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ABSTRACT

Many techniques were developed for creating true color images from satellite solar reflective bands, and the
so-derived images have been widely used for environmental monitoring. For the newly launched Fengyun-3D (FY-3D)
satellite, the same capability is required for its Medium Resolution Spectrum Imager-1I (MERSI-II). In processing the
MERSI-II true color image, a more comprehensive processing technique is developed, including the atmospheric cor-
rection, nonlinear enhancement, and image splicing. The effect of atmospheric molecular scattering on the total re-
flectance is corrected by using a parameterized radiative transfer model. A nonlinear stretching of the solar band re-
flectance is applied for increasing the image contrast. The discontinuity in composing images from multiple orbits
and different granules is eliminated through the distance weighted pixel blending (DWPB) method. Through these
processing steps, the MERSI-II true color imagery can vividly detect many natural events such as sand and dust
storms, snow, algal bloom, fire, and typhoon. Through a comprehensive analysis of the true color imagery, the specific
natural disaster events and their magnitudes can be quantified much easily, compared to using the individual channel data.
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1. Introduction

Remote sensing images can be displayed with true or
false colors. The true color image is often made of three
measurements at red, green, and blue wavelengths, which
looks very close to the color of natural scenes. Through
some training, people can relate the true color images to
natural atmospheric and surface features. For example, in
the true color image, cloud and snow look bright white
while the haze and smoke are in milky grey. Under clear
atmospheric conditions, the forest looks green, the
dessert is brown, and the ocean and lake are blue. There-
fore, the true color imagery improves the visualization of
remote sensing data and can be very powerful tools in the
field of disaster monitoring and risk mitigation. Addi-
tionally, the true color imagery can help extract the envir-
onmental information through validating relevant retrieval
products.

The first remote sensing true color image is made

from the Multicolor Spin-Scan Cloudcover Camera on-
board the US geostationary satellite ATS-1II (Application
Technology Satellite-1I) in 1967 (Greaves and Shenk,
1985). Sea-viewing Wide Field-of-view Sensor onboard
Seastar/OrbView-2 was launched successfully in 1997. It
can generate true color images of the specific field for
special mission. From Moderate-Resolution Imaging
Spectroradiometer (MODIS) onboard Terra/Aqua satel-
lites, the data at green and blue bands are remapped to a
250-m resolution, and the true color image is made sep-
arately for morning and afternoon orbits, which can be
then sliced and distributed by WorldView. The Visible
Infrared Imaging Radiometer Suite (VIIRS) on Suomi
National Polar-orbiting Partnership was launched in
2011. VIIRS bands 3—5 were used to produce the 750-m-
resolution true color images and were released by NASA
Earth Observation (Hillger et al., 2014). After Japan Met-
eorological Agency launched Himawari satellite in 2014,
the GeoColor algorithm was developed for the Ad-
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vanced Himawari Imager (AHI) by the Cooperative In-
stitute for Research in the Atmosphere to generate true
color images. From the Advanced Baseline Imager (ABI)
on GOES-R satellite, a green band was simulated from
the MODIS surface reflectance database. This database is
produced from 16 days of MODIS observations, includ-
ing the solar reflectivity at red (0.64 pum), near-Infrared
(IR, 0.86 pum), and blue bands (0.47 um). Alternatively,
the reflectance of ABI green band is derived from the
statistical relationship of red, near-IR, and blue bands.
The simulated ABI green band with red and blue bands
are then used to produce the true color imagery (Miller et
al., 2016). Today, the true color image is normally
defined as a key performance parameter or product in
both polar-orbiting and geostationary satellites world-
wide.

FY-3D satellite is a new-generation China operational
meteorological polar-orbiting satellite, which was
launched successfully on 15 November 2017. The Me-
dium Resolution Spectral Imager (MERSI)-II onboard
FY-3D satellite has three visible bands with a spatial res-
olution of 250 m at red, green, and blue bands. Its wide
swaths can complete the global coverage twice a day,
and its spectral bands meet the true color imaging re-
quirements. This study presents the technical approach
for MERSI-II true color processing. Schemes for the at-
mospheric correction, image enhancement, and splicing
are developed. Various natural events are displayed with
true-color images, including the sand dust, snow, sand
storm, algal bloom, fire, and typhoon.

