Author comments

We want to thank the two anonymous reviewers feir ttomprehensive and thorough
analysis of our manuscript. We carefully went tlgiotihe reviewer comments and provide
our answers in the text below — our response isrgin italic and blue.
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1 General comments

This paper presents work performed on 6.3um data METEOSAT sensors MVIRI and
SEVIRI. The work contributes to the GEWEX effort establishing a homogeneous, qualitiy
controlled data base on water vapour in the fregasphere, G-VAP. Such work has been
described in a number of internal CM-SAF reportswidver it is of great public interest and

it is welcome that the authors tried to make tiseiite given in the internal reports available to
a wider public. The topic is certainly appropritae ACP.

However, in its current shape the worth of the pémethe wider public is limited and |

recommend major additions to make it more useftdredt is eventually published.

2 Major comments

P. 9607, Il. 5-7: Although the bias and std. deeratvalues from Brogniez et al. (2009) look
pretty unsuspicious, | am questioning their meankay the bias it is clear, but what does the
std. deviation tell us? A typical profile of rekai humidity has strong variation with moist
and dry layers following each other in an interemttfashion. If one would determine the
standard deviation of RH(z) (weighted with the ayppiate Jacobian or not), | am sure, the
standard deviation would almost always be muchelatigan 1.7%. Thus the question is for
me whether the quoted value has any concrete ngahadl. What is its significance?

Brogniez et al. (2009) computed the difference betwthe FTH retrieved from METEOSAT
measurements and the FTH estimated from the RHgwaff the ARSA database within each
month of the period 1984-2005. The bias of -1.2 %&RiHe mean difference of the monthly
means over the 20 years period, and the standarctlen of -1.7 %RH is the standard
deviation of the differences over the 20 yearsquermhe standard deviation of the difference
is used to describe the long term stability ofrén@rd. In no way these values give an
information of the RH(z). FTH itself is a vertigalveighted relative humidity and no
information on RH(z) can be estimated from a vaiUETH. The quoted bias and standard
deviation only give an insight of the temporal dtgbof the 1984-2005 dataset of FTH from
MVIRI observations when compared to a quality-ckddet of radiosoundings. In order to
clarify this point and to avoid any misunderstargdinthe paragraph has been rephrased:

“The mean difference between the MVIRI FTH anddR&A FTH over the period 1984-2005
is -1.2% RH and the standard deviation of the tbffiee is 1.7% RH, indicating the stability
of the MVIRI archive over this peridd.

P. 9607, . 22 to P. 9608, I. 14: This discussemcomprehensible. The last two sentences
seem to say that FTH data records are preliminatijthe full effect of CO2 doubling
becomes established in the atmosphere. Do yowbel®ur data only when they confirm the
distributions and tendencies seen from climate rnsidaulations?



We agree that the last two sentences can easityisiaterpreted. It was not our intention to
guestion the quality of the data nor was it ouemtton to propose to measure the data
quality by comparison to climate model predictioflse main point is that the changes
observed in models emerge when a 100 year preditioonsidered while satellite data
records typically cover ~30 years or less. Thipdias still been made even when the last
two sentences are removed.

Thus, we have removed the last two sentencessgidahagraph.

P. 9614, Discussion on Jacobians: Unfortunateilyd fiere the same almost meaningless
discussion of the Jacobians as in the cited pap8rdigniez et al. (2009), that is, the quote of
that paper is futile for the reader. Given profildsemperature and humidity (mixing ratio or
any other concentration measure), it is the satubiothe radiative transfer equation that
yields the brightness temperature. This solutiayukhbe more or less unique (apart from
numerical issues like vertical resolution, numbiearmgles, wavenumber resolution, etc.). |
cannot see where the degree of freedom comes fraihtauses the existence of essentially
different Jacobians for the same set of profilearfd q). If the radiative transfer equation can
be formulated with the use of a Jacobian, shouldi@t be unique as the solution itself? If
different Jacobians are possible by switching betwabordinate systems for instance,
shouldn’t they all be equivalent? Are these diffexes that you discuss more than simply
numerical noise? The paper could gain a lot framaough discussion of these questions.
This might be given in an Appendix.

