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Abstract—The Solar Backscatter Ultraviolet Sounder (SBUS)
is one of the 11 main payload instruments onboard Feng Yun-3
(FY-3), the second generation of Chinese polar orbit meteoro-
logical satellites. This paper presents the results of SBUS instru-
ment calibration, and data and product validation during the
prelaunch and postlaunch periods. Topics include the instrument
prelaunch calibration and characterization, in-orbit monitoring,
validation of the ozone profiles retrieved from the FY-3 SBUS
measurements, and an application of the retrievals to monitoring
the 2011 Arctic ozone depletion. For the prelaunch calibration
of SBUS, the estimated uncertainty of laboratory calibration is
approximately 4.7%. The in-orbit solar irradiance measurements
indicate that the diffuser reflectivity degraded approximately 15%
for the 252-nm channel, and 3% to 5% for the other 11 channels
during a 12-mo period. Using ozone vertical profiles retrieved
from National Oceanic and Atmospheric Administration Solar
Backscatter Ultraviolet (SBUV)/2s as a “truth,” the initial compar-
ison of ozone profiles between FY-3 SBUS and SBUV/2s finds that
the relative percent bias of the FY-3 SBUS with the SBUV/2 results
is good. The averaged differences range over to ±7% for FY-3A
SBUS and ±6% for FY-3B SBUS. The SBUS ozone profile re-
trievals reveal that the spring 2011 Arctic ozone depletion mainly
resulted from a sharp ozone decrease in the upper troposphere to
lower stratosphere, which accounts for 70% to 80% of the total
ozone loss.

Index Terms—Calibration, Feng Yun-3 (FY-3) satellite, ozone
vertical profile, Solar Backscatter Ultraviolet Sounder (SBUS).

I. INTRODUCTION

O ZONE is a very important component of the atmosphere
that deserves special attention. Atmospheric ozone lo-

cated at different altitudes plays different roles for human
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beings and the Earth’s environment. The stratospheric ozone,
accounting for 90% of the total ozone, prevents harmful solar
energy from reaching the Earth’s surface by strongly absorbing
biologically damaging ultraviolet radiation. It also plays a
key role in photochemistry and atmospheric heat and energy
balance. The tropospheric ozone, accounting for approximately
10% of the total ozone content, is a significant greenhouse
gas [1]–[5]. Various human activities affect the concentrations
of atmospheric ozone in two ways: primarily by decreasing
the amount of ozone in the stratosphere and by increasing
the tropospheric ozone [1], [6], [7]. Changes in stratospheric
ozone and tropospheric ozone influence both climate change
and the Earth’s environment. However, a reliable assessment
of ozone depletion in the stratosphere and ozone increases in
the troposphere depends on accurate long-term monitoring of
the changes in global total ozone and in ozone vertical profiles
[5], [8], [9]. For reliable long-term monitoring of ozone vertical
profile data collection, satellite-based instruments have advan-
tages over ground-based observation because they can provide
near-global distributions, as opposed to point measurements
from ground-based observations [10]–[15]. The data record of
global ozone vertical profiles, which is produced from solar
backscatter ultraviolet (SBUV) instruments on American polar
satellite series, extends across 40 years [4], [16], [17].

The Solar Ultraviolet Backscattered technique for the remote
sensing of atmospheric ozone was first implemented by NASA
in 1970 in the BUV instrument carried on the Nimbus-4 satellite
[16], and was continued by the SBUV instrument onboard the
NASA Nimbus 7 satellite in 1978 [17]. The National Oceanic
and Atmospheric Administration (NOAA) SBUV measure-
ments began with the SBUV/2 onboard the NOAA-9 satellite
in 1985. Since then, six more SBUV/2 follow-on instruments
have flown on the NOAA polar orbit satellite series. Together,
these have provided important information on global-scale spa-
tiotemporal ozone vertical distribution changes [14], [16], [17].
There are four SBUV/2 instruments onboard the NOAA-16, 17,
18, and 19 Polar Operational Environmental Satellite (POES)
currently in operation.

