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Abstract. The Greenhouse gases Observing SATellitemeasurements in the thermal infrared (TIR), such as AIRS
(GOSAT) mission, and in particular the Thermal And Near (Crevoisier et al., 2003; Engelen and Stephens, 2004; Di-
infrared Sensor for carbon Observations—Fourier Transfornvakarla et al., 2006; Chahine et al., 2008; Maddy et al.,
Spectrometer (TANSO-FTS) instrument, has the advantag@008; Xiong et al., 2008), TES (Shepard et al., 2008; Ku-
of being able to measure simultaneously the same field ofawik et al., 2010; Worden et al., 2012) and IASI (Crevoisier
view in different spectral ranges with a high spectral reso-et al., 2009; Herbin et al., 2009; Razavi et al.; 2009), has
lution. These features allow studying the benefits of usingdemonstrated the sensitivity of these observations to the mid-
multispectral measurements to improve the;@dd CH, re- troposphere. Moreover, the OCO'’s pre-launch studies (Con-
trievals. nor et al.,, 2008; Butz et al., 2009) as well as those from
In order to quantify the impact of the spectral synergy onthe shortwave infrared (SWIR) instrument SCIAMACHY

the retrieval accuracy, we performed an information content(Buchwitz et al., 2005; Noél et al., 2005) have illustrated the
(IC) analysis from simulated spectra corresponding to theability of such measurements to get information on gaseous
three infrared bands of TANSO-FTS. The advantages anatoncentrations near the surface. Therefore, a retrieval ex-
limitations of using thermal and shortwave infrared simulta- ploiting the synergy between TIR and SWIR observations
neously are discussed according to surface type and state velooks promising to reproduce the whole tropospheric gas pro-
tor composition. The IC is then used to determine the mosffile distribution better.

informative spectral channels for the simultaneous retrieval Previous studies from Christi and Stephens (2004), Li et
of CO, and CH,. The results show that a channel selection al. (2004), Cho and Staelin (2006), and Aires et al. (2011)
spanning the three infrared bands can improve the computadhave demonstrated that the use of simultaneous, but differ-
tion time and retrieval accuracy. Therefore, a selection of les®nt, observations can improve the accuracy of the retrieved
than 700 channels from the thermal infrared (TIR) and short-parameters. Nevertheless, the applications remain particu-

wave infrared (SWIR) bands allows retrieving €é&nd CH, larly sparse because using information from different instru-
simultaneously with a similar accuracy to using all channelsments is notoriously difficult (collocation, field of view size
together to retrieve each gas separately. and homogeneity). Moreover, measurements obtained by the

same instrument at different spectral ranges have not yet

been exploited, because such methodologies need to take into

account other parameters such as spectral and radiometric

1 Introduction band-to-band calibration and also the development of more
complex algorithms, which are highly time-consuming.

The survey at global scale of greenhouse gases, in particular

COy, and CH;, takes advantage of the numerous space-borne

infrared instruments. Work performed from high spectral
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The TANSO-FTS (Thermal And Near infrared Sensor for 3 The multispectral TANSO-FTS simulation
carbon Observations—Fourier Transform Spectrometer) in-
strument, which measures simultaneously one TIR and twa3-1 The forward model
SWIR spectral bands with the same field of view, represents a ) i
unique resource for testing the high-resolution multispectratccurate calculations of the radiances observed by TANSO-
approach suitability. Although the SWIR domain has beenF TS are achieved with the high spectral resolution (up to

l .
extensively used for greenhouse gas measurements (Moring0001 cn™) code LBLDOM (Dubuisson etal., 1996, 2005)
et al., 2011; Yoshida et al., 2011, 2013; Crisp et al., 2012)’over the thermal and solar spectral regions (0.2—16 um). Ra-

the TIR has been less often employed (Saitoh et al., 2009)diances atthe top of the atmosphere are calculated by solving

and to our knowledge, there is no study that exploits boththe radiative transfer equation (RTE) in a horizontally homo-

spectral ranges. geneous scattering atmosphere, using the discrete ordinate
In this study, we present for the first time the contribution Method (DOM) (Stamnes et al., 1988). Gaseous absorption

of high-resolution multispectral measurements for an opti-S c@lculated with a line-by-line code based on STRANSAC
mal retrieval of the greenhouse gases,@nd CH, in clear

