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Abstract. A regression method was developed to retrieve satellite viewing angle. Their method provides a high com-
upper tropospheric water vapor (UTWV in kgfjrand upper  putational speed in transforming brightness temperature to
tropospheric humidity (UTH in % H) from radiances mea- relative humidity by eliminating a full retrieval. Here, UTH
sured by the Advanced Microwave Sounding Unit (AMSU). is a Jacobian weighted mean of the fractional relative humid-
In contrast to other UTH retrieval methods, UTH is defined ity in the upper troposphere. The Jacobian weighted defini-
as the average relative humidity between 500 and 200 hPdjon of UTH has the disadvantage that the associated altitude
not as a Jacobian weighted average, which has the advamange depends on the atmospheric condition and sensor char-
tage that the UTH altitude does not depend on the atmoacteristics. For moister atmospheres higher altitude ranges
spheric conditions. The method uses AMSU channels 6-10are sampled.

18, and 19, and should achieve an accuracy of 0.48%fgm In contrast to the above approach, we define UTH as the
UTWV and 6.3%R H for UTH, according to a test againstan mean relative humidity between 200 and 500 hPa to acquire
independent synthetic data set. This performance was cora unique atmospheric parameter. An extended model is pre-
firmed for northern mid-latitudes by a comparison againstsented to retrieve UTH from AMSU radiances. This model
radiosonde data from station Lindenberg in Germany, whichmakes use of upper tropospheric water vapor (UTWV), de-
yielded errors of 0.23kg/ffor UTWV and 6.1%RH for  fined as the column integrated water vapor content between
UTH. 200 and 500 hPa, and of upper tropospheric temperature in-
formation, which are both derived also from the AMSU mea-
surements, so no external ancillary data is used. The method
developed is a combination of regression techniques and a
simple physical model of the observing system, one could

Water vapor is the principal contributer to the greenhouse ef_c:all it a regression on a physical basis. In the derivation of the

fect, as it absorbs and emits radiation across the entire long €t i€val method some simplifying assumptions were made.

wave spectrum. Although water vapor in the upper tropo- hese can be justified by the subgequent comparison of re-
sphere represents a small fraction of the total vapor mass, ffi€ved humidity parameters to radiosonde data.
affects significantly the outgoing longwave radiatidudél-
hofen and Hartmanrl995 Schmetz et a].1995 Spencer
and Braswe|l1997 Held and Soder2000). 2 AMSU data

Several previous studies have demonstrated the feasibilitx_ ] . ] )
of utilizing infrared satellite observations to retrieve upper | "€ Advanced Microwave Sounding Unit (AMSU) consists
tropospheric humidity. A simple radiance-to-UTH relation- Of tWo instruments, AMSU-A and AMSU-B. The details
ship was first derived boden and Bretherto1993, indi- ~ ©On these instruments can be foundvio (1996 and Saun-
cating that the clear sky brightness temperature measured at3g"s €t al(1999, respectively. They are cross-track scan-
strong water vapor absorption line is proportional to the nat-"iNg microwave sensors with a swath width of approximately

ural logarithm of the dividend of UTH over the cosine of the 2300km.  These instruments measure microwave thermal
emission emitted by the atmosphere in the oxygen band of

Correspondence toA. Houshangpour 50-58 GHz (AMSU-A), the two water vapor lines at 22 GHz
(arash@sat.physik.uni-bremen.de) (AMSU-A) and 183 GHZ (AMSU-B), and window regions

1 Introduction
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(both). AMSU has 20 channels, where channels 1-15 beSubstitutingz » and solving forpg yield:
long to AMSU-A and channels 16—-20 belong to AMSU-B.
. . . 1

Temperature information of the atmosphere can be obtaineg, = — exp{—(TB — To)} . )
from channels 4-14 of AMSU-A, where channels 6-8 give FH BH
18, 19, and 20 of AMSU-B which are centered around theyater vapor is given by
183.31 GHz water vapor line can give humidity information
on the upper, middle, and lower troposphere, respectively. UTWV = wu(Tg, B, To; z*)

AMSU-A and AMSU-B scan the atmosphere with dif- 1 { (z* To )} exp{ Tp }

= — exp =+ — BH

ferent footprints. AMSU-A samples the atmosphere in F H ' BH

30 scan positions across the track with a footprint size of )
50x50 kn?. for the innermost scan position. This size in- Wherez* is now set to the 500 hPa level and the amount of

creases to 15080 kn?. for the outermost position scan posi- Water vapor above 200hPa is neglected. The model pre-
tion. AMSU-B samples the atmosphere in 90 scan positionsse€nted above is used in this study to retrieve UTWV from

with footprint size varying from 2016 kn? to 64x 27 kn®. AMSU water vapor channel radiances. To this end first a
scaling approach is applied to eliminate the explicit tempera-

ture dependence of UTWYV, which is then fitted exponentially
3  UTWV methodology to obtain the desired model parameters.

