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Abstract

The launch of ENVISAT in 2002 and the launch of MetTop-A in 2006 put two highly
accurate instruments in space to measure Top of Atmosphere (TOA) radiances. These
instruments are the AATSR and IASI. While the AATSR, by design is a climate accurate
(i.e. accuracy within 0.1 K and stability within 0.05 Kdec−1) instrument, the IASI is a hy-5

perspectral instrument that has a stated accuracy of within 0.5 K. This accuracy and
stability are used in producing climate CDR’s from these instruments and also aids in
using these instruments as benchmarks for inter-comparison studies that aim at mea-
suring stability and accuracy of instruments that are concurrently flying with them. The
GSICS (Global Space Based Inter-Calibration System) has extensively exploited the10

IASI by comparing its measurements with Polar as well as Geostationary satellite in-
struments and measuring the in-orbit stability and accuracy of these instruments. More
recent re-calibration efforts, such as the NOAA CDR project that is aimed at recali-
brating the AVHRR uses the IASI and the AATSR as references. However to trust the
recalibrated radiances it is vital that the in-orbit accuracy of the reference sources is15

known and critical issues such as scan angle dependence, and temporal variation of
the accuracy are fully evaluated across a large temperature range (200–300 K).

In order to better understand the accuracy and asses the trustworthiness of these
references we present here a comprehensive analysis of the AATSR–IASI bias derived
from their collocated pixels, over the period January 2008 through March 2011. Our20

analysis indicates that generally the AATSR (Nadir View) and IASI can act as good
reference instruments and IASI is much more accurate than its design specification.
In fact, taking into account a small bias the AATSR–IASI bias is close to the AATSR
pre-launch bias implying that IASI can get close to pre-launch levels of accuracy. We
also examine temperature dependent bias in the AATSR at low (< 240 K) temperatures25

which seems to appear after orbit was lowered of the ENVISAT satellite and its incli-
nation control was discontinued. In addition, a very small scan angular dependence of
AATSR–IASI bias indicates that the AVHRR has a scan angle dependent bias.
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We also examine the bias problem with the 12 µm channel of the AATSR in detail. We
show that this bias not only has a temperature dependence (it grows up to 0.4 K at low
temperatures) but also has a seasonal dependence in the SST (265–300 K) tempera-
ture range and is highly correlated to instrument temperature in the cold temperature
range. We then discuss a possible method to correct the 11 and the 12 µm bias so as5

to use the corrected radiances for re-calibration of AVHRR.

1 Introduction

The Top of Atmosphere radiance (TOA) is a critical variable measured by satellites.
Long time series of TOA (30 yr) are key input used in producing climate data records
of Essential Climate Variables, and modern weather forecasting systems directly as-10

similate TOA radiances in order to produce forecasts. Hence there is a critical need
to accurately measure the TOA radiances for long period of time (at least 30 yr, Leroy
et al., 2008) so that climate signals can be extracted from these measurements. In fact
it is suggested (Ohring et al., 2005) that the TOA measurement accuracy should be
better than 0.1 K and its stability better than 0.05 Kdec−1.15

Achieving such stringent accuracy and stability requirement is a challenge. Despite
the fact that modern instruments undergo advanced pre-launch calibration procedures
and are sometimes equipped with SI traceable black bodies (e.g. the Advanced/Along
Track Radiometers A/ATSR series), once the instrument reaches the space environ-
ment its characteristics can change and TOA measurement can develop systematic20

or random biases. Therefore in order to maintain climate constraints in TOA measure-
ments, it is essential to first keep track of in-orbit biases and subsequently employ
corrective measures whenever necessary.

In recent years, inter-comparison of TOA measurements between concurrently fly-
ing satellites has evolved as a dependable method to measure in-orbit TOA biases on25

the fly. Entities such as Global Space Based Inter-Calibration System (GSICS) rou-
tinely use (Infrared Atmospheric Sounding Interferometer) IASI as a “reference source”
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to validate TOA measurements taken by other satellites (such as AIRS, GOES and
MSG), and diagnose and correct any biases (Wang et al., 2010; Yu et al., 2012). Even
outside the GSICS community IASI is widely used as a reference source. For exam-
ple, a comparison of AVHRR and IASI radiances detected several issues with AVHRR
measurements of TOA including temperature and scan angle dependent biases in the5

AVHRR TOA measurements (e.g. Wang and Cao, 2008). Mittaz and Harris (2011) sub-
sequently developed a new calibration scheme by developing a physical model of the
AVHRR instrument that uses IASI as a “reference source” and this new calibration
scheme brought TOA measurements close to thresholds of climate readiness.

In the case of AVHRR this cycle of TOA inter-comparison with a reference source,10

detecting biases and then subsequently correcting them by developing a new calibra-
tion scheme has far reaching implications for data used for climate research. This is
because the AVHRR has approximately 35 yr of TOA measurements which makes it
one of the few sensors which cover enough time to be legitimately used for climate
studies. If by using the new calibration scheme, the accuracy of this time series can15

be bought to near climate ready levels it can become a good candidate for climate
research.

