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Abstract

Radiances observed from IASI are compared to calculated ones. Calculated radiances
are obtained using several radiative transfer models (OSS, LBLRTM v11.3 and v11.6)
on best estimates of the atmospheric state vectors. The atmospheric state vectors are
derived from cryogenic frost point hygrometer and humidity dry bias corrected RS925

measurements flown on sondes launched 1 h and 5 min before IASI overpass time. The
temperature and humidity profiles are finally obtained by interpolating or extrapolating
these measurements to IASI overpass time. The IASI observed and calculated radi-
ances match to within one sigma IASI instrument noise in the wavenumber, ν, range of
1500≤ ν≤1570 and 1615≤ ν≤1800 cm−1 .10

1 Introduction

The main purpose of the space-based remote-sensing instruments, known as hyper-
spectral infrared sounders, is to derive high vertical resolution atmospheric parameters
from high spectral resolution measurements. This technique is usually known as “re-
trieval”. The spectral region where hyperspectral infrared sounders usually work is15

from 600 to 2800 cm−1 and its spectral resolution is typically about 0.5 cm−1. The typi-
cal noise per channel of these instruments is roughly in the range from 0.1 to 0.8 K as
noise equivalent delta temperature at 280 K. Retrievals obtained with measurements
made with this type of instrument achieves an accuracy of 1 K in 1 km layers for temper-
ature profiles and between 10 to 20% relative humidity in 2 km thick layers for moisture20

profiles in the troposphere. Throughout this paper we will use measurements from the
IASI hyperspectral infrared sounder (see Sect. 2).

Retrieval techniques usually rely on an atmospheric Radiative Transfer Model (RTM).
These models try to numerically reproduce the radiation at the top of the atmosphere
calculated from a given atmospheric state and surface properties. Calculated radi-25

ances are then matched to the observed ones during the retrieval process. This is
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generally done in two different ways, statistically or with optimal estimation. Statistical
methods generate a training dataset by calculating, from a representative sample of
atmospheric states and RTMs, radiances at the top of the atmosphere. This dataset
is used to fit a linear regression (Huang and Antonelli, 2001; Zhou et al., 2002) or
other nonlinear methods like artificial neural networks (Blackwell, 2005), which are later5

used in an inverse way to generate the retrievals. Optimal estimation (OE) performs
the retrievals by minimizing the difference between the calculated and the observed
radiances and a regularisation term by using a minimizing iterative numerical method
(Rodgers, 2000).

It is usually the case that RTMs cannot be used in practice as is in the retrieval10

schemes. They usually need to be adjusted to real world measurements. This is nor-
mally done by bias correcting the radiances and estimating the global measurement er-
ror by comparing the observed and calculated radiances for a given set of well-defined
atmospheric states and surface properties (e.g., Calbet, 2006). Thus, the characteri-
sation of the RTM with calibration measurements is a necessary and critical previous15

step before performing proper retrievals.
Another possible application of the comparison of hyperspectral measurements and

calculated radiances using known atmospheric states and an RTM is to improve the
latter by adjusting its parameters to the said observations. In order to do this, we
need to be absolutely certain that we have a very precise atmospheric state vector20

and surface properties or we will need to have a sufficient number of observations to
statistically reduce the noise in them (e.g., Strow et al., 2006).

In this paper, we will show how to correct the atmospheric states derived from the At-
mospheric Sounding Campaign of the EUMETSAT Polar System (EPS) in Sodankylä
to accurately describe the atmosphere. We later fit and characterise two radiative25

transfer models (LBLRTM and OSS, see Sect. 4) in the 1500 to 1800 cm−1 spectral
region using space borne hyperspectral IASI data. This spectral region is where water
vapour has its strongest absorption bands. The atmospheric layers that most greatly
contribute to the top of the atmosphere radiances in this spectral region are located in
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the mid to high troposphere and lower stratosphere. This fact makes these wavenum-
bers most insensitive to low level clouds and surface properties like emissivity and skin
temperature. Because of this, the problem is greatly simplified by not having to provide
a precise surface emissivity and by being able to use observations with the presence
of low-level clouds.5

In Sect. 2 the IASI instrument is briefly introduced. Section 3 explains the So-
dankylä ground based campaign and its main instruments. The RTMs are introduced
in Sect. 4. Section 5 explains how the sonde measurements are bias corrected and
interpolated to reproduce the observed radiances using the RTMs. In Sect. 6 it is dis-
cussed how these measurements could be used to estimate the bias corrections and10

measurement error covariance matrix to be used in the retrieval techniques. Finally,
conclusions are detailed in Sect. 7.