China has launched two Solar Backscatter Ultraviolet
Sounder (SBUS) instruments in 2008 and 2010 flying on FY-3A
and FY-3B satellites, respectively [17]–[19]. The FY-3 SBUS
is the first Chinese ozone monitoring instruments on Chinese
meteorological satellites [18]. They are designed to meet the
desires of the Chinese science community to collect global
ozone profiles for monitoring short- and long-term changes
of global ozone vertical distribution. The spectral bands and
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TABLE I
SPECTRAL PARAMETERS FOR THE FY-3 SBUS CHANNELS

spatial resolutions are similar to those used by the SBUV/2 on
the NOAA polar satellites [18]. The FY-3A SBUS ceased to
work in November 2008 because of a mechanical failure, and
the FY-3B SBUS is currently in operation. Therefore, in this
paper, we will emphasize the calibration of the FY-3B SBUS
and the generation and validation of ozone products.

In this paper, the characteristics of FY-3 SBUS, including
the prelaunch calibration and in-orbit performance monitoring,
are presented first. Then, we examine the generation of ozone
vertical profiles from the FY-3 SBUS measurements and the
primary evaluation of the products. In the final part, we give an
application of the FY-3 SBUS ozone profile retrievals combined
with those from the SBUV/2s for monitoring the 2011 spring
severe Arctic ozone depletion.

II. INSTRUMENT DESCRIPTION

The SBUS is a nadir-viewing sensor with double monochro-
mators. It is designed to have three observing modes in orbit:
a standard Earth measurement mode, a solar measurement
mode, and an internal lamp calibration mode. In its standard
Earth observing mode, the SBUS measures the backscattered
ultraviolet radiance at 12 discrete channels in the 250–340 nm
spectral region with 1.1-nm full-width half-maximum (FWHM)
bandwidths (see Table I). The bandpasses are well approxi-
mated by symmetric triangular shapes.

The instrument steps through the 12 discrete channels in
sequence over 64 s while viewing the Earth with approximately
200 × 200-km2 instantaneous field of view (IFOV). The SBUS
carries out the solar observing mode when the satellite is over
the northern terminator. There are two kinds of solar irradiance
measurements: discrete solar irradiance measurements (at the
12 discrete channels) once every week and a set of “continuous”
spectral irradiance measurement over the full 160–400 nm
spectral region once every month. In the discrete solar irra-
diance measuring mode, the instrument passes through the
12 channels in 64 s. In the continuous measurements mode,
the grating drive cam is continuously stepped in 0.035-nm
increments, and the sample measurement intervals are 0.21 nm.
One complete scan from 160 to 400.3 nm takes 114.4 s.
The instrument is designed to move a diffuser plate into the
optical path to make solar irradiance measurements. Since

the atmospheric ozone information is derived from ratios of
radiance and irradiance measurements, the optical properties
of the instrument components common to both measurements
cancel out and need not to be characterized [16], [17]. However,
monitoring the diffuser degradation is critical for maintaining
the accuracy of ozone profiles deduced from the instrument
measurements. To monitor the diffuser reflectivity changes over
time, the instrument is equipped with dual solar diffuser plates
and a Hg lamp. The SBUS exercises the standard lamp cali-
bration mode to monitor the instrument wavelength scale shifts
by tracking the location and the position of the Hg lines. The
dual diffusers are composed of one working diffuser and one
reference diffuser. The working diffuser is used in operational
solar irradiance measurements, whereas the reference diffuser
is used much less frequently to provide a more stable standard
solar reference flux. There are two detectors in the SBUS
monochromator: one is the principal detector with a R1689-
02Mod photomultiplier tube (PMT), and the other is a reference
detector with a 541N-05M-13 PMT. A spectral splitter is used
to separate spectral channels to the two different detectors. The
reference detector is used once every month to monitor the PMT
gain changes, and it is also a backup for the principal detector
during the instrument’s operational lifetime.