However, in this calibration scheme the choice of TOA reference sources plays a cen-
tral role. IASI, though widely used, has a short history and can act as a reference
only from 2006 onwards whereas the AVHRR series dates back to 1979. AIRS (Atmo-20

spheric Infrared Sounder, another commonly used hyperspectral sounding instrument)
only dates back to 2000. Prior to that, the only credible TOA reference is the Advanced
Along Track Radiometer series of “climate satellites” (ATSR-1 launched in 1991, ATSR-
2 in 1995 and the AATSR in 2002). Given that, to produce climate data records we
cannot use a single reference this brings us to the obvious question whether these25

references (i.e. A/ATSR and IASI) are stable and accurate enough (i.e. climate ready)
to be used as accurate TOA reference sources.

A previous study by Illingsworth et al., 2009 used the AATSR as a benchmark and
attempted to measure the bias in IASI vs. AATSR. Using a small number of colloca-
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tions (41 for clear sky and 66 for homogenous scenes) taken from a single orbit of
1 September 2007 over oceans, this study concluded that the mean 11 and 12 µm IASI
and AATSR measurements agree to within −0.05 and 0.23 K respectively in the SST
range.

This study succeeded in getting to what was sufficient for a basic estimate of dif-5

ferences between IASI and the AATSR. However, the small size was insufficient for
answering key questions about the possible variations of bias with scan angle, scene
temperature and time which still need to be addressed in order to form an opinion
about the climate readiness of these instruments and their use for recalibration stud-
ies. In terms of the AATSR there are additional possible issues such as the known10

BT offset of order −0.2 K in the 12 µm channel when compared to the ATSR-2 (Cor-
lett, 2014; Smith, 2007). This offset is most likely a calibration issue that occurred post
launch and possible causes range from change in detector characteristics to changes
in the (Spectral Response Function)SRF characteristics (position and shape). An inter-
comparison of AATSR with the IASI gives a unique opportunity to directly test different15

theories regarding the origin of this bias.
The goal of this paper is to measure the trustworthiness of the AATSR and IASI

for use in re-calibration by revealing the full extent of the AATSR–IASI measurement
bias over a wide range of scan angles, temperature (210–310 K) and time (2008–2010
plus three months of 2011). We also suggest a method that utilizes AIRS as a transfer20

between IASI and ATSR2 (another AATSR family instrument) to assess the spectral de-
pendence of the IASI bias (i.e. weather bias in 11 and 12 µm spectral bands of the IASI
stays same or can be channel dependent) and then correct for post launch temperature
dependent measurement bias anomalies such as seen in the AATSR 12 µm channel.
In the next two sections we give a brief description of the AATSR and the IASI instru-25

ments and then in the following section we describe our inter-comparison method. The
results section first addresses the issue of scan angle dependence of the AATSR–IASI
bias. Subsequently the temperature and time dependence of the AATSR–IASI bias is
presented in addition to the impact of SRF shift on the temperature dependent bias
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of the 12 µm channel. The impact of change in orbital parameters on using AATSR as
a credible reference source is also evaluated.

2 Instrument description and collocation algorithm

2.1 Advanced Along Track Scanning Radiometer (AATSR)

The Advanced Along Track Scanning Radiometer (AATSR) belongs to the family of5

ATSRs (ATSR-1, ATSR-2 and AATSR) and was designed to be a climate ready instru-
ment (Llewellyn-Jones et al., 2001). From its launch (onboard ENVISAT) in 2002 until
May 2012 it had observed the earth in four visible (0.555, 0.659, 0.865 and 1.61 µm)
and three IR bands (3.7, 11 and 12 µm) and has provided continuity to the earlier
launches of ATSRs (launched in 1991 and 1995).10

In order to achieve an accuracy of the scale of climate readiness the AATSR uses
a highly sophisticated calibration mechanism (Llewellyn-Jones et al., 2001; Smith
et al., 2001, 2012). This calibration mechanism uses two SI traceable black bodies
that are situated at either edge of the SST temperature range (approximately 263 and
301 K) which are used as calibration references. Since these references are at either15

edge of the SST range the effect of detector nonlinearity within the SST range gets
pinned down. This reduces possible calibration errors while as it maintaining high in-
trinsic sensitivity (Smith et al., 2001, 2012). The detectors themselves are maintained
at a constant temperature of 80 K which ensures stability and keeps the radiometric
noise at 270 K to within 0.05 K.20

The AATSR has a conical scan and views a location at two zenith angles. It produces
two swaths (500 km each) at nadir and forward view with a spatial resolution of 1km×
1 km at nadir and 1.5km×2.0 km at the forward view. Locations of the forward view
are viewed again at nadir as the satellite moves forward. For the purpose of inter-
comparison we have used the AATSR Level 1B gridded data sets. This data is the25
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observed TOA radiance that is geo-located and re-sampled to 1km×1 km resolution
everywhere (every pixel of forward as well as nadir views).

The two IR channels (11 and 12 µm) of the AATSR overlap the IR spectrum of IASI.
Since the ENVISAT flew concurrently with METOP-A it can act as a credible reference
to validate the measurements taken by IASI.5

