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Abstract—The MEdium Resolution Spectral Imager (MERSI)
is the keystone instrument onboard FengYun-3 (FY-3). After
FY-3A, FY-3B MERSI is the second launched in November 2010.
Nineteen of the 20 MERSI spectral bands are the reflective solar
bands, which cannot be absolutely calibrated onboard. The annual
vicarious calibration (VC) based on synchronous in situ measure-
ments at the Dunhuang site is the baseline calibration method
for MERSI. To assure frequent and stable calibration updates,
a multisite calibration tracking method is developed. This paper
presents the FY-3B MERSI postlaunch daily calibration updating
method based on multisite calibration tracking with the Dunhuang
VC correction, the long-term sensor response on-orbit change,
and the calibration performance evaluation. A reflectance-based
method is used for the Dunhuang VC, and the reflectance cal-
ibration uncertainties are within 3% for most MERSI bands.
The multisite calibration tracking method relies on simulated
radiation over several stable sites without synchronous in situ
measurements. A postlaunch daily calibration updating model is
established using a linear function of days since launch to describe
the long-term trend. The calibration updating model is validated
by the Dunhuang VC, showing the relative bias within 3.5% for
most bands. It is found that the shortwave channels of MERSI
experience large degradation, particularly the 412-nm band with
an annual degradation rate of approximately 18%, whereas most
red and near-infrared bands are relatively stable. Using the cal-
ibration updating model with the Dunhuang VC correction, the
recalibrated MERSI data are validated against Moderate Res-
olution Imaging Spectroradiometer by near synchronous-nadir-
observation analysis, and good agreement is achieved.

Index Terms—Dunhuang site vicarious calibration (VC), FY-3B
MEdium Resolution Spectral Imager (MERSI), multisite calibra-
tion tracking, on-orbit response change, reflective solar bands
(RSBs).

I. INTRODUCTION

THE FengYun-3 (FY-3) series is the second generation
of Chinese polar-orbit meteorological satellites [1]. After

FY-3A, FY-3B is the second spacecraft launched on November
5, 2011, in a near-sun-synchronous polar orbit with a nominal
altitude of 836 km and an equatorial crossing time of 1:30 P.M.
(ascending northward). MEdium Resolution Spectral Imager
(MERSI) is a keystone payload onboard FY-3, containing
20 bands covering the spectral range from visible (VIS) to
long-wave infrared (LWIR). The nadir spatial resolutions are
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0.25 km (five bands) and 1 km (15 bands). FY-3 MERSI is
capable of making global observations for a broad range of
scientific studies of Earth’s system.

Radiometric calibration is one of the prerequisites of success-
ful quantitative remote sensing applications. The experience
of Moderate Resolution Imaging Spectroradiometer (MODIS)
reveals that the long-term on-orbit response changes are rel-
atively large at visible spectral bands, particularly shortwave
bands with wavelengths less than 500 nm [2], which must
be effectively monitored and corrected to assure the science
product quality. Earth Observing System MODIS is a generally
accepted Earth-observing sensor with stable performance and
good calibration accuracy. Based on the complex onboard
calibrators (OBCs), MODIS realizes the on-orbit absolute cal-
ibration using onboard solar diffuser (SD) and an SD stability
monitor. In addition, regularly scheduled lunar observations are
made to track the reflective solar band (RSB) calibration stabil-
ity [2]. Although FY-3 MERSI is a high-quality civil instrument
in China, it still cannot realize the RSB onboard absolute
radiometric calibration. Other calibration approaches must be
taken to achieve the expected calibration accuracy requirement
of 7% for RSBs. There are already many postlaunch calibration
and monitoring methodologies in the solar reflective spectral
region, including uniform-site-based vicarious calibration (VC)
using radiative transfer models (RTMs) with input parameters
from synchronous in situ measurements (e.g., [3] and [4]) or
other sources (e.g., [5]–[7]); “invariant” target tracking such as
bright desert (e.g., [5], [6], [8], and [9]), glaciers (e.g., [10] and
[11]), and deep convective cloud (e.g., [12] and [13]), as well as
the moon (e.g., [14] and [15]); and intercalibration based on a
reference sensor or band (e.g., [16] and [17]). In general, based
on the long-term tracking analysis of stable targets on Earth’s
surface, in the atmosphere, or even in the outer space, the sensor
response change could be monitored relative to a reference
moment. However, without reliable onboard calibration, the site
VC with synchronous in situ measurements is still the main
choice for absolute calibration at the reference moment.