2. Datasets

FY-3D is configured to the afternoon orbit and flies at
an altitude of 836 km above the earth. Its orbital inclina-
tion angle is 98.75° to the equator, and it achieves four-
teen orbits of observations, which cover the global obser-
vations twice a day. Each orbital cycle is about 102 min.
The satellite platform carries 10 advanced instruments,
including Micro-Wave Humidity Sounder-1I, Micro-
Wave Temperature Sounder-1I, Hyperspectral Infrared
Atmospheric Sounder, Micro-Wave Radiation Imager,
Greenhouse-gases Absorption Spectrometer, Wide-field
Auroral Imager, lonospheric PhotoMeter, GNSS Radio
Occultation Sounder, Space Environment Monitor, and
MERSI-II. Datasets retrieved from all these instruments
have great impacts on the global numerical weather pre-
diction, climate change, ecosystem monitoring, and space
weather prediction.

As a core optical instrument onboard FY-3D satellite,
MERSI-II has 6 visible channels, 10 visible/near-IR
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channels, 3 shortwave IR channels, and 6 medium- and
long-wave channels (Table 1). The spatial resolution cor-
responding to its field of view at nadir is 1000 and
250 m, respectively; and the spectral resolution is 20 nm,
50 nm, 1.0 pm, respectively, depending on the channel. It
not only inherits the mature technology from its ancest-
ors (scanning radiometer and medium-resolution spec-
tral imager) onboard FY-34/B/C satellites, but also adds
6 IR channels with a resolution of 250 m. Compared to
MERSI on FY-3C satellite, MERSI-II improves its calib-
ration accuracy and sensitivity, which is recognized as
one of the most advanced wide-swath imagers. MERSI-II
data can be used to construct the global true color im-
agery, with nearly no gap, and to provide information on
the global ecosystem, disaster monitoring, and climate
assessment.

In the FY-3 satellite ground data operational system,
satellite data are processed into LO, L1, and L2 levels.
Specifically, LO data are raw data records with digital
counts; L1 data are calibrated radiances with geolocation
information; and L2 data contain geophysical parameters
from retrieval algorithms, which reveal distributions and
variations of the atmosphere, cloud, land, and ocean
parameters. The true-color image processing requires
MERSI-II L1 data in individual HDF files within a 5-min
duration with two different resolutions (250 m and

Table 1. MERSI-II characteristics including the central wavelength
(um), spatial resolution (m), and primary applications (PBL: planetary
boundary layer)
Central Spatial . S

Channel wavelength (um) resolution (m) Primary application

1 0.470 250 Land, PBL, features

2 0.550 250

3 0.650 250

4 0.865 250

5 1.380 1000

6 1.640 1000

7 2.130 1000

8 0.412 1000 Ocean color, plankton,

9 0.443 1000 biology, earth chemistry
10 0.490 1000
11 0.555 1000
12 0.670 1000
13 0.709 1000
14 0.746 1000
15 0.865 1000
16 0.905 1000 Atmosphere, water vapor
17 0.936 1000
18 0.940 1000
19 1.030 1000 Cirrus
20 3.800 1000 Land, water, cloud
21 4.050 1000
22 7.200 1000 Atmosphere, water vapor
23 8.550 1000
24 10.800 250 Land, water, cloud
25 12.000 250
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1 km). The relevant geolocation data are stored in differ-
ent files (GEOQK and GEO1K), which include geoloca-
tion (latitude and longitude) and geometry data (zenith
and azimuth angles) for observed pixels with a spatial
resolution of 250 m and 1 km, respectively. Datasets
needed by the true color image are shown in Table 2.

3. Methodology

The procedures for generating the global true color
imagery include three steps: (1) atmospheric correction,
which removes contributions of the scattering and ab-
sorption of atmospheric molecules to the reflectance at
the top of atmosphere (TOA), (2) image enhancements to
detail the texture of low reflection targets, and (3) image
splicing or transition between adjacent orbits and
granules.