2 IASI instrument

IASI (Infrared Atmospheric Sounding Interferometer; Chalon et al., 2001; Blumstein,
2004) is a hyperspectral resolution infrared sounder onboard the polar orbiting series15

of Metop satellites that form the EUMETSAT Polar System (EPS). Metop-A, the first of
three satellites of the series was launched successfully on 19 October 2006, from the
Baikonur Cosmodrome in Kazakhstan. IASI is a Michelson interferometer measuring
between 3.62 and 15.5 microns with a spectral resolution of 0.5 cm−1 after apodisation.
The spatial resolution is 12 km at nadir.20

3 IASI Sodankylä campaign and instruments

The Atmospheric Sounding Campaign of the EUMETSAT Polar System (EPS) in So-
dankylä, northern Finland (location: 67.368◦ N, 26.633◦ E, 179 m asl) took place during
the time period 4 June–5 September 2007. During the campaign, a total of 360 RS92
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radiosondes, 40 ECC ozonesondes and 7 cryogenic frost-point hygrometers (CFH)
were flown. The 360 radiosondes corresponded to Metop-A overpasses on each cal-
endar day, assuming 2 soundings per each overpass during three months of operation.
Ozonesondes were launched 3 times per week, CFH sondes in average two times
per month. Each CFH sonde payload included also an ozonesonde and one or more5

RS92s. The measurements were made with the purpose to provide validation data
for temperature, humidity and ozone parameters at given levels for the EPS products
at the location of the campaign site. It is interesting to note that these sondes were
launched specifically for calibration and validation of EPS/Metop data and its measure-
ments have not been assimilated into any numerical weather prediction model, and10

particularly they have not been involved in any ECMWF analysis.
During each selected MetOp overpass, the first radiosonde launch took place 1 h

and the second radiosonde launch was 5 min before the satellite overpass time. We
performed, in total, four launches each day, the first two during the morning overpass
and the second two during the evening overpass. In addition, regular radiosondes15

were launched at 23:30 and 11:30 UT each day. The ozonesondes and the CFH son-
des, together with RS92 sondes, were launched during the morning overpass with
the first balloon, which occurred 1 h before the satellite overpass time. During the bal-
loon launches, continuous measurements of the temperature and water vapour profiles
were obtained by a ground-based microwave radiometer and cloud base was mea-20

sured by a ceilometer. In this paper, only the CFH and RS92 balloon-borne measure-
ments have been used. It is important to note that all balloon flight measurements used
in this paper were made during daytime, which, as we will see later, produces a large
dry bias in the RS92 sondes.

3.1 Cryogenic frost-point hygrometer (CFH)25

In Sodankylä, first flights of the CFH instrument were made in February 2004 (Suortti
et al., 2008). Also several CFH comparison flights with the Fluorescent Lyman-
alpha Stratospheric Hygrometer for Balloons (FLASH-B) were performed since 2005
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confirming a good agreement with the FLASH hygrometer observations. In summer
2007, during the EPS campaign an updated version of the CFH instrument was flown
in Sodankylä.

The CFH instrument was used as a reference for humidity profile measurements
during our EPS campaign. The instrument measures the temperature of a mirror,5

which maintains a small and constant layer of frost coverage. The frost layer is kept in
equilibrium with water vapour in the air passing through the sensor. Thus, the ambient
frost-point is equal to the mirror temperature. The cryogenic cooling of the frost-point
mirror ensures that the frost-point temperatures are achieved even in the coldest and
driest layers. Relative humidity and mixing ratio can be calculated based on the frost-10

point temperature measurement. The design of the instrument is based loosely on the
earlier versions of the frost-point mirror hygrometers by Mastenbrook and Dinger (1960)
and Oltmans and Hormann (1995). Compared to its predecessors, the CFH has a more
modern electronic system with a microprocessor control which has led to a simpler
operation and improved reliability (Vömel et al., 2007a). Measurement uncertainty of15

the CFH instrument in the polar region (Sodankylä) ranges between 9% in the lower
stratosphere and about 4% in the lower troposphere. The uncertainty calculation is
based on the estimate of the uncertainty in frost-point temperature measurements.
Several factors contribute to the uncertainty estimate leading to a total uncertainty
estimate of 0.5 K in frost-point measurement, which can be considered as the upper20

limit of the uncertainty estimate. For later use, these figures are converted into errors
in absolute relative humidity, ∆RH, which are between 0.5 and 5% in the troposphere
and between 0.5 and 0.02% in the stratosphere.