We disagree with the statement that the discusgidacobians is almost meaningless.
Indeed, given a single set of input data (T, RHadiative transfer leads to a unique solution
in radiance space when numerical noise is ignokaalvever, during the retrieval design
several options exist on how to retrieve the infation from the BTs. This is reflected in
many publications since the 90s, and already in12Ddrkson and Bates discussed the use of
different weighting functions. In this manuscripts recalled here that various weighting
functions have been utilised. Again the differegfirdtions of Jacobians are not used for
radiative transfer computations. Instead they goplaed in the training of the retrieval
scheme: In order to define the regression coefiisi¢he RH(z) needs to be properly
weighted.

P 9614, Il 15: We have changed “definition” intoétrieval”.

P. 9618, bottom: The paper would be much cleartrd@geader if you would give
mathematical definitions to all statistical quarestmentioned. This may be given in an
Appendix as well.

We provide a definition of relative bias, bias aoted RMSD, decadal stability and
correlation in the Appendix.

3 Minor comments

P. 9610, 2nd par. of Section 2: It took me quitehéle to understand (hopefully correctly)
that the ISCCP dataset contains Meteosat 2-5 anwtlilg the LMD dataset contains Meteosat
8 and 9. This should be written more clearly s tthean be grasped at first reading.

We have re-arranged the paragraph and think thatdburce of the data is described more
clearly now.



Equation (1): It looks as if data before and atfter break are corrected by the same factor.
What do | misunderstand here? Or is the correaiidy applied after the break? If so, please
say it.

The correction is only applied after the break.sTisinow mentioned in the text.

P. 9613, last line, and P. 9614 first line: a)idtrat do you need the seasonal cycle
(seasonally varying regression?); b) how is it fiidego represent a seasonal cycle by just the
four initial days, but then, strangely, with fotegs per day?

We have rephrased the paragraph. The point is¢lude samples of various local times,
seasons and years to cover the various tempordscahis way chances are enhanced to
cover a large spectrum of different atmosphericdibons.

P. 9614, I. 6: Are there indeed cases with RH >24@®the reanalyses? Or does this occur
after application of RTTOV and application of thed&n-Bretherton formula on the resulting
BT?

Supersaturation is allowed in ERA-Interim (Deelet2011). Here, reanalysis is screened to
exclude such cases prior to the application of RVTO

P. 9616, |. 11-13: What do you mean with “uncettairaries ALONG the design of the
algorithm” and what with “space/time accumulatiofP®ase reformulate.

Changed into “depends on details of the underhatgprithm.” Further details are given in
the next paragraph.
Changed into “temporal and spatial averaging.”

I. 15: You could help the reader if you quote tygbicalues of correlation lengths.
Done.

. 18, 19: As d In(FTH)=dBT = a, why should théaté/e uncertainty in the given case be b?
It should be a.

The calibration uncertainty leads to a systemaiftecence. Thus, the intercept (and not the
derivative) is the uncertainty which needs to lamsferred from absolute units into relative
units.

II. 26, 27: | understand that this is error progamaof independent contributions. As we
know, variances from independent contributions tadithe total variance. Its square root is
typically termed sigma. To give a value of sigmadae sigma” sounds strange to me.

We are not able to understand the comment of tiewer - “strange” is not well defined.
We use a classical terminology in statistics wlagpresses the uncertainty at 1, 2 or 3 sigma.

P. 9617, Section 6.1: Please explain what ARShsig.an archive of radiosonde data or what
else? Also in line 12 add that A4 is used to compulgar-sky radiance from the profiles.



The first sentence has been changed intdie ARSA version 2.7 is an archive of global
radiosonde measurements of temperature, water vapaiozone profiles, which have been
quality controlled and combined with auxiliary obssions.”

We do not see the need to include the second statdracause it can be misleading. Later
we use RTTOV to compute clear sky radiances frerpritfiles.

P 9618, Il. 9-12: Since | do not know what ARSAlisannot understand this paragraph.
We think that this should be clear now given thevaltupdates.

Il. 14, 15: There are more error sources in radidechumidity records than just the radiation
error. Are these taken into account?

This is true and they are not accounted for. Natedver that only night time radiosoundings
are used to avoid the artificial dry bias inducedthe solar radiative heating on some
sensors.

IIl. 17, 18: | wonder why you can throw away datagwith a large difference in a validation
exercise.

