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Absolute Radiometric Calibration of Earth Radiation
Measurement on FY-3B and Its Comparison

With CERES/Aqua Data
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Abstract—The Earth Radiation Measurement (ERM) instru-
ment onboard FengYun (FY)-3B satellite observes the Earth’s
atmosphere through a narrow scanning field of view (NFOV) and
a wide nonscanning FOV. For each field of view, the measure-
ments are made from two broadband channels: a total waveband
channel covering 0.2–50 μm and a shortwave (SW) band covering
0.2–4.3 μm. The validation to the ERM calibration was carried
out by comparing the unfiltered longwave (LW) and SW radiances
from ERM with those from Clouds and Earth’s Radiation Energy
System (CERES) flight model 3 onboard Earth Observing System
Aqua satellite. While the ERM LW and SW radiances have a good
correlation with CERES data, there is a systemic bias between the
two data sets. A spectral correction is made for the ERM data
using the CERES data. After the correction, the error of the ERM
LW radiance is reduced from −3.00 to −0.60 W/sr · m2. For the
SW radiance, the bias is reduced from 6.00 to 4.00 W/sr · m2.
Based on the ERM in-orbit calibration data, the stability of the
ERM LW radiometric response is analyzed, and it is shown that
the gains are stable with a variation of less than 1.5% during its
first 9 months in orbit. However, the gains at the SW channels have
larger changes and exceed 3%. These drifts might be caused by the
detector degradation. Also, the NFOV scanner at the SW channel
is no longer working after its 8 months in orbit.

Index Terms—Absolute calibration, Earth radiation budget
(ERB), Earth Radiation Measurement (ERM), spectral correction.

I. INTRODUCTION

THE outgoing longwave (LW) radiation from the Earth-
atmosphere system would balance its absorbed solar short-

wave (SW) radiation on an annual scale [1]. However, at shorter
time scales or regionally, the imbalance between the absorbed
solar and emitted infrared radiations is a major factor that drives
the atmospheric and oceanic circulations. As one of Essential
Climate Variables in Global Climate Observing System, the
Earth radiation budget (ERB) measurement could be used in
validation of climate model output, cloud parameterization in
numerical prediction model, and understanding the effects of
trace gases, aerosols, and cloud on climate change.

The ERB measurements have been made since the begin-
ning of the satellite era. In 1958, Suomi first proposed the
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ERB measurements from satellites [2], and a self-integrating
radiometer was developed by a team at the University of
Wisconsin. This type of instruments was flown on the Explore-
VII and Television Infrared Observation Satellite (TIROS-IV)
satellites in 1959 and 1962 [3]. The scanning ERB radiome-
ters with a ground resolution at nadir less than 80 km were
onboard Nimbus-II/III and Environmental Science Services
Administration (ESSA-VII) satellites in the late 1960s. The
reflected and emitted radiances were used to compute the net
radiation, albedo, and outgoing LW radiation [4]. In the 1970s,
more advanced ERB instruments were flown on Nimbus-
VI/VII satellites, which observed the Earth incoming and out-
going energy in several spectral channels, with narrow field of
view (NFOV) and wide FOV (WFOV). In the mid-1980s, the
ERB Experiment (ERBE) instruments were flown on National
Oceanic and Atmospheric Administration (NOAA)-9, NOAA-
10, and ERB Satellite [1] and provided more accurate the
radiation budget measurements through improved sampling and
traceable calibration. Starting late 1990s, National Aeronautics
and Space Administration (NASA) launched a series of the
Clouds and Earth’s Radiation Energy System (CERES) instru-
ments onboard Earth Observing System (EOS) Terra and Aqua
satellites. The CERES measurements in couple with visible and
infrared imager on the Visible and Infrared Scanner on Tropical
Rainfall Measuring Mission and Moderate Resolution Imaging
Spectroradiometer on Terra and Aqua satellites provided the
cloud and Earth radiation measurements at a high accuracy and
a better spatial resolution and allowed studies of cloud effect
and its uncertainties on the radiation budget [6]. For climate
monitoring, the 7-year ERB data from CERES were evaluated
and showed a great stability [7], [8]. All the CERES instruments
from prototype flight model (FM) to FM (FM1–FM4) have
provided more than 10 years of the data. On October 28, 2011,
a new CERES (FM5) instrument was launched onboard the
Suomi National Polar Partner (NPP) satellite and is now contin-
uing the ERB observation into the next decade [9], [10]. For a
better understanding of the variation of cloud, water vapor, and
radiation with time, the Geostationary ERBs [11] were devel-
oped and flown on European geostationary satellites, namely,
Meteosat-8 and -9 in 2002 and 2006, respectively, which made
possible to study a diurnal sampling of the ERB [12].