During the normal measurements cycle, as the instrument
steps through the 12 discrete channels, the satellite moves along
the orbital track; therefore, there are approximately 34-km gaps
between adjacent channels’ IFOVs. To account for the change
in the scene reflectivity, the SBUS is equipped with a separate
coaligned filter photometer, which makes 12 measurements
colocated with each of the 12 monochromator measurements.
The wavelength and FWHM of the photometer are included in
Table I.

III. SBUS CALIBRATION

Since the FY-3 SBUS does not have an onboard calibration
source (other than the Hg lamp), its calibration is composed of
two parts: prelaunch laboratory calibration and in-orbit diffuser
degradation monitoring.

A. Prelaunch Calibration

To carry out the prelaunch calibration, we choose a 150-W
highly stable water-cooled deuterium lamp with a MgF2 win-
dow produced by Hamamatsu as spectral irradiance standard
source. After preheating for about half an hour, the lamp
stability reaches 0.3% or better [20]. The calibration setup for
the parallel light illumination mode consists of the deuterium
lamp and an Al + MgF2-coated spherical mirror to collimate
the light. The focal length of the spherical mirror is 500 mm,
and the aperture is 60× 60 mm2. The light source is located
within the mirror focus and 15◦ from the axis of the mirror,
which introduces a slight astigmatism into the collimated beam.
Thus, the output of this unit is a light beam with a 60× 60 mm2

aperture. In order to check the output uniformity, a radiometer
composed of a Si photodiode and a 254-nm filter is used to
measure eight sampling points, and the measurement results
indicate that the irradiance uniformity is better than 0.3%; the
impact of the astigmatism is insignificant.
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Fig. 1. SBUS irradiance calibration optics diagram. (a) Standard light as the
light source. (b) Parallel light source.

The output spectral irradiance Ec(λ) is given by

Ec(λ) = ED(λ) ·�mλ (1)

where ED(λ) is the spectral irradiance of the light source at a
specified distance, and �m(λ) is the spectral reflectance of the
collimating mirror.

To determine ED(λ) and �m(λ), we adopt the irradiance
transfer system to obtain the standard irradiance output. This
method avoids the difficulty in measuring �m (λ). A vac-
uum ultraviolet spectral irradiance transfer system based on
a McPherson 2253M5 monochromator is designed. The cur-
vature radius of the concave grating with 1200 lines/mm is
3 m, the wavelength accuracy of this system is ±0.01 nm,
and the wavelength reproducibility is 0.01 nm. The detector
is a 541N-05M-13 photomultiplier provided by the American
EMR Company. Since the light source used in the system and
the reflection efficiency of the monochromator grating are not
uniform, we use a diffuser located directly behind the field
aperture. A magnesium fluoride (MgF2) window, ground on
one side, is used as the diffusing element. Although it cannot
be expected to be as good as an integrating sphere, it was
shown to be suitable at least over a relatively small range of
angles. Sources are located at 500 mm from the MgF2 diffuser.
A 30-W irradiance standard deuterium lamp whose spectral
radiant intensity was calibrated by Physikalisch-Technische
Bundesanstalt (PTB) on BESSY II is adopted [21].

The irradiance transfer procedure is illustrated in Fig. 1. The
PTB standard deuterium lamp aforementioned and the calibra-
tion unit based on parallel light mode illuminate the MgF2

diffuser, respectively. At the distance of 500 mm, the system
detection efficiency as a function of wavelength is invariant;

therefore, the spectral irradiance responsivity of the transfer
system is given by

Rt(λ) =
Ed(λ)

Vd(λ)
=

Ec(λ)

Vc(λ)
(2)

where Ed(λ) is the spectral irradiance at the MgF2 diffuser
produced by the 30-W PTB standard deuterium lamp, Ec(λ)
is the spectral irradiance at the MgF2 diffuser produced by
the calibration unit based on parallel light mode, Vd(λ) is the
response of the transfer system to the PTB standard deuterium
lamp, and Vc(λ) is the response of the transfer system to the
calibration unit based on parallel light mode.