®)

To derive a basic radiance to UTWV relationship, attention3.1  Scaling approach

will be focused on a model atmosphere in which the water

vapor densityon, o decreases exponentially with altitude, ~ Given the water vapor and temperature profile of an atmo-
z spheric situation along with the corresponding brightness

PH,0(2) = po exp{—ﬁ} ) 1) temperature, the aim of the scaling approach is to determine

the brightness temperature that is measured assuming that

only the temperature profile changes.

T(z) = Bz + To. (2) By this means it will be possible to set the temperature

parameterg andTp in Eq. (8) to fixed values and transform

the brightness temperatufg in such a way that UTWV is

and the tropospheric temperature lapse fgai®constant,

According to Eq. (1) the total mass of water vapor con-
tained in a vertical column of unit cross section ranging from

: o d.
a given levek* to the top of the atmosphere is given b preserve . . -
g o P P . g y To illustrate the scaling approach, consider a sufficiently
w(z") = / pi,0(2) 0z = poH exp{——} 7 3) m0|st atmospherlc situation for which the ground contribu
z tion to the radiance measured at the water vapor channel of

where the scale heiglH is considered constant. Hence, the concermn might be neglected, so the corresponding brightness
task will be to derive the required parameterfrom water ~ temperature is given by
vapor channel radiances. 22

Assuming the absorption coefficiemtassociated with the 78 = f WF(z) T (z2)dz, (9)
water vapor channel of concern is proportionapigo, “a

. where WF(z) is the channel weighting function ranging

(@) = F prp0 (), ) from z; to z2 andT (z) is the temperature being a linear func-
where F is a channel specific constant, it can be showntion of altitude over the range{, z2]. Now suppose T(z) in
(Elachi 1987) that the peak of the channel weighting func- Eq. (9) is replaced by a new temperature prdfiféz) given
tion is located at the altitude by the parameterg* and7j':

zp=H IN{FpoH}. ) T*(z) = B*z + T¢, (10)

Except for extremely dry profiles, AMSU-B channel 18
and 19 exhibit bell-shaped weighting functions, being ap-
proximately symmetric in the region centered around the 2 . .
peak value, namely the atmospheric layer with the highest 8 = /Zl WE(2) T"(2) dz. (11)
contribution to the observed brightness temperature. Since
temperature is assumed to be linearly dependent on altitude, A further assumption made is, that when evaluating the in-
its weighting with a symmetric function in the region of con- tegralin Eqg. (11), the temperature dependence of the weight-
cern yields the atmospheric temperature at the lewethus  ing function is negligible compared to the variationZofz)
the corresponding brightness temperature is itself,

Ty = T(zp) = Bzp + To. (6) WF*(2)~ WF(2). (12)

thus the resulting brightness temperature is given by

Atmos. Chem. Phys., 5, 2012628 2005 www.atmos-chem-phys.org/acp/5/2019/
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From Egs. (2) and (10),*(z) can be written as a function 0.0005¢ } a ]300
of T'(2): c E | ol ]
N ™ 0.0004 L gl o 7280ﬁ
T = @) — 1)+ T 13 < 5 2B 1560
= - . c F gl =
Y78 « o)+ 1o 2 0.0003 ¢ g2 : g
SubstitutingT*(z) in Eq. (11) and using the approximation > . 0002; } } 1240 °
in Eq. (12), the transformed brightness temperature is given o ~ f } } 1000 &
by % 0.0007 ; c6 C7 o5 09‘ £10 E E
° g : 4200
i 2 B* . 0.0000 ‘ 180
T;=| WF@ {?(T(z) —To) + Ty } dz (14) 0 10 20 30 40
21