The capability of measuring the ERB is also one of the
major missions of Chinese second generation of polar-orbiting
meteorological satellites called FengYun (FY)-3 series [9]. The
two Earth Radiation Measurements (ERMs) were launched on
FY-3A and -3B satellites on May 27, 2008, and November 5,
2010, respectively. FY-3A is in a midmorning orbit, having
a local passing time of 10:20 A.M., while FY-3B is in an
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TABLE I
SPECIFICATIONS OF ERM ON FY-3. (a) SPECIFICATION OF

ERM’S SCANNER WITH NFOV. (b) SPECIFICATION

OF ERM’S NONSCANNER WITH WFOV

afternoon orbit with a passing time of 1:50 P.M. In combining
with the CERES on Terra, Aqua, and Suomi NPP satellites,
the two Chinese ERM instruments would provide the Earth
radiation observations with better coverage in space and time
with an uninterrupted climate data record in a long time series.

The Chinese ERM instrument observes the Earth-reflected
solar SW and Earth-emitted LW radiances with a channel
covering a wavelength range of 0.2–50 μm and a channel
covering 0.2–4.3 μm in scanning NFOV and a nonscanning
WFOV. With the cloud mask product from Visible and Infrared
Radiometer (VIRR) on FY-3 satellites, the reflected solar SW
and Earth-emitted LW unfiltered radiance and flux at the top
of atmosphere (TOA) are derived for weather and climate
applications. The albedo at the TOA is derived using the in-
coming solar radiance from the Solar Irradiance Monitor which
is also on FY-3 satellites. Unfortunately, the instrument gain
of NFOV SW channels of ERMs on both satellites degraded
very rapidly to zero after their less than 2 years of working
in orbit. The anomalies in ERM instruments are still under
investigation.

This paper first describes the characteristics of ERM instru-
ment. Then, the ERM data processing and calibration on ground
and in orbit are discussed. The validation of ERM observations
is presented by comparing the data with the CERES measure-
ments at the same time and locations. The stability of the ERM
performance in orbit is also described.

II. ERM INSTRUMENT

The ERM instrument was designed, manufactured, and tested
by Shanghai Institute of Technical Physics, Chinese Academy
of Sciences. ERM includes two modules: scanner, which mea-
sures the Earth radiation with the NFOVs, and nonscanner,
which measures the Earth radiation with WFOVs. Each module
has two spectral channels, namely, the SW channel that is sensi-
tive only to the Earth-reflected solar radiance in the 0.2–4.3-μm
spectral region and the total channel that is sensitive to all the
Earth-reflected and Earth-emitted radiances in the 0.2–50-μm
spectral region. The specifications of the scanner and nonscan-
ner of ERM are listed in Table I.

Fig. 1. NFOV scanner’s elevation scanning.

Each channel of the ERM NFOV scanner contains a
Cassegrain telescope, a sensor, an internal calibration source
(ICS), and a driven motor. The sensor is a thermistor bolometer
assembly composed of active and reference detectors. The
instantaneous FOV of each scanner channel is rectangular,
with an angular FOV of 2◦ × 2◦. This FOV corresponds to a
geographical footprint of approximately 28 km × 35 km for the
FY-3 spacecraft orbital altitude of 836 km. Each channel of non-
scanning WFOV includes a field-limiting aperture, a sensor, an
ICS, and a driven motor. The sensor for the nonscanning WFOV
is an active-cavity radiometer, which detects the radiation by
accurately determining the electrical power required to keep
a constant temperature of cavity. The field-limiting aperture
precisely defines the FOV with a conical angle of 120◦. The SW
channel of WFOV or NFOV modules has a fused silica filter in
front of the sensor to transmit only SW radiation.