In order to have robust statistics outliers areduently removed from the data base.
Typically a value of 3-sigma is applied as threshdlhus, throwing away data pairs is
common practice.

Here the main motivation to apply a threshold & & to minimise cloud detection
uncertainties because it is our intention to chaeaise the quality of the FTH product and
not of the cloud mask. Misclassified clouds wiNéa large impact on the statistics and will
blur the “true” uncertainty of the FTH product.

P. 9619, |. 14: “main difference” of what?
We inserted “between the comparisons performetierHTH space and in the BT space”.

I. 16: Note that the word “minima” applied to nagatquantities can be misleading. While
you mean minima of the absolute values, “minimumstially would imply the most negative
(or least positive) value.

We mean “most negative” in this context. We added!f values down to almost -15%".

P. 9620, Il. 10-15: | cannot follow your explanaiscand would like to have a better and more
detailed explanation. Part of the problem is thigtcadal stability” is not defined (cf. major
comment of missing mathematical definitions ofistetal notions). | have no idea, for
instance, what % per month means here.

As mentioned above we will define the statistiemameters.

The bias is given in relative units and may chamger time. When this change is computed
using linear regression based on the results giagfigure 6, top panel, the change in bias
with time (decadal stability) will have units of &t@nth. By simply applying a factor of 12 this
is transferred into units of %/year.



P. 9621, |. 20: What is a “confidence probabilityp@ you mean a confidence level or a
confidence interval? This strange notion appeaenah the paper and should either be
defined or replaced.

We meant “coverage probability”. At first appearanave now say “coverage probability or
level of confidence” and will then consistently @p®f “coverage probability”.

P. 9622, Il. 15-17: the two statements “dry comigolas its main origin in the tropics” and
“wet air mainly originates in the tropics” seemb® inconsistent. Also, it is not clear what
you mean with “dry composite”.

Text changed into: “Brogniez et al. (2009) analyzieel FTH from MVIRI over northeast
Africa over the period 1983-2004 for the monthdwdf/August and separated the analysis
into dry and wet years. The air masses of the tlyiears have been shown to...”

P. 9623, Il. 2 and 10: The correlation values Iqake small and thus either irrelevant or
statistically insignificant. Be careful not to inpeete statistical noise.

We agree. This is why we conclude that El Nino@B® do not significantly contribute to
the variability.

Il. 23-25: Can you please say which kind of stad#dttest you are describing here?

We tested if the signal, that is, the differendevben FTH from 1990s and the 2000s, is
larger than the noise, that is, the square roothef sum of the standard deviations of FTH
from the 1990s and 2000s. This is simply done hgidering the ratio of the difference to the
noise.

P. 9625, I. 8,9: Which oversimplifications?

In the extra-tropical environment, the assumptiaat ta constant lapse rate can be used in
deriving the equations is no longer valid. Suchaasumption can be seen as an
oversimplification of the retrieval of FTH in a natitude environment. Results should hence
be interpreted with care. We have adapted thedesordingly.

II. 19,20: | agree that many years of data are eg¢d detect trends in noisy time series with
statistical significance. But that is all! The pafthe sentence “allow for a verification of
climate model output” should be deleted. First,rydata base has a merit on its own and it is
not necessary to mention climate models at ahismrespect (cf. 2nd major comment from
above). Second, a climate model cannot be verifis@ matter of principle!

It is true that the last sentence of this paragrapdly unnecessarily question the value of the
data. Therefore, the sentence has been removed.

4 Technical comments

P. 9605, I. 18: although it might be clear, compliste statement by saying “the full
probability distribution of ...” (of what?).

“of RH ” added.



I. 25: broad range of scales (plural).

Done.

P. 9606, I. 21: replace “adjusted” with “applied”.
Done.

P. 9607, |. 6: expand ARSA.

Done.

P. 9608, I. 4: explain FTHp10.

Done.

P. 9609, 1st par. of Section 2: You say that ydudeiscribe radiance data, reanalysis, and
RTTOV in THIS section, but evidently only the radi@ data are presented. Please rephrase.

We have changed this paragraph into: “This sectoiefly describes the instruments and the
radiance input data sets used to retrieve the FTH.”