2.2 Infrared Atmospheric Sounding Interferometer (IASI)

The IASI is a hyper spectral instrument that observes the earth in IR bands (Phulpin
et al.,2007; Clerbaux et al., 2007). It is recognized by the GSICS as a benchmark for
inter- satellite comparison of TOA (e.g. Wu et al., 2009). It works on the principal of
a Michelson’s interferometer and was launched onboard Metop-A in 2006. It consists10

of a Fourier Transform Spectrometer with an imaging system which provides infrared
spectra between 645 and 2760 cm−1 (3.6 to 15.5 µm) at a resolution of 0.25 µm (EU-
METSAT 2012). The IASI takes these observations in a step and stare mode and cov-
ers the ±47.85◦ range in 30 steps in every 8.0 s scan cycle, with 3.3◦ for each step (nor-
mal mode). IASI has a pixel resolution of 12 km at nadir with four pixels per view each15

positioned in the cross- and along-track directions located at ±0.825◦ from the center
point. The measured inter-ferograms are processed by an onboard digital processing
subsystem to reduce the data transmission rate. This subsystem also performs the
radiometric calibration (based on the measurements of cold and warm reference tar-
gets, i.e., deep space and an onboard blackbody), and nonlinearity corrections. Ground20

system processing takes over once this data are received at the ground. The main com-
ponents of the ground processing are radiometric post calibration, spectral calibration,
and apodization. The main output of this ground processing is a resampled, apodized,
and calibrated spectrum with 8461 spectral samples and that product is known as the
IASI level-1C radiance product and is used for our inter-comparison.25

9791

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/8/9785/2015/amtd-8-9785-2015-print.pdf
http://www.atmos-meas-tech-discuss.net/8/9785/2015/amtd-8-9785-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
8, 9785–9821, 2015

Inter-comparison of
IASI and AATSR over
an extended period

M. Bali et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

2.3 Collocation method

The collocation method is a critical part of any satellite inter-comparison study. Its pur-
pose is to identify pixel pairs (one from each sensor) when a given target is simultane-
ously viewed by two sensors at nearly the same time under similar viewing conditions
thus enabling a direct comparison of likes with likes. Accuracy and selection criteria5

of pixel pairs that are finally considered for comparison are fundamental parameters
of a collocation algorithm. The latter has been discussed by Wu et al. (2009), wherein
GSICS provided a baseline criterion for pixel pair selection during inter-comparison.
Within the error bounds of geolocation errors, application of this criterion results in se-
lection of scenes that are uniform, viewed with similar viewing angle around the same10

time. Thresholds for viewing angle and observation time differences are stated in Ta-
ble 1. Selection of uniform scenes ensures that the effects of geolocation errors and
effects of differing spatial resolution of the pixel pairs is minimized when their radiances
are compared.

For the AATSR and IASI inter-comparison, a new collocation algorithm was devel-15

oped that inherited some of the selection criteria from the GSICS baseline. This algo-
rithm took the IASI (Level-1C) granules and AATSR (gridded Level-1B) orbital files as
input and identified AATSR pixels of nadir and forward view that were collocated within
the larger IASI pixel. In order to achieve a high degree of accuracy, the exact shape
and size of the IASI pixel as it varied with scan angle was computed using standard20

trigonometric functions and used for the collocation. To ensure correctness of the algo-
rithm underwent strict unit testing. A test bed was created which used two scenarios.
First the algorithm was given AATSR scene compared against the same AATSR scene
and the algorithm was run to ensure that all the AATSR pixels were collocated with
themselves. The second test used simulated scenes in which the expected number of25

collocations in the larger pixel was already known. The collocation algorithm was used
only when it passed both these tests.
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This tested algorithm was used to identify AATSR IASI collocated pixels from Jan-
uary 2008–March 2011. For a given IASI AATSR collocation, the IASI footprint on the
ground is larger (12 km at nadir) than the AATSR (which is re-sampled to make it 1 km
everywhere on the swath) so several AATSR pixels fall within each IASI pixel. In or-
der to ensure scene uniformity within the IASI footprint, thresholds are set regarding5

the standard deviation (SD) of the AATSR pixels within the IASI footprint (Table 1).
However setting this threshold alone does not guarantee that the state of the scene
viewed by the two instruments remains homogenous and invariant during the time it is
viewed by the two satellites. It is possible that clouds move into the IASI pixel within
the threshold time (time between two satellite viewings of the same target) and break10

the homogeneity after the test is applied. To ensure that such IASI pixels are identi-
fied and subsequently rejected, a second SD threshold test is also applied. For this
a perimeter area of 5 AATSR pixels around an IASI pixel (Fig. 1) is selected and SD is
computed for this set of AATSR pixels. Only those IASI pixels that for which even the SD
of perimeter pixels is less than 1 were selected for further comparison. In the end the15

IASI spectrum for these collocations is integrated over the AATSR SRF (Eq. 1) to get
IASI representative radiances. In this integration all the IASI radiances that fall within
the range of (9.82–12.18 µm) were used to get 11 µm IASI representative radiances
and all the IASI (real not pseudo channels) radiances in the range (11.02–13.40) µm
to get the 12 µm IASI representative radiances. These wavelength ranges have been20

taken form the AATSR stated SRF ranges. These radiances are then compared with
the mean radiances of the AATSR that are collocated with the IASI pixel.