3.1 Atmospheric correction

The atmospheric correction is important in remote
sensing image processing. At visible bands, it mainly re-
moves the effect of scattering and absorption of atmo-
spheric molecules on TOA reflectance so that surface tar-
gets can be depicted accurately and objectively. Cur-
rently, methods for atmospheric corrections include the
invariable-object methods (Zheng et al., 2007), histo-
gram matching method (Richter, 1996), dark object
method (Teillet and Fedosejevs, 1995), contrast reduc-
tion methods (Tanré and Legrand, 1991), and some radi-
ative transfer models: Low Resolution Transmission
(LOWTRAN; Kneizys et al., 1980), Moderate Resolu-
tion Atmospheric Transmission (MODTRAN; Xu et al.,
2008), Atmosphere Removal Model (ATREM; Gao et
al., 2000), and Second Simulation of the Satellite Signal
in the Solar Spectrum (6S; Vermote et al., 1997) and so
on. 6S is based on the radiative transfer theory and is de-
signed for several sensors with multiple bands, which can
be applied for different geolocation and variable targets.
6S is thus widely used by the remote sensing community
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for atmospheric radiative transfer.

Here, the 6S radiative transfer model is briefly de-
scribed and applied to make the atmospheric correction
for MERSI-II channels at wavelengths of 470, 550, and
650 nm. The surface is approximated to Lambertian type.
In the absence of aerosol scattering, the TOA reflectance
can be expressed as:

P O (s, s @) = TO (s 1) [P (s s )

Jo X (TR TN ) - ! 1
T (s fy, @) T () T (1)1,
1= oo @)S (s, v, ) TR () T (u

where py, is the reflectance from Rayleigh scattering, oy is
the reflectance from surface, 7° is the atmospheric trans-
mittance of ozone absorption, 7H is the atmospheric
transmittance of water vapor, Tlﬁ and Tlg are the down-

(1

welling and upwelling radiative transmittances of atmo-

spheric molecules respectively, u; and u, are the cosine

of solar and sensor zenith angles respectively, and ¢ is

the relative azimuthal angle between the sun and sensor.
Specifically,

Us = cosby, 2)
My = cosb,, 3)
© =05, 4)

where 6;, 0, @5, and ¢, are the solar zenith, sensor zenith,
solar azimuth, and sensor azimuth respectively; S is the
atmospheric spherical albedo. From Eq. (1), the surface
reflectance p, can be accurately derived from satellite ob-
servations, atmospheric parameters, and other spectral in-
formation.

Given the raw reflectance count (DN) data with
wavelengths of 470, 550, and 650 nm from MERSI-II L1
data (Fig. 1), the reflectance at TOA (p"°?) can be re-
trieved with the calibration coefficients and cosine of so-
lar zenith angle (1;). GEOQK files in MERSI-II L1 data
contain solar zenith (6;), solar azimuth (p;), sensor zenith
(6,), sensor azimuth (¢,), and digital elevation model
(DEM) data for each observed pixel. The atmospheric
molecule optical depth () can be computed according to

Table 2. MERSI-II L1 dataset structures including the reflectance count (DN), calibration coefficients, sensor azimuth and zenith angles, solar

azimuth, and zenith angles

File name Dataset name

Description

FY-3D_MERSI_GBAL L1 20180806 _
0510_0250M_MS.HDF

EV_250_RefSB_bl
EV_250_RefSB_b2
EV_250_RefSB_b3
VIS_Cal_Coeff

FY-3D MERSI_GBAL L1 20180806 _
0510 GEOQK_MS.HDF

DEM

Sensor azimuth
Sensor zenith
Solar azimuth
Solar zenith

MERSI-II Channel 1 (0.470 pm) DN data

MERSI-II Channel 2 (0.550 pm) DN data

MERSI-II Channel 3 (0.650 pum) DN data

Visible channel reflection calibration coefficients (k0, k1, and £2) and
reflectance (p) can be computed as p = k0 + k1-DN + k2-DN?

DEM data (m) used in the correction of Rayleigh scattering

Sensor azimuth (0.01 m)

Sensor zenith (0.01 m)

Solar azimuth (0.01 m)

Solar zenith (0.01 m)
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B Solar zenith, azimuth
Sensor zenith, azimuth H

Atmospheric H

Atmospheric transmittance: H

H path ozone, Spherical
H radiation water vapor, albedo
B reflectance upwelling radiation,

H downwelling radiation

Fig. 1. The MERSI-II atmospheric correction flow chart. The atmo-
spheric correction process mainly includes corrections of the atmo-
spheric path radiation reflectance, atmospheric transmittance (7y), and
spherical albedo (S).