P. 9610, |. 19: Add BTs after Meteosat-9 (or issheellite itself simulated?).
Done.

P. 9614, |. 23: adapted appropriate.

Done.

P. 9615, I. 1: highlights.

Done.

P. 9619, |. 4. Rephrase: as it stands, the nunfoEyservations are 170%.
Changed into: “-3.2%, 16.8% and 170".

l. 6: Give the value of the GCOS requirement.

We added “for FTH (5%, verify GCOS-154)".

P. 9626, |. 16: extent.

Done.

P. 9632: reference Engelen et al. is at the wrdacgmere.

The reference has been removed.

Figures: could be larger, in particular Figure éasd to read.



Figure 6 and figure 8 have larger font size now.

Figures 4, 7-13: It will be easier for the reade¢hé season triplets (“DJF” etc.) would be
printed in each panel. In particular, as there setenbbe an inconsistency between Fig. 4 (not
clockwise) and Fig. 8 (you say clockwise, but | bibwhether it is correct). Please check and
order it in the same way in all figures.

We included the season in figures 4, 7-13.
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General comments

In this study a long time series of satellite eatad relative humidity, obtained based on
METEOSAT observations in the free troposhere, ésented. Water vapour is the most
effective greenhouse gas and is very importanthfertEarth’s water cycle. In addition, water
vapour has probably an increasing role due to liblgagjwarming and a positive feedback.
loop. Thus, it is important to establish a longadacord to be able to investigate these issues
and therefore the present study is important. ostiady is relevant for ACP, however, the
current version need to be improved and a majosivis recommended.

Major comments

In the beginning of the introduction a motivatiam the present study is presented, thus,
stating the important role of water vapour in tlatk's energy balance and for the water
cycle. In the present study, merely the relativenitiity has been analyzed. It is not obvious
how the present results of changes in relative Hityncan be link to this important
greenhouse gas. A change in RH due to the globahing could be due to either a change in
water vapour or temperature, depending on the megfiinterest. In the manuscript, at many
places, it is not clear that it is actually purBM that has been investigated here (e.qg. the title
of the manuscript).

The reviewer is right in saying that FTH is a fuantof temperature and mixing ratio. This is
mentioned in the abstract (p9694, Il 11+12.). Wedmthis more clearly in the updated
version by changing the following:

We added “FTH is the mean relative humidity (RHaibroad layer in the free troposphere.”
in the abstract.

We also think that the understanding of the manpiscan be improved by removing the first
two sentences in the introduction. We further shighdapted the first sentence of the third
sentence: "The importance of relative humidity (Rit)he free troposphere originates from
the non-linear interaction between humidity RH &mgwave radiation.”

Also, the impact of temperature and mixing ratiodRiH and FTH was further discussed on
p9607, l122. This paragraph became now the secamndgsaph in the introduction.

The language is sometimes somewhat confusing aetitoebe improved, language is
more clear in some chapters and less clear in@tB@me suggestions are presented
in "Specific comments" below, however, the fulltteeeds a English proof-check.

The manuscript has been proof-checked by a sdeatiitor and many changes have been
implemented.

Minor comments

1. Page 9614, paragraph 2 of Section 4. | wonderdezurate it is to use ERA reanalysis
data here for the cloud screening, due to the poorzontal resolution and uncertainties in
estimated cloud fraction. Since at least the SE\@&Tform observations at visible wave
lengths these data could be used for cloud scrgenin

The ERA-Interim cloud mask is used only to buigtthining set for the determination of the
fitting coefficients of the retrieval and not ftvetgeneration of the FTH product. This way we
have a consistency between the thermodynamic gsaitd the cloud information.



The ISCCP-DX cloud mask is used to screen outdmghmid-level cloud cases in Meteosat
observations for the generation of the Meteosat Ieakh record.

Using the visible channels on SEVIRI is not anaypbecause SEVIRI observations do not
cover the considered period nor is the visible rimfation available during night.

2. 1 do not understand equation (1). It seemsttietiata before and after the break should be
corrected with the same factor, but then the fd&obefore/a_after” is applied only on
“b_after”. Is it that the latter factor should karroved?

We added that the BTs are modified “after the bpeaht”.