The irradiance Ed(λ) is given by

Ed(λ) =
Id(λ)

l2
(3)

where Id(λ) is the spectral radiant intensity of the 30-W deu-
terium lamp calibrated by PTB, and l is the distance between
deuterium lamp and MgF2 diffuser.

The output spectral irradiance of the calibration unit is based
on parallel light mode, which can then be determined by

Ec(λ) =
Id(λ) · Vc(λ)

l2 · Vd(λ)
. (4)

A flight spectral radiometer model used for measurements of
space solar spectral irradiance was calibrated by the calibration
unit based on parallel light mode in a spectral range from
160 to 300 nm. This instrument is based on an Ebert–Fastie
double-grating radiometer that views the Sun using a reflecting
diffuser plate. The diffuser has an approximately Lambertian
response with a spectral range from 160 to 400 nm and a
spectral resolution of 0.15 nm. The irradiance calibration in
thermal vacuum condition for a spectral range of 160 to 300 nm
was performed after replacing the spectral transfer system
shown in Fig. 1, and the ambient calibration over the spectral
range of 200 to 300 nm was also performed.

The irradiance responsivity is given by

R(λ) =
Ec(λ)

V ′
c(λ)

=
Id(λ) · Vc(λ)

l2 · Vd(λ) · V ′
c(λ)

(5)

where V ′
c(λ) is the responsivity of the spectral radiometer [20].

The estimated precision of the calibration is given by

ΔR(λ)

R(λ)
=

(∣∣∣∣ΔVd(λ)

Vd(λ)

∣∣∣∣
2

+

∣∣∣∣ΔVc(λ)

Vc(λ)

∣∣∣∣
2

+

∣∣∣∣ΔV ′
c(λ)

V ′
c(λ)

∣∣∣∣
2

+

∣∣∣∣ΔId(λ)

Id(λ)

∣∣∣∣
2

+

∣∣∣∣Δl

l

∣∣∣∣
2
)1/2

. (6)

The error source analysis is listed in Table II.

B. In-Orbit Monitoring

The SBUS detects atmospheric ozone by using the ratio of
BUV radiance and solar irradiance at wavelengths with varying
ozone absorption cross sections.
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TABLE II
ERROR ESTIMATION FOR THE SBUS SPECTRAL

RESPONSIVITY CALIBRATION

The difference in optical paths between SBUS radiance and
irradiance measurements is that a diffuser plate is employed in
the irradiance observation. The solar irradiance measurements
of SBUS are used to monitor changes in instrument degradation
[22]. The instrument output change in the solar irradiance
measurement mainly comes from three sources: diffuser-plate
reflectivity degradation, other instrument optics and electronic
changes (excluding the diffuser), and real solar irradiance
changes. The instrument solar irradiance output at wavelength
λ and time t can be given by

Fλ(t) = Fλ(t0)
Rλ(t)

Rλ(t0)
Sλ(t) (7)

where Fλ(t) and Fλ(t0) are outputs of solar irradiance at time t
and t0, respectively, and t0 refers to the first measurement after
launch; Rλ(t0) and Rλ(t) are the diffuser reflectivities at the
initial time t0 and a later time t; and Sλ (t) includes all changes
not due to the diffuser [22].

In the case of FY-3B SBUS solar irradiance measurement,
the Sλ (t) in (7) can be neglected because the effects of in-
strument optics and electronic changes, excluding the diffuser,
cancel out in the ratio of solar irradiance and BUV radiance
measurements [22]. The solar irradiance change mainly comes
from the changing distance between the Earth and Sun over
the annual orbit with additional variations due to solar activity
over the Sun’s 11-year cycle. Considering the relationship
between the top of the atmospheric solar irradiance and the
Earth–Sun distance, the top of the atmospheric solar flux can be
described as

F (t) = S0

(r0
r

)2

cos θ0 (8)

where S0 is the solar constant at the mean Earth–Sun distance
r0, and θ0 is the solar zenith angle. The Earth–Sun distance r
varies throughout the year according to the elliptical orbit [23].

