
1 Reviewer #1

We sincerely appreciate the reviewer for providing very helpful and construc-
tive comments on the paper. We basically agree with all the comments and
will consider them when revising the manuscript. In order to make benefit of
the peer-review interactive discussion, we are providing our answers to the
reviewer’s comments as well as the changes that we will make in the revised
version of the manuscript.

Lines 20-34: The motivation for the study is centred around the
many roles of water vapour (WV) in the climate system. However, the
study is about the diurnal cycle of free tropospheric WV. How are
the subtleties of WV’s diurnal cycle related to climate issu23es,
is there a connection at all? To my opinion it is important to
study the diurnal cycle since it exists. I believe, however, that
the diurnal cycle is not important for the climate issues and thus
the motivation may not be appropriate. Perhaps the authors can
provide arguments for such a link.

As pointed out by the reviewer, we realized that we have not explicitly
discussed the importance of diurnal cycle of humidity in climate. We added
the following sentences to clarify this:

Diurnal cycles in temperature and moisture drive diurnal variations
in temperature, precipitation, and convective activities (Chung et
al., 2007), therefore, are expected to interact significantly with, for
example, changes in global mean humidity or temperature. How-
ever, current climate and numerical weather prediction models do
not adequately simulate the diurnal variation of tropospheric hu-
midity (Chung et al., 2013), a failing that is very likely to lead to
inaccuracies in their simulations. As models are improved, accurate
observations of diurnal cycles of humidity will be crucial in verifying
the validity of simulations.

Lines 74/75: Unclear sentence. Which T change is meant? Do you
mean that the diurnal RH variation is correlated with the diurnal
T-variation? A reference for this statement would be fine.

We amended the text as follows to better reflect the meaning:
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As stated before, relative humidity is the ratio of water vapor pressure
to the saturated vapor pressure. The water vapor pressure depends
mainly on the water vapor content of the atmosphere, but the satu-
rated vapor pressure depends on the air temperature. Therefore, the
diurnal variation of RH does not necessary indicate change in the wa-
ter vapor content of the atmosphere, because it is affected by both
diurnal variation of water vapor and air temperature. For instance,
change in the amount of lower tropospheric water vapor over deserts
is very small during day, but RH can significantly change because of
change in air temperature. Therefore, it is more desired to analyze
the diurnal variation of absolute humidity parameters.

Lines 85-87: On first reading I had the impression, motivated by
the x±y error bar style, that the channels get broader and broader
from ch. 1 to ch. 6. But this is probably wrong. I believe now
that 183±11 GHz is not a 22 GHz wide channel, but a channel which
detects radiation at 172 and 194 GHz. Probably this is meant with
"double pass band". Could you please clarify this?

Yes, as the reviewer stated, the x±y is conventionally used to specify the
double passbands not the error bars

Line 89: check whether 6 km is correct; appears too low.
We thanks the reviewer for noting this. The correct number is about 10

km. We have amended the text accordingly.

Lines 90/91: The variation of the Jacobian’s peaks with mois-
ture content of the atmosphere is a problem in the IR, too. Is the
problem particularly strong in the MW region?

Yes that is correct. The peak altitude of both IR and MW Jacobians
change with the humidity. We have amended the text to reflect this.

Eq. 1: Please specify the meaning of upper and lower indices
(probably channel and swath position). Note that it is mathemati-
cally incorrect to have lower indices i on the rhs of the equation,
but not on the lhs. Did you forget a sum sign?

We removed the index i as it was not necessary and have explained that
ch stands for the channels. The a and b coefficients are calculated separately
for each channel so no summation is required (we may have misunderstood
the comment on adding a sum sign!).

Line 124: check use of "upper" and "lower". Do these words refer
to the channel number or to the peak altitude of the respective
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Jacobian?
Many thanks to the reviewer for noting the error. We have reworded the

sentence as follows:

We used the same thresholds proposed by Moradi et al., 2015, to
screen-out the clouds using the differences between Tb’s of an upper
channel (Tb2, channel 2 operating at 183±1.10 GHz) and a lower
channel (Tb5, channel 5 operating at 183±6.8 GHz).