3. The treatment of the abbreviations is confusBigce so many have been introduced please
include a list, so it is easier for the readerfrntd what they stand for. Even so, if a no
"important” abbreviation is used only few timeseait has been introduced, e.g. ML and PL,

it is not necessary to introduce it at all. If dobeeviation has been introduced use it
consequently, e.g. “RH” instead of “relative hurtydlj in the remaining text. Define an
abbreviation at the first place where it has be¢roduced, e.g. FTH and BT in the
introduction, as well in the abstract. Note that #ostract is separated from the main text.

We agree and now include a list of abbreviationths Appendix. Abbreviations are
introduced at first occurrence and are used consetjy.

Suggestion: the “FTH” should be “FTRH”, but probabktter with “RHFT”. The latter
abbreviation: "RH" should be in normal size and " KTsubscript (also below).

Indeed the term “upper tropospheric humidity”/“fréeopospheric humidity” and their
abbreviations UTH/FTH have been used for more @@gears in the scientific community,
be it in conferences or workshops or in scienpfiblications. As our FTH product is a
heritage product we do not want to change this.

4. A description of statistics used need to beudetl. For example, results of absolute and
relative bias are obtained of the data analyzed.nbt clear how it is calculated, particularly
the relative values.

We now provide a definition of relative bias, btasrected RMSD and decadal stability in
the Appendix.

5. End of page 9613, What is meant by "sampleb@&easonal cycle with th& day of the
months......" How representative is the obtainesseal cycle based on a single day of the
month?

We agree that the reader can misunderstand thistpdhe point is to include samples of
various local times, seasons and years to covevahneus temporal scales. This way,
chances are enhanced to cover a large spectrunffefeht atmospheric conditions. We have
thus rephrased the paragraph.

6. page 9618, lines 17 and 18, How does differeimcabsolute BTs minimize cloud
contamination?

High level clouds strongly impact the observed B&.8 microns. The observed signal will
not be dominated by FTH but by the cloud. A higklleloud that has been classified as clear



sky will therefore result in BT difference betweéserved BT (affected by a cloud) and
simulated BT (not affected by a cloud) of typicatigre than 3 K. The main motivation to
apply a threshold of 3 K is to minimise cloud dBtetuncertainties because it is our
intention to characterise the quality of the FTHb@uct and not of the cloud mask.

7. Page 9612, lines 4 — 7, The two last temperataitees, 4.5 and 0.8 K, seem not agree with
the results in the figure.

We think that the definition of the “difference” waot clear. Thus we have rephrased the
paragraph: " Figure 1 shows the deseasonalized anomaly of tiggnat and the updated BT
as well as their difference. The intensity of adby@int is the difference between the anomaly
difference (black values) prior and after the breaikt. The breakpoints in January 2001, in
July 2006 and in May 2007 have the following intées. 0.5 K, -4.5 K, and 0.8 K,
respectively.”

8. Page 9616, lines 3 and 4, Not completely conngiconcerning the outliers. “Such
outliers” could be marked in the figures.”

As suggested, we have changed the text to poihtidymt the outliers: “Exemplary outliers
are observed in March 1992 (in the South Atlardiadl in April 1990 (over northeast Africa)
and...”

9. Section 6.3. Figure 6a present relative biak néigative values. Please give the expression
used to calculate the relative bias.

Following the comment #4, we now provide a detnitf relative bias, bias corrected RMSD
and decadal stability in the Appendix.

Line 9, What is meant by “The temporal correlatiénif it is “R” then write “No correlation
(R =-0.01) is found between N and relative bias.”

Done.

Line 19, Should it be “relative RMSD” ? Check thil manuscript. Suggestion: introduce
“NRMSD (Normalized root mean square deviation)’idesRMSD”.

We do not wish to introduce this new abbreviatiod prefer to say “relative RMSD”. We
thus inserted “relative” here and propagated thentethroughout the manuscript.

Line 24. The unit “%RH” is confusing and since therd “absolute” is used it is actually
clear what is meant. Suggestion: “The time senesages of absolute bias ("better with"
differences ?) and RMSD (Fig.6, third panel) fae RHFT are -1.2% and 5.0%,
respectively.”

The units have been defined on page 9615, | 1%wncbnsequently apply these definitions.
Starting at line 24, we stop discussions of re@atralues (in %) and start the discussion of
absolute values and thus think that it is helpdutmphasise this with the notation %RH to
avoid confusion.

