandalgobi(Mongolia) Pyrgeometer
Pune(India)
SriSamrong(Thailand) (In addition to above)
Hefei(China) Pyrheliometer(not all sites)
Super Fukuejima(Japan) Nephelometer
site Amami-oshima(Japan) Absorption meter
Miyakojima(Japan) LIDAR

Microwave radiometer

Cloud camera

The data obtained at each basic site permit at least the
estimation of the aerosol forcing. The super sites have
more instruments in addition to those of the basic sites.
These super sites can therefore provide extra
parameters of aerosol and cloud such as liquid water
path, precipitable water, single scattering albedo and so
These are helpful
information for the aerosol-cloud-radiation study.

on, as shown in Table II

Table II. Observation items of the SKYNET

Observation & estimated items

Basic | Optical thickness, effective radius (aerosols)

site Downward global solar/terrestrial radiation

(In addition to above)

direct solar radiation(Not all the sites)
Super | scattering/absorption coefficient(aerosols)
Site vertical profile(aerosols)

Optical thickness, effective radius (clouds)
Liquid water path(LWP)

Precipitable water content(PWC)

Cloudiness

At the super sites, an improved sky radiometer with
cloud channels of 1.6 and 2.2um, has been operated, in
addition to channels of an usual sky radiometer.
Thanks to the installation of these channels, cloud
parameters such as the effective radius and optical
It is expected that the
indirect effect of aerosols would be solved by using a

thickness can be supplied.

combination of these instruments.

The SKYNET has an automatic data transfer system
for super sites. There is an individual site server,
which can link almost all instruments in the site and
collect their data periodically. Then the site server
transports these data to the main server of SKYNET at
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Chiba University, once a day via a commercial local
phone and an internet line. After collecting and
pre-processing these data, the SKYNET server is ready
to send them to all other cooperating institutes and
researchers.

Automatic data processing system for optical
thickness(t), Angstrom index and radiative forcing of

aerosols has been developed partly.

2-b Calibration

The calibration is important to keep the accuracy of
the data.
channels does not need the calibration to estimate a ©

Basically, a sky radiometer for aerosol

and size distribution except knowing the solid angle[9],
but recently we started to calibrate each sky radiometer
channel including cloud channels by comparison with a
grating sun photometer calibrated at the Mauna Loa
Observatory at Hawaii, every year. An improved
Langley method[10] using each site data has been
adopted.

Referenced sun photometer has been operated at the
Meteorological Research Institute in Tsukuba, Japan.
The yearly variation of the calibration constants is less
than 1% for the main solar spectral region except for
more than 1pm.

We have transferred the calibration constant from
this calibrated photometer to the other grating sun
photometer as a second standard, then using the second
standard, a comparison should be performed with a
target sky or sun photometer at each site once a year.

Radiation instruments such as pyranometer and
pyrgeometer have been calibrated according to the
standard instruments of the Japan Meteorological
Agency and company reference instrument once a year.

3. Some examples of SKYNET activities
3-a An example of aerosol validation

Figure 3 shows an example of validation for satellite
products on optical thickness(Left of the figure) and
Angstrom exponent o (right of the figure) of aerosols.
Referred aerosol data are from a sky radiometer at the
south-west sea area of Japan. Satellite analysis uses a
two-channel method using 0.678 and 0.865um of the
GLI/ADEOS 1I sensor. The Optical thickness by the
GLI is a little higher than the validation data, while the
o has a quite good correlation. Now these data are
being checked and will be re-calculated through an
algorithm revised in parts of cloud screening and
surface reflectance.
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Fig.3. A validation example for GLI/ADEOS 11
aerosol products. Left: optical thickness,

Right: Angstrom exponent.

3-b Cloud validation

One of the characteristics of SKYNET activities is to
collect cloud parameters such as the effective radius,
optical thickness, liquid water path and so on. Figure
4 represents an example of comparison between
satellite data(GLI/ADEOS 1II) and ground based
observation by an improved sky radiometer at
Iriomotejima island. This site is in a remote and small

island far from the main island of Japan.
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Fig.4. Same as Fig.3 but for cloud parameters

(optical thickness(Left) and effective radius(Right)).

Sample data are quite few because the synchronous
timing between the GLI satellite and the ground-based
observation is so limited. However, both figures
suggest several interesting features. The variation of
cloud optical thickness(Left of the figure) by satellite is
much smaller than that of the ground observation. On
the other hand, there is an opposite relationship for the
effective radius. We have several points to consider as
possible reasons of these differences. One of them is
the use of different measurement methods, i.e., a
satellite sensor can receive a reflective light near the top
of the cloud, while a sky radiometer observes a
transmitted light.
different wavelengths, 0.64pum and 3.7um for GLI, and

Also both sensors consist of

1.02pum, 1.6um and 2.2um for a sky radiometer, and
different IFOV. The main reason for these differences
should be clarified.

The LWP is another parameter of water cloud for
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satellite validation. Figure 5 shows an example of
LWP validation. Satellite LWP can be estimated by
the multiplication of the effective radius and the optical
thickness. Reference data observed at the ground can
be given by a microwave radiometer using two
channels, 23.8 and 31.4GHz.
good accordance between them. Due to the opposite

There is a relatively

relation of the optical thickness and the effective radius
estimated from the satellite data, as seen in Fig.4, an
error in LWP estimation may diminish. Figure 5 might
reflect this effect.
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conected LWPmnictowave radiometer{em)
Fig.5. An example of LWP validation showing
satellite LWP vs ground observation by a
microwave radiometer.
At the super sites, the radiation field should be
explained comprehensively using the atmospheric
structure including aerosol, cloud and gas constituents.