DEM. Thus,
t
Pt(/lsa#v,sﬂ) = m, (5)
P O (g, . )
o —PrWs: v, ®)
‘= TO(us, u1y) (6)
TH (g 10) T () T (1)

In Eq. (1), p; can be solved by combining single and
multiple scattering as follows (NOAA NESDIS Center
for Satellite Applications and Research, 2012):

2
Pr(tso i ®) = D (2= 80.m) X ]! (s 1y, 7) X cOS[m(p)]

m=0
T T
+(l—e Ms)yx (1—e Hv)x Z (2= So.m)
m=0

X A™(7) X P" (s, 1) X coslm(@)] ,

(7)
where 7 is the relative spectral optical depth of atmo-
spheric molecule scattering (Table 3) and is related to the
spectral optical depth (7p) of atmospheric molecules un-
der the atmospheric pressure (P) and standard atmo-
spheric pressure (Pg); 7o can be calculated by using the
MERSI spectral response functions into 6S model; 8o, is
the Kronecker function; and p” is the mth term after the
Fourier expansion of molecular scattering phase function.
Moreover, pj" is the mth single scattering reflectance, and
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Table 3. The atmospheric molecular optical depth of three MERSI-II
channels with the central wavelength at 470, 550, and 650 nm, respect-
ively

Spectral name Central wavelength ~ Atmospheric molecular

(nm) optical depth 7
EV 250 RefSB bl 470 0.18474
EV_250 RefSB b2 550 0.09567
EV 250 RefSB b3 650 0.04863

A™(7) is the correction term for multiple scattering of the
molecular optical depth. The first three terms in Eq. (7)
are expressed as:

0
Plugp) = 1+ G - DG - Dx —250 2 (®)
1+2—
2-6
0
e 3
P! (asopie) = —pspty (1= (1 =i} x —=2 X px 5,
142——
2—-6
9)
0
=35 3
Pz(lls’#v):(1—#?)(1—#3)X—6Xﬁxg, (10)
1+42——
2-6
where
0=0.0279, g =0.5, P
—— 1
m — Pm 1_ M My -
Py (s> v, T) (s> py) X (1 —e Hs Hv)x 4(l«ls+ﬂv)’
(11)
A" (1) =d™ +b" x1n(1). (12)

In Eq. (12), when m is set to 0, @ and 5° can be solved
by:

a’= ag +a(1),usﬂv +ag(ﬂsﬂv)2 + ag(ﬂs +uy) +a2(ﬂ? +ﬂ%), (13)

B = b+ B0 spay + DY (pashty)* + B+ pay) + b2 +122), (14)

where a) , is 0.332438, —0.309248, 0.114933, 0.162854,
and —0.103244, respectively; and bg_4 is —0.067771,
—0.012409, —0.035037, 0.001577, and 0.032417, respect-
ively.

In Eq. (12), when m is set as 1 and 2, the correspond-
ing a', a®, b', and b? are 0.19666, 0.145459, —0.054391,
and —0.029108, respectively.

Ifneglecting the contribution of aerosol, the atmospheric
transmittances at red, green, and blue bands are a func-
tion of ozone (7°), water vapor (7H), and atmospheric
molecule (including downwelling T and upwelling T}),
and 70° can be computed by:
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11
TO (s, 1) = expl—(— + —)- U -A], (15)
Hs Hy

s
where U is the atmospheric ozone content and is set as a
constant of 0.319 c¢m, and 4 is the ozone absorption coef-
ficient, as referred to Kneizys et al. (1980). The values of
A are given in Table 4.
TH can be calculated by:
T 1) = expl—expla + Bn 2 + o,

N 4

(16)

where UM is water vapor content (2.93 g cm ™2 here), and
AH and B are the water vapor absorption coefficients
(Table 5).

