Response to Reviewer 1

We thank the referee for their feedback and comments. The comments are addressed individually below. The modifications to the manuscript are marked in the revised version.

Major concerns:

Photogrammetry.

The authors spends pages of texts and figures in 2.4 to describe the photogrammetry method used for image pre-processing, altitude calculation, FOV, footprint ect. In the conclusion, however, the authors then write (Line 262): “It is assumed that for a parcel of water small enough, i.e. the volume of water around the collected sample, the dye distribution was homogeneous.” If the water in that small region is homogeneous, then what is the point of taking large effort to compute FOV and altitude? And create heatmaps? If “homogenous water in small region” is assumed, most of the content discussing (or preparing the discussion) the spatial variation within the manuscript is not required.
The photogrammetry processing is only required if the authors plan to map the entire dye released area, which obviously not the objective of this paper.

[bookmark: _GoBack]Authors’ reply: We have modified the text to clarify that a small region refers to the area immediately surrounding the water sampling device. As seen in the pictures and the heatmaps, the dye concentration is quite heterogeneous and varies significantly over the areas captured in each image. The DOWSE sampler collected a few centimeter-cubes of water in situ and an image was photographed subsequently. The assumption is that the in situ water sample was collected at the center of the image. The center pixel was then used to calibrate the heat maps (in pixels) from the in situ dye concentration measured from the water sample. It is impossible, however, to obtain the pixel information (i.e. pixel location and red ratios) corresponding to the centimeter-cubes of water that were collected. For an image was taken at a 2-meter altitude,  for example, one pixel corresponds to 4.3 mm. This is what we consider “small enough” for a parcel of water. Thus, when we match the in situ ppb measurements to the red ratio value at the center pixel, we consider that this ppb value represents the water parcel immediately in the vicinity of the in situ sample.


The foundation of Results.
In section 3. Two parts of results are presented: 1st the red ratio v.s. dye concentration; 2nd part the surface v.s. altitude images. Both of them are not built on solid basis from my understanding.

red ratio v.s. dye concentration.
The “mean red ratio” in Figure 8 is derived from “the highest and lowest values of red ratios were averaged” according to Line 187. Without further description, I assume it is a mean of two values: highest and lowest of red ratio. Continuing the discussion of the “homogenous” assumption, if the small area is homogenous, then why not averaging the entire image, rather than only the two [min, max] values? As these two bound values could be easily skewed by other environment factors, such as waves as the author discussed.
I know that averaging the entire image will include artificial objects such as the DOWSE or part of the boat; but some simple remote sensing auto-classification can remove them to keep the averaging happens only over water surface.

In addition, I feel using a 4th  order polynomial for merely 24 samples seems superfluous; it is very easily to overfit the model and cannot apply any other similar applications. This argument is confirmed by the fitting curve given in Figure 8.

Authors’ reply: We have modified the text to clarify that a small region refers to the area immediately surrounding the water sampling device. Consequently, entire images were not averaged. We have added additional text to show additional fits of the data: “The R2 values were 0.708 for a third-order polynomial, 0.592 for a second-order polynomial and 0.511 for a linear fit.”
The raw data are also available online, should there be an interest in exploring additional associations of these data that are beyond the scope of the analyses reported here. 


surface v.s. altitude images
As a principle of remote sensing (RS), a RS measure should be independent from observing distance, such measure including remote sensing reflectance, radiance, etc. it is critical that a measure is independent from observing distance, so that satellites observe at hundreds of km away can be comparable from ground observation.

In that sense, this “surface v.s. altitude images” discussion & analysis is not really valuable from the perspective of remote sensing; if not violate an essential remote sensing principle. The authors may argue that the result shows some difference on the dye concentration. But such difference should be largely removed by stricter research design. For example, the authors may deploy a white/grey reference board in the scene every time during the UAV sensing, which is a standard method in RS to cross-calibrate observation environment difference.

Also, the “surface” image is described as “An overhead image was then taken of the sampling device in the water … ” (Line 100). Then what exactly is the height of these “surface” images? They probably not at height=0m as it is not safe for the UAV just over water; then the height may also be varied due to the wave condition? If the “surface” image altitude is varied and unknown, then the strict definition and photogrammetry processing in 2.4 is not actually helpful?

Authors’ reply: This is an excellent point. Our initial plan was to have a drifter in every image, and to sample dye adjacent to the drifter. However, given the challenging field conditions, such as high wave height, fast currents, and rapid dispersion of the dye, we were unable to proceed with the initial plan.  Consequently, we only had a few sets of images of higher altitude images where we had objects that we could use for calibration. Please note that for the lower altitude images, we did have the sampler in the water as a reference for each sampling point. We have added additional text to address the value of having a calibration measurement at each sampling point; perhaps this is something the drone could drop into the water immediately prior to collecting a sample in a set area of the dye domain. 