(Scott, 1974) and the HITRAN 2008 database (Rothman et
sky conditions. In particular, we discuss the interest of us-&l- 2009). In this study, we assume a perfect filtering of the

ing two or three spectral bands simultaneously according t?PECtra containing cloud and aerosol observations. In the ab-
the surface type and state vector composition. This synerS€NCce of atmospheric scattering, it is not necessary to use
getic approach is evaluated from the three infrared bands of?® & A-Band (Band 1). Indeed, this band is mainly used

the TANSO-FTS instrument thanks to a new radiative trans-{0 0btain an accurate optical path length when significant

fer algorithm developed at the Laboratoire d’Optique Atmo- amount of scattering particles remains in the atmosphere. In
Ari this study the term “all bands” refers then to the use of Bands
sphérigque (LOA).

The structure of the paper is as follows: GOSAT mission 2, 3 and 4 simultaneously. The absorption lines are computed

and its two instruments are briefly described in Sect. 2. Theft 0-01 cn* spectral resolution assuming a Voigt line shape.

forward model, state vector and error description are detailed\PSOrption continua (60, CG;, and No) are also included
in Sect. 3. Section 4 is dedicated to an information contenffom theé MT-CKD parameterization (Clough et al., 2005).

analysis of the gaseous profiles in clear sky conditions. Sec] "€ solar irradiance database reported by Kuruupy(/

tion 5 demonstrates the interest of a channel selection sparkUrucz.harvard.edu/sun/irradiance2Q08/used as the inci-

ning the three infrared bands. Finally, Sect. 6 summarizes ouff€Nt solar spectrum. Lambertian surface is assumed; thus the
results and presents perspectives for future applications. ~ €ffect of surface polarization is disregarded. The albedo in
the two SWIR bands is estimated from MODIS Terra prod-

uct (Moody et al., 2008) and chosen as follows: desert and
2 Instrument description seawater in order to cover high and weak surface reflectiv-

ities, respectively. The corresponding surface emissivity for
The Greenhouse gases Observing SATellite (GOSAT)the TIR band is estimated from the MODIS UCSB library
launched on 23 January 2009 by JAXA, is designed to(http://www.icess.ucsb.edu/modis/EMIS/html/em.Htriihe
monitor the global C@ and CH, distributions from space. only use of a nadir viewing angle, with a solar zenith angle
GOSAT is in a sun-synchronous orbit at 666 km altitude of 30°, does not alter results or the discussion of the study,
with three-day recurrence, and measures at around 13:08ven if the sensitivity is correlated to viewing geometry.
local time. It is equipped with two instruments: the Ther-  Finally, the total intensity of TANSO-FTS spectra is sim-
mal And Near infrared Sensor for carbon Observations—ylated using the instrumental line shapes provided for each
Fourier Transform Spectrometer (TANSO-FTS) and thepand by the GOSAT user interface gatewdtygs:/data.
Cloud and Aerosol Imager (TANSO-CAI). The TANSO-FTS gosat.nies.go.jp/gateway/gateway/MenuPage/opgn.dod
performs high-spectral-resolution measurements (0:2¢m  no post-apodization is applied, which allows the exploitation
non-apodized) in the thermal infrared (TIR) (Band 4: 700— of the full spectral resolution.
1800cntt), shortwave infrared (SWIR) (Band 3: 4800-  Figure 1 illustrates the forward model capabilities to sim-
5200 and Band 2: 5800-6400ct) and visible (Band 1: ylate the three infrared bands of TANSO-FTS in clear sky
12900-13200cm') with an instantaneous field of view conditions. It shows an example of observed spectrum and
of 15.8 mrad, corresponding to a nadir circular footprint of the simulated individual contributions of major molecu-
about 10.5km at ground level. For the SWIR and visible |ar absorbers on US standard profiles. Even if this instru-
bands, the incident |Ight is recorded as tvfbe(ndS) orthog— ment is main|y dedicated to GOand CH; measurement,
onal polarization components. TANSO-CAI has four narrow its instrumental qualities (spectral range, spectral resolution
bands from the near ultraviolet to near-infrared regions atand signal-to-noise ratio) could enable detection of number
0.38, 0.674, 0.87, and 1.6 pm, with spatial resolutions of 0.50f other species such as water vapor isotopologues HDO,
0.5, 0.5, and 1.5km, respectively, for nadir pixels. H»180 or H,170 (see Fig. 1 and Frankenberg et al., 2013).