To maintain a high stability in radiative response of radiome-
ters in orbit, ERM contains an internal calibration module
(ICM), which was used to monitor the change in radiative
response of the each radiometer in orbit. The ICM has two
blackbodies to measure the gains of total channels of the NFOV
and WFOV modules; the temperature of each blackbody is
determined by a platinum-resistance thermometer (PRT). The
two tungsten lamps are used as the SW ICS to measure the
variation in gains of the SW channels. The outputs of the lamps
are monitored by the silicon photodiodes.

The ERM can operate in the Earth-viewing mode and the
internal calibration mode. For Earth viewing, the nonscanning
WFOV channels stare at the Earth centered at the nadir of satel-
lite and sample a total and an SW measurement every 500 ms;
the scanning NFOV channels make an Earth scan every 4 s and
sample 151 FOVs. The operation of scanners is shown in Fig. 1;
when an Earth scan of NFOV scanners starts, the radiometers
stare at the space of 20◦ viewing angle for 0.5 s to get the
radiometric reference (cold space measurement), then step to
the Earth limb, scan the Earth from 40◦ to 140◦ with 3 s, and
scan back quickly to the space point with 0.3 s (see Fig. 1).

In the normal operation mode, the calibrations for each
channel of scanner and nonscanner in orbit are performed
once a day. The linear equations are used to calculate the
calibration coefficients. In their calibration mode, nonscanning
WFOV channels turn to zenith (90◦), stare at ICS, and make
the calibration measurements. When a 4-s cycle of internal
calibration for NFOV scanner starts, the radiometers first point
to the space to get the radiometric reference, then turn to zenith
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Fig. 2. ERM NFOV scanner’s normal scanning profiles in normal operation
mode. NFOV channels make a scan every 4 s. WFOV channels make a sample
every 0.5 s. (a) For the Earth view, the NFOV channel first stares at the space
point (20◦) for 0.5 s to get the zero radiometric reference, then steps to the Earth
limb, scans across the Earth from 40◦ to 140◦, samples 151 FOVs with 3 s, and
quickly goes back to the space point with 0.3 s. For the calibration observation,
it takes 0.25 s to turn to calibration source, stares it for 3 s, and then goes back
to space point. (a) Earth scanning profile. (b) Onboard calibration profile.

(90◦) to stare at the ICS for 3 s, and finally go back to space
point (see Fig. 2). The internal calibrations take about 2 min for
each channel of ERM at each radiometric level.

III. OVERVIEW OF ERM DATA PROCESSING

The ground processing of ERM on FY-3 series satellites
includes a level 1 preprocessor and level 2 product generation.
The ERM data from the Earth targets are first geolocated
with satellite GPS and scanning time data. The data are then
calibrated to total and SW filtered radiances with data from
ground and in-orbit calibration. The unfiltered radiance and flux
in LW and SW broadbands are also produced in the process.

A. Prelaunch Absolute Calibration of ERM

The ERM prelaunch calibrations include characterization of
the instrument spectral response and the radiometric param-
eters. The prelaunch radiometric calibrations of ERM were
carried out in thermal vacuum with a radiometric calibration fa-
cility which is specifically built for the calibrations of the FY-3
infrared instruments including ERM. For the ERM calibrations
at ground, a WFOV blackbody imbedded with several PRTs
is served as an absolute calibration reference source for the
total channels. In order to get the traceability of calibration, the
PRTs are calibrated based on International Temperature Scale
of 1990 (ITS-90). An integrated sphere calibrated by the total
channels is used as the calibration source of SW channels. In
the radiometric calibration, the observed radiance by total chan-
nels of WFOV and NFOV to the blackbody is first computed
based on the blackbody’s temperature measured by PRTs and

Stefan–Boltzmann law, and a set of linear calibration coeffi-
cients was calculated. Then, the radiance from the integrated
sphere was calibrated with the total channels of WFOV and
NFOV. After that, the SW channels are calibrated with the inte-
grated sphere. Finally, the radiances from the ICSs of ERM—
the blackbodies and tungsten lamps—are measured with the
calibrated channels and transfer the ground radiometric refer-
ence based on the ITS-90 to ERM ICM in orbit. The flow chart
of the prelaunch calibration of ERM is shown in Fig. 3. With the
calibrated internal sources, the variations in radiative response
of all ERM channels could be monitored and corrected.