Lines 127-143: I do not really understand what you describe
here. First, how the channels with high peak altitude can be in-
fluenced by the surface. Regarding figure 1, the Jacobians of chs.
1 and 2 should be close to zero at the ground. Or is this contami-
nation from high mountains? Second, why there is a cut-off at both
low and high temperatures? How does the surface feign a Tb below
230 K for instance? Additionally, it would help, if the figure
would not only show data, that are NOT affected by the surface, but
also those data, that are affected. Does the warning for mountain-
ous terrain not imply that data over land are generally bad, since
there is mountainous terrain everywhere on land in the tropics?
Can we only trust the data over ocean?

The reviewer is correct and the measurements for high peaking channels
are normally not affected by the surface. However, it is very likely that
over high mountains the measurements for those channels are also affected
by the surface. We have already explained in the text that the results over
mountains should be used with caution. The Jacobians are plotted for all the
profiles regardless of whether there is any surface effect or not. Overall, the
surface emissivity for water vapor channels is about 1 over land and 0.5-0.7
over ocean. Thus, the brightness temperatures affected by the surface are
high over land and low over ocean. Therefore, we need a filter that removes
both high and low brightness temperatures. In the case of mountains, the
surface emissivity is close to one but since the land surface temperature is
low, the affected brightness temperatures may not be rejected by the surface
filter.

Eq. 4: Where do the weights come from and how are they deter-
mined?

We amended the text as follows to explain how the weights are calculated:

The wights are calculated as 1
σ , where σ is the standard deviation of

all the measurements within each individual bin.
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Line 173: Whether RH is expressed as RHI or RHL is indepen-
dent of whether an ice phase exists or not. The justification for
preferring RHI is unnecessary.

We rewrote the whole paragraph as follows to explicitly state that we
mean saturated vapor pressure above and below freezing points:

We used a subset of the ARM radiosonde data to calculate the empir-
ical coefficients (a and b) for Equation 1. Since the saturated vapor
pressure can be calculated with respect to either liquid (temperatures
above the freezing point of water) or ice phase (temperatures below
the freezing point of water), the empirical coefficients can be defined
the same way with respect to saturated vapor pressure over either
liquid or ice. We use RHI to refer to RH with respect to ice and
RHL for RH over liquid. It is expected that at least in the middle
and upper troposphere (channels 1-4), the air temperature is gener-
ally below the freezing point thus we need to use the saturated vapor
pressure over ice. Additionally, for the lower channels (channels 5
and 6) the saturated vapor pressure expressions for ice and liquid
approach each other. Therefore, in most cases we only present the
results for the ice phase (RHI) and the results for the liquid phase
(RHL) are provided in supplementary materials.

Lines 223-242: The authors estimate errors due to insufficient
temporal sampling of polar orbiting satellites here. It seems,
that these errors are generally small, both at single locations
(Figures 8 and 9) and on average. One should note that it is hardly
possible to measure RH better than to about 10% in RH. Compared to
this typical error margin, 2-4% difference is little. Also when I
compare these differences with the diurnal amplitude (Figure 10)
or with the difference of measurements vs. Fourier fit (Figure
12), it seems that they can almost be neglected. Please comment on
this.

We agree with the reviewer that over most regions these differences can
be counted as negligible. We added the following sentence to clarify this:

Overall, over most regions, these differences are small and can be
considered negligible compared to the methodological errors.

Line 331: I suggest to write "distribution of layer averaged
RH". It is important here to distinguish between the local RH
(which is usually understood under the term RH) and the layer av-
eraged, non-local, RH. Since these data are already layer averaged,
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extreme values are largely smoothed away. Distributions based on
local data would be much broader then what is shown in Figure 14.
Done!