IASI Rep Rad =

∑
IASI_RAD×SRFVAL∑

SRFVAL
(1)
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3 Collocation results

3.1 Scan angle dependence of bias

Many modern earth observation instruments are known to show measurements bias
with respect to scan angle, and this problem has been observed in instruments observ-
ing in variety of bands. For example GOME (UV bands), AMSU (microwave bands),5

AVHRR (IR bands) (Snel, 2001; Tanzi, 2001; Wu, 2004; Wang and Cao, 2008; Mittaz
and Harris, 2011) have scan angle dependencies in TOA measurements to varying de-
grees. The reasons for scan angle dependence are not absolutely clear but it is hypoth-
esized that it is due to the variation in polarization (Wang and Cao, 2008) that occurs
when incident radiant flux originating from the target scene falls on the scan mirror at10

different angles while it is scanning (rotating). Since the root cause of this dependence
is not fully understood, and so far has not been physically modeled, this dependence
usually does not go away by employing a better calibration technique. Modern instru-
ments such as the AATSR and IASI are known to apply empirical algorithms (such as
response vs. scan angle correction) that aim to correct this dependence, however the15

effectiveness of these algorithms is not fully known.
In the case of AVHRR this problem was identified when AVHRR vs. IASI (onboard

Metop-B) inter-comparisons were made. Further AVHRR vs. IASI comparisons (Mittaz
and Harris, 2011)showed that this scan angle dependent bias was also temperature
dependent and it attained a maximum (∼ 1.2 K at 40◦ zenith angle) over low temper-20

ature (200–220 K) at limb view. Over the SST temperature range, this study showed
no scan angle dependent bias. However, from this AVHRR IASI comparison it was not
clear whether the scan angle dependent bias at low temperature was an IASI effect
or an AVHRR effect. From the recalibration point of view it was important to see if the
reference instruments (AATSR and IASI) had any scan angle dependence and if they25

do then quantify its magnitude. The 12 µm channel of AATSR has a known offset of
0.2 K. As would be seen later, it has complex temperature and time dependence so it
is not used to measure the scan angle dependence.
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Figure 2 shows the variation of AATSR IASI 11 µm bias over the entire range of
the IASI and AATSR scan angle in cold and SST temperature ranges. While the bias
between −20 to 20◦ comes from the collocations between the nadir view of AATSR and
the IASI, the biases beyond ±40◦ IASI scan angle come from collocations between the
forward view of AATSR and the IASI. Both these views show different characteristics.5

The AATSR vs. IASI bias at nadir view is nearly constant with some residual errors
(∼ 0.0025 Kdeg−1 of satellite zenith angle) and a constant offset of nearly zero. Given
the fact that the scan angle dependent variation of the bias at the nadir view is very
small, the scan angle dependent bias between AVHRR and IASI seen by Mittaz and
Harris was a AVHRR effect and not a IASI effect.10

The bias between the AATSR forward view and the IASI seem to show a scan angle
dependence in both temperature ranges (cold ∼ 0.7 K and SST ∼ 0.3 K). Two important
parameters need to be considered while analyzing this bias 1). The two instruments
look at the same target pixel but they look through different atmospheres. The AATSR
forward views are measurements taken along track while the IASI measurements are15

taken on targets across its motion track. This can result in differing measurements of
TOA radiance by the two instruments. 2). The AATSR forward view has known geo-
location errors. These errors magnify at the poles.

Corlett (2008) noted alignment issues with the AATSR forward view wherein the
forward-view minus nadir-view image shows significant edge effects around the eddy20

structures and also at the edges of clouds. Such alignment issues lead to geolocation
errors in the forward view particularly at cloud edges which are characterized by low
temperature. From the point of view of recalibration bias computed from the AATSR,
only the nadir view is used as a reference.
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3.2 Temperature dependence of the AATSR-IASI bias

3.2.1 11 µm

Figure 3 shows the variation of AATSR–IASI bias over a temperature range of 200–
300 K. The temperature range chosen here (210–300 K) is similar to the one used by
Smith et al. (2012) to depict the difference between the temperature measured by the5

AATSR and that of a black body that it observed during pre-launch testing. During
pre-launch testing the accuracy of the AATSR instrument was quantified by calculat-
ing the difference between the target temperature and AATSR instrument measured
temperature from an ensemble of measurements wherein the viewing target’s (a black-
body) temperature was varied from 200–320 K at intervals of 5 K. This temperature10

range also includes the range (275–300 K) used by Illingworth et al. (2009) to study
the AATSR–IASI difference. Hence our choice of this range gives us the opportunity
to compare and verify our inter-comparison results with two independent studies, one
done at pre-launch and another carried out post-launch but with limited sample size.

The mean bias of the AATSR–IASI difference over the entire temperature range is of15

the order of −0.075 K (±0.03 K). However the AATSR–IASI bias variation in the 210–
300 K range is similar to the difference that was observed by Smith et al. (2012), during
the pre-launch testing. The characteristic dip at the low temperature (< 230 K) and the
hump at 245 K are captured well. If one applies a offset of −0.130 K to the AATSR–
IASI variation curve, the pre-launch and the post launch (i.e. our inter-comparison)20

variations match to within a few hundredth of a degree K. The maximum difference
between the AATSR pre and the post launch is 0.04 K at 280 K and at all other tem-
peratures both curves match better than this. The −0.11 K offset has been computed
by minimizing the root mean square difference between the post and the pre-launch
curves.25

Since the AATSR pre-launch calibration has a known negative bias of the order of
0.0–0.05 K referenced to SI calibrated sources, and the inter-comparison of AATSR–
IASI inter-comparisons show a positive bias of the order of 0.07 K (Fig. 3), the observed
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positive AATSR–IASI bias is likely to be an IASI bias relative to the AATSR. Since in
the SST temperature regime the AATSR is thought to be absolutely accurate to a few
hundredths of a degree, the implication is that IASI (when corrected for this small bias)
can generate radiances that are almost as accurate as prelaunch data to within a few
hundredths of a degree.5