Altitude [km]
ﬂ* 22 ﬂ* 22
= — / WF(z) T(z)dz — To—/ WF(z)dz _ ) o
B Jay B Jy Fig. 1. ARTS simulated AMSU-A channel 6-10 weighting func-
22 tions at near-nadir for a model atmosphere from the ECMWF anal-
+ Ty / WF(z)dz. (15)  ysis along with the corresponding temperature profile.
<1

The integral in the first term of Eq. (15) is the initial bright-
ness temperature as given in Eq. (9) and the integral appea?z(z) =v@=zn) +Tre @z 257), (22)
ing in the second and third term can be set to unity, as thavhereTy p is the tropopause temperatutg,p andzsr de-
weighting function is assumed to be normalized over the al-note the lower boundary heights of the tropopause and the
titude range {1, z2], thus the final expression found fat; stratosphere respectively apdrepresents the stratospheric

is lapse rate, the brightness temperatures observed by the sen-
* B sor can be written as
Tj="-Tp+T§ — To—. (16) arp
p p T=S+[ WFQ (Bz+To) d
ReplacingTz, g andTp in EQ. (8) by Ty, p* and T re- Zf;
spectively, and taking logs, upper tropospheric water vapor + | WFi(z) Trp dz
is given by zrp
o
In(UTWV(T3)) =InCo+ C1T}, a7 + / WF;(2) (y(z—zst)+ Trp) Oz (23)
28T
where wherei denotes the channel numbee6, ..., 10), WF is
1 z* Ty the weighting function$ is the surface contribution to the
Co= F exp{— (ﬁ + ,3*_1.1>} 18)  observed brightness temperature, apnt the surface height.
1 Replacingl’r p by Bzr p+To, rearranging, and using the nor-
C1= FH (19)  malization of W F(z) yield
The fitting procedure of INUTWV will be demonstrated Ti=Si+To+ Qif + Riy (@ =86,...,10. (24)

on the basis of ECMWF-data in Sect. 5. The estimation ofwhere

the temperature parametgd®ndTp required to perform the 2rp )

linear transformation in Eq. (16) is the objective of the fol- Qi = f WFi(z) zdz +/ WFi(z) zrp dz (25)
lowing section. s e

o
3.2 Temperature parameters R, = / WF;(z) (z — zs7) dz (26)
IS8T

AMSU-A temperature channels 6-10 are used to estimate the, ;. Eq. (24), the parametef®, 8, (andy) can be ex-

parametergy and Tp. Figurel shows the weighting func- o556 as linear combinations of the brightness temperatures
tions at the AMSU-A innermost viewing angle of 1%6for
1

a model profile from the ECMWEF analysis along with the

corresponding temperature profile. Approximating the atmo-_ 10 .
spheric temperature by To=Cro+ 2 Cro.i Ti (27)
1=
T(z)=Ppz+To (z <zrp) (20) 0
B=Cgo+ Cp; T;. (28)
T(2) = Trp (arp <2 <2s7) (21) ! ;, po

www.atmos-chem-phys.org/acp/5/2019/ Atmos. Chem. Phys., 5, 20282005
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to the relative humidity at a fixed leve} in the upper tropo-

800 T T T T J4000
[ sphere

[}
o
o

— 3000 UTH = RH(zg), (31)

1 = UTH can be derived using two appropriate profile points,
/420002, namely the ones provided by AMSU water vapor channels

] o 18 and 19. The relative humidities at the associated peak
levelszig andzig are

T/e, [K/Pa]
N
o
o

200

11000

200 220 240 260 280 300
Temperature [ K]

RH; = R,

urwyv {Z*} {To—Ti}
expl — exp
H H BH
T; .
X o) (i =18,19. (32)

Fig. 2. Variations with temperature of the saturation water vapor The given profile pointszfs, RH1g) and ¢19, RH1g) can
pressure; (dashed) and of temperature divided by saturation waterbe used to estimate the UTH equivalent vaRig (zo). Lin-
vapor pressur% (solid). In both casesy is with respect to  earizing by taking logs, and considering—z19 as constant

liquid water.

according to Eq. (5), we get

INUTH = Ko+ K1i(InUTWYV)

The quantitie€r, ; andCg; are functions of surface height,
temperature, and emissivitys;) as well aszrp and zg7.
Nevertheless they will be regarded as constants to enable
their estimation by multiple linear regression. Hence the re-
gression coefficients obtained in this way will be weighted
means according to the statistics of the data set used.