We set r0 = 1 astronomical unit and use standard formulas
to compute the Earth/Sun distance at time t. By combining
this with the knowledge of the solar zenith angle θ0 provided
by the spacecraft ephemeris and pointing, we can compute the
theoretical top-of-atmosphere solar flux.

By using the Earth–Sun distance knowledge, the FY-3B
SBUS discrete solar irradiance measurement data taken at
different times can normalized the measurements to the first
day’s solar observation.

Fig. 2. SBUS discrete solar irradiance measurements at (upper) 252-nm
channel, (middle) 298-nm channel, and (bottom) 340-nm channel. The irra-
diances have been corrected for the Earth–Sun distance and are normalized to
the first measurements.

Fig. 2 shows the FY-3B SBUS solar irradiance time series
data at 252, 298, and 340 nm for monthly averaged measure-
ments from the launch to the present. The data are normalized
to the first measurements, made on November 19, 2010, and
are corrected for the influence of changes in the Earth–Sun
distance.

The FY-3B SBUS normally measures the solar irradiance in
the discrete mode once per week and in the continuous scan
mode once per month. In Fig. 2, we can see that the maximum
degradation of the diffuser reflectivity is about 15% for the
252-nm channel, and the degradation of diffuser reflectivity
varies from 3% to 5% for the remaining11 channels. In our
consideration, the change of FY-3B SBUS solar irradiance
measurements illuminated in Fig. 2 can be attributed to the
degradation of the diffuser reflectivity. In Fig. 2, we can also
see the measurement has a small bump in January 2011 at every
channel.

The wavelength-dependent diffuser reflectivity degradation
parameter rλ can be modeled as

rλ =
−1

Rλ(t)

∂Rλ(t)

∂E(t)
(9)

where rλ is the time-independent diffuser reflectivity degra-
dation parameter, Rλ (t) is the diffuser reflectivity at time t,
and E(t) is the exposure hour of diffuser reflectivity to the
Sun [22].

When parameter rλ is calculated, the diffuser reflectivity
Rλ (t) at time t can be determined by the exposure time E(t),
i.e.,

Rλ(t) = exp [−rλE(t)] . (10)

In order to build a model to monitor the diffuser reflectivity
degradation trend, we are accumulating the solar irradiance
measurements and the corresponding diffuser exposure times
for the two diffusers. In general, at least two years of data are
needed in this paper to obtain good estimates of rλ [22].
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IV. OZONE PROFILE RETRIEVAL FROM THE FY-3 SBUS

A. Algorithm Description

The SBUV/(2) ozone vertical profile retrieval algorithm de-
velopment can be traced to the early1970s when Nimbus-4
BUV measurements were processed to provide ozone profile
estimates. The initial retrieval algorithm has been improved
with several versions from the first to the present. The algorithm
currently in use at NOAA is called Version 8 [17].

The development of China’s FY-3 SBUS ozone vertical
profile retrieval algorithm started in March of 2003 with the
formation of a small ozone profile retrieval team was formed
at the National Satellite Meteorological Center (NSMC). The
team worked on the ozone vertical profile retrieval algorithm
and used some published older versions of SBUV(/2) algo-
rithms as the main references [16], [24]–[27]. An initial SBUS
algorithm was developed by the end of 2006, and an ozone
profile retrieval experiment was carried out using simulated
data [28]. The initial algorithm had a simplified treatment of
some retrieval factors, such as the generation of a priori ozone
profiles and temperature profiles, the convergence criterion,
and interpolation calculations. The SBUV/2 Version 8 ozone
vertical profile algorithm was publicly released as part of the
scientific package with the 25-year SBUV/2 climate data record
produced in 2005. The algorithm was recommended for use
with SBUS measurements under the U.S.–China cooperation in
the field of atmospheric science and technology 2006–2008. In
July 2008, development of the FY-3 SBUS ozone vertical pro-
file algorithm based on the Version 8 algorithm was completed,
and it became the operational ozone profile retrieval algorithm
for FY-3 SBUS measurements.

