AUTHORS’ REPLY TO:

- Community Comment, CC, by Kenneth Chapman;
- Referee Comment 1, RC1, by Nils Kaplan;
- Referee Comment 2, RC2, by Anonymous Referee;

In the following we report in “black” the CC, RC1, RC2 comments, in “blu” the authors’ replies and
in “red” the authors’ actions that will be implemented in the revised version of the manuscript.

COMMUNITY COMMENT - Kenneth Chapman

Just want to post a note on your really nice work. We have been working on this problem for
about a decade now and your innovation of using a pole and an "in the water--out of the water"
approach to measuring water in the settings described in your paper is very nice and novel in
our experience. This is significantly different from using a calibration target (our method) or with
a staff gauge. Its power is the ability to install something really simple in a stream and still get
measurements that are accurate enough to be of interest with fairly simple image processing
algorithms and calibration techniques. The balance between simplicity and ease of use vs.
precision of measurement is a difficult one. | am looking forward to following your work.

Authors’ reply. We are particularly glad and flattered by Kenneth’s comment that further motivates
us on this research field.

REFEREE COMMENT 1 - Nils Kaplan

General comments:

This paper presents a promising re-interpretation of an image-based water level monitoring system
for intermittent rivers and ephemeral streams (IRES) using a consumer wildlife camera with
integrated time-lapse function. The continuous image-based monitoring of water level adds
valuable information of the temporal dynamics of flow in IRES that were traditionally only monitored
sporadically during field campaigns or with intermittency or EC sensors. However, those sensors
cannot provide the visual information of an image, which allows for the evaluation of automated
water level detection, the presence/absence of water in the channel or clogging of the stream
channel. The presented method has a high potential to support future monitoring campaigns in the
IRES research. However, some minor corrections and supplementary information needs to be
added to the manuscript. Thus, | recommend the publication after minor revisions of this
manuscript.

Authors’ reply. We are glad that Nils Kaplan appreciates the proposed method considering it as an
approach with high potential to support future monitoring campaigns in the IRES research.

Specific comments:

Line 10: What are the “severe hydrometeorological conditions”? Only strong precipitation events
or also extreme dry conditions? Please clarify.

Authors’ reply. We agree with the reviewer that we were too general. Specifically, we refer to
conditions present during thunderstorm with presence of rainsplash on the camera support and
with high density of drops and fog in the frames.

Authors’ action. We modified the text better specifying the severe conditions.

Line 23: [...]“uppermost” catchment “areas”

Authors’ action. Thanks, we accordingly modified the text.



Line 23: “posit” seems to be an unusual wording in this context
Authors’ action. Thanks, we accordingly modified the text.

Line 26: | suggest to use “Conventional” in stead of “Traditional”
Authors’ action. Thanks, we accordingly modified the text.

Line 35: The citation of Kaplan et al., 2019 is a bit misleading as the presented dataset achieves it
spatial resolution of an combination of EC-sensors, time-lapse imagery and conventional gauging.

Authors’ action. Thanks, we better specify it in the text.

Line 38: | would not recognize the noise of the sensor as biggest thread for EC-data accuracy for
presence/absence of water but the accurate position of the sensor at the deepest point in the
channel cross-section. The noise introduced by clogged material at the sensor is rather well to
handle by using a little large thresholds for the EC-values.

Authors’ action. Thanks, we agree, we accordingly modified the text in line 38.
Line 45: is very close to the sentence in Line 1. Maybe consider small changes to the wording.
Authors’ action. Thanks, we accordingly modified the text.

Line 110: | experimented with a similar setup using a white pole, but the reflection of the pole
through a clear water surface were too bright to extract the water line. Thus, | am interested in the
paint you used for the pole (special matt color used?) and if the paint had any ability to prevent
growth of algae, which would potentially affect the image processing algorithm. This would add
valuable information to the manuscript.

Authors’ reply. We agree that the pole color could be pivotal in the proposed method. Presently,
we are investigating on the best possible option exploring the RGB channel for different colors. In
the described experiments we adopted the “OBI Spray Colour Pure White RAL 9010, Opaque” and
we did not see growth of algae.

Authors’ action. Thanks, we added the paint information into the text.