3.2 RS92 radiosondes

During the EPS campaign 360 Vaisala RS92 radiosondes were flown. RS92 radioson-25

des have a contrasted quality as shown in its participation in the WMO radiosonde inter
comparison campaign at Mauritius in 2005 (Nash et al., 2006) and in a number of other
field campaigns (Suortti et al., 2008; Vömel et al., 2007b,c; Miloshevich et al., 2009).
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The RS92 sonde has been manufactured since 2004 and the changes to the sensor
have been documented by Vaisala (2010).

The temperature measurements of these sondes are made by a capacitive wire type
of sensor which has a response time better than 1 s below 100 hPa. Temperature
accuracy is ±0.2 ◦C at the 2-sigma level throughout the troposphere for nighttime mea-5

surements (Paukkunen et al., 2001).
The RS92 humidity sensor is a thin film capacitor that directly measures relative hu-

midity. It consists of two sensors, which are alternately measuring and being heated,
thus, eliminating coating of the sensor by ice or liquid inside clouds. Miloshevich et al.
(2006) tested a number of operational radiosondes. They found that RS92 humidity10

was the most accurate among the tested sondes. They suggested corrections to the
standard humidity product, after which the RS92 mean accuracy relative to the refer-
ence instrument was found to be better than 1% in the lower troposphere, < 2% in the
middle troposphere and <3% in the upper troposphere. These relative errors translate
into absolute errors in relative humidity, ∆RH, between 0.2 and 3%.15

Although this accuracy seems to be within bounds, unfortunately the previous ver-
sions of the RS92 instruments, which were not used in this campaign, suffer from a very
large radiation dry bias (Vömel et al., 2007b) when used during daytime which can
range from 9 to 50% in absolute terms of relative humidity (∆RH). One of the impor-
tant improvements to the latest version is the new coating of humidity sensor contacts20

in late 2006 Vaisala (2010). These improved sondes (360 sondes altogether) were
the ones flown during our campaign in summer 2007. The new coating method was
intended to reduce the radiation dry bias found earlier during the RS92 sonde daytime
measurements (Vömel et al., 2007b). To confirm this dry bias and to see differences
between the two RS92 versions, we made a series of seven RS92/CFH comparison25

flights during the EPS/Metop campaign in summer 2007. In each payload, we had the
new and the old version of the RS92 sonde and the CFH instrument as a reference
(Kivi et al., 2009). We found that the new method reduces the radiation dry bias at the
altitude of 300 hPa by about 5%, but does not completely remove the daytime dry bias.
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Therefore, we derived an empirical correction method, which is similar to the Vömel
et al. (2007b) method, but it corresponds to the newer sonde types that we used dur-
ing the EPS campaign (Fig. 1). For the type of RS92 sondes used during the EPS
campaign the radiation bias correction can be calculated by (Kivi et al., 2009):

Crad(p)=−0.01376ln(p)2+0.3018ln(p)−0.445, (1)5

where p is pressure in hectopascals. The corrected relative humidity, RHcorr, values
can be derived as

RHcorr =RH/Crad, (2)

where RH is the uncorrected relative humidity measured by the RS92 humidity sensor.

4 Radiative transfer models10

We will make the comparison using three different radiative models:

– OSS trained with LBLRTM 11.3

– LBLRTM version 11.3

– LBLRTM version 11.6

These three models are described in more detail below.15

4.1 LBLRTM

Accurate spectra at the top of the atmosphere were generated using the Line By Line
Radiative Transfer Model (LBLRTM, Clough et al., 2005). LBLRTM has a long develop-
ment history and for the current study version 11.6 was adopted together with spectro-
scopical parameters from the HITRAN 2004 database including updates. LBLRTM is20
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a versatile high accurate radiation code which describes the interaction between mat-
ter and radiation at a single wavenumber. The accuracy of LBLRTM was documented
in several publications (e.g., Tjemkes et al., 2003). For comparison with the results
generated by OSS as described below, radiances at the top of the atmosphere with
LBLRTM v11.3 and AER V2.1 were also generated. Differences between the two ver-5

sions include modifications in the water vapour continuum, besides some bug fixing
problems. Most important changes were related to the line coupling description, which
avoided the calculation of the so-called chi-factor.