B. Ozone Profile Retrieval From the FY-3 SBUS

During July to August 2008, after the launch of FY-3A
satellite, ozone vertical profile retrieval experiments were car-
ried out using the FY-3A SBUS measurements. To evaluate
the quality of the retrieved ozone profile, we compare ozone
profiles derived from FY-3A SBUS with those from NOAA
SBUV/2 instruments. The ozone profiles from SBUV/2 are
treated as benchmark data. Pairs of match-up profiles from
SBUS and SBUV/2 for the same observing day are found with a
collocation criterion, i.e., the differences in the selected latitude
and longitude are both less than 0.5◦. For these matching pairs
of profiles, we compare the ozone profile amounts layer by layer
and calculate relative bias in percentage as

δi =
(Xi − Yi)

[(Xi + Yi)/2]
× 100 (11)

where i = 1, 2, . . . , 21 refers to the numbers of retrieved ozone
profile layer, δi is the relative bias percentage between SBUS
and SBUV/2 at layer I, and Xi and Yi are the ozone amounts
for layer i of SBUS and SBUV/2, respectively [18].

Matched profile pairs are divided into low- (less than 20◦),
mid- (between 20◦ and 50◦), and high-latitude zones (between
50◦ and 90◦). This way, we obtained 132, 188, and 570 match-
up profiles for the low-, mid- and high-latitude zones, respec-

Fig. 3. Samples of matched ozone profile comparisons from FY-3A SBUS
and NOAA SBUV/2s. (a) FY-3A SBUS ozone profile compared with NOAA-17
SBUV/2. (b) FY-3A SBUS profile with NOAA-16 SBUV/2. (c) FY-3A SBUS
with NOAA-17 SBUV/2. The “∗” symbols are the SBUS retrieved profile and
the “Δ” symbols are SBUV/2 retrieval.

tively. Fig. 3 shows some samples of ozone profile pairs for
SBUS and SBUV/2.

The curves in Fig. 3 provide comparisons between the re-
trieved ozone profiles from FY-3A SBUS and NOAA SBUV/2s.
The horizontal axis gives ozone amount in Dobson units (DUs)
retrieved for each layer, and the vertical axis gives the vertical
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TABLE III
LOCATIONS AND DATES FOR THE MATCHED

PROFILES COMPARED IN FIG. 3

Fig. 4. Relative bias of FY-3A SBUS ozone profiles with NOAA SBUV/2
profiles. The “�” symbols are relative bias for regions latitude less than 20◦.
The “•” symbols are relative bias for region latitude between 20◦ to 50◦. The
“Δ” symbols are relative bias for region latitude between 50 to 90◦.

layer number on the left axis and the lower layer boundary
pressure in hectopascals for each layer on the right axis. The
comparisons show that there exist some differences between
retrieval, particularly in layers just above the tropopause where
the ozone amounts often reaches a maximum.

Table III provides the specific location information for the
profiles compared in Fig. 3.

Fig. 4 shows the zonal mean relative bias (in percentage) of
the retrieved ozone profiles from FY-3A SBUS relative to those
from NOAA SBUV/2 for three latitude zones during July to
August 2008.

The three curves show zonal mean relative bias in percentage
for each profile layer in the three latitude zones over a period of
one and a half months. The horizontal axis is the relative per-
centage difference between ozone profiles from FY-3A SBUS
and NOAA SBUV/2s. Assuming that the ozone profiles from
NOAA SBUV/2s are the “true” values, we can see that the
relative percent difference of FY-3A SBUS profiles are between
±7% for most vertical layers.