Line 112: A little more details on the mounting system would be beneficial. Were specific measures
be taken to prevent theft and/or camera movement?

Authors’ reply. We sadly agree with Nils Kaplan, indeed we did not plan a specific measure to
prevent theft, which happened just few days ago.

Line 119: In this section a note on programming language and potentially packages used to write
the image processing software would be great.

Authors’ action. Thanks, we added the language and software information into the text.

Line 122: Is the ROI static or set by an algorithm? Is the algorithm capable to respond to issues
with movement of either the pole or the camera?

Authors’ reply. The ROI is static and presently the algorithm is not capable to respond to such
issues. This is subject of ongoing work.



Line 124: Is the number thresholds individually calibrated for each site or automatically set
according to the illumination conditions?

Authors’ reply. Presently, we are investigating the optimal number of thresholds and its stability.
For the paper application we did not calibrate or optimize the number of thresholds, we only
selected a preliminary reasonable value.

Line 137: Please add the information about the size of the moving average window already in this
sentence to avoid confusion.

Authors’ action. Thanks, we accordingly modified the text.
Line 138: [...] “difference” between moving average and raw value [...]?
Line 138: [...] “set to the 90% quantile” of the moving window.

Line 138: The 90% quantile threshold might be a little bit too low to capture the fast dynamics of
extreme events in ephemeral streams.

Authors’ Reply to the last three comments (Line 138). We agree that the text was not clear. The
90% quantile is referred to the difference between moving average results and raw values. Values
higher than this threshold are removed and filtered.

Authors’ action. We clarified the text.

Line 163: May consider to use “Light scatter” or “Scattered sunlight” instead of “sunflecks*.
Authors’ action. Thanks, we accordingly modified the text.

Line 182: Due to the specific dedication of the method to monitoring IRES it would be very beneficial
to add an analysis for the MAE for the dry states of the channel compared to the flowing conditions.
In case only the site “C” had dry conditions, it would help already to add this.

Authors’ reply. Yes, thanks for the useful suggestion. We are presently developing an accurate
analysis on the different flow regimes that will be submitted in a future paper.

Line 195: Many image sequences during severe rainfall events were acquired as NIR images in the
study of Kaplan et al., 2019. Thus, the difference of MAE between RGB and NIR images might be
also an interesting information to add (they might be a reason for the higher MAE here).

Authors’ reply. We appreciate this comment, indeed we are investigating on that and it will be
included in a future paper. We confirm that during the day and at night performances are different.
The MAE is very low with NIR images and relatively high with RGB. Presently, we are comparing
different supports and colors.

Line 202: Simple image saturation statistics might already be sufficient to remove some of the
blurriest images before the actual analysis.

Authors’ reply. We agree, indeed we are investigating also on preprocessing frames in order to
optimize the postprocessing filtering.

Line 210: From an image processing point of view a white pole should be the brightest object
compared to other colors. However, the difference between glossy vs. matt paint could be
interesting.



Authors’ reply. We appreciate the suggestion. Concerning colors we can anticipate that “red” could
provide lower MAE.

Line 211: Additionally, to the debris that could get stuck at larger poles, they may have also a larger
potential to get eroded.

Authors’ reply. We agree, potentially it could, however, fortunately, we did not observe relevant
erosion phenomena.

Line 241: The advantages of the system could also be stated earlier; potentially at the end of the
introduction

Authors’ action. Thanks, we accordingly modified the text.

Line 242: “with minimal flow disturbance through the pole” instead of “without deploying any
sensors in the flow”
Authors’ action. Thanks, we accordingly modified the text.

Technical corrections:

Line 223: “frequency of time-lapse image acquisition” or “image acquisition frequency” instead of
“camera acquisition frequency”.

Authors’ action. Thanks, we accordingly modified the text.
Line 224: “time-lapse interval” instead of “frame frequency”
Authors’ action. Thanks, we accordingly modified the text.

Figures:
| suggest to include a figure describing the processing algorithm in a flow chart.

Authors’ action. Thanks, we have included a flowchart in the manuscript.