B. In-Orbit Calibration

The ERM in-orbit calibration system monitors and corrects
the changes in radiometric gains for all four channels. The in-
orbit calibrations of ERM are performed once a day. In the
process of in-orbit calibration, the blackbodies for NFOV and
WFOV are heated up and controlled precisely at two thermal
levels. The radiances from the blackbodies were determined
at prelaunch calibration with absolute radiometric reference
according to ITS-90 international standard. The radiances at
two thermal levels are used to calculate the gains of the total
channels with a linear regression. The lamps turning on and off
are the two radiometric levels for the calibrations of SW chan-
nels. The gains derived from internal calibration are compared
with those from prelaunch calibrations and used to monitor the
stability of gains of channels. When the variation is larger than
a threshold value, the new coefficients of radiative calibration
from in-orbit calibration are updated.

With calibration coefficients, the filtered radiance of Earth
observation is calculated with a linear equation

R = G ∗ C + I (1)

where R and C are the filtered radiance and digital count
from Earth targets separately and G and I are the calibration
coefficients to transfer digital count to radiance and are derived
by the following equations:

G =
R2 −R1

C2 − C1
(2)

I =R2 −G ∗ C2 (3)

where C1 and C2 are digital counts of each channel outputting
to internal sources at two radiative levels, which are averaged
for observations from an in-orbit calibration and R1 and R2

are corresponding radiances emitted by the blackbodies or
lamps at the two levels, determined in prelaunch calibration.
The temperatures of blackbodies are measured by PRTs and
controlled at two fixed temperatures with an error less than
0.1 K. The tungsten lamps turning on provide a high-level ra-
diance and are controlled with the current passing through, and
the silicon photodiodes are used to monitor the change of lamp
outputs. Unfortunately, the signals of the silicon photodiodes in
orbit changed quickly, about 2.21% and 9.4% for WFOV and
NFOV during the 3 months after launch, and lost the function
of monitoring the variations in emitted radiance from lamps.
For the current ERMs in orbit, there is no solar calibration for
SW channels and SW part of total channels, which is planned
to be built in the future ERM.
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Fig. 3. Flow chart of ERM calibration before launch and in orbit.

C. Spectral Correction for Unfiltered Radiance

These radiances observed by ERM channels are filtered
ones, which should be unfiltered for scientific purposes. The
spectral correction algorithm is used to estimate the unfiltered
SW and LW broadband radiances from the filtered radiances
measured by the ERM. The spectral correction algorithm in-
volves a set of regressions between the unfiltered and filtered
broadband radiances, which are theoretically derived from a
large database simulated by radiative transfer computations.
The obtained regression coefficients are the spectral correction
coefficients (SCCs). There are different SCCs for SW, LW,
daytime, nighttime, land, ocean, snow, and cloud. The SCC also
varies with angles of solar zenith, viewing zenith, and relative
azimuth. The unfiltered reflected SW and emitted LW radiances
are determined from the filtered radiance measurements as
follows:

mSW
u (D) = a0 + a1m

SW
f (D) + a2m

TOT
f (D) (4)

mLW
u (D) = b0 + b1m

SW
f (D) + b2m

TOT
f (D) (5)

mLW
u (N) = c0 + c1m

TOT
f (N) (6)

where ai, bi, and ci (i = 0, 1, 2) are theoretically derived re-
gression coefficients and D and N denote daytime and night-
time, respectively.