The validation of the methodology developed above is
postponed to Sects. 5 and 6. Assuming knowledg&uof
B and UTWYV, we proceed to derive upper tropospheric hu-
midity from water vapor channel radiances.

4 UTH methodology

One could be tempted to calculate UTH directly from the
retrieved UTWV and mean upper tropospheric temperature.
However, the attempt fails because the combined errors in
temperature and particularly UTWYV lead to a large error in
UTH. Instead, our approach is as follows: the relative humid-

To — T
+K2< 3 ls)

+ K3(In T1g)
+ K4(|I’l 33‘18)

To — T
+K5< oﬂ 19)

+ Kg(In T19)
+ K7(Ineg 19)

To—T
+ Kg <%3 In UTWV)

+ Ko(InTiginUTWYV)
+ Kio(Ines18INnUTWV)

+K11<

+ K12(InTigInUTWYV)
+ K13(Ines19InUTWV). (33)

To—T
%’ln UTWV)

ity profile of a model atmosphere as specified in the previoug?S Will be shown in Sect. 5, the above fit provides an ex-

section is given by

cellent UTH retrieval if involving truelp-, 8- and UTWV-

values. However Eq. (33) turns out to be sensitive to retrieval

RH(z)  e(2) (29) ermors associated with and UTWV. Theg-sensitivity will
100  e5(2) be treated by defining a criterion to exclude inappropriate
UTWV 7 — 7 T(2) values. To reduce the sensitivity to UTWYV, the water vapor
=Ry exp . (30)  information is utilized in a parametric manner by perform-
H H | e(T() b yp

ing the fit on specific UTWV groups. In this way we obtain
wheree is the actual water vapor pressueg,is the satura-  different fit parameters according to different groups. Con-
tion vapor pressure with respect to water, d@hdis the gas  sidering UTWV to be fixed in each group, Eq. (33) will be
constant for 1 kg of water vapor. As Fgindicates, theterm reduced as follows:

WTT) shows an exponential behavior in the tropospheric tem-

Eqg. (30) may be approximated by an exponential function of
altitude, asl" andz are linearly dependent variables. Assum-
ing that the mean upper tropospheric humidity is equivalent

Atmos. Chem. Phys., 5, 2012628 2005

perature range. Thus the relative humidity profile given by InUTH = Lo+ L1 (M>

B
+ Lo(In T1g)

+ La(Ines,18)

www.atmos-chem-phys.org/acp/5/2019/
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Fig. 4. Scatter plot of retrieved versus original upper tropospheric

temperature lapse ragefor the ECMWEF test set. Bias and absolute

Fig. 3. Scatter plot of upper tropospheric water vapor content ver- o
9 P bp posp P error are indicated.

sus corresponding forward calculated AMSU-B channel 18 bright-
ness temperature for the ECMWF training set. Blue indicates at-

mospheric situations specified Byg<T71g. The inserted histogram 340 T T T T
gives the distribution of the outliers over upper tropospheric water a bias = 0.7 [K] i 1
320 F B ik a
vapor. 3 std = 6.2 [K] ]
300 F -
To — Tho =, d ]
L (T : 280
E 260 .
+ Ls(In T1g) Lo E
+ Le(Ines,19) (34) 240 ]
This linear model represents the basis of the UTH retrieval 220 E R
accomplished in this study. Alternatively, UTH could also 200¢ ‘ | | ‘ ‘ ‘
be retrieved with only channel 18 at the cost of reducing the 200 220 240 260 280 300 320 340
global accuracy. Channel 19 provides additional informa- Toonanee [K]

tion, in particular for moist profiles.
Fig. 5. As Fig. 4 but for the upper tropospheric temperature offset
To.