Lines 333-335: There is no saturation pressure with respect to
ice above zero (Celsius). How did you calculate the RHI for these
lower channels? And does the sentence "we use RH over ice ..."
not contradict the line types in Figure 14 (dashed and solid)?
There are in fact two independent equations for saturated vapor pressure
over ice and liquid that require air temperature as input. The equation for
the saturation over liquid (ice) is just more accurate for temperatures above
(below) the freezing point. We already amended the text to state that we
mean saturation vapor pressure for the temperatures above/below freezing
point (because of the super cold water) rather than the actual liquid/ice
phase. We also amended the text as follow to avoid any confusion:

When necessary, we use RH over ice for channels 1-4, and over water
for channels 5-6 to discuss the results

Figure 14: I understand ice supersaturation in the figure, but
it looks as if there were water supersaturation as well. Please
check and if there is water supersaturation try to explain.

Thanks to the reviewer for reminding this. Yes, a small percentage of data
show supersaturation even over liquid (up to 110%) that can be explained
by the methodological uncertainty as well as some possible errors in the data
(all together probably around 15% error). Please see the section on "error
estimates" for more information on the possible sources of errors. We also
added the following sentence in the revised version to clarify this:

A small percentage of the data show supersaturation over liquid (up
to 110 %) for Channel 6. This can be explained by the methodological
error as well as error in the satellite observations. We estimate that
the error introduced by difference sources (see Section 4.6) can be up
to 15%.

Line 366: what is the transformation method?
We amended the text as

the Tb to RH transformation method

Line 375: which change in air temperature is meant?
We amended the text as

the diurnal variation of air temperature
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2 Reviewer #2

We greatly appreciate the reviewer’s effort to review the manuscript and
make recommendations to improve the paper. The reviewer’s points were
well taken and we have adopted all the reviewer’s comments in the revised
version. The main concern of the reviewer is that we have not properly
cited the previous publications. We agree that we should have either cited
the previous publications conducted using infrared measurements or should
have provided an explicit justifications for not doing so. Nevertheless, we
are providing very comprehensive answers to the comments, hoping to fully
address the reviewer’s concerns. In order to adopt the reviewer’s comments,
we have particularly revised the introduction to better explain the novelty of
our work. In addition to citing several new relevant papers in the introduc-
tion and elsewhere, we have also considered analyses and results provided in
the previous publications for the interpretation of our results.

General comments: The paper addresses an interesting topic,
it attempts to analyse the diurnal cycle of humidity in tropical
regions in a more coherent manner with a multi-channel microwave
instrument in a drifting orbit. I agree with the authors that there
is still scope for better analyses of the diurnal cycle of tropo-
spheric humidity, and the mesurements used in this paper provide a
good basis for such an analysis.

We thank the reviewer for the encouragement.

The authors state: Despite the importance of water vapor es-
pecially in the tropical region, the diurnal variations of water
vapor have not been investigated in the past due to the lack of
observations. - This not true. - Let me give you a few examples of
papers that analyse the diurnal cycle of upper tropospheric mois-
ture, the first one goes back more than 20 years.

We agree that there has been several previous efforts to evaluate the
diurnal cycle of relative humidity mainly using infrared measurements. We
have now cited these publications in the introduction and have also benefited
from the discussions provided in some of these publications that try to con-
nect the RH distribution with the physics and dynamics of the atmosphere.
In addition to citing publications introduced by the reviewer, we have also
included several recent publications to diversify our references. That being
said, we would like to emphasize that for the reasons explained below, the IR
and MW measurements are expected to yield different results, therefore the
disagreement between the results should be considered as the instrumental
differences.

• the cloud screening removes a large portion of the IR measurements
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especially over convective regions. The rejected observations normally
represent moist conditions, therefore the IR results only represent dry
conditions. For instance, John et al. (2011) indicated that the IR
cloud screening introduces on average around 10% systematic error in
the upper tropospheric humidity values. It is clearly shown in John et
al. (2011) that the cloud screening especially removes most of the data
over the convective regions causing a large systematic bias in the RH
analysis for the convective regions. It should be noted that among the
channels, the upper tropospheric channels are less sensitive to clouds
than the lower channels, because the weighting functions for the upper
channels normally peak above the clouds, therefore it is expected that
the dry bias due to cloud screening is even larger for the middle and
lower tropospheric channels.