References
The manuscript only cites 15 references, which is not sufficient for remote sensing studies in general. (when I say “in general”, I mean “typical”; the authors may have a good reason to argue for it). Within these references, [8-11] were only cited once for the “hydrography” studies, which are not directly related to this study. Also the majority of references are 2016---present; it is good to include newly published work to show the recent advances, but it is also worth to include classic papers to show the history of this topic.

For example, at Line 43, many drone related system for ocean study in 2000s were explored [Ref1-2]; at Line 54, there was also existing working deeply discuss water quality and sun rays and waves on UAVs [Ref3].  These are only some examples to expand the current 15 references.

[Ref1] Lomax, A.S., Corso, W., Etro, J.F. Employing Unmanned Aerial Vehicles (UAVs) as an element of the integrated ocean observing system. (2005) Proceedings of MTS/IEEE OCEANS, 2005, art. no. 1639759.
[Ref2] Dugan, J.P., Piotrowski, C.C., Williams, J.Z.Rapid environmental assessment of nearshore METOC fields using motion imaging techniques applied to surrogate UAV data. (2002) Oceans Conference Record (IEEE), 4, pp. 1956- 1961.
[Ref3] Zeng, C., Richardson, M., & King, D.J. The impacts of environmental variables on water reflectance measured using a lightweight unmanned aerial vehicle (UAV)-based spectrometer system. (2017). ISPRS Journal of Photogrammetry and Remote Sensing.

Authors’ reply: We have incorporated the three references mentioned above. Thank you for bringing these to our attention. We have also added a few more in addition to these, including Field et al.(1995), Parker (1973), Feddersen et al. (2016), Romero et al. (2019), Baek et al. (2019), Legleiter et al. (2020).  
.


Minor comments:

The manuscript includes wordy details in occasions, for example description of FOV, footprint, RGB image decomposition, etc, which is irrelevant to the objectives; reduce such description could largely improve the manuscript readability.

In the title and places within the text, it mentioned “Tracking the movement”: but the method development does not consider the time domain in any manner. It is unappropriate to include such statement, only if the author would like to expand the analysis and show how the rhodamine dye concentration changed within that 3 hours along paths.

Authors’ reply: We have removed the ‘movement’ portion of the title to reflect this salient point. The title now reads ‘Tracking a surrogate hazardous agent (rhodamine dye) in a coastal ocean environment using in situ measurements and concentration estimates derived from drone images. We have also deleted a significant portion of the discussion to avoid redundancy.

Line 35 & 47, and further in the discussion, “Powers, Hanlon and Schmale [4]” or “Powers et al. [4]”, please use a consistent format as required by the journal.

Line 77, “90’” feet is not a standard unit for the journal? If use it, need to define the symbol first, and include the equivalent value in meters.

Authors’ reply: We thank the referee for their thorough reading of the paper. For items 2 and 3, the changes have been addressed in the manuscript and are marked in blue.

Figure 1, the focus of the figure (image locations) is very small, not well shown in the figure. a Bird’s eye view (subfigure) may help to show both the region and the locations of interests?
Background color is not needed (just a suggestion);

Authors’ reply: Figure 1 has been modified to include an insert detailing the sample locations and show the insert’s location relative to Martha’s Vineyard.

Line 81, the vessel name need to be consistent: previously line 77 used an abbreviation (UCONN), is that the name of the vessel? If yes, then be consistent and keep use it.

Authors’ reply: We thank the referee for their thorough reading of the paper. The changes have been addressed in the manuscript and are marked in blue.

Line 83-88: the impact of releasing dye into ocean. For scientific ethics reason, it is encouraged to include discussion of the environmental impact of such release. Even if the discussion is very briefly, or refer to some external source.

Authors’ reply: The literature was explored to confirm that rhodamine dye had a low environmental impact at the concentrations that we released. A paragraph and references were added in the introduction.

Figure 3. Very little information using large amount of space. Simply list as a table if it is really important. Same for Table 1. Not sure why the detailed of each sample is requested in the main text? It could be included as appendix if removing them does not change the structure or critical elaboration in the paper.

Authors’ reply: We prefer to retain Figure 3 and Table 1 in the manuscript. Figure 3 shows the variability of the dye across the different drone images, and the information provided in Table 1 is essential to understand and appreciate the resulting analyses presented in this paper.

Section 2.4. Most figures are unnecessary, as they are either basic for remote sensing readers, or not critical important to show as part of the paper.

Authors’ reply: Figure 5 has been removed from the manuscript to address this concern.