TABLE II
SCENE TYPES FOR ERBE ADMS (FROM [7])

D. Conversion From Radiance to Flux

The ERM radiances are converted to the Earth-reflected solar
SW flux and Earth-emitted LW flux at the TOA for climate
research [1]. The radiative flux is converted from the radiance
based on angular directional models (ADMs). At present, the
ADMs for ERM have not been developed because of a lack
of enough data. The 12-scene ERBE ADMs for SW and LW
broadbands [14], [15], which were used in ERBE and ERBE-
like production to derive radiative fluxes, are used in the ERM
product generation before the ERM’s ADMs are developed.
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Fig. 4. Comparison of unfiltered radiances and their bias distributions between ERM on FY-3B and CERES FM3 on Aqua. Left panel is for the scatter points of
the comparison, and the right is the bias distribution; (a) and (b) are for the LW radiances at nighttime and daytime, and (c) is for SW radiance at daytime. The
comparison was based on the data from February 25 to April 30, 2011.) (a) LW unfiltered radiance at nighttime. (b) LW unfiltered radiance at daytime. (c) SW
unfiltered radiance at daytime.

With the cloud detection data from VIRR on FY-3 satellites
and the static land-cover data, the scene type of an ERM pixel
is determined as one of the 12 ERBE types (Table II) using the
point spread function of ERM’s FOVs. The LW and SW fluxes
at the TOA are converted with the following equation:

Fj =
πIj

Ri(Ω)
(j = SW,LW) (7)

where F is the radiative flux, i is the unfiltered radiance, and
R(Ω) is the ADMs.

IV. INTERCOMPARISON OF ERM AND CERES DATA

A. Comparison of Observations Between ERM and CERES

The validation for Earth radiation observations from satellite
is important for their applications in climate. For ERM NFOV
scanner data, this validation is carried out by comparing the
unfiltered radiance data from ERM on FY-3B and those from
CERES flight module 3 on EOS/Aqua satellite since the two
satellites have a closer local passing time with 15 min apart.

The comparisons are made according to the following criteria.
1) The scanning time difference is less than 15 min.
2) The difference in geolocation is less than 0.1◦ in latitude

and longitude.
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TABLE III
STATISTICS OF COMPARISON BETWEEN ERM

ON FY-3B AND CERES FM3 ON AQUA

3) The difference in solar zenith angle is less than 1◦.
4) Only the observations at nadir points with the same

azimuthal angle are chosen.
Since there are some spectral differences between a pair

of channels of ERM and CERES instruments, the unfiltered
radiances of LW and SW need to be corrected for the spectral
difference and are compared directly. The CERES ERBE-like
Instantaneous TOC Estimate (ES-8) Products in Edition1-CV
is selected since it could be downloaded at the time we eval-
uated the calibrations of ERM on FY-3B in 2011. However,
it should be noted that this product is derived using the static
calibration coefficients and the temporal changes in the in-
orbit radiometric performance are not corrected [16]. Thus,
the comparison results are preliminary, and more quantitative
evaluations for ERM on FY-3B are planned for our future
work. The ERM and CERES data from February 25 to April
30, 2011, are used in this comparison. The results are shown
in Fig. 4.

Fig. 4 shows the scatter plots for comparisons and histograms
that show biases in unfiltered radiances between FY-3B ERM
and Aqua CERES FM3. There is a good correlation for all three
LW and SW broadband radiances between ERM and CERES.
This implies that the aforementioned collocation criteria for the
data matching are appropriate for comparison between ERM
and CERES.

For the LW band, shown in Fig. 4(a) and (b), the unfiltered
radiances from the Earth scenes observed by ERM are higher
than those from CERES. The mean biases for LW radiance
were about −2.78 and −3.06 W/sr · m2 for nighttime and
daytime, respectively, with the standard deviations of bias of
about 1.47 and 1.67 W/sr · m2, which are probably attributed to
noises in two instruments. The ratios of the unfiltered radiances
from ERM to those from CERES (LERM/LCERES) are about
1.0354 ± 0.00038 and 1.0445 ± 0.00138, with the corre-
lation coefficients of 0.99967 and 0.99949, respectively (see
Table III). The LW radiances from ERM are about 3.5%–4.5%
larger than those from CERES. There is a small difference
between the results of nighttime and daytime which was caused
by the following fact. At night, the unfiltered LW radiance is
simply from a total-channel observation, the LW radiance at
daytime is obtained by subtracting the SW radiance from the
total one, and the bias in the SW radiance would cause some
errors.