• it should be noted that the cloud screening not only impacts the RH
amplitude by removing the moist conditions, but also impacts the diur-
nal peak time. For instance, Figure 1 shows an example of the impact
of applying different cloud thresholds on the diurnal cycle of relative
humidity. As shown the diurnal peak time significantly changes with
the threshold used to filter the clouds.Remote Sens. 2015, xx, 0000
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Figure 2. These results are for the African region (a): Black and red circles show the diurnal cycle of
UTH generated from microwave measurements in January 2007 using microwave sampling (MDC)
and IR samplings (MDCIR) respectively. See text for more details. (b): The corresponding diurnal
cycle fit, the black line represents MDC and the red line is for MDCIR. The red dashed line represents
the diurnal cycle from the real IR data (METEOSAT UTH data). (c): Diurnal cycle of UTH from the
CAM-5 model in January 2007 generated by filtering data for three different upper tropospheric cloud
fraction (cf) thresholds. The black curve represents the diurnal cycle generated from all the simulated
measurements.

4.2. Diurnal cycle in models and observations286

To compare with microwave observations, the diurnal cycle from model data was generated287

without any cloud fraction threshold filtering. The diurnal cycles of UTH from models and288

observations over the land regions in South America (A-1) and Africa (A-3) in January 2007 are shown289

in Figure 3. These are the convective regions occurring over land during the month of January.290

Over South America (A-1), the DUR from microwave observation is 4.5% RH while the models291

show significant differences. Compared to the observation, the GA-3 model overestimates the DUR292

with 7.5% RH whilst the CAM-5 model underestimates the DUR with 2% RH. The LTMAX and293

LTMIN in the MDC are approximately 2 LT and 14 LT, respectively. The models however exhibit294

different local times for LTMAX and LTMIN. The LTMAX in the CAM-5 model lags by 3.00 h and the295

LTMIN lags by 5.00 h with respect to the MDC with respective local times of nearly 5 LT and 19 LT.296

On the other hand, the LTMAX of the GA-3 model leads the MDC by 6.00 h and the LTMIN of the297

GA-3 leads by 5.00 h.298

Over Africa (A-3), the DUR of microwave observation is 3.5% RH. The LTMAX in microwave299

occurs at the same local times as in region A-1 but the LTMIN occurs at around 16 LT. The magnitude300

of DUR in models is almost the same as region A-1. The LTMAX and LTMIN in the GA-3 model301

occurs at 22 LT and 10 LT while in the CAM-5 model, the LTMAX and LTMIN are at 5 and 18 LT. The302

IRDC shows a lag of approximately 3.5 h in the LTMIN relative to the microwave observations which303

could be due to the sampling differences as described in section 4.1.304

Figure 4 shows the diurnal cycle of UTH from the models and observations for the selected305

convective oceanic regions. The MDC DUR is approximately 2% RH over all the oceanic regions. The306

MDC LTMAX is nearly 2 LT except over the region A-5 where it is nearly at 22 LT. The MDC LTMIN307

is at the same local time (14 LT) over all the oceanic regions. The diurnal phase and amplitude of IR308

and Microwave data are comparable for the Atlantic region.309

The CAM-5 model shows a DUR of 1.5% RH in the Atlantic (A-2) and the Indian ocean (A-4)310

and 2% RH over the West Pacific (A-5). The CAM-5 model UTH lags the microwave observations.311

The LTMAX in the CAM-5 model in A-2, A-4 and A-5 occurs at 5 LT, 4 LT and 7 LT , whereas the312

corresponding LTMIN occurs around 18 LT in all these regions. The GA-3 model shows 0.8% RH313

for DUR in A-2 and A-4 and a slightly higher value of 1.2% RH in A-5. The LTMAX in GA-3 occurs314

nearly at 2 LT for all the regions which is in agreement with the MDC in regions A-2 and A-4. The315

LTMIN in GA-3 occurs at 17 LT, 10 LT and 11 LT in A-2, A-4 and A-5 respectively.316

8/x

Figure 1: Impact of cloud screening on the diurnal peak time of upper tro-
pospheric humidity. Image contributed by Ajil Kottayil, Cochin University
of Science and Technology, India
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My second major concern is that the analysis is too descrip-
tive with little attempts to explain the observations in terms of
meteorology/physics.