Our inter-comparision results also agree with the AATSR–IASI comparisions of Iling-
worth et al. (2009) to a level of a a few hundreth of degree. While our mean difference
over the entire temperature range is −0.075 K (±0.03 K), Illingworth et al. difference is
of the order of 0.05 K (±0.03 K). The small difference between the two comparisons
can be attributed to the difference in data sets.10

3.2.2 12 µm

Immediately after the launch of the AATSR onboard ENVISAT it was found that the
12 µm channel had an apparent BT offset of ∼ −0.2 K in the SST temperature range
when compared with the ATSR-2 (Corlett, 2014). It was verified by Smith (2007) to be
an AATSR artifact.15

However, our analysis has shown that the BT offset is strongly temperature depen-
dent and steadily grows to about 0.4 K as the temperatures decreases to 200 K (Fig. 4).
At SST temperatures the bias is negative and taking into account the small (0.07 K)
IASI bias discussed above is approximately consistent with the previously known bias
of −0.2 K. Among the possible reasons of this effect is that the SRF may have under-20

gone a shift or a possible long wave leak developed post launch (Smith, 2007).
We have investigated the possibility of a simple SRF shift explaining the bias by un-

dertaking two sets of experiments. In the first set the SRF was shifted by +n wave
numbers (where n = 1,2,3,4,5,6). The second set of experiments the SRF was shifted
by –n wave numbers (where n = −1,−2,−3,−4,−5,−6). Figure 5 shows the impact of25

shifting the SRF on the AATSR–IASI bias for each “+n”. As shown in Fig. 5, the tem-
perature dependence of the bias is preserved right up until a shift of +6 wave number is
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applied. A similar conclusion was drawn with the −n shifts (not shown) and the overall
conclusion is that SRF shift is an unlikely solution to the temperature dependent bias.

While further investigation into possible causes of the bias is beyond the scope of
this study we have derived a simple correction scheme that can be used in recalibration
studies. Even though the 12 µm channel bias is large it is very stable so it is possible5

to empirically correct these radiances by fitting a polynomial.

3.3 Temporal dependence of IASI bias

Legacy instruments such as the AVHRR are known to show seasonal variation in ra-
diance measurements. This variation is mainly attributed to seasonal variation in in-
strument temperature. Mittaz and Harris (2011) have shown that this seasonal effect10

can be removed by using a better calibration scheme that physically models the ef-
fects of seasonal changes in instrument temperature. However, this scheme needs
stable references that are minimally impacted by instrument temperature. Since IASI
and AATSR are envisaged to be used as references in the AVHRR re-calibration, it is
vital to understand and quantify the seasonal variation in the measurement.15

Figure 6 shows the AATSR–IASI bias variation with respect to time in two tem-
perature ranges (< 230 and > 240 K) for the period January 2008–March 2011. The
AATSR–IASI bias in these two temperature ranges display different behaviors.

3.3.1 Warm temperature range (Temp> 230 K)

The temperature of the two calibration blackbodies in the AATSR instrument lie in this20

warm temperature range (260 K cold and 310 K warm). This helps in pinning down the
effect of detector nonlinearly and ward off effects of seasonal changes in instrument
temperature. The robustness of this calibration system is clearly demonstrated when
month-to-month AATSR–IASI bias was analyzed. As seen in Fig. 6 the 11 µm channel
maintains a very well-calibrated stance with small annual deviations (±0.01 K) around25

its mean value of 0.078 K (Fig. 6).
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The 12 µm channel of AATSR–IASI bias shows slightly larger amplitude (0.042±
0.032 K) than the 11 µm channel, in this temperature range. Despite the known temper-
ature dependent BT offset (Fig. 6) of this channel, the calibration mechanism ensures
that the seasonal variability in the AATSR–IASI bias at the warm temperature range re-
mains confined to less than a few hundredths of a degree K. So the seasonal variation5

in the warm temperature range in both the channels can be stated as very small (a few
hundredths of degree).

3.3.2 Cold temperature range (Temp< 230 K)

The cold temperature range lies outside the temperature range spanned by the two
calibration blackbodies of the AATSR. Since the method of correcting for the detector10

nonlinearity is not perfect the AATSR pre-launch data (Fig. 3) show a slightly larger
bias in this range. A similar characteristic is displayed post launch when AATSR is
compared with IASI over several months. This inter-comparison shows that the 11 µm
channel (Fig. 6) bias is slightly higher than that seen at the warm temperature range
and hovers around 0.086 K (±0.022 K).15

A similar analysis of the 12 µm channel AATSR–IASI bias reveals a larger seasonal
variation of 0.31 K (±0.03 K) as compared to the 11 µm. Within a given year there are
two distinct peaks. For this channel, the entire AATSR–IASI bias curve is closely cross
correlated (Fig. 6) with the base plate temperature variation (cross correlation= 0.78)
thereby indicating that the instrument temperature could be influencing the AATSR20

measurements in this temperature range for this channel.
In the 11 µm channel, some months (November and December), show temporary

spikes of the order of 0.15 K that stands out. Since these spikes occur during the time
of “year end orbit maneuver of ENVISAT” (Noll, 2010) it is likely that these are caused
by temporary geo-location errors and not calibration errors of the AATSR or the IASI.25

For 2008 and 2009 these spikes are nearly same; the spike in end of 2010 appears
unique as it is followed by an anomalous dip in January 2011.