4.2 OSS

As detailed line-by-line calculations are time consuming, a fast radiative transfer code10

was used as well to understand how this fast code can capture the radiances at the
top of the atmosphere. The particular fast radiative transfer code adopted here was
the so-called Optimal Spectral Sampling (OSS) radiative transfer model described by
Moncet at al. (2008). The OSS code solves the radiative transfer equation at a sin-
gle wavenumber similar to the LBLRTM code. Contrary to LBLRTM, the OSS code15

uses only a small set of discrete wavenumbers. The accuracy of OSS depends on
the adopted discrete set. The set of wavenumbers is specific for each space-borne
instrument and are derived from an elaborate training process. The training data em-
ploys results by LBLRTM for a representative set of atmospheric state. This database
was generated using version 11.3 of LBLRTM with the AER V2.1 of the HITRAN line20

database.

5 Comparison of observed and calculated radiances

5.1 Scenes

The IASI radiances used in this study where measured over Sodankylä and where co-
located in time with the CFH sondes from the EPS/Metop campaign. The exact dates25
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and times are shown in Table 1. The AVHRR images corresponding to these scenes
were analysed visually to check for clouds. All of the scenes had a higher or smaller
degree of underlying low level clouds. Two of the scenes contained high level cirrus and
could not be used in the comparison. For one scene there was no IASI data available
in the archive. This leaves a final result of four scenes where we can intercompare IASI5

observations. See Table 1 for particular details.

5.2 Sonde measurements

Let us recall here that we will use in this paper one RS92 and one CFH sonde launched
1 h before overpass time and an RS92 sonde launched 5 min before overpass time. To
have a sense of how much the sondes have drifted away from the launch location,10

we plot Fig. 2. In this figure, we show the trajectories of the CFH sondes of the four
selected scenes from Table 1.

For illustration purposes, the time and vertical scales are plotted in Fig. 3. In this
figure, we can see the ascent and descent for one particular day of the CFH sonde
launched 1 h before overpass time and the ascent of the RS92 sonde launched 5 min15

before overpass time. The overpass time is plotted as a vertical line. This figure gives
an idea of the vertical position of the sondes relative to the overpass time. It also
constitutes a picture of the time interpolation that needs to be done to fit the observed
radiances to the calculated ones.

Radiosonde measurements for two particular days are shown in Figs. 4 and 5. We20

can see the profile for the CFH and RS92 sonde launched 1 h before overpass time
(red and green, respectively), the RS92 sonde launched 5 min before IASI overpass (in
black) and the ECMWF analysis profile approximately 3 h after (in blue) and 3 h before
satellite overpass in blue (in gray). These figures show several interesting features of
the sonde measurements:25

– Temperature profiles from all sondes and ECMWF analyses tend to agree pretty
well between each other.

4506

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/3/4497/2010/amtd-3-4497-2010-print.pdf
http://www.atmos-meas-tech-discuss.net/3/4497/2010/amtd-3-4497-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
3, 4497–4530, 2010

IASI to Sonde+RTM
radiance matching

X. Calbet 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
|

– Moisture from RS92 profiles are not usable above the tropopause level, usually
between 200 to 300 hPa. Whenever we calculate radiances for this type of profile,
we substitute the moisture above this level with the CFH sonde measurements.

– Moisture measured with the CFH sonde does not seem to measure properly
above approximately 40 hPa. Whenever we calculate radiances for this type of5

profile, we substitute the moisture above this level with the ECMWF analyses.

– Moisture profiles can vary substantially between sondes launched 1 h and 5 min
before overpass. We can see this in Fig. 4 at the 400 hPa level.

– Upper troposphere, lower stratosphere moisture from ECMWF analyses can be
substantially different to the ones measured with the CFH or RS92 sonde (see10

Fig. 5 at 200 hPa).

5.3 Sonde corrections

Observed radiances measured with IASI should be compared with calculated radi-
ances using the best known atmospheric state vectors available and the LBLRTM (11.3
and 11.6) or OSS RTMs. CFH sondes are always taken as a reference, assuming that15

they measure perfectly in all conditions and no corrections are applied to them (except
above 40 hPa, where we insert ECMWF analyses, as we have seen). On the other
hand, RS92s show a large dry bias in the humidity measurements when measuring
during daytime, which we have to correct for. This dry bias is believed to be caused
by solar radiation impinging on the detectors (Vömel et al., 2007b). It is important to20

note that because of this, it is difficult to model and precisely correct individually each
radiosonde measurement. Three different types of humidity corrections have been
applied to the RS92s in this paper:

– What we will call “in situ” bias corrections, which consists of calibrating each day
independently by calculating the dew point temperature difference between the25

CFH sonde and the RS92 measurement flown on the same balloon, which were
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launched 1 h before IASI overpass time. This bias correction is then applied to
restore the RS92 sonde measurement launched 5 min before satellite overpass
time. Since the radiation conditions within 1 h between both radiosonde obser-
vations during the Sodankylä summer morning should not change much, this
method should account for the fine detail of the dry bias as the balloon ascends5

in the atmosphere and its incident radiation conditions change.

