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Identifying Yellow Sand from the Ocean Color Sensor
SeaWiFS Measurements
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Abstract

Optical characteristics of the yellow sand and their influences on the ocean color remote sensing has been
studied using ocean color sensor SeaWiFS measurements. Two cases of April 18 and April 25, 1998, representing
yellow sand and background aerosol, are selected for emphasizing the impact of high aerosol concentration on
the ocean color remote sensing. It was shown that NASA’s standard atmospheric correction algorithm treats
yellow sand area as either too high radiance or cloud area, in which ocean color information is not generated.
Optical thickness of yellow sand arrived over the East Asian sea waters in April 18 indicates that there are two
groups loaded with relatively homogeneous yellow sand, i.e.: heavy yellow sand area with optical thickness
peak around 0.8 and mild area with about 0.4, which are consistent with ground observations. The movement of
the yellow sand area obtained from surface weather maps and backward trajectory analysis manifest the notion
that the weak yellow sand area was originated from the outer region of the dust storm. It is also noted that high
optical thickness associated with the yellow sand is significantly different from what we may observe from
background aerosol, which is about 0.2. These characteristics allow us to determine the yellow sand area with an
aid of atmospheric correction parameter. Results indicate that the yellow sand area can be determined by

applying the features revealed in scattergrams of atmospheric correction parameter and optical thickness.
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1. Introduction

Aerosols can give significant impact on the global climate either directly, by reflecting more
solar energy to the space, or indirectly, by providing cloud condensation nuclei that lead to cloud
formation (Hobbs, 1993). Therefore understanding the optical characteristics and their
parameterizations are very important to understand the current global climate and environmental
changes.

For the past twenty years, geographical origination and temporal variability of the yellow
sand have been studied using various field measurements, meteorological analysis, and satellite
observations (Uematsu et al., 1983, Nakajima et al., 1989 among many others). In particular,
satellite has been useful tool recognizing the extent of yellow sand area. Although satellite remote
sensing of aerosol optical characteristics is important for studying direct and indirect impact on
the global climate and cloud formation, its use has been limited because of the uncertainties from
the lack of sensor capability. Recent development of atmospheric correction algorithms for the
ocean color sensors (Gordon and Wang, 1994) such as Nimbus 7 Coastal Zone Color Scanner
(CZCS), and Sea-viewing Wide-Field-of-view Sensor (SeaWiFS) provides ample opportunities for
scientific investigation and application for examining our environmental changes related to
aerosol. That is because those sensors have several sensitive channels in the visible spectral region

and one or two channels for only sensing the aerosol effect on the satellite measurements.
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In this paper, we examine the optical characteristics of the yellow sand using the SeaWiFS
data over the East Asian sea water in the spring of 1998. We also show the impact of the yellow
sand dust on ocean color remote sensing by presenting that the current NASA’ s standard
atmospheric correction algorithm produces less reliable ocean color when it is applied for heavy
dust events occurred, in particular, during the spring time.

2. Data Set and Analysis

The SeaWiFS is an ocean color sensor launched in 1997. It consists of eight spectral bands;
412, 443, 490, 510, 555, 670, 765, and 865 nm. The last two near-infrared channels are used for
determining atmospheric aerosol and thus for atmospheric correction. Nominal spatial resolution
is about 1 km at the nadir view. Detailed sensor characteristics are found in Gregg et al. (1994). In
this research, we use the reduced resolution global area coverage (GAC) data from the high
resolution local area coverage (LAC) data generated by the scanner.

Aerosol optical thickness is obtained from SeaWiFS data by employing the NASA-
developed SeaWiFS data processing software, SeaDAS (SeaWiFS Data Analysis System). The
atmospheric correction algorithm used in the SeaDAS has two different aspects from CZCS
algorithm, i.e.: to consider multiple scattering and to employ aerosol models.

SeaWiFS algorithm utilizes specific aerosol models depending on relative humidity. To
describe the SeaWiFS atmospheric correction algorithm, we first begin with the definition of

reflectanc p :
p(;t) = ﬁL(l)/FO(l)COS@O ...................................................................................................... ( 1 )

where L is upward radiance in the given viewing angle, Fy is extraterrestrial solar irradiance, and
8o is solar zenith angle. Total reflectance (p,) measured at the top of the atmosphere can be

expressed by:

p,(;{) = pr(ﬂ)-ypa(ﬂ).ypm(l).{.[pw ......................................................................................... V)]

where p,, p,, and p,, are reflectances from Rayleigh scattering, Mie scattering associated with
loaded aerosols, and from interactions between air molecules and aerosols. And p,, is water-
leaving reflectance that can be used for determining in-water content such as pigment

concentration.

-368-



Identifying Yellow Sand from the Ocean Color Sensor SeaWiFS Measurements

The definition of diffuse transmittance ¢ is as follows:
t= exp[[r/2+’[’():)/c()39] ......................................................................................................... (3)

where 7,, 7, are optical thickness due to Rayleigh scattering and ozone absorption. And 8 is
satellite zenith angle.

