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The paper examines data from 3 out of 17 NYSM Profiler Network stations and analyzes wind
speed from the Doppler Lidar (DL), temperature and humidity profiles from the microware
radiometer (MWR), and AOD from AODeSIR. Data from the DL and MWR are evaluated
against radiosondes soundings and the usefulness for prediction of severe weather events
evaluated. AOD at 2 sites is evaluated against data from the Aerosol Robotic Network.

The paper is interesting, and it presents a good overview of the Network data and capabilities. |
do have some general major comments on the results and related discussion. All my comments
are related to the MWR evaluation that in my opinion is the most problematic part.

Major general comments

The purpose of the paper as stated by the authors is “to determine the robustness and accuracies
of the instruments deployed with respect to well-defined measurements” in view of their
extensive use to “complement radiosondes and satellite systems”. The purpose of the paper is
therefore very relevant considering the need for such measurements.

With this perspective in mind, I feel that the conclusions that: “Overall, the MWR is a robust and
reliable tool for the continuous measurement of atmospheric data and derived forecasting
parameters” is not supported by the data presented. The MWR data in the paper unfortunately
present a bleak outlook for those of us hoping to use microwave radiometers for temperature and
humidity monitoring. In fact, the results seem to suggest that, unless radiosondes are available at
the site (to help with corrections or debiasing) the RMS errors shown in this paper (Figs. 6 and
10) ranging between 2K and 8K are well beyond what is required for any purpose.

Response: We agree that the “robust and reliable” statement is not an accurate representation of
the results. So, the above stated sentence is reworded to “Overall, the MWR provides continuous
and real-time measurement of atmospheric data and can be a valuable nowcasting tool for high-
impact weather events despite cold biases in the temperature data” in the revised manuscript (line
653-656).

Therefore, the most important questions the authors should address in my opinion are the
following:

1. Are these results due to poor calibration of the instruments and to poor retrievals? Are
these issues resolvable?

Response: The observed cold biases in the MWR temperature are consistent with previous
studies by Cimini et al., 2011, Xu et al., 2015 and Cimini et al., 2015. These studies have
attributed such cold biases to neural network, calibration uncertainty, gas absorption model,



radiosonde biases and radiosonde drift distances. However, the near identical error profiles from
three selected NYSM Profiler sites suggest that those errors are not likely due to calibration
issues or poor neural network performance, as those errors are sensor specific. The cold bias
error has not been fully understood yet, and it is still under investigation. Though overall off-
zenith (20 degrees elevation) retrievals are better than zenith retrievals (Xu et al., 2013), off-
zenith retrievals have reduced MWR lower v-band weighting functions; for example, the zenith
weighting function of 2 km is reduced to off-zenith weighting function of ~0.8 km. The observed
vertical profile errors are consistent with such rapidly fading weighting function above ~1 km for
off-zenith retrievals.

These issues are resolvable with the application of the one-dimensional variational (1-DVAR)
technique (Cimini et al., 2011). While that retrieval technique is under evaluation and
consideration for long-term use, the radiosonde correction method discussed in the manuscript
will be implemented as a temporary solution. Since our studies have shown that limited clear sky
days radiosonde data can help to reduce biases in MWR retrievals, the NYSM is planning to
launch several radiosondes to bias correct remaining 14 MWRs and to further investigate the
performance of the MWR during the daytime (7am — 7pm LT) apart from the twice-daily NWS
launches. This information is added in line 670-672.

2. What are the accuracy requirements we need to strive for in a ground-based network and
how far are the Mesonet radiometers from these requirements? For example, in Table 1

of Wulfmeyer et al. (DOI: 10.1002/2014RG000476) a bias < 0.5 K with noise error of <
1K are reported as desirable for temperature profiling. I understand that microwave
radiometers can’t achieve that, but what are the accuracy requirements for the Mesonet
network?

Response: The accuracy requirements are set by our users of the data and vary with application.
Based on WMO OSCAR (https://space.oscar.wmo.int/requirements), the “ideal”” and “optimal”
requirements for temperatures and humidity in PBL and free troposphere are 0.5K and 1 K, and
2% and 5% respectively, for high resolution numerical weather prediction applications. But,
considering the brightness temperature accuracies and the ill-posed retrieval problem, the
expected accuracies for MWR temperature and water vapor density are 0.5-2Kand0.2—-1.5¢
m3 that further decrease with height (Illingworth et al., 2015). The NYSM aims to achieve
similar accuracies of temperature and water vapor density, particularly within the boundary layer
by minimizing any significant biases. Therefore, we presented the linear correction technique
using the radiosonde data to bias correct the MWR retrievals as demonstrated in the manuscript.

Specifically, the NYSM is developed primarily with an aim to monitor and provide situational
awareness and warning of severe high-impact weather events. Despite the limitations of MWR
retrievals, the vertical profiles of temperature and water vapor density have shown similar trends
to that from the radiosondes, particularly within the boundary layer. Thus, the high temporal
resolution of vertical profiles provided by the MWR are helpful to understand the evolution of
weather events and provide much needed real-time information to monitor and nowcast severe
high-impact events as presented in the manuscript.


https://space.oscar.wmo.int/requirements

3. What are the implications of this analysis for the network itself? It seems to me that with
those uncertainties only radiometers co-located with radiosondes can be reasonably used.
How about the remaining 14 radiometers for which there are no radiosondes available?