– In general, a correction, which depends on pressure, is available that works sta-
tistically on average (Vömel et al., 2007b). As we have seen (Eqs. 1 and 2),
in this paper we will use a slightly modified version of this bias correction tar-
geted specifically to the modified RS92 radiosondes used here (Kivi et al., 2009).10

These bias corrections should be re-calculated (Kivi et al., 2009) every time a
new modification of RS92 sondes is used. We will denominate this as “Kivi et al.”
bias correction. It is important to note that the coefficients for this bias correction
(Eq. 1) have been obtained from the comparison of CFH and RS92 sondes flying
with the same balloons launched 1 h before satellite overpass time combining all15

days together, but have been applied to the RS92s sondes launched 5 min be-
fore IASI overpass time of those very same days. In other words, although the
corrections are a statistical combination of measurements from several different
days, they are applied to those same days which most probably have very similar
solar radiation conditions. It remains to be proven whether this kind of corrections20

can be applied between two completely different sets of measurements or solar
radiation conditions.

– For illustration purposes, and because it fits better with the OSS model, we will
use a third bias correction which is the “Kivi et al.” one corrected with a 2%
additional relative humidity, which we will denote as “Kivi et al. +2”,25

RHcorr =RH/Crad+2. (3)
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To illustrate this procedure, we have plotted the observed minus calculated radiance
differences after each one of the corrections proposed here are applied to the data.
To begin with, we plot the observed minus calculated radiances obtained with the raw
radiosonde data and the OSS RTM for a particular sample day in Fig. 6. In blue we plot
the difference for the CFH sonde which was launched 1 h before IASI overpass time.5

In green is the difference for the RS92 sonde launched 5 min before satellite overpass.
Thin, black, nearly flat lines correspond to three sigma IASI instrument noise, or more
specifically to three times the diagonal of the IASI covariance matrix instrument noise
provided by CNES (explained in detail in Pequignot et al., 2008). As we can see, the
calculated radiances are significantly off the plus minus three sigma IASI instrument10

noise band.
We now correct the RS92 sonde measurements with the three different dry bias

corrections. The observed minus calculated radiances using the “in situ” moisture
correction are shown in Fig. 6 as a red line. In Fig. 7 the observed minus calculated
radiances using the Kivi et al. moisture correction are shown in Fig. 7 again as a red15

line. Finally, in Fig. 8 the difference using the “Kivi et al. +2” bias correction is shown
also in red. We see the big improvement the RS92 measurements have undergone for
all bias corrections, lying now within the plus minus three sigma IASI instrument noise
band.

The next step is to co-locate in space and time the IASI measurement with the ra-20

diosonde observations, which will always inevitably never coincide with the satellite
overpass.

Regarding spatial co-location, the radiosonde locations are plotted in Fig. 2. This
figure shows that the radiosondes do not drift very far away from the launch location.
For this reason, together with the fact that we are studying IASI channels which have25

contributions of temperature and moisture from the mid-troposphere to the low strato-
sphere, which usually show small spatial variability, we have not attempted any spatial
co-location corrections. We are, thus, effectively assuming that all radiosondes are
perfectly spatially co-located with the IASI fields of view. The validity of this assumption
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will rely on the results obtained.
Time co-location is achieved by combining the CFH sondes launched 1 h before over-

pass time and the bias corrected humidity ones (RS92) launched 5 min before satellite
overpass. A linear interpolation or extrapolation to the overpass time per altitude level
(see Fig. 3) is done with these sonde temperature and moisture profiles in a similar5

fashion to Tobin et al. (2006). Results of the observed minus calculated radiances for
the interpolated profiles are shown as a black line in Figs. 6–8 with the three different
bias corrections. With these final interpolated profiles, radiances improve significantly
and are fitted within three sigma IASI instrument noise band.