Atmos. Meas. Tech., 6, 33013311, 2013 www.atmos-meas-tech.net/6/3301/2013/


http://kurucz.harvard.edu/sun/irradiance2008/
http://kurucz.harvard.edu/sun/irradiance2008/
http://www.icess.ucsb.edu/modis/EMIS/html/em.html
https://data.gosat.nies.go.jp/gateway/gateway/MenuPage/open.do
https://data.gosat.nies.go.jp/gateway/gateway/MenuPage/open.do

H. Herbin et al.: Multispectral information from TANSO-FTS instrument — Part 1 3303

1o The first one is the averaging kernel matix,which gives
Observed ey .
H“ ' | ii ii Bana a measure of the sensitivity of the retrieved state to the true
state, defined by

98

A =0%/dx =GK, )

O —H, 0

051 ”II'I ' ' ' ey whereK is the Jacobian matrix (or weighting function), the
08 ] y . J——noo ith row of which is the partial derivatives of thth mea-

! “ “ ——co. surement with respect to eacf) €lement of the state vector:

Kij=( Fi/axj), andK T is its transposeG is the gain ma-
trix, whose rows are the derivatives of the retrieved state with

0.0

T T T T T T T T
5700 5800 5900 6000 6100 6200 6300 6400

Observed

Band 3 respect to the spectral points, defined by
. e e EESSS L e A G=0%/dy=(K'SK+SHKTs 2, )
S 98 o where S, is the error covariance matrix describing our
g —Hﬁj’*o knowledge of the state space prior to the measurement and
= e S; represents the forward model and the measured signal er-
——co, ror covariance matrix.
Ni© At a given level, the peak of the averaging kernel row gives
. the altitude of maximum sensitivity, whereas its full width
' N at half maximum is an estimate of the vertical resolution.
Band 4 Rodgers (2000) demonstrated that the tracé oépresents

the total degrees of freedom for signal (DOFSs), which indi-
cates the amount of independent pieces of information pro-
vided by the observing system as regards as the state vector.
In an ideal inverse method, the averaging kerAelvould
be the identity matrix representing a perfect retrieval with
a DOFS equal to the size of the state vector. Consequently,
o each diagonal element & is equivalent to partial degree

of freedom attached to each element of the state vector (or
Fig. 1. Example of observed TANSO-FTS spectrum in normalized attached to each parameter we want to retrieve).
radiances, simulated solar contribution and individual major molec- The second essential matrix is the error covariance matrix
ular absorbers. Each band is calculated from our line-by-line for-g  which describes our knowledge of the state space poste-
ward merI on US standard profiles with nadir viewing angle andior to the measurement. Rodgers (2000) demonstrated that
solar zenith angle of 30 this error covariance matrix can be written as

T T
800 1000

1200 1
Wavenumber (cm™')

S = (s—1+ KTS_1K>_1 (4)
3.2 Information content theory * a € :

In the case of an atmosphere divided in discrete layers, the In this expression the matri; can be written as follows:

forward radiative transfer equation gives an analytical rela—s8 =S +KpS,. KT =Sn+ S, (5)
tionship between the set of observationghere, the radi-
ances) and the vector of true atmospheric parametarsd ~ with S, representing the error covariance matrix formed by

is written as the errors attached to non-retrieved model parame$ethe
forward model error covariance matrix, ag the measured
y=F()+e, (1) signal error covariance matrix. Therefore, we can estimate

. the contribution of the prior measurement and forward model
where F represents the model that allows mapping the statg oy to the posterior err@, as follows:

space to the measurement space, arile measurements
and/or forward model error vector. Ssmoothing= (A — 1)S, (A — DT, (6)