9799

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/8/9785/2015/amtd-8-9785-2015-print.pdf
http://www.atmos-meas-tech-discuss.net/8/9785/2015/amtd-8-9785-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
8, 9785–9821, 2015

Inter-comparison of
IASI and AATSR over
an extended period

M. Bali et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

It must also be noted that the orbit maneuver carried out in October 2010 was dif-
ferent from the ones carried out in prior years because orbital inclination control was
switched off and the altitude of the satellite was reduced by 17.4 Km (Miranda et al.,
2010). This led to a new 30 day repeat cycle (431 orbits per cycle), instead of the ear-
lier 35 day repeat cycle (501 orbits per cycle). It was envisaged that this would not5

cause any anomalies in AATSR measurements and initial testing immediately after the
maneuver did not detect any anomaly (Cocevar et al., 2011).

However it must be noted that changes in orbital inclination are slow and their im-
pacts would not be visible in the first few orbits that were used in the testing phase
(Cocevar, 2013) and can be detectable only in the subsequent months. By extending10

the inter-comparison several months beyond October 2010 (i.e. until March 2011) our
inter-comparison study was able to detected the impact of this maneuver on AATSR
measurements as a spike that starts in November 2010 and lasts till February 2011.

Since such spikes can impact the AVHRR recalibrating process, we investigated the
full scale of these spikes. Figure 7 shows the temperature dependence of AATSR–15

IASI bias for the DJF for the 11 and 12 µm channels. This figure shows that while the
2008 and 2009 spikes show small deviations at the cold temperature end the bias for
2010–2011 shows a clear temperature dependent trend.

This trend in 2011 is important as it can impact the re-calibration of the AVHRR from
2011 onwards if AATSR is to be used as a reference for this period. Further analysis20

(Fig. 8) showed that this trend is confined to collocations between the AATSR and IASI
over Greenland. Figure 9 shows the biases for the same months (DJF) when Greenland
is excluded and one can see that the trend is removed.

Given that AATSR’s onboard calibration has worked well prior to this maneuver and
has even replicated pre-launch behavior for months prior to October 2010, the trend25

seen here does not appear to be a calibration issue as change in orbital parameters
would not be able to influence the robust onboard calibration scheme. However it ap-
pears that changes in satellite altitude and without a check on inclination control can
lead to geolocation errors that can lead to trends at higher latitudes.
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It must be noted that a similar trend is not found in the diametrically opposite position
in the Southern Hemisphere where the SNO between AATSR and IASI also overlap
under similar conditions as they do over Greenland. All the collocations between −60–
82◦ S occur over ocean. Since spatial temperature gradients over the oceans are not
as sharp as those over land (i.e. neighboring pixels have nearly the same temperature5

value), any offsets in those pixel location due to errors in geo-location would not show
up as a temperature bias. So the higher latitudes of the Southern Hemisphere are not
good target areas for detecting geo-location errors.

3.4 Other dependencies of AATSR IASI bias

During the course of this study, dependence of the AATSR–IASI bias on day/night and10

land/sea scenes was investigated. While it was noted that there is a significant rejection
(due to application of thresholds stated in Table 1) of pixels over land as compared to
scenes selected over sea, but such rejection only influenced random noise associated
with the AATSR–IASI bias. Similar results were found when day scenes were compared
with night scenes. In this comparison the number of pixels passing the thresholds was15

not impacted and the bias remained unchanged. This demonstrated the robustness of
the onboard calibration of the two instruments.

3.5 A correction for the AATSR 11 and 12 µm Channel

Another key goal of the AATSR IASI inter-comparisons is to make available the most
accurate and trusted radiances as references to the AVHRR re-calibration process.20

Smith et al. (2012) indicate that the AATSR instrument had a small temperature de-
pendent bias in the 11 and 12 µm channels (∼ −0.05 K at SST range and ∼ −0.1 at
200–230 K) when compared with trusted SI traceable targets at pre-launch. For the
AVHRR re-calibration we need the radiance of the trusted SI traceable target. At pre-
launch one can get this radiance if one applies a correction to the AATSR measured25

radiances. In this case the correction would be the polynomial fit to the AATSR ‘SI trace-
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able reference target difference (vs. SI radiance). We call the radiance of this trusted
SI traceable target as the “True Value”.

Normally the pre-launch environment is not replicated post launch. Despite the
stated accuracy of IASI (∼ 0.5 K; Blumstein et al., 2002) its wavelength, time and tem-
perature dependent offsets and biases in the space environment are not completely5

known. A first estimate of the IASI offset is shown in Fig. 3 which shows that for the
11 µm channel the IASI is nearly (to a 100th of K) as good as a pre-launch reference
(with an offset). This means that after applying sufficient corrections and offsets, the
IASI in principle can come close to the trusted radiances of SI-traceable targets; i.e.
the “True Value”. These corrections and offsets that need to be applied to the IASI can10

be determined when IASI is compared to a third reference instrument that is similar in
accuracy and stability as the AATSR.

The ATSR-2 onboard ERS-2 is a good candidate that can act as a third reference.
This is because it is the predecessor of AATSR and is similar to it (dual view, two black
bodies, and by design climate-accurate) but it stopped functioning in April 2003 well15

before IASI was launched. Since AIRS is a hyperspectral instrument that has overlap-
ping time window both with ATSR-2 and IASI, it can be used as a transfer to determine
IASI offsets with ATSR-2. In addition, AIRS has been extensively compared with IASI.