5 Implementation of the algorithm

Model parameters for the retrieval algorithm presented aboveSince the retrieval approach is identical for all viewing an-
were derived on a global scale using the 60-level sam-gles, its description will be restricted to the AMSU-A inner-
pled database from the European Centre for Medium-Rangenost viewing angle of 1.65 Figure3 shows the scatter plot
Weather Forecasts (ECMWF) analysiShgvallier 2007). of UTWV versus corresponding g for the training set. In
The ECMWF data set is a diverse set of 13495 profiles derelating water vapor channel radiances to UTWYV, outliers are
signed to capture a wide range of atmospheric variability deprimarily expected to occur in very dry atmospheric situa-
sired to perform statistical regressions or to validate an algotions, when the weighting function exhibits a (near)-surface
rithm. The profiles were divided into two randomly drawn peak making the brightness temperature mainly dependent
sets: a training set for deriving the model parameters, anadn surface temperature and emissivity. Such dry cases prin-
a test set. For each profile upper tropospheric water vapocipally originate in polar or high elevated regions, thus pos-
(UTWV) and upper tropospheric humidity (UTH) were de- sessing a low surface temperature. As AMSU-B channel 19
termined. AMSU channel 6-10, 18, and 19 brightness tem-generally peaks lower than AMSU-B channel 18, the crite-
peratures were simulated at the sensor viewing angles assoaion Ty9<T1g can be used to identify and exclude the out-
ated with AMSU-A scan positions using ARTS 1Bughler  liers mentioned above (see F§). Figure3 also shows the

et al, 2009 for cloud-free conditions and a surface emissiv- distribution of the discarded profiles over UTWV. Obviously
ity of 0.9. In order to make the synthetic radiances realistic,the conditionT19<Tig already allows a good estimation of
instrument specific noise was added. The true temperaturthe respective UTWV values, being lower than 0.3 kg§/m
parameters3 and7p were derived by linearly fitting the tem- A further criterion to exclude outliers pertains to the (up-
perature versus altitude in the pressure range 200-500 hPper)tropospheric lapse rafe due to its involvement in the

www.atmos-chem-phys.org/acp/5/2019/ Atmos. Chem. Phys., 5, 20282005
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Fig. 6. Scatter plot of the natural logarithm of upper tropospheric Fig. 7. As Fig. 6 but for AMSU-B channel 19.
water vapor versus corresponding: (black) AMSU-B channel 18
brightness temperature, and (blue) transformed AMSU-B channel
18 brightness temperature. Due to stronger water vapor absorption, as mentioned before,
AMSU channel 18 peaks generally higher than channel 19,
thus offering a larger coverage of the upper troposphere in
low-UTWYV cases. On the other hand, an increase in UTWV
is associated with an upward shift of the water vapor channel
weighting functions under consideration, making channel 19
appropriate in high-UTWV cases. Hence it is convenient to
split the data set according to UTWV. This was accomplished
ATp. (35 by defining a cutoff value fof;, denoted byle.,. T, Was
set to 247K, an optimal value determined empirically and
From Eq. (35),AT, diverges ag tends towards zero. The fixed for all viewing angles. Data points given BYy<T7c.,
calculated lapse rates for the ECMWF data set lie in the rangavere fitted usind’jy, wheread s was used to fit the remain-
from —0.01 to 0.002K/m. Profiles witt8>—0.003 K/m ing subset. Figure8 and9 show the subsets along with the
were excluded. This criterion also excludgsalues critical ~ corresponding best-fit lines. The negative logarithmic slope
to the UTH model given by Eq. (34). The training set was here indicates that the expected retrieval error increases to-
obtained by utilizing the criteria specified above. The regres-wards higher UTWV values. Figurg0 shows the scatter
sion coefficientsCr,; and Cg; required to provide tropo-  plot of retrieved versus original UTWV for the test set. The
spheric temperature information via Egs. (27) and (28) wereabsolute error of UTWV retrieval is 0.48 kgfimthe bias is
estimated by performing a multiple linear regression fit. Fig- —0.01 kg/n?.
ures4 and5 compares- andTp-values retrieved by applying Before proceeding with the UTWV-parametric retrieval of
the linear models (27) and (28) to the test set with the corre-upper tropospheric humidity according to the reduced model

transformation (16). Since the variablBsandg in Eq. (16)
represent an approximation of the true tropospheric temper.
ature profile, the scaled brightness temperaffewill be
associated with an error, which may be given by