Lines 16 and 27, What is meant by “normalisationfi@t explained in the text.



This is now explained in the new Appendix.

Lines 26 and 27, The explanation sounds realigtitthe increase in FTH is it real or bias?
Maybe an explanation for what “normalisation” starfior will help me here.

Following the previous comment, the term “normatii@a’ is now explained in the Appendix.
Here we discuss the fact that the absolute biasRIM&D do not exhibit an increase, only the
relative RMSD does. We normalize relative to th& ARTH values. Thus, ARSA might
exhibit an increase in FTH which has not been explianalysed here — we focus on the FTH
from Meteosat.

In section 7.3 we discuss the temporal change irF@ti product.

10. Page 9625 and line 15, Could it be worth testigate 1 month instead of 3 months
period? For this, one particularly month could besen in a test.

Starting with Figure 4 the analysis consequentlgsiders seasonal averages. In order to
keep readability and in order to allow for a corei#t interpretation we do not want to
include Figures 8, 11 and 13 for a specific month.

It is however true, that though the trends havenbmmmputed on basis of seasonal averages,
intra-seasonal variability contributes to overahceertainties. We included a corresponding
statement at the beginning of section 7.

Specific comments
Page 9604 Line 1, Suggestion: “A new free troposphelative humidity (RHFT) data...”

As stated earlier we do not want to change the téree tropospheric humidity (FTH)".
Line 2, “with” instead of “of”

Done.

Line 6, “data record covers the period 1983-200h w...”

Done.

Lines 12 and 13, “Under the given assumptions eonsttheory it means...”

Abstract has been shortened.

Line 19, “The RHFT product is compared to computddtive humidity, obtained based on
Analysed...”

We changed this sentence into: “The FTH estimatath the Meteosat observations is
compared to the FTH computed from ...".

Lines 21-22, Suggestion “and normalized root meprae deviation (NRMSD)...are
obtained. The NRMSD confirms......". Introducing MBD will help when it is presented in
the figures. e.g. Figure 1. Otherwise you haveritewrelative NRMSD" in the figure.

As answered earlier, we do not want to introducde tiew abbreviation and prefer to use
“relative RMSD” as it is already the case in figuée



We inserted “relative” also in the abstract. We dot understand the reference to Figure 1
since no normalization is performed in this Figure.

Line 26, Suggestion: "RH10FT". The latter abbraeiat"RH10" is in normal size and "FT"
in subscript .

The term FTHp10 has already been introduced iritemture (Roca et al., 2012).
Therefore, we do not want to change it.

Page 9609
Line 8, Is it ok to write "Sects." instead of "Seas"?

This was introduced by ACP.

Lines 15-18, Only radiance data are presentedsrstttion. This part may be integrated into
the last paragraph of Section 1, or has to be asgldrin some way.

We agree and have rephrased the first paragraptnisTsection briefly describes the
instruments and the radiance input data sets usedttieve the FTH.”.

Lines 20-21, “Meteosat-7, which belong to the fgeheration of Meteosat satellites.”
Done.

Line 21, Remove the second “orbit”

Done.

Line 26, "channels that cover the"

Done.

Lines 27-, “on board the geostationary satellitedddsat-8 and Meteosat-7, which are
positioned ...”

Done.

Page 9610 Line 1, | do not understand why “whileperational mode” is written here.

It may happen that two satellites are availabl@aininal position (that is, over Africa). This
is the case with Meteosat-8 and Meteosat-9. Tham satellite needs to be slightly moved
away from 0°.

Line 2, "present day."

Done.

Lines 4 and 5, "at length" ?

Has been removed.



Line 6, "Meteosat-2 - Meteosat-5". Suggestion: "&bstat2 - Meteosats”, and then at all other
places in the text. Note that "Meteosat" is in nalrsize and "2" and "5" could be in subscript

Done and we keep the terminology introduced by EUSKT: the number of the satellite is
thus kept in normal script.

Line 7, "Cloud"
Done.
Line 8, "DX level*? Rephrase the content in theagaaph.

Text changed into: “(ISCCP, Rossow and Schiffe§9) &t the DX pixel resolution (ISCCP-
DX, see http://isccp.giss.nasa.gov/products/praglaml for details).”