In-orbit, we employ a two step process to calculate the True Value. First we deter-
mine the IASI radiances from the AATSR radiance by using the AATSR–IASI difference20

curve. Then we apply a correction (offset) to this IASI radiance. This correction (offset)
is calculated by taking into account the IASI offset with AIRS and subsequently ATSR-
2.

A recent inter-comparison between AIRS and IASI by Wang et al. (2010 and 2011)
attempted to compare IASI with AIRS by two methods, by direct SNO method and25

by using GOES-11 as a transfer. Since both the instruments have different equator
crossing times, most of the SNO collocated pixels are located near the poles and in
essence are mainly confined to low temperature range (200–230 K). On the other hand
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when GOES-11 is used as a transfer collocated pixels are confined to SST temperature
range. Table 2 shows a summary of the results.

Complimentary to Wang’s analysis we have created 3 month inter-comparisons of
AIRS with ATSR2 (September 2002–November 2002). These are shown in Fig. 9 be-
low.5

This figure shows that for most part, AIRS is nearly as good a reference as the
pre-launch reference for the ATSR2. This is because the 11 µm ATSR2-AIRS bias has
a very small (slope= 0.00061) temperature dependent gradient which is even smaller
in the 12 µm ATSR2-AIRS bias (beyond 40 RU, slope =∼ 0.00) although the 12 µm bias
has a very small offset (−0.0030 RU). With ATSR-2 being a climate satellite, the slight10

slope in the 11 µm bias and the cold dip is most likely an AIRS artifact. Similar biases
are observed in AIRS IASI comparisons (Table 2). This is consistent with AATSR–
ATSR2 comparisons that show nearly constant difference between the two for the 11
and 12 µm channels (Smith, 2012).

By combining the ATSR2–AIRS difference with the AIRS–IASI difference reported by15

Wang et al. (2010 and 2011), the expected difference between the IASI and ATSR2 for
the 11 and 12 µm channel can be estimated.

Finally the offset is calculated by combining the IASI-ATSR2 bias with the AATSR-
IASI bias. For the 11 µm the offset is 0.0642 and 0.0935 mW(m2 srcm−1)−1 for 12 µm
and the true value is obtained by adding this offset to the IASI value.20

True Value (11µm) = X − Y (11µm)+0.0642

True Value (12µm) = X − Y (12µm)+0.0935

Here X is the IASI radiance value and Y is the polynomial fit to the AATSR IASI differ-
ence. Its coefficients are listed in Table 3. This empirical procedure not only corrects for
any calibration biases inherent in the AATSR (revealed in Pre-launch testing Fig. 3) but25

also corrects additional bias acquired post launch. For the 11 µm this empirical tech-
nique corrects the AATSR radiance to within ±0.0814 mW(m2 srcm−1)−1 and at 12 µm
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it corrects to within ±0.0623 mW(m2 srcm−1)−1y. Figure 10 shows the status of bias at
each stage of the correction process for the 11 and 12 µm channel.

4 Conclusions

Using AATSR–IASI collocations that spanned 39 months (January 2008–March 2011)
we have analyzed the trust-worthiness of AATSR and IASI measurements and their5

feasibility in being used as a reference for AVHRR re-calibration for the 11 and 12 µm
IR channels.

This trustworthiness is measured by measuring scan angle, scene temperature and
time dependence of the AATSR–IASI bias on a wide temperature range of 200–300 K
for the 11 and 12 µm channels. Our inter-comparison shows that the nadir views of the10

AATSR and IASI are trustworthy and are good candidates for use in re-calibration of
AVHRR.

In terms of scene temperature, the AATSR IASI inter-comparison bias curve is similar
to the AATSR pre-launch curve (within a few hundredths of a K) in the 11 µm channel
(Fig. 3) if an offset of 0.07 K (thought to be an IASI offset) is taken into account. In15

addition, for the same channel there is a very small dependence of bias with scan
angle (Fig. 1). This has led to our conclusion that the dependence of the AVHRR IASI
bias that was earlier documented by Blumstein et al. (2007), Wang and Cao (2008) and
later by Mittaz and Harris. (2011) is primarily an AVHRR effect and not an IASI effect.
The scan angle dependence of AATSR–IASI bias in the forward view (Fig. 1) may be20

due to geolocation errors in the AATSR forward view.
There are known issues with the AATSR 12 µm channel. We analyzed this problem

and suggested a solution. Our analysis shows that this BT offset, which was earlier
estimated to be of the order of −0.2 K (Corlett, 2014), actually varies with scene tem-
perature and instrument temperature dependencies, and it can grow up to +0.4 K at low25

temperatures (∼ 210 K). Our attempts to remove this temperature dependent BT offset
have revealed that shifting the SRF (in either direction) does not remove this bias. How-
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ever, the bias is stable so we have developed an empirical technique to correct it. In
this technique, the temperature dependence of this bias was first quantified by fitting
a sixth degree polynomial and the final correct value of TOA measurement was taken
as the corrected IASI radiance+offset. The offset was calculated by taking into ac-
count a comparison of IASI with a third instrument (namely the AIRS) and subsequent5

comparison of AIRS with an AATSR family instrument (namely the ATSR2). We applied
this method to the to get empirical fits that correct the bias of the AATSR 11 and 12 µm
channels to within (±0.0814 mW(m2 srcm−1)−1 for 11 µm, ±0.0623 mW(m2 srcm−1)−1

for 12 µm). This analysis also suggests that the AIRS has a small wavelength depen-
dent bias (Fig. 7).10

Finally, Fig. 6 shows the temporal dependence of the AATSR–IASI bias for the 11 and
12 µm channels. This figure also shows that the 11 µm AATSR–IASI bias has a sea-
sonal variation around the mean (of the order of 100th of a K) in the SST tempera-
ture range. However at low temperature (200–230 K) the winter months show slightly
larger amplitude than the summer months. Compared to the 11 µm, the 12 µm chan-15

nel shows a larger seasonal variation (0.042±0.032 K) in the SST temperature range
and 0.31±0.03 K for the cold temperature range. For this channel, the bias in the cold
temperature range seems to be directly influenced by instrument temperature (Fig. 6).