3-¢ Single Scattering Albedo

Single scattering albedo(SSA) is one of the key
parameters for a direct aerosol forcing to the solar
radiation. It is strongly dependent on the content of
black or elemental carbon which is discharged by
biomass burning, automobiles, power industries etc.

SSA can be derived by several methods, solar aureole
measurement, optical absorption/scattering
measurement, chemical analysis method and so on. In
the SKYNET super sites, the former two methods are
being operated, and the third is used only for intensive
field campaigns.

The aureole measurement by a sky radiometer can
supply the columnar mean of SSA wusing the
SKYRAD.PAK ver.4[11]. It is the most suitable way
for estimation of radiative forcing under clear sky
conditions. An in situ measurement of an integrating
nephelometer and an absorption meter, which can give
scattering and absorption coefficients, respectively, can

easily produce SSA continuously. The third method is
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to analyze aerosol chemical compounds trapped on a
filter directly. ~The optical combination of each
chemical compound can give a bulk scattering and
absorption coefficient assuming its size distribution and

a mixture state of aerosols.

Fig.6. Time series of SSAs derived from M903 and PSAP

without any correction(Upper), and calculated using a size
distribution of an optical particle counter with three kind of
refractive index(Lower).

During the period of APEX-E3[12] intensive field
campaign(Mar.15-Apr.15, 2003) at the Amami-oshima
island in the south-western Japan, these methods have
been performed. Figure 6 shows a time series of SSA
as preliminary results of the measurements. The SSA
derived from the optical measurements(upper panel in
the figure) by the integrating nephelometer(M903,
Radiance Research) and the absorption meter(PSAP,
Radiance Research), called SSA1, has a gradual
decreasing trend during the period. The results of
simultaneous measurements by the direct filter
sampling, called SSA2 has also a similar trend(not
shown here).
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Fig.7 Relationship between SSA by M903/PSAP
and direct chemical analysis during APEX-E3 at

Amami-Ohshima
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Figure 7 shows a comparison between SSA1 and
SSA2.
during the period. The SSAI is much lower than the
SSA?2 and its variation is also wider than that of SSA2.

There may be two main reasons for these differences,

Each dot in the figure shows hourly data

one of them is: different wavelengths between M903
and PSAP. M903 is used for 530nm, and PSAP for
565nm.
inversely proportional to the wavelength, a correction
coefficient of 0.94 for PSAP wavelength could be
applied.

Also a forward scattering effect of M903 should be
corrected, because any integrating nephelometer cannot

If the dependency of the coefficient is

collect all scattered light from all angles. If M903 is
collecting the light scattered from 7 to 170deg, this
correction ranges from 5 to 30% depending on its size
distribution[13].

Total correction of M903 gives about 5 to 28%
increase in the scattering coefficient. If even there is a
30% increase in scattering coefficient, i.e., 0.04-0.05
increase in SSA, the SSA1 is still smaller than SSA2.

PSAP data should be also corrected for a
light-scattering effect inside the stacked aerosol
sample[14]. As this effect leads to an underestimate of
the absorption coefficient, the difference may increase.
So, this effect is discarded in the discussion.

The other reason may be in the SSA2 derived by
chemical analysis, as the estimation of SSA2 assumes a
size distribution and mixture state of aerosols. Also
the direct sampling has cut off aerosols for over 2.5um.

Among the reasons evoked above, the mixture state
has an important effect on the optical characteristics of
aerosols, but a way to measure the state of aerosols has
not been developed yet. Through these simultaneous
observations, it should be made clear.

In the APEX-E3 campaign, we have simultaneously
observed the size distribution by an optical particle
counter(OPC; ROYCO LAS236). The lower panel in
Fig. 6 shows a time series of SSA derived from the
OPC with the assumption of three kinds of complex
refractive index, m = 1.50-0.005i(upper line), m =
1.60-0.03i(middle line) and m = 1.60-0.05i(lower line).
In general, SSA is strongly dependent on its refractive
index, especially, its imaginary part.

The gradual decrease of SSA 1during the period is not
presented in the similar form as SSA from the OPC. It
may be reflected that the variation of SSA1 is due to
change of their chemical composition.
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Based on these observations and preliminary analysis,
if an estimated imaginary part changes from 0.005 to
0.03, these SSAs might be consistent with other data.

During the APEX-E3, there are no good results of
SSA from the sky radiometer due to many cloudy days.
Whenever possible, we could compare these SSAs. It
is important to recognize all kinds of SSA observed
consistently and reasonably.

4. Summary
*Usefulness of SKYNET:

The SKYNET is a useful network for radiation
budget, aerosol and cloud research, and also satellite

validation. Some sample analyses have been performed
successfully compared with satellite products.

The long-term observation of aerosol and cloud
parameters at the same place can give good information
for the research of cloud-aerosol interaction.
*Calibration and Maintenance:

In order to keep all data accurate, instruments should
be periodically checked and calibrated. The data quality
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should be kept uniform for all sites under the
collaboration of local institutes and researchers.
*Consistency of atmospheric parameters:

Each super site can give information of various
aspects of atmospheric parameters such as radiation,
aerosol and cloud.  So the atmospheric state should be

consistently explained by these parameters.

If you are interested in SKYNET data, please visit out
web site:
http://atmos.cr.chiba-u.ac.jp/aerosol/skynet/index.html
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