Line 13, "ISCCP-DX" ?

Now the abbreviation is explained at first occucen
Line 14, "in sensor resolution"?

This has been removed.

Lines 18 — 20, A R2 value should be presented aasubgestion: move“(not shown)” after
“excellent linear behavior”. Scatter plots of what?

The correlations are >0.99 which is now also memgid in the manuscript.

Changed into “..exhibit an excellent linear behavior with corretats >0.99 (not shown).”
These are scatter plots between the BTs from vailibeteosat platforms. We have included
“simulated BTs".

Line 24, “...homogeneous and exhibits...”

Done.

Line 26, "The work by Picon"

Done.

Page 9611 Line 1, Write out “ECMWF”

Done.

Line 3, “Meteosat-5-like” ?

This term means that the BTs have been adaptée teléteosat-5 spectral response function.
As this has been mentioned in section 2, we drlke™-here.

Page 9612 Lines 4-5, "The difference in BT for Jagu....."



This paragraph has been largely rephrased.

Line 8: “possible” instead of "potential”

Done.

Line 12, "The magnitude of the observing perio€Hange to “are different, but”
A suggested, the order has been changed.

Page 9613 Line 9, “......BT at the 6.3 um to thamRH (defined with respect to water

Lines 10 and 11, "Equation (2) also correct forghtellite viewing angle .....

Changed into “Eq. (2) also corrects for the effetthe satellite viewing angkand
includes...”.

Line 12, “and” instead of “to” ?
Changed into “ratio between ... and...”
Line 16, Remove “(ML)”

Done.

Line 17, Remove “(PL)”

Done.

Line 20, Change “ML” to “model levels”
Done.

Line 22, "sampling the field of view" ?
We keep “satellite” because the term “field of view frequently used for a single pixel.
Line 25, “of clear sky profiles” ?

The formulation may induce confusion. This is medifo “this training database is
composed of (...) from ERA-Interim restricted to iclgey profiles.”

Lines 24-, “...covering the seasonal cycle withikeday (4 time steps per day) of the months
January, April, July and October correspondinghytears 2001, 2006 and 2007.”

We have rephrased this part.

Page 9614 Line 1, “The clear sky profiles



Changed into “The clear-sky cases are...”

Line 11, “due to problem with cloud detection.”

Done.

Line 13, “700 hPa, since”

Done.

Line 17,”RH, for which the weights”

Done.

Line 27, Remove “the”

Done.

Page 9615 Line 1, "highlights"

Done.

Line 14, What is meant with "straightforward” ?

Changed into “arithmetic”.

Line 18, either “period March 1997 — May 1998” getiod from March 1997 to May 1998”
Modified as suggested

Line 19, Confusing. By introducing instead NRMSkdsabove) beside RMSD for RHFT,
and writing absolute and relative difference forlRHhis will be clear what is meant (see

also the comment to Figure 6 below).

Here we only introduce the units. These are validiTH AND statistical parameters. We
think that this sentence contains a clear statement

Line 21, “...series of seasonal....”
We changed into “Figure 4 illustrates the FTH seaalcaverages...”

Lines 20- 24, “Figure 3 shows examples of instaedais and monthly average products.
Strong minima in FTH over northern and southerno&fias well strong maxima in FTH at
the Inter Tropical Convergence Zone (ITCZ) are emtcduring the boreal summer.
Furthermore, Figure 4 illustrates the seasonalaae= in FTH. The figure shows that the
location, extent and strength of the humidified dnglareas highly depend on season.”

Changed into: “Figure 3 shows examples of instaetars and monthly averaged products.
Figure 4 illustrates the FTH seasonal averagesuaag strong FTH minima over northern
and southern Africa during boreal summer and stréiigd maxima in the Inter Tropical



Convergence Zone (ITCZ). The location and the éxtiedry and wet areas and the
corresponding minimum and maximum FTH values styodepend on the season.”

Page 9616 Line 1, “large” instead of “strong”.

Done.

Line 11, “difference, while”

Changed into “difference, whereas”.

Lines 11 and 12, what is meant by "varies alonglégsgn of the algorithm."

Changed into “depends on the details of the undghalgorithm.” Further details are given
in the next paragraph.

Line 12, “representativeness” ?, should it be “slamypuncertainty”?
We mean “representativeness uncertainty” here.