Figure 6 also shows temporary spikes in November–December of 2008/09. These
are followed by year end orbital maneuvers (Noll, 2010). However in 2010/11 (DJF),20

Fig. 7, we see an enhanced spike (compared to previous years) at lower temperature
ranges (i.e., < 230 K) in AATSR–IASI. Our analysis reveals that this trend is confined
to collocations over Greenland and is most likely a caused by geo-location errors when
orbital parameters (lowering of altitude and switch of orbit inclination control was done
in October 2010) of ENVISAT were changed in order to prolong its life.25

The main conclusion from the point of view of using AATSR as a reference is that the
nadir view of the AATSR and AATSR measurements taken between latitudes 60◦ N–
60◦ S give the most trustworthy measurements of the TOA radiances that can be used
as a reference in re-calibration activities.
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Table 1. Thresholds applied on collocated AATSR pixels in a single IASI pixel.

Thresholds

SD Collocated Pixels < 0.5 K
SD Perimeter < 1 K
Time Difference < 15 Mins
Time Span Jan 2008–Mar 2011
Percentage of area of IASI pixel collocated with AATSR pixels 70 %
Sat Zenith Angle difference 1◦
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Table 2. IASI–AIRS radiance bias computed by Want et al. (2010, 2011) first by the direct SNO
method and second using GOES-11 as transfer. RU is Radiance Units, mW(m2 srcm−1)−1.

Channel IASI–AIRS IASI–AIRS
210–230 K (using SNO) 295 K (using GOES-11 transfer)

11 µm −0.0790 (±0.060) RU −0.0433 (±0.016) RU
12 µm −0.1471 (±0.062) RU −0.0460 (±0.018) RU

9810

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/8/9785/2015/amtd-8-9785-2015-print.pdf
http://www.atmos-meas-tech-discuss.net/8/9785/2015/amtd-8-9785-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
8, 9785–9821, 2015

Inter-comparison of
IASI and AATSR over
an extended period

M. Bali et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 3. Coefficients of the polynomial fit to AATSR–IASI in radiance space.

11 µm 12 µm

C0 −0.0893740 −0.134521
C1 −0.00762876 0.0210454
C2 0.000822220 −0.000512018
C3 −2.67709×10−5 2.50340×10−6

C4 4.05375×10−7 4.15293×10−8

C5 −2.97869×10−9 −5.80190×10−10

C6 8.62472×10−12 2.09040×10−12
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5 Pixels 

5 Pixels 

Figure 1. IASI foot print (blue) at nadir. The outer red boundaries indicate the perimeter area
where the perimeter threshold is applied. This area is 5 AATSR pixels (5 km) wide. The Mean
radiance of AATSR pixel collocated within the blue is compared with the IASI representative
pixel radiance.
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Figure 2. Scan angle dependence of the AATSR–IASI bias for cold (200–220 K) and SST (265–
300 K) temperature ranges. Neither AATSR nor IASI show any scan angle dependence in the
−20 to +20◦ scan angle range.
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Figure 3. Similarity of the temperature difference between AATSR–IASI minus an offset of
0.11 K (i.e. post launch) and pre-launch (Smith et al., 2012). The grey curve shows the temper-
ature dependence.
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Figure 4. Temperature dependent bias of the AATSR–IASI for the 12 µm channel.
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Figure 5. Impact of shifting the AATSR Spectral Response Function by six wave numbers
on either side of its central Wn position in steps of 1 Wn. The scene temperature depen-
dent nature of AATSR–IASI bias does not diminish by shifting SRF. Unit of scene radiance
is mW(m2 srcm−1)−1.
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Figure 6. Time series of variation of AATSR IASI bias for 11 and 12 µm channels. in the cold
(red) and warm temperature (green) ranges. The bias at cold temperature in 12 µm is highly
correlated with the instrument temperature.
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Figure 7. Year to year AATSR IASI bias for DJF for the 11 and 12 µm channels. An anomalous
trend at cold temperature is clearly visible in 2010/11 DJF.
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Figure 8. Comparison of AASR–IASI bias over Greenland and outside Greenland. The anoma-
lous trend seen in 2010/11 DFJ AATSR–IASI bias is mainly confined to Greenland.
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Figure 9. ATSR2–AIRS bias variation w.r.t radiance in mW(m2 srcm−1)−1 for the 11 (L) and
12 (R) µm channel. RU is Scene Radiance and its units are mW(m2 srcm−1)−1.
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Figure 10. Output of each of the three steps of correcting the bias for the 11 and 12 µm
channel. The red curve is the AATSR IASI difference in radiance space. The orange is the
final value of AATSR value after applying the polynomial correction. All radiance units are in
mW(m2 srcm−1)−1.
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