In the case of information content (IC) analysis, we do not _ )
need to introduce the whole optimal estimation theory for- Th€ smoothing error covariance mat®moothing repre-
mulation used for the retrieval described by Rodgers (2000)Sents the vertical sensitivity of the measurements to the re-
In this study, two matricesX and$S,) fully characterize the ~ trieved profile.
information provi h rvin m.

ormation provided by the observing syste Smeas= GSnGT. @
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The contribution of the measurement error covariance manoise, usually given as signal-to-noise ratio (SNR). This er-
trix Sy, to the posterior error covariance matfx is given ror covariance matrix is assumed to be diagonal, andtthe

by Smeas Sm is computed from the spectral noise. diagonal element can be computed as follows:
_ T __ T .
Stwd.mod. = GKpS,(GKp) " =GSG . 8 Sm.ii = O'r%,i with om,; = S)|}\I| , (11)

The forward model error covariance matfx illustrates
the imperfect knowledge of the non-retrieved model param-whereom,; is the standard deviation of thigh measurement
eters, and its contribution to the posterior error covariance(y:) of the measurement vector, representing the noise
matrix is given bySwd.mod. equivalent spectral radiance. For the TIR Band 4, the SNR
The total error covariance matrix can then be regarded a#s estimated as 300 for a 280K blackbody light input (Kuze
the sum of these individual contributions, and Eq. (4) can beet al., 2009). For the SWIR bands, there are two main noise

rewritten as sources: (1) the detector and electronics noise, which is inde-
pendent of the signal intensity and (2) the shot noise, which
Sy = Ssmoothingt+ Smeast Stwd.mod- ) is proportional to the square root of the total amount of input

light. Because of the wide spectral range of Band 2, the main
contribution to the total noise comes therefore from the shot
The IC analysis uses simulated unpolarized intensity spechoise. However, we have applied an identical SNR for Bands
tra of TANSO-FTS SWIR Bands 2 and 3, and TIR Band 4. 2 and 3. The latter is estimated from the Band 2 SNR values
The CQ and CH, vertical concentrations of the a priori state given by Yoshida et al. (2011). According to the different
vectorx, are based on US standard profile discretized on 21surface types, the SNR was set to 500, and 150 representa-
vertical levels, extending from the ground to 20 km height tive of our high (desert-like), and low (seawater-like) surface
with 1km step. In addition, the humidity and temperature reflectivity cases.

profile, surface reflectivity, and the TIR surface emissivity , L

are included in the non-retrieved parameters and will be dis3-4 Non-retrieved parameter characterization and

cussed in detail in Sect. 3.4. The a priori values and theira ~ &ccuracy
priori variabilities are summarized in Table 1 and described
subsequently hereafter.

3.3 A priori information

Evaluation of the forward model accuracy is the most diffi-
cult part of the error description. Indeed, it consists in both
3.3.1 A priori error covariance matrix the model precision (for example 1-D approximation, Lam-
bertian surface, accuracy of the computation) as well as the
The a priori error covariance matr$, can be evaluated from error due to the non-retrieved parametars (Used in the for-
climatology or in situ data. Nevertheless, the off-diagonalward model (e.g., temperature profile, ground emissivity, gas
matrix elements increase the correlation of the vertical lay-profile when they are not retrieved). As horizontal variability
ers. Since this study is dedicated to information coming fromof gas and aerosol are small enough on a GOSAT pixel size,
the measurement rather than climatological or in situ obserand as it is beyond the scope of this paper to explore 3-D
vations, we will always assunf®, as a diagonal matrix with ~ effects due to horizontal sub-pixel heterogeneity, we choose

theith diagonal elements ;;) defined as to neglect it in this study. Thus, only effects of non-retrieved
parameters uncertainties are explored here. Moreover, a ver-
2 . Perror . . . .
Sa,ii =04, With o, ; = x4 100 (10) tically uniform uncertainty is assumed.