China Radiometric Calibration Site (CRCS) for satellite sen-
sor calibration for RSBs is located in the Dunhuang Gobi desert
in northwest China. The Dunhuang VC based on synchronous
in situ measurements has been the baseline calibration approach
for Chinese FY series satellites since 2002, and an annual field
campaign has been routinely carried out in summer [18]. The
limited frequency of once a year is not enough for frequent and
stable on-orbit calibration-coefficient updating. To increase the
postlaunch calibration frequency and monitor the radiometric
response change of MERSI, a multisite calibration tracking
method based on stable targets and radiative transfer modeling
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TABLE I
MERSI SPECTRAL BAND SPECIFICATIONS

without synchronous in situ measurements has been devel-
oped. The FY-3B MERSI postlaunch daily calibration updating
model is thus established based on the multisite calibration
tracking with the Dunhuang VC correction. The objective of
this paper is to present the FY-3B MERSI RSB postlaunch
daily calibration updating method, the long-term sensor re-
sponse on-orbit change, and the calibration performance. Fol-
lowing a brief sensor overview in Section II, the Dunhuang
VC method and result for FY-3B MERSI RSBs, as well as
the calibration reference uncertainty evaluation with respect
to Aqua MODIS, are described in Section III. Section IV
demonstrates the multisite calibration tracking method without
synchronous in situ measurements. Based on the calibration-
coefficient trending analysis, the long-term sensor response on-
orbit change is revealed, and the postlaunch daily calibration
updating model is established. The Dunhuang VC result is
then used for the correction of the postlaunch daily calibration
updating model. Provided in Section V are the evaluation of
FY-3B MERSI calibration performance with respect to Aqua
MODIS. The usability of the prelaunch calibration coefficients
is also analyzed. Section VI is a summary of this paper.

II. FY-3B MERSI OVERVIEW

MERSI was built by Shanghai Institute of Technical Physics,
Chinese Academy of Sciences. It has 19 RSBs with wave-
lengths from 0.41 to 2.13 μm and one thermal emissive band
(TEB) with a wavelength at 11.25 μm. For reference purposes,
Table I provides the spectral band specifications, and Fig. 1
shows the RSB spectral response functions (SRFs). MERSI is a
cross-track scanning radiometer, which collects data using a 45◦

single-sided scan mirror and a two-sided derotated K mirror.
There are totally 350 along-track detectors, 40 and 10 detectors
for each 0.25-km (bands 1–5) and 1-km (bands 6–20) spatial-
resolution band, respectively. It produces a swath of 2900-km
cross-track by 10-km (at nadir) along-track each 1.5-s scan with

a wide field of view (FOV) of ±55◦ from instrument nadir. This
enables the complete global coverage in one day.

The expected calibration accuracy requirement of RSBs is
7%. MERSI has two OBCs, including a blackbody (BB) for
TEB on-orbit calibration and a visible OBC (VOC) for RSBs.
MERSI VOC is an onboard visible calibration experimental
device. It is composed of a 6-cm diameter integrating sphere
with two interior halogen-tungsten lamps and a sunlight import
cone, an export beam expanding system with a flat mirror
and a parabola to create a quasi-Gaussian beam, and absolute
radiance trap detectors (four detectors with the same filter
designs as MERSI bands 1–4 and one panchromatic detector
with no filter). The MERSI VOC is only used for tracking the
temporal instrument degradation for research purposes because
of its nonregular operation and inability to be traced back to
a prelaunch standard. The space view (SV), Earth view (EV),
VOC, and BB are observed in each scan.