This question brings the following consideration: what is the expected uncertainty in the forecast
capability at a site where there are no radiosondes for correction? To this end, in my opinion, the
paper would be more informative if the radiosondes were used only for evaluation purpose and
the analysis was carried out entirely without the correction part. Table 5 and the whole case
study (i.e. sections 4.6 and 4.7) should contain the results from the uncorrected MWR profiles.
This would give us an idea of what can be reasonably expected from a profiler at a site without
radiosondes.

Response: As a short-term plan, the NYSM will launch a several-day series of radiosondes near
each profiler site to bias correct the MWR retrievals. Bias corrections will be developed for the
remaining 14 Profiler sites to yield the accuracies discussed above in (2). Our data has shown
that bias corrections are stable with time, and so a limited set of radiosondes collected at each
site during clear sky days are sufficient, until a 1-DVAR technique or other new retrieval method
is implemented in near future.

A height-dependent correction method applied to the MWR retrievals based on nearby
radiosondes is presented in the manuscript with sole aim of demonstrating that a simple
correction can be applied with just limited radiosonde data.

Since the correction method primarily reduces systematic biases (but not much random biases,
Fig. 11), the results presented in Table 5 and sections 4.6 and 4.7 are similar before and after the
correction, but with major differences in mean bias error (MBE) only. So, the MBE for original
data is added alongside those from corrected data in Table 5.

Major specific comments:

1. Throughout the paper the MWR retrievals are called “measurements”. Please change this.
Response: Done.

Some specific examples are reported later.

2. Section 4.4 This section is a little bit puzzling, and I am not sure | understand it. |
understand that, because the radiometer is pointing at 20-degree elevation, you may have
a better chance of having less measurement degradation during rain. However, why
should the radiometer do so much better during cloudy conditions than during clear sky?
Or during rain than during cloudy? I assume that, if the effect of rain deposition is
eliminated, the radiometer shouldn’t distinguish between rainy and cloudy. To me the
results could be easily explained by compensating measurement biases during
precipitation, 1 am not sure this section should be kept at all as it is difficult to interpret.

Response: The observed larger cold biases during cloudy days than precipitation days are found
to be consistent with the results by Cimini et al., 2011 whereas the larger cold biases during clear



sky days than the cloudy days are consistent with the results by Xu et al., 2015. It is not quite
clear why there are such differences in the performance of the MWR during three different
weather conditions, although we can speculate that better accuracies during precipitation and
cloudy days than clear sky days could be due to the temperature profiles trending towards the
moist adiabat and reduced temperature inversion layers. As demonstrated in the manuscript, the
MWR consistently fails to detect elevated temperature inversion layers giving rise to a marked
increase in cold biases in the profiles, which are more prominent on clear sky days. Due to the
varying performance of the MWR under different weather conditions, there is also a possibility
of shifting in the weighting function which is now under investigation.

3. Section 4.4 How do you know what are the conditions off-zenith? The IRT is looking at
zenith so how do you know whether off-zenith, where the radiometer is pointing, is
cloudy or clear? Perhaps there are clouds over the radiometer and not off zenith, or the
other way around. In my opinion this entire section 4.4 should be eliminated.

Response: Yes, that is correct. The three different weather condition classifications are based on
the IRT looking at zenith. Since the average of two off-zenith retrievals pointing in opposite
directions is used in the study, the classification based on three weather conditions are carried out
with an assumption that observations from the zenith pointing IRT still hold true for off-zenith
retrievals, though this assumption will lead to some limitations and uncertainties (note added in
line 422 — 426). Nevertheless, the observed but varying cold biases in MWR temperature profiles
during different weather conditions are found to be consistent with previous studies by Cimini et
al., 2011 and Xu et al., 2015.

4. Section 4.5 This section should be eliminated. Of course, it comes without saying, that if
we do have radiosondes at the site and we correct the radiometer based on the

radiosondes we get good results, we already know this. But this defeats the entire purpose
of having a network of radiometers. As mentioned in my general comments, | think the
manuscript would be much more valuable if the authors used the radiosondes only for
evaluation and not for correction. With the correction in place the conclusion of the
analysis should be that the MWR are a good “complement” to radiosondes and should be
deployed at radiosondes sites to increase the temporal coverage but have no value at sites
where there are no radiosondes.

Response: The correction of MWR retrievals based on radiosonde data is a temporary solution to
minimize errors and meet our accuracy specifications discussed above. Since the linear
correction for the MWR can be developed from a rather limited sample size of radiosonde data,
the MWR need not be co-located near an operational NWS radiosonde site. Indeed, the fact that
cold bias remains relatively steady over time, and which can be fixed with a single linear fit is
surprising. We believe that this information provides other researcher with a method to replicate
this simple linear correction method until a better retrieval method is available and implemented.
Furthermore, our aim of presenting this correction method aligns with another reviewer who
believes that it is the main novelty of this study, one can be implemented easily by other
researchers.