The most important variables when dealing with infrared
whereo, ; stands for the standard deviation in the Gaussianmeasurements such as TANSO-FTS Band 4 are the temper-
statistics formalism. The subscriptepresents theh param-  atyre profile and surface temperature. We assume a realis-
eter of the state vector. tic uncertainty, compatible with the typical values used for

The CQ profile a priori error (red line of Fig. 2) is esti-  the ECMWF assimilation, of 1 KAT = 1K) on each layer
mated from Schmidt and Khedim (1991) and is very similar of the temperature profile as well as on surface temperature.
to the one used by Christi and Stephens (2004). The CHThe contribution to théth diagonal element of the forward

a priori error is fixed toPerror= 5 %, which corresponds t0  model error covariance matrix can be computed as

an under-constrained version of the error covariance matrix
i d0F;
used by Razavi et al. (2009) and Frankenberg et al. (2012). of 1,0 = 3_TZ.AT’ (12)
3.3.2 Measurement error covariance matrix ’
where j stands for thejth level andi for the ith measure-

In order to compute the measurement error covariance mament.

trix, one needs to know the instrument performance or accu- The surface emissivityef,) uncertainty is set taP;, =

racy. The instrument performance corresponds to the radio2 %, which corresponds to an average value of the albedo ab-
metric calibration (which could be a bias) and radiometric solute accuracy from MODIS and IASI (Capelle et al., 2012),

Atmos. Meas. Tech., 6, 33013311, 2013 www.atmos-meas-tech.net/6/3301/2013/
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Table 1. State vector parameters.
State vector HO CO CHy Interfering Surface Profile Emissivity/
elements species temperature temperature reflectivity
A priori values &) US standard MODIS database
A priori uncertainty Perror) 10% 1.3-8% 5% 100% 1K 1K/layer 2%

and its contribution to th&h diagonal element of the forward
model error covariance matrix is

Pep,
100

dF; .
Ofei = 8—8’Ag, with Ag = (13)

Em.

Figures 2 and 3 show the averaging keelnd total pos-
terior errorS, for CO, and CH;, respectively, and for each
surface typeA is obtained for each greenhouse gas indepen-
dently using the variability introduced in the previous section
and considering an observing system composed of Band 2, 3

We assumed a very poor knowledge on the interfer-Or 4 alone and all the bands together. Each colored line rep-

ing molecule concentration with an uncertainf§cfno)) of
100 %, and as before their contribution to ttiediagonal el-

resents the row oA at each vertical grid layer. The blue cir-
cles represent the partial degree of freedom of the gas at each

ement of the forward model error covariance matrix can belevel (diagonal element &). The latter indicates the propor-

computed as

0F;
dc

mol

Pcmol

ACmolk, with ACmOlk = Wcmo

K, (14)

O =
f’cmolk R

whereC,,, represents the concentration of tta interfer-
ing molecule.

tion of information provided by the measurement. Indeed, a
value close to unity means that the information mainly comes
from the measurement, while a value close to zero indicates
that the information is strongly related to the a priori.

For both surface types, Fig. 2 shows that most of the in-
formation about C@ arises from the ground to 10 km high
in the atmosphere, while at upper altitude the error is mainly

If H20 is treated as a non-retrieved molecule and is asyoverned by the a priori uncertainty, due to a smaller sen-
sumed to be known from ancillary data, its a priori error pro- giivity to CO, in the upper troposphere. In the lower part
file is set to Pch,0 = 10%. This error value is compatible f the atmosphere, the a posteriori total error (black line) is
with typical a posteriori uncertainties from operational Level gignificantly weaker than the a priori error (red line). The
2 products of a dedicated instrument such as IASI (ClerbauX,ertical distribution ofA illustrates the sensitivity to COIn

et al., 2007).
Finally, the total forward model error covariance matrix

the lower atmosphere (0—-3 km) from SWIR bands. Neverthe-
less, this sensitivity dramatically decreases with the surface

(S, assumed diagonal in the present study, is given by suma|hedo to be almost insignificant above seawater. This phe-
ming all the previous contributions for each diagonal ele-nomenon is well known, and the operational Level 2 prod-

ment, and theth diagonal element ;;) is given by

nmolecules

2 2
Ofcpofoi T Obeit

nlevel
Sf’i[ = Z Uf?r/.’l' + (15)
j=1

k=1

ucts from TANSO-FTS (Yoshida et al., 2011, 2013) treat
only the spectra over ocean where the specular reflection oc-
curs and reflectance is high. The TIR sensitivity in the mid-
troposphere (3—10 km) is less influenced by the surface char-
acteristics (see panels Band 4 from Fig. 2) and appeatrs to be

Here, we did not consider the spectroscopic line paramevery suitable to retrieve COabundances when the surface

ter, line-mixing, continua or calibration errors.