For the SW band, the unfiltered radiances from ERM are
significantly lower than those from CERES, which is shown
in Fig. 4(c). The mean bias for CERES from ERM is about
6.02 W/sr · m2, the standard deviation is about 4.46 W/sr · m2,
and the ratio of the radiances from ERM to those from CERES
is about 0.8817 ± 0.0021 with a correlation coefficient of
0.99842. The comparison shows that the SW channel of
ERM observed about 88.2% radiance from CERES, which is

Fig. 5. Comparison in spectral responses between ERM/FY-3B and CERES
FM3/Aqua. Spectral response function of ERM was determined at ground by
multiplying the responses of the optics and detectors, and those of CERES are
from CERES ERBE-like product (ES-8).

different from LW band, and there is a larger systemic bias and
noise in the ERM data.

Although the radiances observed by ERM have a very good
correlation with those from CERES FM3, there are larger
systemic biases but lower standard deviations in the unfiltered
radiances between the two instruments. It is believed that the
standard deviations of the biases may come from the noises in
comparison, such as the differences in observation time, pixel
size, and Earth scenes. However, the systemic biases would be
caused by the errors in prelaunch calibration and determination
of the spectral response function. Because the prelaunch abso-
lute calibration is dependent on the WFOV blackbody, which
could be determined by PRTs’ temperatures and the emissivity
of blackbody, the radiometric response of channels would be
accurately determined. Also, the large systemic biases might be
caused by a possible error in spectral response, namely, the LW
radiances from the total channel of ERM at night was higher
than those from CERES FM3. Here, if we use the radiances
from CERES as truth, the spectral response over LW part of
ERM total channel would be lower than its true value. Since
the SW unfiltered radiance from ERM exhibits an opposite
characteristic, the spectral responses in the SW channel and SW
part of the total channel of ERM may be larger than their true
values.

B. Cross-Spectral Correction for ERM to CERES

The spectral response functions of ERM in Fig. 5 are used to
define the SCCs which convert the filtered radiance to unfiltered
radiance. The unfiltered radiance is the radiance without being
affected by the optical systems and the detectors. From the
comparison mentioned earlier, the spectral corrections for total
and SW channels of ERM do not remove the filtering effects
completely if the unfiltered radiance from CERES is treated as a
truth. The prelaunch radiometric calibration of ERM was based
on the standard source traceable to ITS-90, and the small error
would be built into observation in orbit. However, the spectral
response functions are determined by multiplying the responses
of the optics and detectors, and this multiplication might bring
some errors into the final response functions.

According to the results of the aforementioned comparisons,
the LW radiance from ERM is about 3.54% higher than that
from CERES, and the SW radiance from ERM was only about
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Fig. 6. Comparison in unfiltered radiances after a cross-spectral correction between ERM/FY-3B and CERES/Aqua. (Same with Fig. 4). (a) LW unfiltered
radiance at nighttime. (b) LW unfiltered radiance at daytime. (c) SW unfiltered radiance at daytime.

TABLE IV
STATISTICS OF COMPARISON BETWEEN ERM/FY-3B AND

CERES/AQUA FM3 WITH NEW SPECTRAL CORRECTION

88.17% of that from CERES. In order to evaluate the possible
effects of the error in the spectral response functions on the un-
filtered radiance, a new set of correction coefficients is made by

increasing the LW response of the total channel with 3.54% for
the wavelength longer than 5 μm and decreasing the response
for SW channel and SW part of total channel to 88.17% of the
original values.