We have now provided more information and explanation for the phys-
ical mechanisms behind the results. Besides, we have also provided details
regarding how the results are connected with mesoscale features of the atmo-
sphere. However, we need to emphasize that the goal of the current study
was to provide an observational analysis as well as a clear picture of the
diurnal cycle of RH in the tropical region using unbiased observations. We
agree with the reviewer that there is still a need to conduct work on the
impact of meteorology/physics on the diurnal cycle of RH. However, this
cannot be accomplished using the data provide by SAPHIR instrument nor
was the goal of the current study. This would require combining data from
models/reanalyses and measurements but as it has been shown in previ-
ous publications (e.g., Chung et al. 2013), the diurnal cycle in most mod-
els/reanalyses is not expected to be accurate.
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3 Reviewer #3

We truly appreciate the reviewer for carefully reading the entire manuscript
and making very constructive recommendations to improve the study as well
as the manuscript. We have adopted all the recommendations in the revised
version and have also provided point-to-point responses in the following.

This study uses microwave measurements from SAPHIR onboard the
Megha- Tropiques satellite to investigate the diurnal variation
of water vapor in the tropics. In this study, the limb effect-
corrected observed radiances were transformed into layer- aver-
aged relative humidity and then partitioned into 24 bins of local
observation time. The authors determined the phase and amplitude
of diurnal variation by fitting the Fourier series to the binned
data, and showed a large inhomogeneity in the diurnal variation
of tropospheric relative humidity in the tropics. Although there
are some is- sues that the authors need to clarify, the results
presented in this study appear to help improve our understanding
of the diurnal variation of water vapor.

Many thanks for the positive feedback!

1. Motivation of the study: Although the authors argues that
the diurnal variation of water vapor has not been investigated
due to the lack of observations, the argument is not true given
the previous studies addressed in the manuscript. Also, the diur-
nal variation presented in the manuscript is very weak over most
regions of the tropics, raising a question on the need of inves-
tigation on the diurnal variation of water vapor. Moreover, it
is unclear in what ways the diurnal variation of water vapor is
important.

We appreciate the reviewer for this valid comment. We have revised
the introduction to better clarify the novelty of the current study. We have
also more properly cited the previous publications (mainly conducted using
the IR measurements) in the revised version. However, since these changes
are major and are introduced in several different places, we have directly
incorporated them in the revised version and have not copied the revised
text here.

2. The authors argue that their results are superior to pre-
vious studies based on IR measurements or multi-instrument mi-
crowave measurements. However, it doesn’t seem that the differ-
ences from the previous studies are discussed comprehensively in
the manuscript. Therefore, it is not certain whether this study
advances our understanding of the diurnal variation of water vapor
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in the tropics.
In the revised version, in addition to citing previous publications, we

have also better compared our results with the previous studies.

3. The manuscript documents the peak time and amplitude of the
diurnal variation in the tropics, but does not provide reasonable
physical mechanisms responsible for the spatial and altitude dis-
crepancies in the diurnal variation. Also, it is unclear why some
parts of the tropics have an early morning maximum of the tropo-
spheric relative humidity.

We have now provided more explanation on the physical mechanisms
behind the diurnal cycle of RH. We have also provided explanation for the
early morning peak time which is consistent with previous studies and is cor-
related with the early morning peak time of convergence zones (e.g., Haffke
et al 2015).

4. Given the seasonal migration of ITCZ, the amplitude and
peak time of the diurnal variation for a given season might be
different from that for the annual mean. However, this aspect is
not investigated in the manuscript.

We agree with the reviewer regarding the impact of ITCZ on the diurnal
cycle of RH, therefore in addition to the mean annual values, we have also
included the diurnal amplitude and peak time for the months of Decem-
ber/January as well as June/July in the revised version. As the reviewer
pointed out, the results change with the season due to shift in ITCZ.

Specific points:

1. L1-2: The argument that the diurnal variations of water vapor
have not been investigated in the past due to the lack of observa-
tion is not correct.

As we mentioned in response to the reviewer’s general comments, we
rewrote the introduction to better clarify the new aspects of our study.