Fig. 5 gives a comparison of differences between retrieved
and a priori profiles for FY-3A SBUS and NOAA SBUV/2s
during 17 July to 30 August 2008. The curves show tropical
zonal (latitude less than 20◦) mean differences between the
retrieved and a priori profiles over a period of one and a

Fig. 5. Differences between retrieved and a priori profiles for FY-3A SBUS.
The “Δ” symbols are the differences between FY-3A SBUS mean retrieval and
a priori profiles, the “×” symbols are differences between NOAA-16 SBUV/2
mean retrieval and a priori profiles, and the “+” symbols are differences
between NOAA-17 SBUV/2 mean retrieval and a priori profiles.

Fig. 6. Relative bias of FY-3B SBUS ozone profiles compared with NOAA
SBUV/2 profiles. The “�” symbols are relative bias for regions latitude less
than 20◦. The “•” symbols are relative bias for region latitude between
20 to 50◦. The “�” symbols are relative bias for region latitude between
50 to 90◦.

half months. The three curves are for FY-3A SBUS (with
the “Δ” symbol), NOAA-16 SBUV/2 (with the “×” symbol),
and NOAA-17 SBUV/2 (with the “+” symbol). The retrieval/
a priori differences for NOAA-16 and NOAA-17 SBUV/2
agree with each other with 10% or smaller differences, but
the mean retrieval/a priori differences for FY-3A SBUS do not
agree with the two NOAA instruments. Prominent differences
are present from 10 to 4 hPa and from 1.58 to 0.158 hPa.
The figure shows that the FY-3A SBUS retrieved data are
significantly larger than the climatological values for layers
from 10 to 4 hPa, but the SBUV/2s’ retrieved amounts are
close to or less than the climatological values. For layers
from 1.58 to 0.158 hPa, the situation is reversed with the FY-
3A SBUS retrieved data less than the climatological values,
whereas the SBUV/2s data are larger than the climatological
values.
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In March 2011, after the launch of FY-3B, we carried
out similar comparisons of ozone profiles retrieved from the
FY-3B SBUS with those of NOAA SBUV/2s using data from
December 2010 to March 2011. Fig. 6 shows the comparison
results.

In Figs. 4–6, it is shown that the mean relative differences
between profiles from SBUS and SBUV/2 are small. The
differences are within ±7% at most layers for FY-3A SBUS,
and ±5%–6% for FY-3B SBUS. By comparing Figs. 4 and 6,
we can see that the relative differences of the FY-3B SBUS have
improved from the FY-3A satellite.

With the assumption that retrieved ozone profiles from
SBUV/2 are the “truth,” the differences between data from the
FY-3 SBUS with that from SBUV/2s mainly come from three
sources. First, there are possible changes in the atmospheric
ozone vertical structure, over the 2–5 h observing time differ-
ences for FY-3 SBUS and NOAA SBUV/2s. A second source
could result from SBUS measurements errors. The estimated
relative radiance calibration accuracy is better than 2%, and
the estimated uncertainty for the SBUS prelaunch calibration
equipment is about 4.7% [20]. Algorithm sensitivity studies
for the SBUV/2 give estimates that a 1% calibration error at
a 302-nm channel may results in an ozone profile error of about
1.2% in the 20-hPa layer, whereas the same 1% error in the
252-nm channel will generate an ozone error of about 1.8%
at 1 hPa [29]. Therefore, some errors likely result from FY-3
SBUS calibration errors. A third possible source of differences
is mismatches in the geolocation, which may results in some
differences in ozone profiles.

In SBUV/2 profile evaluation studies, comparisons of zonal
mean profiles with a priori profiles and of total ozone val-
ues are often performed [17]. In the evaluation of FY-3
SBUS ozone profiles, we carried out some initial compar-
isons of ozone profiles pairs from SBUS and SBUV/2s. In
the future, we will perform a zonal mean profile and a total
ozone time series from the FY-3 SBUS with those from the
SBUV/2s.