The detector uniformity brings strips in the original MERSI
image. Based on the linear correction coefficients from
prelaunch measurements, detector outputs are normalized to the
reference one onboard before data downlink. The remaining
strips are recorrected using lookup tables from global-scene-
based histogram matching.

The shortwave-infrared (SWIR; bands 6 and 7) and the LWIR
(band 5) focal plane assemblies should be cooled to approx-
imately 90 K by a passive radiant cooler. Unfortunately, the
antifouling cover of space radiant cooler was not successfully
opened. Thus, bands 6 and 7 are operated in anomalous working
conditions without temperature control since January 21, 2011,
and band 5 is inoperable.

III. DUNHUANG SITE VC

The Dunhuang test site, i.e., the CRCS for the Chinese satel-
lite sensor calibration for RSBs, was selected in 2008 by the
Working Group on Calibration and Validation (WGCV) of the
Committee on Earth Observation Satellites (CEOS) as one of
the instrumented reference sites. It is located on a stable alluvial
fan whose surface consists of cemented gravel with some gray
or black stones and almost no vegetation. The surface spectral
reflectance is temporally stable, and the coefficient of variation
(CV), defined as the ratio of standard deviation (Std) over aver-
age (Mean), is approximately 3% over the 10 km × 10 km cen-
tral region. The aerosol loading is low, with an average optical
depth of approximately 0.2 at 550 nm, except during the dusty
spring season. The surface reflectance is approximately 15%–
30% in the visible and near-infrared spectral regions, and the
surface bidirectional reflectance distribution function (BRDF)
was modeled with field measurements in summer 2008 [18].

The CRCS VC based on synchronous in situ measurements
has been the baseline calibration approach for Chinese FY
series satellites since 2002. The reflectance-based method is
used for RSB calibration. Field campaigns have been routinely
carried out once a year in summer, in which surface spectral
reflectance, aerosol optical property, and atmospheric profile
are synchronously measured with the satellite overpass (within
1 h). The first CRCS field campaign for FY-3B MERSI was
carried out in August 2011.
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Fig. 1. Spectral response functions of FY-3B MERSI RSBs with Aqua MODIS overplots. The gaseous absorption transmittance is shown with shaded black line.

A. Calibration Method

The in situ measured parameters at Dunhuang are input to
RTMs, and the calibration coefficients (slopes) are obtained
using the simulated top-of-the-atmosphere (TOA) apparent re-
flectance and MERSI observations of EV and SV by

100Refi cos(SolZ)/d2 = Slopei(EVi − SVi) (1)

where Refi is the RTM calculated instantaneous TOA re-
flectance for band i, SolZ is the solar zenith angle, d is the
Earth–sun distance in AU, Slope is the calibration slope, and
EV and SV are digital counts of Earth and SV observations
(taken as the radiation zero reference), respectively. In the fol-
lowing, Refi cos(SolZ)/d2 is denoted as the reflectance factor
(RefFactor).

6SV 1.0 and MODTRAN 4.0 are adopted as the radiative
transfer codes to calculate the TOA reflectance. The vector
model 6SV is mainly used for scattering calculation, while the
gaseous absorption transmittance from MODTRAN is used to
correct the lower estimation from 6SV.

The Ångström wavelength exponents of continental and
background-desert aerosol models contained in 6SV are about
1.2 and 0.3, respectively. Considering the fact that the measured
exponent during each Dunhuang site VC campaign usually
varies between 0.3 and 1.3, the aerosol model is dynamically
chosen according to the in situ measured Ångström exponent
as the continental model (Ångström > 0.75) or desert model
(Ångström ≤ 0.75).

The surface bidirectional reflectance model adopts the
MODIS BRDF model Algorithm for Model Bidirectional Re-
flectance Anisotropies of the Land Surface (AMBRALS) with
the following expression:

R(SenZ, SolZ, RelA, λ)
= Par1(λ) + Par2(λ)kvol(SenZ, SolZ, RelA)
+ Par3(λ)kgeo(SenZ, SolZ, RelA) (2)

Fig. 2. BRDF model parameters of the Dunhuang surface from in situ
measurement in 2008.