*

AT; = ‘%(To— Tg)| AB + ’—%

sponding original values. (34), we verify the full model (33), in which upper tropo-
To retrieve upper tropospheric water vapor according tospheric water vapor is an explicit independent variable. To
Eq. (17), the temperature parametgrsand Tp were uti-  this end radiometric noise is omitte@-, 8- ,and UTWV-

lized to transform AMSU-B channel 18 and 19 brightnessvalues are set to true, and Eq. (33) is applied considering
temperatures via Eq. (16) to a reference temperature prof,,,. The excellent retrieval in the case of moist profiles, that
file T*(z)=p*z+T5, where * and Ty were set to the is T 5<T., (see Fig.11), confirms the UTH full model de-
mean values obtained from the ECMWF data set, namelyeloped in Sect. 4. In the case of dry profiles, thatig> 7.,
B*=-0.006 K/m and7;=290K. It turned out that the re- (see Figl2), the retrieval suffers from the fact that the water
trieval results are not sensitive to the choice of the refer-vapor channels peak lower in the troposphere and do not al-
ence temperature profile. Figureéand7 illustrate how the  low for an appropriate estimation of UTH. It should be noted
shape of the scatter plots of InUTWV versiig and T1g is that a high (/low) value of the transformed brightness tem-
modified due to the scaling approach. The performance operaturel [ is not necessarily associated with a dry (/moist)
the linear fit given by Eq. (17) was facilitated by the fact atmosphere, sinc&; also depends on the temperature. To
that the information content of the radiance detected by acarry out the UTH retrieval on the basis of the reduced model
sensor sounding an irregular atmosphere is limited to inte{33), the data set was divided into sub-groups with respect to
grated quantities over the range of its weighting function. upper tropospheric water vapor content. The bin size was

Atmos. Chem. Phys., 5, 2012628 2005 www.atmos-chem-phys.org/acp/5/2019/
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Fig. 8. Scatter plot of the natural logarithm of upper tropospheric Fig 10, Scatter plot of retrieved versus original upper tropospheric
water vapor versus corresponding transformed AMSU-B channelyater vapor content UTWV for the ECMWEF test set. Bias and ab-
18 brightness temperature along with the best-fit straight line (red)so|yte error are indicated.

to the subset specified 1j>247 K.

1000 7 7 T
[ bias = —0.1 [%RH] 1
g0l std = 1.3 [%RH] :
4ar — i il 1
T A
- . BOF gt B
2 j — - - T . -
= O: & aof ar ]
> r B r 3 ]
= Ut 5 E
2 20 8
z =2 - r ol 1
i = Foo.
: B O L 1 1 L L
-4 8 0 20 40 60 80 100
r UTHOR\G\NAL [%RH]
76 L 1 1 L L L
200 220 240 260 280 300 320 Fig. 11. Scatter plot of upper tropospheric humidity retrieved us-
T [K] ing the full model (33) versus corresponding original values for

ECMWEF test profiles given by‘f8<247 K. Bias and absolute er-
Fig. 9. Scatter plot of the natural logarithm of upper tropospheric ror are indicated. Note that here the true values of the required
water vapor versus corresponding transformed AMSU-B channemodel variables have been used, with the aim to verify the model
19 brightness temperature along with the best-fit straight line (red)formulation.
to the subset specified 1y5 <247 K.

6 Validation

In order to validate the algorithm, we used two years
chosen to be 1kg/fn except for the first sub-group rang- (November 2001-October 2003) of co-located AMSU and
ing from O to 0.5kg/mM. Model parameters Lwere deter- radiosonde data. The radiosonde data is from Lindenberg
mined by performing a multiple linear regression on the test(52°22 N, 14°12 E), which is a reference station of the Ger-
set. The UTH retrieval results are given in Fid. The ob-  man weather service. The data from this station have been
served negative bias arises primarily from an overestimatiorundergone several quality control measures and corrections
of upper tropospheric temperature. In addition, the numbei(Leiterer et al. 1997. The procedure of collocation is de-
of profiles used in the case of high UTWV sub-groups mayscribed in detail irBuehler et al(2004, henceforth referred
be insufficient to provide the statistical basis to determine theto as BKJ.
desired fit coefficients. However the overall absolute error of Apart from the filters used in BKJ, there are two more
the UTH retrieval for the ECMWF data set is 6.8%, the filters used here. One filter is related to the inhomogeneity
bias is—0.5%RH . of the atmosphere represented by the standard deviation of
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7 Conclusions

00
I bias = 0.2 [%RH] 1
80k std = 4.6 [%RH] i A physically based regression method to derive upper tro-
= i ' 1 pospheric humidity (UTH) from AMSU radiances was pre-
€ ol 1 sented. The logarithm of UTH was shown to be given by a
— - linear model in which the regressors are functions of AMSU-

5 B channel 18 and 19 brightness temperatures, upper tropo-
é‘” 40T i spheric water vapor (UTWV), and upper tropospheric tem-
2 i perature parameters.