V. APPLICATIONS OF THE FY-3 SBUS FOR MONITORING

THE 2011 SPRING SEVERE ARCTIC OZONE DEPLETION

The data from the FY-3B SBUS combined with data from
the NOAA SBUV/2s are used to monitor the severe ozone
loss in the arctic region during March to April 2011 [19].
Ozone distribution maps using total ozone data from SBUS and
SBUV/2 were consistent with those from the FY-3 Total Ozone
Unit measurements and those from the World Ozone Ultraviolet
Radiation Data Centre surface observations.

Fig. 7 shows a comparison of ozone vertical profiles taken
from at 71.11◦ N, 77.09◦ E on March 14, 2011, with those taken
from nearby locations on March 1, 2011 and April 8, 2011.

Three curves in Fig. 7 are for the ozone profiles on March 14
when the point is in the ozone depleted area and on March 1
and April 8, 2011 before and after the ozone depletion event,
respectively. The total ozone levels for the three profiles were
396, 277, and 528 DU, sequentially in time. The figure shows
that the main ozone loss on March 14 comes from ozone
depletion in layers 4–10, with a pressure range from 251 to

Fig. 7. Comparisons of ozone profiles obtained before, during and after the
ozone depletion event. The “∗” line is the ozone profile on March 14 during
the ozone depletion. The “Δ” line is the ozone profile on March 1 before and
the “�” line is the ozone profile on April 8 after the event.

Fig. 8. Extent of the ozone depletion from the North Pole toward low latitude
region during the end of March 2011. Maps (a), (b), (c), and (d) show the ozone
depletion area extended from the pole to the low latitude regions on March 28,
29, 30 and 31, respectively.

10 hPa. These values correspond to changes from the upper
troposphere to the middle stratosphere. Analyses also revealed
that during the ozone loss event, the partial column ozone
amount from the upper troposphere to the stratosphere was
approximately 100 DU lower than the normal level or 193 DU
lower than the high level. This change represents a change in
ozone level between 77% and 83%. The data also revealed
that the bulk of the changes to ozone layer amounts during the
event occurred between the upper troposphere and the middle
stratosphere.
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Fig. 8 displays the size of the area of ozone loss at its peak
during March 28–31 as the region extended across Western
Europe to the middle of Russia. Fig. 8(a)–(d) shows the extent
of ozone loss area during March 28, 29, 30, and 31, respectively.
The total ozone data in Fig. 8 are from the combination from
FY-3B SBUS and NOAA-16, 17, 18, and 19 SBUV/2s.

As shown in Fig. 8, during the period of March 28–31, the
area of ozone reduction extended from the Pole and covered a
significant area, including Western Europe and central Russia.
Total ozone levels for the area were between 230–250 DU, with
regions falling below 220 DU reaching the level of a small
ozone hole.

VI. SUMMARY

The SBUS instruments onboard the FY-3A satellite was the
first space-based Chinese ozone-monitoring instrument. The
second SBUS instrument onboard the FY-3B is currently in op-
eration. The discrete solar irradiance measurements show max-
imum diffuser reflectivity degradation of approximately 15%
for 252-nm channels, and ranging from 3% to 5% for the other
11 channels. Ozone vertical profile and total ozone products are
successfully generated from the SBUS measurements, and the
primary comparisons with profiles from the NOAA SBUV/2s
show that the relative precision of ozone profiles deduced from
FY-3 SBUS is good. The averaged layer differences range over
±7% for FY-3A SBUS and over ±6% for FY-3B SBUS. The
application of FY-3B SBUS in the monitoring of 2011 spring
severe arctic ozone loss shows that ozone profiles, and the total
ozone products retrieved from SBUS can provide valuable in-
formation both for changes in total ozone distribution and ozone
vertical structure. A comparison of ozone vertical profiles for
same point near the North Pole shows that the total ozone loss
mainly comes from sharp decreases in the stratospheric ozone,
accounting for 70%–80% of total ozone losses during the 2011
spring Arctic ozone loss event.
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