TABLE II
PARAMETERS FOR FY-3B MERSI DUNHUANG

SITE CALIBRATION IN AUGUST 2011

where R(SenZ, SolZ, RelA, λ) is the BRDF, SolZ is the solar
zenith angle, SenZ is the view zenith angle, RelA is the view-
solar relative azimuth angle, λ is the wavelength, kvol(SenZ,
SolZ, RelA) is the RossThick kernel, kgeo(SenZ, SolZ, RelA)
is the LiSparse-R kernel, and Par1(λ), Par2(λ), and Par3(λ) are
the BRDF kernel model parameters representing the weights
of isotropic scattering, volume scattering, and geometry optical
scattering, respectively. The BRDF model parameters are wave-
length dependent, and the in situ model at Dunhuang obtained
in summer 2008 is used [18] (see Fig. 2).

Because the in situ BRDF model at Dunhuang is built using
measurements only in 2008, the model parameters must be
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TABLE III
FY-3B MERSI CALIBRATION SLOPES FROM DUNHUANG SITE CALIBRATION IN AUGUST 2011

corrected according to the real-time in situ surface reflectance
and convolved using SRFs for each band by

Par′(λ)=Par(λ)Factor(λ)
=Par(λ)Rin-situ(λ)/Rmodel(SenZ, SolZ, RelA,λ)

(3)

Pari=
∑

SRFi(λ)Par
′(λ)Es(λ)/

(∑
SRFi(λ)Es(λ)

)

(4)

where Par(λ) and Par′(λ) are the original and corrected model
parameters at wavelength λ, “Factor” is the correction factor,
Rin-situ and Rmodel are the in situ surface reflectance (collected
within 1 h around satellite overpass) and the BRDF model
estimation under the same viewing geometry as the in situ one,
SRFi is the SRF for band i, Es is the solar irradiance at TOA,
and Pari is the band equivalent value for band i.

Other atmospheric parameters input to the RTM consist of
the aerosol optical thickness at 550-nm τa(550), which takes
the measurement average within half an hour around the satel-
lite overpass, the atmospheric profile taken from the sounding
measurement by Dunhuang national climatic observation sta-
tion within an hour around the satellite overpass, and the ozone
column amount taken from the Ozone Monitoring Instrument
daily product.

The average values around the site center are selected as the
matched satellite data using the following criteria: data in 3 × 3
pixel box centered at the nearest pixel to site center (40.138◦ N,
94.321◦ E) are taken; if the distance from the nearest pixel to
site center is larger than 0.01◦, data are discarded; the average
and Std are calculated for the 3 × 3 box; and if the CV is larger
than 1% at band 2 (550 nm), data are discarded.

B. Calibration Result

There are four matched data set for FY-3B MERSI during the
Dunhuang VC campaign in August 2011, and the atmospheric
and angle parameters are listed in Table II. Table III gives the
VC results. Good agreement exists among calibration slopes of
individual days. The CV values are less than 3% (except for
band 18 at 940 nm strongly affected by water-vapor absorption)
when viewing zenith angles less than 30◦. Because bands 6
and 7 operate at an abnormal working state without radiative
cooling and the uncertainty in water-vapor measurements is
relatively large, the calibration results for bands 6, 7, and 18
are just for reference.

C. MODIS-Based Calibration Evaluation

MODIS is the well-calibrated stable sensor, and since the
RSB on-orbit performance of Aqua MODIS is better than that

TABLE IV
PARAMETERS FOR AQUA MODIS DUNHUANG

SITE CALIBRATION IN AUGUST 2011

of Terra MODIS [2], Aqua MODIS is used as the reference to
evaluate the MERSI Dunhuang VC reference, i.e., simulated
TOA reflectance. The MODIS TOA reflectance simulated by
RTMs at Dunhuang using the same calculation scheme for
MERSI is compared with sensor measurement.