201 1 Assuming a model atmosphere, upper tropospheric tem-
i 1 perature parameters could be approximated by linear combi-
O B —— nations of AMSU-A temperature channel radiances (AMSU-
o 20 40 60 80 100 A channels 6-10).

UTHomems. [ BRH . . o
[7RH] The retrieval of upper tropospheric water vapor was facili-

, ) ) , tated by transforming the corresponding water vapor channel
';',9;;21'7 KAS Fig. 11 but for ECMWF test profiles given by o iances (AMSU-B channels 18 and 19) to a fixed atmo-
18— ' spheric temperature profile using upper tropospheric temper-
ature information. It was shown that UTWYV is then an ex-
ponential function of the transformed brightness temperature
under consideration. This exponential relationship could be
brightness temperature in a circle of 50 km radius around theéasny linearized by taking logs.
station gsokm). In BKJ, none of the matches were discarded  The griginal UTH model incorporating upper tropospheric
based on the value okokm, instead, an error model was de- \ater vapor as an explicit variable provides an excellent UTH
veloped pon&dermg thﬁo-o km- In the present valldgtlon Pro- retrieval when involving true values. However, it turned out
cedure, instead of using the error model, we discarded thg, pe sensitive to UTWV retrieval errors. To reduce this sen-
matches which havesokm for channel 18 of AMSU greater sitivity, upper tropospheric water vapor information was uti-
thap 1.5K. This fllter ensures that the matches we used t¢,¢04'in a parametric manner by considering the model on
validate the algorithm are homogeneous cases. fixed UTWV groups.
Coefficients required to accomplish the retrievals ac-

rate (8) retrieved from the temperature channels of AMSU, €0'ding to the linear models developed in this study were
determined by multiple linear regression on a global scale

The matches Wit.h the lapse rate greater than or equal t?lsing the 60-level sampled database from the ECMWF
—0.003 K/m are discarded, which is part of the algorithm andg 5y, The theoretical retrieval accuracy was estimated on
is explained in Secb. the basis of an independent set of synthetic data. Absolute

retrieval errors of UTWV and UTH are 0.48 kgfmand
UTH, UTWV, To, and g were computed from the ra- 6.3%RH, respectively. In order to validate the algorithm,

diosonde profiles by interpolating the humidity and tém- v, years (November 2001-October 2003) of co-located
perature profiles on tq a fine pressure grid extending fromapsy and radiosonde data from Lindenberg (Germany)
500 hPa to 200 hPa. Figutd shows the agreement between were used. The absolute error of the UTWV retrieval

the UTWV computed from radiosonde data (UTWBApE) ~ was 0.23kg/rA. The higher accuracy here arises from the

and the UTWV retrieved from AMSU data (UTWAisu). fact that the UTWV retrieval error decreases towards drier
Though the bias is approximately zero there exists a slopeypper tropospheric conditions. The UTH absolute error was
i.e. higher UTWV values are underestimated. The absoluté-1%RH. This value is consistent with the result obtained

error of UTWV retrieval is 0.23kg/f UTH retrieval also  from the synthetic data.

shows good agreement with radiosonde UTH (see F&).

The bias is 0.49% H and the retrieval error 6.1%dH . These

values are consistent with the values givenlbyienez et al.

(2004 andBuehler and Joh(2005.

Another filter is related to the upper tropospheric lapse

There exists a non-unity slope in the case of UTH also
which appears to be due to the underestimation at very low
UTH-values by radiosondeB(ehler et al.2004. A valida-
tion with radiosonde data from other stations would be desir-
able and is planned as a future activity. The problem here is
to find radiosonde data of sufficiently high quality which is
particularly deficient for the tropical stations.
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Fig. 13. Scatter plot of upper tropospheric humidity retrieved using the reduced model (34) versus corresponding original values for the
ECMWEF test set. The plotting titles indicate the respective UTWV groups. Biases and absolute errors are indicated.
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Fig. 15. As Fig. 14 but for the upper tropospheric humidity.

Fig. 14. Comparison of upper tropospheric water vapor content de-
rived from co-located AMSU and radiosonde measurements near
Lindenberg (Germany) in the time between November 2001 and
October 2003. Bias and absolute error are indicated.
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