Assuming the atmospheric molecule only has scatter-
ing and the scattering asymmetry factor is zero, the
downwelling radiation transmittance (Tlﬁ) and upwelling
radiation transmittance (Tll) are given as (Vermote et al.,
1997, NOAA NESDIS Center for Satellite Applications
and Research, 2012):

T
2 2 -
L (3 +/Js)+(§ —HUs)e Hs
Thu) = . )
§+ﬂs
T
2 2 -
N (§ +/1v)+(§ —Hy)e Hy
Tr(uy) = 7} (18)
§+/.lv

For those scattering molecules with no absorption,
their S values can be calculated by:

S =

4+3T[3T—4E3(T)+26_T], (19)

(20

Table 4. The ozone absorption coefficient of three MERSI-II chan-
nels with the central wavelength at 470, 550, and 650 nm, respectively

Spectral name Central wavelength Ozone absorption

(nm) coefficients 4
EV_250 RefSB bl 470 0.0897
EV 250 RefSB b2 550 0.0000
EV_250 RefSB b3 650 0.0715

Table 5. The water vapor absorption coefficient of three MERSI-II
channels with the central wavelength at 470, 550, and 650 nm, respect-
ively

Spectral name Central wavelength (nm)  4H BH

EV_250_RefSB_bl 470 0.0000  0.0000
EV_250_RefSB_b2 550 0.0000  0.0000
EV_250_RefSB_b3 650 —5.6072  0.8202
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E, (1) = ;[e_T -TE, ()], (21)
5
Ei(n)= ) ¢t ~In, (22)

i=0

where the coefficients ¢; = —0.57721566, 0.99999193,
—0.24991055, 0.5519968, —0.00976004, and 0.00107857
fori=0to 5.

In Fig. 2, the true color imageries are shown over
ocean and land before and after the atmospheric correc-
tion. Before the atmospheric correction, the images look
light-milky fog in the true color imageries, which are dif-
ficult to detect the detailed texture of the dark targets
(e.g. the forest). After applying the atmospheric correc-
tion, the images look clean and are able to reveal the sur-
face details more vividly.

3.2 Non-linear enhancement

The surface reflectance derived from the above pro-
cesses varies from 0 to 1. To generate the RGB true color
image, the value of reflectance should be transferred into
an integer value between 0 and 255. The transformation
can be performed by a linear stretch, as below:

y = int(255 X py), (23)

where y is the outputted eight-bit integer, int represents
the rounding function, and p, is the corrected reflectance.
After the linear stretch of all reflectances from 650, 550,
and 470 nm, as shown in Fig. 3, it is hard to detect the
texture and gray information of dark targets (dense ve-
getation and water) in the true color composite image. To
enhance the feature of the dark targets, a nonlinear
brightness enhancement table (Table 6), developed by
Jacques Descloitres, is employed here (Gumley et al.,
2010). Compared with the linear stretching method, the
nonlinear method is better for identifying the texture and
detailed information from the dark targets.

3.3 Seamless splicing

For the restriction of polar-orbiting satellite, it is hard
to cover the specific area in a single 5-min image. Hence,

Table 6. The non-linear brightness enhancement table adopted from
Gumley et al. (2010). The inputs and outputs are the original and non-
linear stretched eight-bit integers

Input Output
0 0
30 110
60 160
120 210
190 240
255 255




OCTOBER 2019

26N

24N

22N |

248

268

288

308

122E 124E 126E 128E

Han, X. Z., F. Wang, and Y. Han

919

26N
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122E 124E 126E 128E

Fig. 2. The MERSI true color composite images over two surface types before (left) and after (right) atmospheric corrections.

26N

24N

22N

T6W

T8W

26N

24N

Fig. 3. The linear (left) and non-linear (right) brightness enhanced true color composite images.

a seamless splicing method is required to make a large
image. Here, all the reflectance values are corrected in an
equivalent latitude and longitude coordinate system if
there are no further explanations. Two splicing tech-
niques are developed as follows.

The same-track slicing is used to combine two or more
scenes that don’t share the same geolocation information.

It is easy to use the latitude and longitude to stitch all the
scenes. The sliced image should not have the stitching
marks since all scenes are exposed to a continuously
changing light condition (Fig. 4).