We can now summarize the results of all these measurements by normalizing the10

radiance residuals with the IASI instrument noise and plotting a histogram of them. For
this, we select wavenumbers, ν, not affected by clouds, 1500 cm−1 ≤ ν≤1570 cm−1 and
1615 cm−1 ≤ ν≤ 1800 cm−1. The results generated by interpolating the temperature
and water vapour sondes with the “in situ” and the Kivi et al. bias corrections for the
three different RTMs OSS, LBLRTM 11.3 and LBLRTM 11.6 are shown in Figs. 9–15

11, respectively. A one sigma Gaussian curve is plotted on top of the histograms
as a dotted line for comparison purposes. We can see that all models and all bias
corrections fit very well with a one sigma Gaussian function. The only difference is the
slight displacement of one Gaussian figure with respect to the others. OSS seems to
fit better with the “in situ” bias correction, while LBLRTM 11.6 seems to fir better with20

the Kivi et al. bias correction. To understand the origin of this slight displacement or
bias of these curves we have plotted Fig. 12. It shows the “in situ” and the Kivi et al.
+2 dry bias corrections together with the OSS RTM. In this case, all three Gaussian
curves overlap. This shows that the difference between all the plotted Gaussian figures
is a mere 2% bias correction in the absolute relative humidity. Which means IASI is25

sensitive enough to see the presence of this small bias difference throughout the whole
atmospheric profile. Clearly, the instrumentation available, as well as the knowledge in
the RTMs does not allow us to infer which of the positions of the Gaussian curves, or
biases, is the correct one.
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In Fig. 13 we plot the histograms separately for each of the four observation days.
We can verify how the histograms of all four days fit well to a one sigma Gaussian
distribution.

6 Retrieval bias corrections and measurement error covariance matrix

The bias corrections and the measurement error covariance matrix which would opti-5

mize our retrievals (Calbet, 2006) would be the mean and standard deviation (ideally,
it should be the full covariance matrix) of the observed minus calculated radiances
shown above. Unfortunately, we only have four cases from which it is difficult to draw
a representative statistics. Nevertheless, for illustration purposes, we plot the mean
and standard deviation of such differences in Fig. 14 only for the OSS and “in situ” bias10

correction. We can see how the bias is mostly contained within the one sigma IASI
instrument noise and the standard deviation fluctuates around this value.

7 Conclusions

We have proved that, with adequate radiosonde measurements and RTM, it is possible
to reproduce IASI measurements to within the accuracy of one sigma instrument noise.15

The measurement methodology that has been proven useful is based on launching
a CFH and an RS92 sondes 1 h and an RS92 sonde 5 min before satellite overpass
time.

To reproduce these results, we need sonde measurements with an extremely low
bias < 0.2% in absolute terms and high accuracy of relative humidity, especially in the20

upper troposphere and low stratosphere (where RS92 and ECMWF analysis are not
reliable). The only sonde instruments that can get close to these numbers seem to be
the CFH sondes.

We have seen that IASI radiances are sensitive to a very low bias difference of only
2% in absolute relative humidity. Although IASI is not sensitive enough to detect such25
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small differences in one single layer, it is sensitive enough to detect this small bias
applied to the whole humidity profile. Because this range of humidities is within the
limits of the measuring devices used in this paper and also within the accuracies of the
present RTMs, we can only say that the RTMs are in agreement with the observations,
from the bias point of view, to within about 2% (∆RH).5

Spatial co-location does not seem to play a big role in the radiance matching, but
temporal co-location and time interpolation seems to be critical in achieving these re-
sults.

The question that immediately arises is whether we can achieve these same results
using RS92 sondes only, which would be beneficial because of the savings involved.10

The answer is not clear. It would appear to have a positive answer because we are
also achieving good results with a statistical correction Kivi et al. (2009). But we have
to remember that this correction has been calculated with the comparison of CFH and
RS92 sondes from this same campaign, resulting in a slightly incestuous process. The
radiance match would clearly not work using the more standard Vömel et al. (2007b)15

RS92 corrections, recalling that the RS92 humidity sensors used here are significantly
different from the ones in Vömel et al. (2007b). A humidity bias correction calculated
and applied at the same day in similar observing conditions (what we have called “in
situ” correction) seems to be the more physical way to proceed, but at the cost of
having to launch a CFH sonde. To summarize, it is difficult to asses whether these20

same results could be achieved with RS92 sondes only, but the fact that we had to use
bias corrections calculated in similar observing conditions as the measurements which
needed to be corrected seems to imply that CFH (or similar) quality measurements are
necessary. On the other hand, from the comparisons of RS92s, CFHs and ECWMF
analysis we know that the only method that will give a reliable measurement of humidity25

in the upper troposphere/low stratosphere are the CFHs (see Fig. 5 and Sect. 5.2).
If we want to have significant statistics to derive proper bias corrections and mea-

surement error covariance matrices for retrieval purposes and possibly further advance
the RTMs with these kind of data comparisons we will need far more data than the
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one provided from this campaign. It would be advisable, if possible, to extend these
kind of measurements by taking advantage of the current or planned networks of high
accuracy atmospheric state characterisation (GRUAN, 2010) by co-location in time
these measurements with hyperspectral sensor overpasses. This would increase the
matches by a significant amount at an affordable cost due to the synergy. On the other5

hand, it is expected to have in the future hyperspectral infrared sounders in geostation-
ary orbit providing measurements in roughly 1 h time intervals which should be simple
enough to co-locate with existing high measurement accuracy networks.