Fig. 6 and Table IV show the results after the spectral
correction earlier. Under the new correction, the mean biases of
LW radiances at nighttime and daytime between two sensors are
about −0.25 and −0.62 W/sr · m2, respectively. The ratios of
ERM LW radiance to that of CERES are about 1.002 and 1.009,
which were close to one. For the SW radiances, the mean bias is
decreased to 4.00 W/sr · m2, and the ratio is increased to 0.952.
The results indicate that the new spectral corrections largely
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Fig. 7. Variations of radiometric gains of ERM on FY-3B with time. [NFOV total and SW channels are shown in (a) and (b), and WFOV total and SW channels
are shown in (c) and (d).] (a) Total channel and (b) SW channel of NFOV scanner. (c) Total channel and (d) SW channel of WFOV nonscanner.

remove the biases in LW and SW radiances between ERM and
CERES but the standard deviation remains unchanged.

The discrepancy between the radiances from ERM and
CERES is associated with two error sources. The first is as-
sociated with Earth targets, cloud and surface inhomogeneity,
and their changes with time, combined with differences in
observing time and pixel size. These would result in large
standard deviations. The difference in observing time between
ERM and CERES is 15 min in maximum in data matching.
While the surface targets would not change during this short
time, atmosphere can change a lot due to cloud movement.
The difference in pixel size between two instruments cannot be
ignored. The spatial resolution for the NFOV scanner is about
35 km at nadir for ERM, and it is about 20 km for CERES.
If the matched pixel is located at the edge of cloud, partly
covered by cloud, the observed radiances between ERM and
CERES would show an obvious difference. The second are the
errors in characterization and calibration of instruments and the
errors in spectral, spatial, and radiometric responses determined
in prelaunch calibration which are used in orbit. The spectral,
spatial, and radiometric responses of ERM should be charac-
terized with highly accurate and stable radiometric standards,
transfer radiometer, and special assemblies for the evaluations
of broadband spectral and large field spatial responses. For the

first two ERMs on FY-3 satellites, the radiometric calibration
facility, like Radiometric Calibration Facility [16] for CERES,
had not been developed.

V. ANALYSIS OF CALIBRATION STABILITY

The ERM observation on FY-3 series satellites would be
used in climate research, and the long-term stability in orbit
is required for a robust climatic data record. With the data from
the calibrations in orbit, the variations in gains (2) of all ERM
channels are derived according to (8) and are shown in Fig. 7

gv =
Gg −G0

Gg
× 100% (8)

where gv is the variations in gains of ERM channels, Gg

is the gains determined in prelaunch calibration, and G0 is
the gains from calibration in orbit. For the total channel of
NFOV scanner, the gain shows a large variation with respect
to the prelaunch calibration in the early days in orbit; then,
it fluctuates near the prelaunch calibration value. After April
2011, it displayed a larger variation. The frequent variation
indicates that this channel was very sensitive to the thermal
radiation change of the blackbody and environment of the
instrument [see Fig. 7(a)]. The SW channel of NFOV shows
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an obvious change in the first month; then, it becomes stable
with 3.3% variation to the prelaunch calibration. In mid-June
2011, the gain shows a larger jump and comes back a week
later [see Fig. 7(b)]. The cause for this sudden jump is not
known. The performance of SW channel from December 2010
to mid-June 2011 shows that the lamp source and the channel
radiometer are very stable. However, it starts to degrade sharply
after the middle of July and becomes no response to Earth
radiation in mid-August 2011, which is similar to ERM on FY-
3A, degrading to zero after working for 18 months in orbit. The
reasons of the degradations are under investigation. The total
channel is still working in a good condition.

For the total channel of WFOV nonscanner, it showed a
stable trend of about 1% variation to the prelaunch calibration
[Fig. 7(c)]. The gain of WFOV SW channel changes largely
with time of about 4% comparing to the prelaunch calibration
in the first 3 months after launch; then, it changes slowly of
about 2% in the following 6 months [Fig. 7(d)]. Although the
signal of the silicon photodiode monitoring the emitted radiance
of the lamp lost its function in orbit, the current through the
lamp source for WFOV nonscanner is steadily controlled, and
the emitted radiance from the lamp is considered to be stable.
After analyzing the data from the calibration in orbit, it is found
that the output counts of the WFOV SW channel to the lamp
turning on and off have been drifting since the channel starts
to work but the drifting rates for the two radiometric levels are
different. It might cause the change in gain of SW channel that
the drifting rates changed with lamp radiation. For the WFOV
total channel, the output counts for internal blackbody at two
thermal levels also have drifts with time, but the difference in
drifting rates between two levels is very small.