4 Information content analysis applied to greenhouse

gas profiles in clear atmosphere

In order to quantify the benefit of multispectral synergy, it is
essential to perform, first, an information content analysis o

CO,, and CH, profiles separately (Case 1). By separately we

mean that the state vector is constituted of only one of th
above gas concentrations at each level between 0 and 20 k

This corresponds to the case where we estimated each gas
profile alone when all other atmospheric parameters and al
other gas profiles are assumed to be known from ancillaryb

data with a specific variability or uncertainty.

www.atmos-meas-tech.net/6/3301/2013/

n

albedo is weak. The most important result of Fig. 2 is the
improvement of the vertical information distribution when
we use all the bands simultaneously, in particular, when the
reflectivity is significant. For instance, in the case of desert
surface, the total DOFSs are 0.75, 1.16, 1.32 and 2.59, for
Band 2, 3, 4 and all the bands respectively. The latter show
that one might be able to retrieve between 2 and 3 partial
tropospheric columns for CONevertheless, the CQerror

is always dominated by the a priori error, which means that

She information is strongly constrained by the a priori pro-

ile and little information is introduced from the measure-
ent. Therefore, even with a high a priori constraint on the
O, profile, this study shows that using all the TANSO-FTS
ands together leads to an improvement of the a posteriori

Atmos. Meas. Tech., 6, 3338, 2013
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Fig. 2. Averaging kernels and error budgets of £¢@rtical profiles Fig. 3. Same as Fig. 2, but for CH

for Bands 2, 3, and 4 separately and all the bands together in Case

1. the red and black lines stand for the pri§g )Y and posterior$y)

errors, respectively; the smoothin8sfmoothing, Model parameters

(Stwd.mod), @nd measuremenSgeas) errors are dotted, dashed, ~ The CQ total column posterior error is estimated to be

and dashed/dotted lines, respectively. The averaging kernels of eadess than 1.2 % whatever the surface (see Table 2), which is

altitude layer are represented by different colors. comparable to the results from previously mentioned studies.
As for CQOp, Fig. 3 shows that the general conclusion is

_ _ o identical for CH, but with a smaller information content. Be-
error profile on C@ concentration, especially in the lower cayse it does not contain any methane absorption lines, Band
part of the atmosphere. 3 shows no information (see Figs. 1 and 3). For the remain-
These results are close to those from previous studie$ng bands, thé\'s are broader than those of GGuggesting

(Christi and Stephens, 2004; Connor et al., 2008; Saitoh ef very important correlation between layers and then a degra-

al., 2009; Yoshida et al., 2011), but it is important to note gation of the vertical resolution. Moreover, Band 2 becomes

that the absolute values of averaging kernel and error profilgnysaple for small surface albedo values (see seawater panel

cannot be directly compared, since they depend on severgj rig. 3). For comparison with C£in the case of desert, the

parameters: (1) a priori values, andxy, (2) the variabil-  tota] DOFSs are 0.64, 0.84 and 1.63, for Band 2, 4 and all the

ity of the error covariance matrig,, S andSy, as well as  pangs respectively. These weak values highlight the difficulty

(3) the vertical grid. The latter can be circumvented if the tro- retrieving more than one or two tropospheric columns of

pospheric column erroiSkco,) is derived from the vertical  methane from such measurements.

profile error as in Yoshida et al. (2011): As a general trend, the simultaneous use of all the bands

together instead of Band 4 alone (TIR) or Band 2 and 3
\/ ClirSxco,Cair (SWIR) increases the total DOFS and reduces systematically
OXCO, = o1 (16) the total errors of the two gas species. Band 4 has the ad-

air vantage of providing mid-tropospheric information weakly

whereCgj is the vector containing the air molecule concen- affected by the surface albedo. The SWIR bands have the
tration at each level, antlis a column vector with unity ele- advantage of having low measurement and non-retrieved pa-
ments. rameter errors (dashed and dotted lines in Figs. 2 and 3). This

effect is mainly due to weak temperature dependence and

Atmos. Meas. Tech., 6, 33013311, 2013 www.atmos-meas-tech.net/6/3301/2013/
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Table 2. Total DOFSs and column errors of @G@nd CH, for each surface using all spectral channels.