Since different scenes with an overlapping area do not
share the continuously light and Bidirectional Reflect-
ance Distribution Function (BRDF) condition, this may



920 JOURNAL OF METEOROLOGICAL RESEARCH VOLUME 33

lead to the discontinuity in image if the same-track method is proposed (see Fig. 5). Over the overlapping
splicing is used. In the overlapping area, it is a challenge areas of different scenes, the raw reflectance DN values
to define the location of mosaic line. To solve the are weight-averaged by using the center of mosaic line,
problem, the distance weighted pixel blending (DWPB) as follows,

(a) FY-3D MERSI 05 Dec 2018 (0520 UTC) (c) Mosaic result
INDONESIA
108
158
208
110E 120E 130E 140E
(b) FY-3D MERSI 05 Dec 2018 (0515 UTC)
308
308
408
120E 130E 140E 120E 135E

Fig. 4. The Mosaic effect of two adjacent scenes in the same orbit on 5 December 2018. (a) 0520 UTC image, (b) 0515 UTC image, and (c)
Mosaic result.

Overlapping No overlapping
¥y pixel pixel
A Pixels of left edge in the

overlapping area
Pixels of center line
between left and right edges

Pixels of right edge in the
overlapping area

The x coordinate of pixel
on the left edge

The x coordinate of pixel
on the right edge

The x coordinate of pixel
on center line

The weight value on the
left side of center line

e The weight value on the
" right side of center line

»x

Fig. 5. Illustration of the distance weighted pixel blending (DWPB) method. The blue, green, and orange boxes represent pixels of the left edge
in the overlapping area, center line between left and right edges, and right edge in the overlapping area, respectively. The boxes with and without
the dashed line represent the overlapping and individual pixels, respectively.
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DN = DNieft Wieft + DNrioht Wrioht »
{ left Wieft right Wright (24)

Wiett + Wiighe = 1,
where DN is the weighted reflectance DN values; Wiy is
the raw reflectance DN value of left scene; W is that
of right scene; Wiere and Wiign, are the weight of left and
right scenes, ranging from 0 to 1, which can be determ-
ined by:

Wieft 0 +0.5, (x < xp);
2(x; — x0)
X — X0 (25)
Wright = m +0.5, (x = xp),

where x is the abscissa value of mosaic line, x; and x,
are the abscissa value at the leftmost and rightmost, re-
spectively. xp can be computed by the median of the left
most ordinate and the rightmost abscissa. x; and x, are the
distances of xj shifting to the left and right, respectively.
If the distance is too small, it can lead to a rough trans-
ition at the mosaic line. On the contrary, the true color
image can become too blurred at the mosaic line. After
several experiments, the optimal values of x; and x, are
derived by dividing the half width of overlapping area in
the horizontal axis, which cannot exceed 200. Figures 6
and 7 compare the image with and without applying the
DWPB method. It is clearly shown that the image after
splicing has a very good quality and smooth transition.

4. Environmental monitoring using MERSI-
II true color imagery

After the atmospheric correction, nonlinear enhance-
ment, and smoothing in discontinuity between two adja-

15N |

45E S50E 55E 60E 65E 70E

Han, X. Z., F. Wang, and Y. Han

921

cent orbits, the MERSI-II true color image is of high
quality and is now operationally utilized to monitor some
natural events and environmental disasters such as snow,
sandstorm, algal bloom, fire, and tropical cyclones.

4.1 Dust and snow in eastern Europe

In late March 2018, there is a widespread snowfall in
eastern Europe and Russia. In Fig. 8c, the MERSI-II im-
age, however, shows orange in color. In comparison, the
surface snow on 22 March 2018 is white (Fig. 8b). On
the same day, a dust storm formed in North Africa,
passing through the Mediterranean to eastern Europe
(Fig. 8a). The massive dust from the Sahara Desert was
blown over the Mediterranean Sea by strong winds and
piled up in Bulgaria, Romania, Moldova, Ukraine, and
Russia. Therefore, the snow on the surface on 25 March
appears orange in color after the sedimentation of dust.

4.2 Sandstorm in Xinjiang

Sandstorm is caused by strong winds carrying sand
and/or dust, and can be well monitored by the MERSI-II
RGB true color image. The dusty weather appeared in
Xinjiang at 1220 UTC 2 June 2018. In Fig. 9, the dusty
area is mainly located in the western part of the South
Xinjiang basin, covered with some clouds in the area as
well. It is estimated that the visible dust area was about
190,000 km?. Affected by the dusty weather, the air qual-
ity and visibility declined in the above areas. By combin-
ing the conventional meteorological data, the MERSI-II
true color image can be used to predict and track the
sandstorm.

15N |

45E 50E S5E 60E 65E 70E

Fig. 6. An example of the true color image combination of MERSI-II using DWPB (left) and normal (right) methods over the typhoon area.