The version 5 products of MYD1KM and MYD03 are ob-
tained from the National Aeronautics and Space Administration
during the Dunhuang VC campaign in August 2011. The same
scheme as MERSI is used to obtain the TOA reflectance, except
that the CV threshold used in satellite data selection is 1.5%
for band 4 (555 nm). There are four matched data sets for
Aqua MODIS, and Table IV lists the atmospheric and angle
parameters. Because MODIS is usually saturated in bands 11
to 16 at Dunhuang and bands 18, 19, and 26 are strongly
affected by water-vapor absorption, the comparison analysis is
only performed for the first ten bands and band 17 with the
central wavelengths at 645, 858, 469, 555, 1240, 1640, 2130,
412, 443, 490, and 905 nm, respectively.

Table V lists the relative bias in percent between simulated
Aqua MODIS TOA apparent reflectance and sensor measure-
ments, defined as 100(RefEst − RefMea)/RefMea. It shows that
the simulated reflectance tends to be overestimated for bands 1,
3, 4, 7, 8, 9, and 17, while it tends to be underestimated for band
2; the differences are almost within 4% for window bands at the
visible and near infrared with wavelengths less than 1 μm, with
the exception of bands 8 (412 nm) and 7 (2.1 μm). The reason
for the relative large bias at band 8 is mainly due to the aerosol
model sensitivity at short wavelength.

IV. MULTISITE CALIBRATION TRACKING

Although the Dunhuang synchronous-measurement-based
VC could meet the calibration requirement of 4% for most
bands, the limited frequency of once a year is not enough
for frequent and stable on-orbit calibration-coefficient updates.
To increase the calibration frequency, a calibration tracking
method has been used to monitor the RSB radiometric response
variation, which is based on stable targets and radiative transfer
modeling without synchronous in situ measurements.
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TABLE V
RELATIVE BIAS IN PERCENT BETWEEN SIMULATED AQUA MODIS TOA APPARENT REFLECTANCE AND SENSOR MEASUREMENTS

Fig. 3. Typical scatter diagrams of simulated TOA reflectance versus MERSI EV digital number with SV subtracted for MERSI bands 2 and 4. The 18 data
points are acquired between day number since launch 80 and 90.

For FY-3B MERSI, multiple sites with uniform and stable
surface properties have been chosen for radiometric calibra-
tion tracking. Three bright desert target sites, namely, Libya1
(24.42◦ N, 13.35◦ E), Libya4 (28.55◦ N, 23.39◦ E), and Arabia2
(20.13◦ N, 50.96◦ E), and one Gobi desert site, i.e., Dunhuang
(40.14◦ N, 94.32◦ E), with medium brightness as recommended
by CEOS/WGCV, are chosen, as well as a dark ocean site
at Lanai (20.49◦ N, −157.11◦ E) with Marine Optical Buoy
(MOBY) measurements [19].

A. Calibration-Coefficient Series Without
In Situ Measurements

Average values in a 3 × 3 box around the site center are
selected as the matched satellite data. A similar scheme, as de-
scribed in Section III, is used to calculate the TOA reflectance,
except that no in situ measurements are used. The surface
bidirectional reflectance of land sites is represented using the
MODIS BRDF model [20]. This BRDF model depends on
three kernel model parameters that are wavelength dependent.
Parameters taken from MCD43C1 products are spectrally in-
terpolated to the central wavelengths of MERSI bands. Water-
leaving reflectance is taken from MOBY measurements for the
ocean site. A US1962 vertical atmospheric profile is assumed
all year long. The desert and maritime aerosol models provided
in 6SV are assumed for land and ocean sites, respectively. The
aerosol optical depth at 550 nm is taken from the MODIS
monthly aerosol product (Aqua Deep Blue result for land and
Terra result for ocean) [21]. The total column ozone is taken
from a monthly mean climate data set that is generated from
several years of Total Ozone Mapping Spectrometer observa-
tions [22], and the total column water vapor and surface wind
speed are taken from a climatology monthly mean from the Na-
tional Center for Environmental Prediction analyzed data [23].