As an instrument which would be used in climate monitoring
and research, ERM has a requirement about long-term stability
that would not exceed 1% in a 2-year flight. At present, three
of the all four channels have exceeded this limit. Much work
should be done to correct the factors that have effects on the
stability.

The comparison with CERES is based on the observations
from February 25 to April 30, 2011; the prelaunch calibration
coefficients are used to calculate the filtered radiances, so
the drifting in gain would bring some effects into the large
mean biases. The validation to ERM-observed radiance should
be carried out after the variations in gains of ERM scanner
channels are corrected. However, in this study, we just pre-
sented the initial stability analysis of radiometric response of
ERM channels with the calibrations in orbit, and we have not
attempted to correct the variations.

VI. DISCUSSION AND SUMMARY

In this paper, the specification of ERM on FY-3B satellite,
its calibration before launch and in orbit, and data processing
flow have been introduced at first; then, the validation to
ERM-observed radiance by comparing with CERES and the
radiometric stability analysis based on the calibration in orbit is
presented. The unfiltered radiances from ERM NFOV scanner
have good correlations with those data from CERES FM3 on
EOS/Aqua, but there are large systemic biases between the data
from the two instruments. The ERM LW radiance is about 3.5%
higher than CERES at nighttime and 4.5% at daytime. However,

the SW radiance is 11.8% lower than the CERES values. These
biases arise from the errors in spectral response of channels
determined at prelaunch calibration, which is multiplied by the
response of the optics and detector. A cross-spectral correction
is made with radiative transfer modeling of ERM observation
according to the systemic bias from CERES. For LW band, the
correction reduces the biases from −3.06 to −0.62 W/sr · m2

at daytime and from −2.78 to −0.25 W/sr · m2 at nighttime.
For the SW band, it was reduced from 6.02 to 4.00 W/sr · m2.
The radiometric stability analysis shows that total channels are
stable; however, the SW channels have large variations in gain
exceeding 3%, which is caused by the drift of the detectors in
the launch and in orbit.

The accuracy of calibration and long-term stability of ERB
measurements are the two important issues for ERM data
application in climate study. Although the ERM is absolutely
calibrated before launch, there are still errors brought into
the observation, for example, the standard calibration sources,
blackbody, and integrated sphere are not evaluated accurately;
the spectral and spatial responses of ERM are not defined well,
because we should develop the special assemblies for these
targets. The validations to the ERMs at radiance level usually
are made with intercalibration, by comparing with the same
observations from another ERB instrument on same satellites,
such as CERES/FM3 and FM4 on Aqua or different satellites,
ERM on FY-3B, and CERES on Aqua. These comparisons will
give the biases between radiances of two instruments. The bi-
ases are the differences from the reference instrument, CERES
in this study, which include the errors from two instruments,
ERM and CERES. That is the limitation of intercalibration.
If the radiances from CERES were validated and corrected
well, the comparisons would help us find the errors in the
prelaunch calibration. On the other hand, the intercalibration,
with which the observations from two or more instruments on
different satellites could be compared together and adjusted
according to the consistence, would make all the observations
be used together. The long-term stability can be analyzed with
the calibration data in orbit; because the spectral range of the
ICS could not cover the spectral responses of channels, the
variations in spectral responses could not be found with these
calibrations. The radiances emitted by the sources also might
change with time, and some Earth targets, stable in climate,
such as tropical ocean mean and deep convections, can be used
as stable reference. The stability of ERM would be analyzed
with these targets as well as the calibration in orbit.

FY-3A and FY-3B are experimental satellites of the Chinese
second-generation polar orbit satellite series; there are four
other satellites in this series. The other two ERM instruments
will be flown on the two morning orbit satellites since 2013,
and 8-year observation will be planned to be provided to the
users. The performance of ERM onboard the FY-3B showed
some issues, such as the error in spectral response and drift in
radiometric response in orbit, which have large effects on ERM
data application in climate studies and should be improved in
the future ERM instruments.
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