»:M“F' I

110E

105E

Fig. 7. Asin Fig. 6, but over a land area.
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47N

46N

45N

29E

30E

Fig. 8. Examples of the true color image combination of MERSI-II Channels 1 (0.470 um), 2 (0.550 pm), and 3 (0.650 um) at the 250-m spatial
resolution. (a) Dust transport over Mediterranean Sea on 22 March 2018, (b) white snow in eastern Europe on 22 March 2018, and (c) orange

snow in eastern Europe on 25 March 2018.

40N

80E

Fig. 9. As in Fig. 8, but for the dust storm in Xinjiang region of
Northwest China on 2 June 2018.

4.3 Algal bloom in the North Sea

Algae can produce a class of toxin named micro-
cystins or cyanoginosins, which are harmful to the
creatures in the ocean. Monitoring the life evolution of
algae can be well achieved with the MERSI-II true color
imagery. There exist the highest nutrient contents in the
sea during late spring and early summer, with abundant
sunshine, rising water temperature, and nutrients, caus-
ing the proliferation of phytoplankton (Capuzzo et al.,
2018). On 6 May 2018, a large area of algal bloom is
shown on the MERSI-II true color image. The blooming
algae is moving westward in North Sea (Fig. 10). The
contrast between open water and algal bloom is clear and
is largely benefiting from the nonlinear enhancement
technique in the RGB image processing. The areas of

56N

54N

52N

2E

4E 6E

Fig. 10. As in Fig. 8, but for the algal bloom in the North Sea on 6
May 2018.

light milky white and green colors may contain Cocco-
lithophores and Diatoms, respectively. In addition, the
image brightness can reflect the density of phytoplank-
ton, while the different vortices and shapes can reflect
complex movements of ocean currents, eddies, and tides.

4.4 Firein the western part of the US

In summer 2018, the western part of the US experi-
enced high temperature, dry air, and lightning. As a res-
ult, forest fires occurred in the region. Figure 11 is a
MERSI-II true color image related to a large area of
wildfire at 2145 UTC 28 July 2018. There were 11 large
fire spots concentrated in four areas (California, Idaho,
Nevada, and Utah), with an impact range of approxim-
ately 298.8 and 1.277 km? for the open fire (Fig. 11). The
grey smog was easily found over the dark green forests ,
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Fig. 11. As in Fig. 8, but for the wild fires that occurred in the west-
ern US on 28 July 2018.

which spread across the desert due to the gusty winds.

4.5 Typhoon Mangkhut

According to the 64th Satellite Typhoon Monitoring
Report issued by the National Meteorological Satellite
Center of the China Meteorological Administration, the
22nd typhoon in 2018, named as Mangkhut, was ob-
served from the FY-3D MERSI-II true color image. At
0540 UTC 16 September 2018, Mangkhut approached
the eastern coast of China. At 1000 UTC 16 September
2018, the center of Typhoon Mangkhut was located at
20.8°N, 115.0°E, with a maximum wind speed of 48 m
s ! and minimum air pressure of 945 hPa near its center.
Figure 12 shows Typhoon Mangkhut on 19 September
2018 when it reached its full maturity, and the peripheral
spiral cloud and rainfall belt began to affect most of
Guangdong Province.

5. Summary and conclusions

This paper presented an algorithm for generating the
MERSI-II RGB true color images and introduced associ-
ated environmental applications. The atmospheric correc-
tion, nonlinear enhancement, and weighted splicing
method are developed for the true color image pro-
cessing. In the atmospheric correction, ozone and water
transmittance, total Té and T 11, as well as § values are all
parameterized and updated. The nonlinear enhancement
aims at discriminating the dark targets, and the DWPB
splicing method is developed to create a smooth true col-
or image between adjacent orbits and different granules.
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Fig. 12. As in Fig. 8, but for Typhoon Mangkhut that ocurred on 19
September 2018.

From the MERSI-II true color images, environmental
disasters and natural events such as sandstorm, snow, al-
gae, fire, and typhoons are well detected and monitored.
The results show that the true color image improves the
contrast of dark targets and restores the true color of sur-
faces. MERSI-II has the capacity to provide the detailed
texture and useful information in interpreting natural
events.
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