In general, the calibration coefficient slowly changes with
time. Considering that data from multiple sites with different
brightness values could achieve a better coverage of sensor

dynamic range than one site and a large amount of data could
permit the reduction of calibration errors mainly due to cal-
culated reflectance uncertainties, the calibration coefficient is
calculated based on the acquisition of data during an accumu-
lation period and from the five sites with (1). In this paper,
a ten-day period is selected as the calibration time interval.
Cloud-contaminated data are discarded if the relative bias be-
tween MERSI measured TOA reflectance and RTM simulation
exceeds 50%. Because the sensor response degradation of the
near-infrared band is small, as described in Section IV-B, band
4 (865 nm) and Dunhuang VC coefficients given in Section III
are used. Fig. 3 displays the typical calibration scatter diagrams
with an accumulation period of ten days when the sensor zenith
angle is below 50◦ and the solar zenith angle is below 60◦.

B. Calibration-Coefficient Varying Trend

Based on the calibration-coefficient series, a linear model
is used to describe the long-term varying trend of calibration
slopes by

Slopei = aiDSL + bi (5)

where DSL is the number of days since launch, and ai and bi
are coefficients for band i. Fig. 4 shows the typical calibration
slope time series for bands 1–4 using data from November
2010 to December 2011, in which the linear regression model
is shown by a solid black line and the VC result at Dunhuang in
August 2011 is shown by blue squares. It can be seen that the
calibration coefficients present a linear varying trend with DSL,
but a seasonal periodicity still exists in some bands. The cali-
bration coefficients could be estimated for each day by using the
linear fitting parameters. Table VI lists the relative bias between
the estimated calibration coefficients and those from Dunhuang
VC in August 2011. It shows that the relative bias are within
3.5% for most bands with the exception of bands 8 (412 nm),
6 (1.6 μm), and 7 (2.1 μm). Surface property is the largest factor
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Fig. 4. (Dots) Calibration slope time series for bands 1 to 4 from multisite calibration tracking from November 2010 to December 2011. (Solid Line) The time
variation of calibration slopes exhibits regular changes that can be fitted with a linear model. (Dashed line) One Std of the difference between the calibration slopes
and estimations from the fitting model. (Blue square) VC result at Dunhuang in August 2011.

TABLE VI
CALIBRATION SLOPE RELATIVE BIAS BETWEEN ESTIMATION USING

MULTISITE METHOD AND 2011 DUNHUANG VICARIOUS CALIBRATION

to affect the calibration performance. The spectral interpolation
of BRDF model parameters from MCD43 will introduce error.
It is clear that, for the first four bands whose bands are similar
as MODIS, the relative biases are less than 2%. Except for
the two SWIR bands working in abnormal conditions, band
8 (412 nm) with the shortest wavelength exhibits the largest
difference because it is more influenced by the uncertainty
of aerosol.

The calibration coefficients from Dunhuang VC in August
2011 (DSL = 293) SlopeVC is used to correct the model esti-
mated initial calibration slope bi at launch day (DSL = 0) by

b′i = SlopeVCbi/(aiDSL + bi). (6)

TABLE VII
PARAMETERS OF FY-3B MERSI DAILY CALIBRATION UPDATING MODEL

FROM MULTISITE METHOD AFTER DUNHUANG VC CORRECTION

Table VII lists the parameters of the daily calibration updat-
ing model after the Dunhuang VC correction. The uncertainty
(2σ/mean(%)) of the slope trend analysis is less than 3% for
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Fig. 5. Time series of normalized response from November 2010 to
December 2011.

TABLE VIII
FY-3B MERSI RSB RESPONSE DEGRADATION

TREND ANALYSIS RESULTS

almost all bands except for two SWIR bands 6 and 7, and
bands 17–19 affected by water vapor.