2. L12-13: Is this a new finding?
We slightly changed the sentence to emphasize that this is not a new

finding:

The results showed that the wet regions are normally associated with
convective regions, and the dry regions with the subsidence regions
which are consistent with the previous studies.

3. L13: high (surface) pressure?
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Changed to "the subsidence regions"

4. L26: The statement that water vapor in the free troposphere
contributes to the water vapor feedback through latent heat pro-
cesses is confusing, because the water vapor feedback is associated
with radiative processes. Please clarify.

We changed it to "radiative processes" and also rewrote the introduction
for a better clarification.

5. L30-34: These sentences describe the water vapor feedback.
What is the difference from the lines 24-28? The first paragraph
of introduction needs to be reorganized.

We have revised and reorganized the introduction as suggested by the
reviewer.

6. L40: Do the authors mean Kottayil et al. (2013)?
Many thanks to the reviewer for noting the error. It is now corrected.

7. L39-44: The transition is not logical. It seems that sen-
tences are missing between the two sentences.

We added a sentence to provide a logical transition as follows:

One exception is Kottayil et al. (2013) that used multi-instrument
microwave measurements from five polar-orbiting satellites to inves-
tigate the diurnal variation of brightness temperature (Tb) over the
globe. However, other issues are involved when data from polar-
orbiting instruments are utilized. First, polar-orbiting satellites only
overpass each location twice a day, thus even a constellation of five
satellites do not properly represent the diurnal variation of RH (e.g.
see Figure 1 in Kottayil et al. (2013) for the temporal coverage in
different years).

8. L46: Kottayil et al. (2013)?
Changed the citation to Kottayil et al. (2013)

9. L67: the lack of “adequate” observations?
We amended the sentence and now it reads "lack of adequate observa-

tions.

10. L84: six instead several?
Done!

11. L89: Does “upper” mean channel 1?
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Yes! The text was amended as follows to reflect this:

Figure 1 shows the weighting functions for the SAPHIR channels
which are roughly sensitive to upper (channel 1 peaking around 10
km) to lower troposphere (channel 6 peaking around 2 km).

12. L89-90: Please consider adding additional y-axis (alti-
tude) to the right in Figure 1. Done!

13. L105: Does “i” denote the earth incidence angle?
The index ”i” was unnecessary. We have removed it in the revised version.

14. L115-116: However, the radiative transfer calculations
are used to derive the empirical coefficients in Eq. 1 and to
determine the thresholds for excluding surface affected radiances.
Therefore, the phrases “to avoid any possible errors due to the
radiative transfer calculations” need to be changed.

We amended that as

Since the SAPHIR data do not suffer from scan asymmetry, we prefer-
ably used the satellite data to develop the limb-correction technique.

15. L124: Do “upper” and “lower” here have the same meaning as
in the line 89?

The upper and lower had been mistakenly switched in L124. Now it
reads

... screen-out the clouds using the differences between Tb’s of an
upper channel (Tb2, channel 2 operating at 183±1.10 GHz) and a
lower channel (Tb5, channel 5 operating at 183±6.8 GHz).

16. L158: Tian et al. (2004)
Done

17. L173-174: Please specify the channels.
Done

18. L197-198: redundant (lines 194-195)
Removed the redundancy. Now it reads as

As shown, on average, 100 to 300 observations are retained for each
bin per hour.
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19. L205: high (surface) pressures?
Changed to "subsidence regions"

20. L212: water vapor or moisture instead of humidity?
Changed to water vapor.

21. L228: Figure 8 22. L229: Figure 9

Many thanks to the reviewer for noting the errors. Both errors are fixed.

23. L236-237: redundant (lines 234-236)
Removed 236-237.

24. L238-242: The errors are not significant because the accu-
racy of SAPHIR measurements is roughly 5% in RH space (line 73).
In that case, polar-orbiting satellite observations are sufficient
to determine the daily mean. Please discuss in the paper.