Despite the limitations of the MWR, the MWR retrievals have been found to follow similar
vertical trend to that of radiosonde profiles, particularly within the boundary layer, where
degrees of freedom are much greater. The MWR profiles provide much needed real-time
evolution of thermodynamic properties diurnally, that is unavailable from the twice per day
radiosonde data. Therefore, the MWR has significant value at sites where there are no
radiosondes (and even at sites with radiosondes) and can be a critical nowcasting tool as
demonstrated by our case study and other studies such as Madhulatha et al., 2013 and Chan et
al., 2011.

Minor comments:
1. Page 6 L138 Please change vertical resolution to vertical grid.

Response: Done (line 140)
2. Page 9 Line 209 Please change MWR measurements with MWR retrievals.
Response: Done (line 205)

3. Page 9 Line 225 and following. It is important to understand that MWR measurements
have no vertically resolved information above roughly 2 km. It will be enough to keep the
MWR comparison between 0 and 3 km as well.

Response: It is true that the accuracies of MWR retrievals decrease from the surface upward as
our comparison results of the MWR retrievals with the radiosondes are better at lower heights
than at higher heights. However, there are still some useful information above 2 — 3 km that are
needed for deriving forecasting parameters as demonstrated in the manuscript (in our case at
least up to 500 mb or 5 — 6 km). Despite limited vertically resolved information above 2 km,
studies (Cimini et al., 2015, Chan et al., 2011, Madhulatha et al, 2013) have shown the value of
MWR retrievals in deriving valuable thermodynamic indices that require data above 2 km.

4. Page 10 line 230: “directly measured” please change to retrieved as you are comparing
retrievals of temperature and humidity from the MWR with those measured by
radiosondes.

Response: Done (line 229)

5. Page 15 section 4.3: The high biases and RMSE of the MWR retrievals are obviously
concerning and are probably due to poor calibration of the instruments combined to an
inadequacy of the neural network retrievals. Both aspects can be improved operationally
to lower the RMSE to less than 1.5 K between 0 and 3 km. Is the mesonet network
planning to do that?

Response: Yes, the NYSM is working with the sensor vendor on improving sensor calibration
and neural network retrievals. In meantime, the NYSM is using the bias correction technique as
discussed in the manuscript until the application of an improved calibration and 1-DVAR
technique are available. The RS based correction helps to reduce both temperature MAE and



RMSE below 2 °C within 2 km (Fig. 11). Therefore, we plan to launch limited radiosondes at the
remaining 14 sites.

More importantly, our consistent results from across 3 different sites (MWR retrievals compared
against two different radiosondes systems) indicate that the observed errors in the MWR
retrievals are not primarily due to poor calibration or neural network performance but rather due
to some inherent issues in the MWR with an ill-posed retrieval problem and rapidly fading
weighting function. As mentioned before, we are exploring other retrieval algorithms, such as 1-
DVAR technique.

6. Line 363-406. The discussion of the vapor density profiles would be more informative if
the author could provide the range of vapor density at the sites. This would give the

reader an idea of the error percentage on the profiles (for example an RMSE of 1 g/ms
would be about 10% if the average vapor density at the site is 10 g/ms).

Response: Across three selected sites, the mean water vapor density values are found to be 7.8 —
9.3 g m? at the surface, 5.5—-6.6 g m2 at 1 km and 3.9 — 4.6 g m™ at 2 km giving rise to error
percentage of 9 — 14 % at surface, 20 — 25 % at 1 km and 26 — 33% at 2 km, with overall error of
17 — 23 % below 2 km. This information is added in line 378 — 381.

Conclusions

In conclusion, I think the information presented in the paper is valuable, however it would be
more valuable if the authors could provide the reader with a true assessment of the value of the
entire MWR network for forecast purpose. To this end the authors should not be afraid of
presenting less than perfect results if that is what the MWR network is providing. Such
information would be extremely valuable for those planning to deploy such networks where
radiosondes are not available.

In order to evaluate the true capability of a network of radiometers for forecasting purposes the
authors should use radiosondes only for evaluation and not for correction. After the uncertainties
in the forecast parameters have been established (with the help of radiosondes) data from sites
without radiosondes should be used to forecast events and to establish realistic uncertainties. If
the results are not satisfactory the authors should discuss how the poor radiometric performance
can be improved without help from radiosondes, i.e. by reviewing the calibration procedures and
improving the retrievals.

We are evaluating the MWRs to determine their value for providing real-time data for weather
operations and warning on high-impact weather. Specifically, we are evaluating the ability of the
MWRs to provide enhanced situational awareness, a critical tool for improving short-term
warnings and nowcasts. Due to the limitations of the MWR, we are in the process of
understanding the issues of the MWR, which appear to be more than simply the calibration and
neural network retrieval. We hope to resolve these issues with the application of better retrieval
method such as 1-DVAR in near future.