Desert Seawater
DOFS  Errors (%) DOFS  Errors (%)
CO, only (Case 1) 2.59 1.02 1.17 1.20
CO», with CHy (Case 2) 2.87 1.00 1.18 1.19
CHyg only (Case 1) 1.63 1.26 0.51 1.34
CHg with CO, (Case 2) 1.65 1.25 0.52 1.33
s Desert The latter illustrates how a state vector including both gases
enhances the total information. However, even if the total in-
4 0 formation is better, the impact on the total errors seems lim-
£3 ited, due to the high constraint on each a priori gas profile.
a,.l Nevertheless, we can conclude that taking into account CO
ol I and CH;, together in the state vector involves an improvement
g e e S H 28 of their accuracy retrievals. Obviously, this improvement is
0= ‘ ‘ driven by the relative amount of information coming from the
SeaWater . L .
2.0 , - measurement in regard to the a priori and non-retrieved pa-
T el Do rameter uncertainties. This improvement is weak (cf. Table 2)
| cH, for CO, and CH,. Therefore, the benefit of simultaneous re-
gl_o trieval depends on the additional computing time generated
= (see following section).
ost+ L aieees=a=
* 200 10" TS 0 5 Channel selection

Number of selected channels
_ _ _ Using all channels, measured by TANSO-FTS, in the re-
Fig. 4. Evolu_t|on of the DOFSs with number of sglected channels trieval scheme has two disadvantages. Firstly, it requires a
for CO; (solid black I'n.e) and Cl (black dashed “n?) Separately’. very large computational time. This problem could be cir-
and all together (blue line). The red crosses and circles symbolize . - .
the number of channels (355 and 694) corresponding to 75% an ur_nve_nted with optimized parallel programming and ex-
90 % of the total IC. ploitation of the latest compute_r ftechnolog|es such as C_%PU
(Huang et al., 2011). Secondly, it increases the systematic er-
ror from correlation of the interfering species. In this case,
less interference from other molecules in the SWIR. More-4 good evaluation of the a priori state vecior and error
over, in the case of high reflectance, the sensitivity t;CO ¢oyariance matrixs, is very challenging. As emphasized
and CH concgntrations is comparable to TIR spect_ral rangepy Rodgers (2000), the IC framework is very well suited
but centered in the lower troposphere, where variability ofyg gptimize the selection of channels that carry the greatest
greenhouse is the most important. amount of information. This procedure is well described in
In the operational GOSAT level 2 products, both £O |'Ecyyer et al. (2006) and will not be developed in this pa-
and CH, gas concentrations are obtained simultaneouslyyer, previous studies already used channel selection to opti-
(Yoshida et al., 2011). Therefore, we investigate how the in-mjze the greenhouse gas retrievals from high-resolution in-
clusion of CQ and CHj profiles in the same state vector frared sounders. We can cite, for instance, the study of Dud-
could improve the information content (this case will be ref- pjg et al. (2002) from the MIPAS spectra, or the works of
ereed as Case 2 hereafter). All the a priori values and varicreyoisier et al. (2003) and Worden et al. (2004) from AIRS
abilities are the same as in the previous section (see Table 13,4 TES respectively. Specifically applied to TANSO-FTS,
Although the differences with the results from the previ- gaitoh et al. (2009) developed a retrieval algorithm to retrieve
ous section are rather small, we can ol_aserve a significar@o2 vertical profiles using the TIR (Band 4), and Kuai et
effect over bright surface (e.g., desert) in the lower atmo-5| (2010) discussed the practical advantages of channel se-
sphere where the sensitivity is higher. The averaging kernelgsction in the SWIR bands (Band 2 and 3). The goal of this
(not shown here) appear to be narrower with strongest amgection is therefore to present results of a channel selection
plitude involving a better vertical resolution, especially from i, order to reach a reasonable amount of information on both
the ground up to 5km. Table 2 summarizes the@@d CH, CO; and CH; columns using measurements from the TIR

total DOFS and total column errors for all cases, each gas ingng SWIR spectral range simultaneously (Bands 4, 3 and 2).
dividually (Case 1) or together (Case 2) in the state vector.
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Table 3. Number of selected channels.