For the calculation of aerosol influence on the total reflectance, SeaWiFS algorithm employs
12 aerosol models, i.e.: oceanic models with relative humidity 90 and 99% of relative humidity,
maritime models with 50, 70, 90 and 99%, coastal and tropospheric models with 50, 90 and 99% of
relative humidity.

Since there is a near-linear relationship between aerosol multiple scattering and single
scattering, it is possible to calculate multiple scattering (p,+p,,) using single scattering effect (p,,)
with an aid of near-linear relationship between them (Gordon and Wang, 1994). Because water-
leaving radiance is nearly zero for SeaWiFS band 7 (765 nm) and band 8 (865 nm), it is logical to
use these bands to assess the aerosol properties and deduce aerosol effects in other bands. To
determine two aerosol models, atmospheric correction parameter £(765,865) is used.

pa.\'(li) — C(}”(lj) Z'u(/lj)Pa(es 0(% 2'l)
pay(/‘tj) ((}u(/lj) Z},(/L‘)Pu(g, 905/1]_) ................................................................. 4)

8(/1,'. lj) =

where, @, is single scattering albedo and P, is aerosol scattering phase function.

Because water leaving radiance in near IR region (765 and 865 nm for SeaWiFS channels) is
nearly zero, we can compute aerosol effect by removing Rayleigh scattering, ozone absorption,
and multiple scattering from the total reflectance, as in Eq. (2). Rayleigh scattering and ozone
absorption are relatively easy to compute, and thus the problem of calculating water leaving
radiance comes down to how we calculate aerosol influences. SeaWiFS algorithm calculates the
average of £(765,865) from 12 aerosol models and selects two aerosol models having nearest
€(765,865). Assuming aerosol effect at any given location can be expressed by these two aerosol
models, we can calculate aerosol single scattering effect and thus multiple scattering effect by

applying the same ratio between two selected aerosol models to shorter wavelength.

3. Results

Analyses were performed on two cases of April 18 and 25, selected for contrasting the signal
of yellow sand aerosol to the background aerosol. Figs. 1(a) and (b) are SeaWiFS images for April
18 and 25, 1998 respectively. Examining the spatial scale and pattern of the imagery, there is a
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(a) April 18, 1998 (b) April 25, 1998

Fig. 1. Combined images of SeaWiFS channel 1, 5, 6 measurements for (a) April 18, and (b) April 25, 1998.

clear indication of yellow sand aerosol spread over the East China Sea and across the Korean
peninsula on April 18. By contrast, mostly dark oceanic area in Fig. 2(b) suggests that it is clear on
April 25 and thus it represents a type of background aerosol.

Observations of visibility at surface weather station also clearly indicate that the gray patch
of visible image shown in Fig. 1(a) over the East China Sea is associated the yellow sand (Fig. 2a).
The yellow sand area located over the North China and Mongolia on April 15 moved to Central
China on April 16. And it further moved to the East China Sea in following two days. Therefore
gray-patched area in Fig. 1(a) over the East China Sea is coincident with yellow sand area inferred
from surface weather maps. We analyzed backward trajectories of three air masses given in Fig.
2(b). For the computation of trajectory we use ECMWF analysis of meteorological parameters. Fig,
2(b) shows the trajectories on 300K isentropic surface (potential temperature). Most southwestern
path is very consistent with that suggested in the surface observations of visibility. Getting away
from the center of the gray-patched area over the East China Sea shown in Fig. 1(a), the air mass is
originated from the eastern part of Mongolia.

Fig. 3(a)-(b) are the calculated aerosol optical thickness at 765 nm for April 18 and 25,

respectively. Considering April 25 is not related to the yellow sand, the aerosol optical thickness of
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The movement of yellow sand area occurred in April 15, 1998 over inner Mongolia (a), and backward
trajectories from three locations of yellow sand area in the East Asian sea water inferred from the

SeaWiFS image (b).
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Fig. 3. Aerosol optical thickness at 765 nm for (a) 18 April 1998, and (b} 25 April 1998.

0.2-0.3 may represent characteristics of the typical tropospheric aerosol over East Asia. By contrast,

aerosol optical thickness for April 18 shows that optical thickness of the yellow sand is ranging

from 0.6 to 1.0. These values are in good agreement with results obtained from ground

observations of direct solar radiation. We measured direct and diffuse solar radiation at the
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background atmosphere monitoring site (36.517°N, 126.317°E) in Anmyon Do which is located on
the west coast of the Korean peninsula. Detailed descriptions of these measurements and results
are found by Sohn et al. (1998). Thus, the SeaWiFS atmospheric correction algorithm resolves the
features of yellow sand dust even though the yellow sand is not included as a class of aerosol in
the SeaWiFS atmospheric correction algorithm. In other words, the NASA’s algorithm in SeaDAS
seems to be useful even for the computation of optical thickness of yellow sand aerosol.