Yes, we also believe that polar-orbiting satellites may be used to derive
the mean tropospheric humidity to some extent but not the amplitude and
peak time. We also need to mention that there is probably a small systematic
error in the SAPHIR data but when looking at the peak and amplitude the
systematic error is not important because it is canceled out when we take
the differences. The random error is also mostly canceled out so the actual
error is really very small and negligible. Therefore, we added the following
statement to clarify this:

These results show that measurements from polar-orbiting satellites
may be used to derive the mean tropospheric humidity in the tropical
region to some extent. However, polar-orbiting satellites may not
provide a good picture of peak time and amplitude, because these
parameters show a large spatial inhomogeneity and obviously depend
on the satellite overpass time.

25. L292: Consider replacing South East Asia by the maritime
continent (also in Table 2).

Done

26. L317: Figure 13 does not indicate the early morning max-
imum/afternoon minimum of RH over the South Atlantic (cf. line
320).

Many thanks to the reviewer for carefully checking the results. We re-
alized that it is difficult to directly interpret diurnal variations presented in
Figure 13. We replotted the RH values by either removing the mean RH
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from the diurnal cycle or scaling the RH values between a minimum and
maximum. It turned out that the latter, Figure 2, better indicates the rel-
ative diurnal cycle of RH over all regions. Figure 2 is also included in the
revised version of the manuscript. We agree with the comment and accord-
ingly the text has been revised based on results presented in both Figure 13
and the new figure to better explain the diurnal variation of RH.

27. L319: Figure 13 shows the afternoon minimum of RH over
Amazon and South East Asia.

We agree with the reviewer. As mentioned, we are providing a new figure,
Figure 2, that better shows the diurnal cycle of RH over all the regions.

28. L334-335: Please clarify.
We amended the sentence as follows for a better clarification:

As shown the distributions of RH with respect to ice and water are
similar in the lower troposphere (channels 5 and 6). This is because
the relative humidity values calculated using Equation 1 are nearly
the same over ice and liquid for the expected range of brightness
temperatures in lower troposphere. This is an indication that the
transition from ice to liquid is performed smoothly.

29. L345: The distribution is different between the South At-
lantic (right-skewed?) and South East Asia (left-skewed?) in Fig-
ure 14. Please clarify and reorganize.

We thank the reviewer for noting the error. We amended it as follows:

The distribution is left-skewed (the left tail is longer) for Amazon
and the Maritime Continent, and right-skewed over the rest of the
selected regions.

30. L368: Do the authors argue that microwave radiances are
significantly affected by thin clouds? If so, what is the advantage
of microwave measurements over the infrared observations?

We meant "thin" from a microwave instrument perspective which is still
generally a thick cloud. We removed the word thin to avoid any confusion.

31. L378-383: It is difficult to figure out how the diurnal
variation of tropospheric humidity is related to global warming.
Please discuss in the manuscript.

We completely rewrote that paragraph to better explain the relation
between the observations and climate simulations.
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Figure 2: Diurnal variation of RH scaled between -100 and 100 individually
for each region.
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32. L395: high (surface) pressure?
We changed that to subsidence regions.

33. L396: Please clarify “significant” regions.
We changed it to several regions.

34. L488: Coauthors are missing.
Coauthors are now included.

35. Figure 2: Please correct typo (y-axis).
Done!

36. Figure 3: Are the histograms independent of latitudes and
seasons?

Yes, they are independent of the season and latitude. We have used a
large subset of data covering different atmospheric conditions.

37. Figure 4: The range of simulated Tb is 240-280 K in Figure 3.
In contrast, the range is narrower here. Why are they different?

In Figure 3, only a small percentage of the data are between 270-280K,
which are not shown in Figure 4 because Figure 4 is a density plot.

38. Figures 5-12: Please include tick labels for longitude and
latitude in Figures 5-12.

Done!

39. Figures 6-7: Please specify the time period for the mean
daily relative humidity.

We have used the data for the period January 2012 to September 2015.
This is now clarified in the captions as well as in the text in Section Satellite
Data.

40. Figure 13: It seems that the diurnal variation is only
evident over regions of high elevation.

The diurnal variation is dominant over high elevations but also the trop-
ical lands such as Africa. However, the diurnal variation, though exist, is
very weak over oceans.
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