Lines 21 and 22, "tropical training a RMSD of 2%......and an average absolute difference
of 0.3% were estimated.

We changed into: “Based on the tropical traininlRMSD of 2% RH (8% when assuming an
average FTH of 25%) and an average difference 8%0RH were estimated.”

Line 23, “20% yield a 10% relative™ ?

Yes-done.

Line 24, “uncertainty in the estimation of mean FiEH

Done.

Line 25, Remove “so” ?

Done.

Page 9617 Line 14, “with as much as” ?

Typically more than 10,000 observations per moméhaavailable in ARSA.

Line 17, “...2009), showing.”

The paragraph has been removed.

Lines 21-23, “...Meteosat-5 observations the Radiakransfer for the TIROS Operational
Vertical Sounder (RTTOV) 9.3 model has been appledRSA (Matricardi et al., 2004).
The RTTOV uses...”

Page 9618 Lines 4 and 5, “...as the calibratioretiamty of ~2K (e.g. Stephens..”
Line 6, “(2003), which is....user guide, the unagnty”



Line 12, “are considered in the comparison”
Line 13, “applied for the validation:”

The paragraph has been largely rephrased.

Line 14, It is not clear what is meant with “remagi. Suggestion: “night time only to avoid
possible problem with radiosonde quality...”

Change into “Night time only”.

Line 21, Suggestion: “contains radiosonde measumesyieom ships..” otherwise “...contains
measurements from radiosondes launched on shipatamall islands...”

The second suggestion has been implemented.

Lines 23-27, Not clear written, rephrase.

We have included more details in the appendix.

Page 9619, "are -3.2%, 16.8% and 170, respectively.

Done.

Page 9621 Line 3, “PDF” ?

We changed into “Probability Density Function (PDF)

Line 10, “more than 70%”, Is this the cases refdhthe months September-May?

It means that more than 70% of the monthly meawns kalid FTHp10 values in the tropical
South Atlantic, as defined in Figure 4. We droptiedterm “all year through”.

Line 24, “for each season”

Done.

Line 21 and 22, This sentence is confusing.

We want to analyse variability on time scales raggirom interannual to decadal scales.

Page 9622 Line 28, R of +/-0.15 is not much of@ations. Suggestion: “of only
around”

Now we provide averages for positive and negatalees.
Page 9624 Lines 1 and 2, “We tested two differesthmods for the analysis of linear trends:

median of pair wise slopes regression (named “FBeih slope estimator”, Theil, 1950) and
linear regression.”



Changed into: “Two methods to analyze linear treadstested: the “median of pair wise
slopes regression” method (named “Theil-Sen slagggrator”, Theil, 1950) and the linear
regression method.”

Line 11, remove “only” ? otherwise rewrite the samge.

“only” has been removed.

Figure 2, What is "RMS" and "RS" ? The first sewters hard to understand, particularly
when "and the "observed" FTH." at the end is inetlid

Figure 2 has been updated and “...and the obseR/Ed" has been removed.

Figures 3-5, Suggestion: "RHFT (%)" as y-label. @jeato "considered periods"(Fig.4).

As mentioned earlier we will continue to speak BHF

Figure 5. “Time series of regional RHFT averages”

Change into “regional FTH averaged over...".

Figure 6. Increase the size of the figures andsfofthie name of the three y-lables used in
Figures 6a - 6¢ are not coherent. Suggestion:@agRelative diff. (%)", Fig. 6b "NRMSD
(%)", Fig. 6¢ "Absolute diff. & RMSD (%)" and theaxplain in figure caption what the labels

stand for.

We enhanced the font size of figures 6 and 8. Wadrased the labeling and consistently
speak of bias/RMSD and relative bias/RMSD .

Figure 8, “Relative standard deviation in FTH afidHp10 for each season (top four panels
and bottom four panels, respectively) of the pefi684—-2009.”

Changed intdRelative standard deviation in FTH for each sea@op four panels) and in
FTHp10 (bottom four panels) over the period 198920

Figure 9, “Difference in decadal averages of FTHp&fveen the periods1990-1999
and 2000-2009.”

Changed into ,Difference in decadal averages of BIH between the period 1990-1999 and
the period 2000-2009."