REFEREE COMMENT 2 - Anonymous Referee

The application of a camera approach as a low-cost system for water level observations is certainly
interesting. However, my rather fundamental issue with this manuscript is the added value of this
approach. These days, one can buy water level sensors for 100-200 USD which provide
measurements with a millimetre resolution. As the described system utilizes a pole installed in the
stream (which is a neat idea), there is also not the argument that no in-stream installations are
needed for the camera approach. So, as cool as the described approach is, | am not sure about its
practical value. At the end of the manuscript, the authors mention the importance of having pictures
of the streambed. | could agree, but if this is the added value, it should be addressed before and in
more detalil.

Authors’ reply. We are glad that the reviewer considers the proposed approach interesting, at the
same time we respectfully disagree on the absence of stage-cam added value. The presently
available sensors for water level observations could have significant drawbacks in a variety of
practical applications that could be overcame by the not-intrusive proposed monitoring system. In
ephemeral streams, for which the availability of continuous water levels is crucial, we usually have
challenging conditions. Indeed, water is absent for a long time and the flood hydrographs could be
very fast with rapid and particularly turbulent flow rich of sediment transport, making impossible to
install intrusive systems. Moreover, even minimal sediment transport can cover sensors eventually



installed on the river bed, thus inhibiting permanent installation. Finally, ephemeral streams are
typically located in inaccessible areas rich with vegetation, without electrical power, and without
enough solar irradiance for installing solar panels. So, other classes of common water sensors
cannot be easily installed (or they are economically unfeasible) due to their power requirements. In
fact, in our experimental site we tried pressure transducers without success.

My other major concern is the study design. First of all, | am afraid | have to disagree that manual
inspection of the images should be the sole comparison. Here a fully independent approach should
be used, i.e. a ‘real’ water level sensor. Second, the observed level variations (Fig 5) are really small.
For evaluation, there should be larger changes, especially also in the ‘lab setting’ of Test A. Using
a constant level here limits the evaluation.

Authors’ reply. We understand the point of the reviewer and we tried alternative sensors, however
we realized that the best benchmark is the manual image analysis for quantifying pole length.
Actually, we realized that such approach would be a good benchmark also for validating common
water level sensors, indeed it is only minimally affected by errors, which are lower than those
typically introduced by every sensors. Concerning level variation, we illustrated different kinds of
events and, being the present manuscript a technical note, where the method is proposed for the
first time, we thought that providing results for static water levels where basic and specific
conditions are tested would be appropriate.

Approach
(fig 2): wouldn’t it be advantageous to rotate the image so that the pole is exactly vertical? | am not
sure | understood how the tilting of the pole, in reality, is considered. Please clarify.

Authors’ reply. We agree with the reviewer that we were not clear enough in describing the
algorithm. Actually, the measure consists in identifying the vertical height of the bounding box so
the pole inclination determines a negligible error (i.e. the error due to the inclination for the frame in
Figure 2ais equal to 0.7 mm).

Authors’ action. we have included a flowchart of the algorithm in the manuscript.

Fig 4: why is the pole so long? This seems to make things rather unstable

Authors’ reply. The pole length is not an issue, it depends on the expected maximum water level
that the stream could reach during an extreme event. We did not observe instability since the pole
is inserted in the ground for 40-50 cm.

Authors’ action. we better specified in the text the pole installation description.

Minor comments:

Sometimes long lists of references are given, e.g. P1L18-19, please try to be more specific about
the contributions of the individual papers.

Authors’ reply. We thank the reviewer, this long list is to underline how crucial the water level
observation is for hydrological investigations. Providing details would make the introduction too
long including off topic information.

P2L41: here ‘only’ should be added for clarification

Authors’ action. Thanks, we accordingly modified the text.



Often hydrologists are interested in flows rather than in levels. Please comment on the use of level
data without a rating curve.

Authors’ reply. We agree that usually flows are the final aim of hydrometric observations, however,
as mentioned in the Introduction, the water level is, per se, crucial information for a variety of
studies. A system providing flow observation in such challenging conditions is the subject of
ongoing work.

| would prefer to have results and discussion in two separate sections for better readability.

Authors’ reply. We agree that usually it is appropriate to keep separate results and discussion,
however in the present manuscript these two sections would be too short with possible repetitions
and redundant information.