Acknowledgements. Almost all figures and calculations in this document have been made us-
ing the free software numerical analysis package called PDL (http://pdl.perl.org).10
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Table 1. Dates and times of IASI observations over Sodankylä with co-located CFH sondes.
Comments concerning cloud information have been obtained from visual inspection of AVHRR
images.

Used in
Date Time (UT) comparison Comment

with RTM

15 Jun 2007 09:20:42 Yes Low level clouds

13 Jul 2007 09:41:20 Yes Low level clouds

17 Jul 2007 08:18:23 Yes FOV mostly clear with
some low level clouds

20 Jul 2007 08:56:26 No No IASI data in archive

25 Jul 2007 08:52:59 Yes Low level clouds

2 Aug 2007 09:27:34 No Low level clouds
plus thin cirrus

22 Aug 2007 09:13:47 No Thick cirrus

4516

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/3/4497/2010/amtd-3-4497-2010-print.pdf
http://www.atmos-meas-tech-discuss.net/3/4497/2010/amtd-3-4497-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
3, 4497–4530, 2010

IASI to Sonde+RTM
radiance matching

X. Calbet 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
|

−1.3760ln(P)2+30.18ln(P)−144.5

P
re

ss
ur

e 
(h

P
a)

(RH
RS92

−RH
CFH

)/RH
CFH

 (%)

New model

−60 −40 −20 0 20 40

200

300

400

500

600

700

800

900

1000

−8.498ln(P)2+122.83ln(P)−446.5

P
re

ss
ur

e 
(h

P
a)

(RH
RS92

−RH
CFH

)/RH
CFH

 (%)