Desert Seawater All surfaces

75% 90% 75% 90% 75% 90%
CO, (Case 1) 118 320 139 259 227 468
CHgy (Case 1) 65 151 117 196 151 248
COy + CHy (Case 2) 209 520 239 446 355 694

Table 4. Band-by-band distribution (in %) of the selected channels in Case 2.

COy COy CHg CHg COy+CHy COy +CHy All gases
Desert Seawater Desert Seawater Desert Seawater All surfaces
75% 90% 75% 90% 75% 90% 75% 90% 75% 90% 75% 90% 75% 90%
Band 2 0 4 0 0 49 34 0 0 15 10 0 0 9 7
Band 3 64 63 8 17 0 0 0 0 40 40 6 12 27 35
Band 4 36 33 92 83 51 66 100 100 45 50 94 88 64 58

Table 5. Total DOFSs and column errors (%) of G@nd CH; for each surface from different amounts of selected channels.

DOFS CQ ZXCO; (%) DOFS CH, S XCHgy (%)
Desert Seawater Desert Seawater Desert Seawater Desert Seawater
Channels
2032 (Case 1) 2.59 1.17 1.02 1.20 1.63 0.51 1.26 1.34
2032 (Case 2) 2.87 1.18 1.00 1.19 1.65 0.52 1.25 1.33
355 (Case 2) 2.40 1.00 1.04 1.22 1.36 0.35 1.27 1.35
694 (Case 2) 2.67 1.13 1.02 1.21 1.57 0.47 1.26 1.34

Figure 4 presents the Gand CH, total DOFS evolu- 2 when both gases are treated simultaneously. The differ-
tions as a function of the number of selected channels froment values of DOFSs and column errors confirm the retrieval
all spectral bands and for each surface type. The maximunimprovement for each gas when they are treated simultane-
number of selected channels has been fixed to 2032, whicbusly (see previous section). Obviously, the best information
corresponds to all the channels from both 1.61 and 2.06 unis provided by the use of all the available channels in Case 2
CO, bands used by Kuai et al. (2010). The first highlight (see Table 2). However, the reduction to 2032 selected chan-
coming from Fig. 4 is that the DOFS magnitude and evolu-nels (Yoshida et al., 2011) does not affect the accuracy of
tion are strongly correlated to the surface type. Moreover, forthe retrieved C@ and CH; columns. Moreover, a retrieval
each gas, the DOFS increases sharply with the first selectestheme that uses selected channels corresponding to 75 % or
channels and then more steadily. This is perfectly illustrated®0 % of the total information content would give comparable
in Table 3, which gives the number of channels required toerrors to a retrieval scheme using the entire set of channels.
reach 75 % and 90 % of the total information provided by us- These results point out the interest of determining an optimal
ing all the channels, for each gas and surface type. The distriset of channels for each gas separately, and using this selec-
butions (in %) by spectral band of the previous selected chantion to retrieve these two gases simultaneously (see lines 355
nels are reported in Table 4. The TIR band (Band 4) appearand 694 of Table 5).
predominant when the surface reflectivity is weak, whereas
over bright surface SWIR bands (Band 2 and 3) become more
important for CH, and preponderant for CQTable 4). Fi-
nally, the results from Table 4 demonstrate the usefulness

the multispectral _information o refrieve the greenhouse 98%6 summarize, this study investigates the interest of retriev-
concentrations with good accuracy for all the surface types. ing greenhouse gas profiles from multispectral measurement.

Table 5 shows DOFSs and total ervors, for different First, we performed an information content analysis o, CO
gmounts of selected channels. As previously stated, Case And CH, separately in clear sky conditions from the TIR and
is related to the treatment of each gas separately and Ca%WIR bands of the TANSO-FTS instrument. We showed that

o? Summary and conclusion
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