The characteristics of aerosol optical thickness are more evident in the histogram of
percentage area with an optical thickness presented in Fig. 4. The optical thickness for April 18
obtained from the original algorithm (without changing the albedo criteria used for screening
cloud scene) shows around 0.2 which is consistent with the values for April 25. However, aerosol
optical thickness obtained by enhancing the criteria of albedo to 2.6% as a cloud threshold results
in three peaks; 0.23, 0.4, and 0.8. The value around 0.8 covers most of yellow sand area.
Surrounding the yellow sand area is the second largest peak of aerosol optical thickness. From the
trajectory analysis of Fig. 2 this area is corresponding to the east side of the main dust storm area
in Mongolia, thus it is likely weaker dust storm area in which aerosol optical thickness is
somewhat weaker than the center of the storm. Therefore, the yellow sand area in Fig. 3 includes
two parts; an area showing optical thickness around 0.8 and the surrounding area with aerosol
optical thickness around 0.4. Similar values are found in the retrieved aerosol optical thickness
from the ground-based solar radiation measurements for April 28 in which a weak yellow sand
event occurred. Based on the trajectory analysis and ground-based optical thickness measurement,
two peaks around 0.4 and 0.8 of optical thickness are related to the yellow sand.

Fig. 5 shows scattergram of the aerosol optical thickness at 765 nm and the atmospheric
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Fig. 4. Distributions of percentage area of aerosol optical thickness at 765 nm for (a) 18 April 1998, and (b)
25 April 1998. Note changed scale in the right ordinate of (a) for the original setting for the cloud
threshold.
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Fig. 5. Scattergram of atmospheric correction parameter (¢) and aerosol optical thickness (r,) for (a) April 18,
1998, and (b) April 25, 1998.

correction parameter ¢ between 765 nm and 865 nm for April 18 and April 25. Striking difference
is found in the features of scattering. In April 18, main values of ¢ are found between 1.05 and 1.15
widely varying with optical thickness from 0.2 and 0.85. The £ values smaller than 1.0 are
considered to be cloud-contaminated pixels since they are mostly located in the cloud edge area.
On the other hand, the ¢ distributions in April 25 shows wider variation of ¢ while optical
thickness is much smaller and is confined around 0.2, comparing to the yellow sand case of April
18. This significantly different pattern of ¢ suggest that the yellow sand areas can be determined
from SeaWiFS data by applying features obtained from atmospheric correction parameter and
optical thickness.

Even though the optical thickness retrieved from SeaWiFS data is in good agreement with
ground-observed values, distributions of CZCS type pigment concentration for April 18 shows
erroneous results, compared to those of the background aerosol case measured seven days later
(April 25) - see Fig. 6. For example, pigment concentration around 10 yg/liter is found over the
yellow sand area between Yangtze basin and Cheju island whereas 3-4 ug/liter of the
concentration is noted in the same area seven days later. These differences suggest a new scheme
resolving the influence of yellow sand for processing the Asian dust-laden SeaWiFS scene. The
inclusion of the Asian dust in the OCTS algorithm develpoed by Fukushima et al. {1997) may also

help SeaWiFS data produce more realistic results even in the case of yellow sand event.
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Fig. 6. CZCS type pigment concentrations obtained by applying SeaWiFS atmospheric correction algorithm
for (a) 18 April 1998, and (b) 25 April 1998.

4. Summary and Conclusions

A dust storm occurred over inner Mongolia in April 15, 1998 and its associated yellow sand
aerosol moved over the East China Sea and the Yellow Sea by April 18, 1998. Optical parameters
of the yellow sand noticed in April 18, 1998 were retrieved from the SeaWiFS ocean color sensor
measurements. Also obtained are optical parameters for April 25, 1998, contrasting the yellow
sand aerosol with clear-sky background aerosol. In this process, we employed SeaDAS software
which uses atmospheric correction algorithm developed by Gordon and Wang (1994).

It was noted that the optical thickness of yellow sand aerosol is around 0.8, far higher than the
typical aerosol optical thickness of 0.2 for the clear sky of April 25. This value is consistent with the
result obtained from ground-based solar radiation measurements. Also noted is the relatively smaller
aerosol optical thickness (around 0.4) over the marginal yellow sand area, comparing with the center
of the yellow sand area. Considering that this value is larger than 0.2 for the clear sky and it is
originated from the outer side of the dust storm area, we suspect that it is the weak yellow sand area.

Taken optical parameters together we showed a way that can lead to quantitatively identify
the extent of yellow sand area from the SeaWiFS measurements. Distinct differences between the

yellow sand and background case are clearly shown in the scattergram of the atmospheric
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correction parameter (¢) versus aerosol optical thickness. Based on these fidndings we conclude
that it is possible to identify the yellow sand area using SeaWiFS measurements. However, the
obtained CZCS type pigment concentrations over the yellow sand area indicate that the SeaWiFS
atmospheric correction algorithm need to be improved, in particular, for the area covered with

yellow sand. Inclusion of specific yellow sand model into the algorithm may be necessary.
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