C. Response Degradation Trending

The normalized response for band i is defined as mi =
bi/Slopei. The normalized response is also linearly fitted using

mi = ciDSL + di (7)

where c and d are degradation model coefficients. Thus, the
annual degradation rate of the sensor response could be deter-
mined through

AnnualRatei = −365ci/di. (8)

Fig. 5 presents the normalized response time series.
Table VIII lists the response degradation trend analysis results
(bands 6 and 7 are omitted). It reveals that the response changes
are wavelength dependent. Bands with central wavelengths
less than 600 nm have an obvious degradation, particularly
band 8 (412 nm) with an annual degradation rate of approx-
imately 18%; bands with wavelengths longer than 900 nm
also show a noticeably response decrease, particularly band 20
(1.03 μm) with an annual degradation rate of approximately
7%. Most red and near-infrared bands (600–900 nm) are rel-
atively stable with annual degradation rates within ±1% except
for bands 3 (650 nm) and 15 (765 nm), which have noticeably
response increase over 1% per year.

V. ANALYSIS AND DISCUSSION

A. Postlaunch Calibration Updating Evaluation Based
on MODIS

FY-3B MERSI calibration coefficients are updated every day
using the calibration updating model given in Section IV-B
through (5) with the parameters listed in Table VII. Aqua
MODIS is used as the reference to evaluate the perfor-
mance of the MERSI daily calibration updating model.
The recalibrated MERSI TOA reflectance is cross-compared
with Aqua MODIS measurement using a near-synchronous-
nadir-observation (SNO) method. The version 5 products
of MYD1KM and MYD03 are used when the nadir over-
pass time differences from FY-3B MERSI are within 5 min.
Data are mapped in 1024 × 1024 using Lambert projec-
tion centered at nadir. The following criteria are used in
MERSI and MODIS satellite data matching: angle requirement
of SenZ < 35◦, | cos(SenZMODIS)/ cos(SenZMERSI)− 1| <
0.01, and | cos(SolZMODIS)/ cos(SolZMERSI)− 1| < 0.01;
and space uniformity requirement of CV < 2% and Std < 0.1%
in each 3 × 3 box.

Fig. 1 shows the SRF overplot between MERSI and MODIS.
According to the band spectral consistency, proper band-pairs
between MERSI and MODIS are used in comparison. MERSI
bands 1–4, 6–10, and 16–18 are cross-compared with MODIS.
Fig. 6 shows the TOA apparent reflectance scatter plot between
recalibrated FY-3B MERSI and Aqua MODIS in February
2011 from fifteen 5-min granules, in which the linear fitting
parameters are shown. Relatively good consistency is obtained,
with R2 nearly 1.0 and the slopes within 1 ± 0.05 from
linear correlation analysis. The bias statistics between MERSI
and MODIS are listed in Table IX. The difference between
MERSI TOA reflectance and that of MODIS is relatively small
at MERSI bands 1, 9, 10, 16, and 18, with the relative bias
(mean ± σ) nearly within 7%. The relatively large Std for
band 16 is mainly due to the limited dynamic range of the
samples, all with low TOA reflectance less than 0.01. The rel-
ative bias (mean ± σ) between MERSI and MODIS at MERSI
bands 2, 3, 4, 6, and 8 are nearly within 10%. The uncertainties
of the MERSI SRFs, detector uniformity, and sensor response
stability may contribute to the bias, as well as the SRF differ-
ence between MODIS and MERSI. The bias is relatively large
for MERSI bands 7 and 17, which are influenced by water-
vapor absorption.

B. Prelaunch Calibration-Coefficient Usability

Before launch, FY-3B MERSI was calibrated using an in-
tegrating sphere in the laboratory and outdoor solar radiation-
based calibration, which is similar as the SeaWiFS method [24],
conducted by the vendor in 2009 at Dali, Yunnan Province.
The laboratory calibration is mainly used to get the appropri-
ate gain settings while the outdoor calibration produces the
calibration coefficients by using a set of reference Spectralon
panels to obtain the reflected solar source radiation. Table X
lists the comparison result between the prelaunch calibration
coefficients and the postlaunch initial coefficients of the daily
calibration updating model for FY-3B MERSI. Bands 6 and
7 are not discussed here for their abnormal working status. It
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Fig. 6. TOA apparent reflectance scatter plot between recalibrated FY-3B MERSI using daily updating model and Aqua MODIS in February 2011.