Old model

−60 −40 −20 0 20 40

200

300

400

500

600

700

800

900

1000

Fig. 1. Relative difference between RS92 and CFH (cryogenic frost point hygrometer) humidity
profiles during daytime flights in Sodankylä from June to August 2007. The new model of the
RS92 sonde (left) is using aluminized coating of the sensor attachment, which reduces the ra-
diation dry bias compared to the earlier version of the RS92 (right). Both RS92 sonde models
and also the CFH sonde were flown in the same balloon payload during the EPS/Metop So-
dankylä campaign. The CFH sonde is here used as a reference for both RS92 sonde models.
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Fig. 2. Ascending trajectories of the four CFH sondes selected for comparison as shown in
Table 1. The big brown cross in the centre is the launch location at the FMI Artic Research
Centre observatory in Sodankylä.
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Fig. 3. Vertical position of the sonde versus time. The sonde, which carries an RS92 and
a CFH, launched 1 h before overpass time is plotted (red) together with the sonde, carrying
only an RS92, launched 5 min before overpass time (black). The overpass time is plotted as a
vertical line (blue).
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Fig. 4. Temperature (right) and water vapour profiles (left) for the CFH and RS92 sonde
launched 1 h before overpass time (red and green, respectively), the RS92 sonde launched
5 min before IASI overpass (black) and the ECMWF analysis profile approximately 3 h before
and after satellite overpass (gray and blue, respectively). Note the big moisture variation be-
tween the 1 h and 5 min before overpass launch measurements at the 400 hPa-level.
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Fig. 5. Temperature (right) and water vapour profiles (left) for the CFH and RS92 sonde
launched 1 h before overpass time (red and green, respectively), the RS92 sonde launched
5 min before IASI overpass (black) and the ECMWF analysis profile approximately 3 h before
and after satellite overpass (gray and blue, respectively). Note the big difference between the
ECMWF analyses and the radiosondes moisture at 200 hPa.
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Fig. 6. Residual radiances, IASI observed minus calculated with OSS RTM, for different at-
mospheric profiles: CFH sonde launched 1 h before overpass (blue), RS92 sonde launched
5 min before overpass (green), same sonde but with the “in situ” bias correction (red) and the
time interpolated profile (black) using CFH (launched 1 h before overpass) and “in situ” bias
corrected RS92 (launched 5 min before overpass) measurements. Thin black nearly flat lines
correspond to three sigma IASI instrument noise.
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Fig. 7. Residual radiances, IASI observed minus calculated with OSS RTM, for different at-
mospheric profiles: CFH sonde launched 1 h before overpass (blue), RS92 sonde launched
5 min before overpass (green), same sonde but with the Kivi et al. bias correction (red) and the
time interpolated profile (black) using CFH (launched 1 h before overpass) and Rigel et al. bias
corrected RS92 (launched 5 min before overpass) measurements. Thin black nearly flat lines
correspond to three sigma IASI instrument noise.
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Fig. 8. Residual radiances, IASI observed minus calculated with OSS RTM, for different atmo-
spheric profiles: CFH sonde launched 1 h before overpass (blue), RS92 sonde launched 5 min
before overpass (green), same sonde but with the “Kivi et al. +2” bias correction (red) and the
time interpolated profile (black) using CFH (launched 1 h before overpass) and Rigel et al. bias
corrected RS92 (launched 5 min before overpass) measurements. Thin black nearly flat lines
correspond to three sigma IASI instrument noise.
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Fig. 9. Histogram of the residual radiances, IASI observed minus calculated with OSS RTM
and two time interpolated profiles, for all clear days (4) in the spectral range, 1500 cm−1 ≤ ν≤
1570 cm−1 and 1615 cm−1 ≤ ν≤1800 cm−1. One interpolated profile has been derived from the
CFH sonde launched 1 h before IASI overpass and the “in situ” bias corrected RS92 sonde
launched 5 min before satellite overpass (thick solid line). The other interpolated profile has
been derived from the CFH sonde launched 1 h before IASI overpass and the Kivi et al. bias
corrected RS92 sonde launched 5 min before satellite overpass (thin solid line). For reference,
a Gaussian curve with a σ of 1.0 is shown (dotted line).
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Fig. 10. Histogram of the residual radiances, IASI observed minus calculated with LBLRTM
11.3 RTM and two time interpolated profiles, for all clear days (4) in the spectral range,
1500 cm−1 ≤ ν≤ 1570 cm−1 and 1615 cm−1 ≤ ν≤ 1800 cm−1. One interpolated profile has been
derived from the CFH sonde launched 1 h before IASI overpass and the “in situ” bias corrected
RS92 sonde launched 5 min before satellite overpass (thick solid line). The other interpolated
profile has been derived from the CFH sonde launched 1 h before IASI overpass and the Kivi
et al. bias corrected RS92 sonde launched 5 min before satellite overpass (thin solid line). For
reference, a Gaussian curve with a σ of 1.0 is shown (dotted line).
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Fig. 11. Histogram of the residual radiances, IASI observed minus calculated with LBLRTM
11.6 RTM and two time interpolated profiles, for all clear days (4) in the spectral range,
1500 cm−1 ≤ wn ≤ 1570 cm−1 and 1615 cm−1 ≤ wn ≤ 1800 cm−1. One interpolated profile has
been derived from the CFH sonde launched 1 h before IASI overpass and the “in situ” bias
corrected RS92 sonde launched 5 min before satellite overpass (thick solid line). The other
interpolated profile has been derived from the CFH sonde launched 1 h before IASI overpass
and the Kivi et al. bias corrected RS92 sonde launched 5 min before satellite overpass (thin
solid line). For reference, a Gaussian curve with a σ of 1.0 is shown (dotted line).
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Fig. 12. Histogram of the residual radiances, IASI observed minus calculated with OSS RTM
and two time interpolated profiles, for all clear days (4) in the spectral range, 1500 cm−1 ≤
wn≤ 1570 cm−1 and 1615 cm−1 ≤wn≤ 1800 cm−1. One interpolated profile has been derived
from the CFH sonde launched 1 h before IASI overpass and the “in situ” bias corrected RS92
sonde launched 5 min before satellite overpass (thick solid line). The other interpolated profile
has been derived from the CFH sonde launched 1 h before IASI overpass and the Kivi et al.
+2% bias corrected RS92 sonde launched 5 min before satellite overpass (thin solid line). For
reference, a Gaussian curve with a σ of 1.0 is shown (dotted line).
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Fig. 13. Histogram of the residual radiances, IASI observed minus calculated with OSS RTM
and one time interpolated profiles, for all clear days (4) in the spectral range, 1500 cm−1 ≤wn≤
1570 cm−1 and 1615 cm−1 ≤wn≤ 1800 cm−1. The interpolated profile has been derived from
the CFH sonde launched 1 h before IASI overpass and the “in situ” bias corrected RS92 sonde
launched 5 min before satellite overpass. The results for each one of the different observing
days are shown independently in this figure. A one sigma Gaussian is shown as a dotted line.
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Fig. 14. Bias and standard deviation of IASI observed minus calculated radiances. The calcu-
lated radiances have been obtained using OSS and the “in situ” bias correction.
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