TABLE IX
NEAR-SNO COMPARISON RESULTS BETWEEN RECALIBRATED

FY-3B MERSI AND AQUA MODIS IN FEBRUARY 2011

shows that the prelaunch calibration coefficients are obviously
less than those of postlaunch initials for most bands and the
relative bias between them exceeds 4% at most bands with the
largest bias at band 8 of 17%. Thus, the prelaunch calibration
coefficients could not be used after launch.

The primary uncertainties in the outdoor calibration are the
downward direct radiation and reflectance of reference panels.
Clear-sky conditions are required with a very low aerosol load-
ing, so that the reflective direct solar radiation could be accu-
rately calculated. There are also some risks associated with the
outdoor method, e. g., sensor-optical-component contamination
when exposed to environment. To improve the reliability of the
prelaunch calibration, more strict calibration process should be
performed, and reliable laboratory calibration should play an
important role.

VI. SUMMARY AND CONCLUSION

MERSI is the keystone instrument onboard FY-3. After
FY-3A MERSI launched in May 27, 2008, FY-3B MERSI was
launched in November 5, 2010. Unfortunately, the antifouling
cover of space radiant cooler was not successfully opened.
Thus, the SWIR bands 6 and 7 have been operating in abnormal
working conditions without radiant cooler since January 21,
2011.

The annual VC based on synchronous in situ measurements
at the Dunhuang site used to be the baseline calibration method
for MERSI RSBs. A multisite calibration tracking method has
been developed for the effective monitoring of sensor response
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TABLE X
COMPARISON BETWEEN PRELAUNCH CALIBRATION COEFFICIENTS AND POSTLAUNCH INITIALS (DSL = 0)

degradation and in-flight calibration-coefficient updating.
FY-3B MERSI RSB postlaunch daily calibration updating
model has been established based on the multisite calibration
tracking with the annual Dunhuang site VC correction.

The reflectance calibration uncertainties for MERSI
Dunhuang VC are within 3% for most bands. The MERSI
calibration reference of Dunhuang VC has been evaluated
against the observations of Aqua MODIS, showing the relative
biases within 4% for window bands with wavelengths less than
1 μm. To further improve the accuracy of the Dunhuang VC,
the surface BRDF and atmospheric aerosol properties should
be modeled with more in situ measurements, and real-time
ozone measurements should be also performed.

Based on radiative transfer modeling over stable sites without
synchronous in situ measurements, the multisite calibration
tracking method could produce the calibration coefficients time
series. It is found by the long-term trending analysis that the
shortwave channels of MERSI experience large degradation,
particularly the 412-nm band with an annual degradation rate
of approximately 18%, while most red and near-infrared bands
are relatively stable with annual degradation rates within ±1%.

The MERSI postlaunch daily calibration updating model has
been established based on the long-term trend from multisite
calibration tracking and Dunhuang VC correction. The recal-
ibrated MERSI data have been validated against MODIS by
near-SNO analysis, and good agreement has been achieved.
Although this cross analysis is primary without spectral cor-
rection of the SRF difference, it gives the useful FY-3B MERSI
radiometric performance information relative to Aqua MODIS.
This calibration updating model could correct the on-orbit
response change timely, and the validation results indicate that
it is acceptable for fulfilling the MERSI calibration accuracy
requirement of 7%.

Postlaunch calibration results also revealed that the pre-
launch calibration coefficients have large bias. To improve the
reliability of the prelaunch calibration, more strict calibration
process, including sensor-optical-component protection from
contamination, should be performed. The reliable absolute cali-
bration at the laboratory should also play a more important role
at the prelaunch phase.
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