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Comments from the Editor:
Reviewer #2: The authors used UAS structure for motion-derived point clouds to estimate tree density, canopy height, and percent canopy cover for bottomland forest hardwood plantations within four wetland reserve easements across three Arkansas counties. The authors reported reasonable uncertainty estimates of forest structure which correlated well with ground truth estimates. The authors suggest that UAS derived SfM is a viable and cost-effective methods for obtaining estimates of canopy eight, cover and density of hardwood bottomland forests. This is a well written and timely paper. The authors fieldwork using UAV overflights and SfM post-processing methods were robust. However they are some issues that need to be addressed/clarified in order to improve the overall quality of this manuscript.
Thank you for your kind and encouraging remarks. As requested, we address Reviewers comments and clarify statement below.

Page 4, lines 102-103: The text before sugegst that the authors flew a grid mission. But the following text might suggest that they flew a double grid. "Additionally, the perpendicular flight line option was used enabling the UAV to make a second pass over the plantation.". If this is so, please state this explicitly as the text as presented is unclear/vague.
The text was revised to “Flights were conducted in a grid pattern utilizing the perpendicular flight line option, to enable the UAS to make a second pass over the plantation.”

A major issue in this manuscript is the lack of ecological narrative considering that Wetlands is a an ecological journal. The authors need to add text that links their findings to ecology. They need to identify knowledge and data gaps from an ecological perspective and then generalize their findings in a similar manner. For e.g., the authors did not mention the climax species in Arkansas bottomland forests. It would important to not major issues facing Arkansas wetlands as well as the land use history, for context. Otherwise, this manuscript would end up being too methods-centric.
Lack of ecological narrative is addressed by further clarifying use of monitoring criteria in assessing habitat suitability for forest-dependent wildlife, determining management needs, and evaluating wetland recovery times and trajectories. To provide more context on major issues facing Arkansas wetlands and land use history, we framed the justification for the work within the need to restore bottomland hardwood forests that were reduced in area due to land use changes, especially row cropping. Refer to introduction revisions.  

Reviewer #4: Figure 1: Why not only show the counties if the inset shows the ecoregions. Could also turn off the basemap as it is not needed in the inset. Would make the figure easier to follow.
Figure 1 was revised to show only study counties and inset was revised to improve readability and show location within the USA based on other reviewer comment.

Lines 84-86: What were the final numbers of plots in each strata?
The referenced statement and table 1 were revised to indicate the final number of plots “Sampling transects were randomly selected for each plantation with plots placed at fixed 50 to 200 m intervals along each transect, with 9, 42, and 6 plots allocated to Ashley, Desha, and White easements, respectively (Table 1).”

Outside of these couple things, the authors might consider reviewing Nasiri et al. (2021) - dx.doi.org/10.1139/cjfr-2020-1235; this study does some similar work albeit with a different platform/camera system. This, really, is the only thing that gave me pause. I was surprised at the relatively low accuracy or tree identification. It may be sensor type and final resolution (2018 SODA camera) but if the authors used SfM and a CHM, the only thing that would come to mind would be point density from the imagery/SfM work. I could have missed that in the discussion but it may be worth mentioning the potential relationship of point density - in dense and more open stands and the Nasiri et al. work (and other work that is out there as well).
Thank you for bringing this paper to our attention. As requested, we have included an explanation of the differences in the outcomes between our work and that of Nasiri et al. 2021 in the discussion “Furthermore, acquiring leaf-off and leaf-on imagery may allow for better individual tree detection through more accurate DTM (Nasiri et al. 2021). Use of rasterized CHM, rather than normalized point cloud, with smoothing functions may also allow for reduction of commission of treetops, especially when DTMs are generated from leaf-off imagery, and therefore better detect number of trees per plantation (Nasiri et al. 2021).”

On the whole, though, this seems like a well executed project and well-written paper. Straightforward, just surprising results.
Thank you!

This work investigates the use of unmanned aerial system (UAS) technologies in estimating vegetation structural metrics including tree density, canopy height, and percent canopy cover. Using UAS Structure from Motion (SfM) the authors found that the accuracy of tree density was reliant on local maxima window parameters and may not be as reliable as other metrics collected using UAS technologies. Mean absolute errors for canopy height and cover were reported to be within acceptable limits for monitoring requirements for the wetland reserve easement.

Correct with a note on mean absolute errors. MAE is a measure of precision between ground-derived metrics and UAS-derived metrics. When MAE is small, then UAS-derived metric was close to the field-derived one and consequently can be used for monitoring assuming that the ground-derived metric is the true value.
Overall, the manuscript is well-written, and methodology is detailed and replicable. However, the authors only used mean absolute error and correlations to understand differences between ground measurements and UAS imagery which makes the overall analysis feel a bit simple. Could you provide more justification for why you chose the analyses you did? 

Thank you. Mean absolute error and correlations were used to examine the relationship between UAS- and Ground-derived metrics. Given, that plot-level ground data were averaged to represent plantation conditions and that plantation-level metrics from UAS were used for examination of this relationship, the simplest approach was to relate those metrics using Spearman’s correlation coefficient, especially when a total of seven plantations were used in this project. Reporting of men absolute error in validation of modeled vs observed or UAS vs ground data is a standard procedure in verifying obtained values. 

Furthermore, many of the results are reported in table format which makes it hard to digest. I would recommend changing some of the table results to figures to better illustrate the results. Figures instead of multiple tables in the results section will help readers to more easily understand the variation between stands and estimates between ground and UAS methods.
A total of eight simple tables are provided with two of the tables providing processing parameters and ground inventory derived metrics, respectively. Replacing the tables with figures would result in a minimum of 4-panels figure (for table 3) that does not necessarily allow for easy interpolation of exact values. Data presented in tables 4 through 8 do not render visualization in a figure format useful nor practical, given that absolute error, relative error, r, and p values will still have to be presented in table formats. Figures for the relationship between ground-derived and UAS-derived canopy cover and canopy height are presented. 
More detailed comments and suggestions are given below. I sincerely hope that the following comments and suggestions are helpful. 

Thank you for input and comments. 
Introduction 
Page 2, Line 34: What are the monitoring success criteria for the Wetlands Reserve Program? Since you discuss your results later in the manuscript related to acceptable range of error in wetland reserve easement monitoring, I think the reader would be interested to know more specifics. 

Please refer to note above on mean absolute error for “acceptable range of error in wetland reserve easement monitoring”. Text was revised to clarify some of the monitoring criteria used for Wetlands Reserve Program and how the metrics can be used to evaluate desired conditions and recovery conditions. Citations added to provide readers with more specifics about monitoring criteria. “Afforestation of former agricultural land requires monitoring of planting survival, composition, and tree density as well as vegetation diversity and other structural metrics such as canopy cover and canopy height to evaluate recovery rates and achievement of desired conditions reflecting habitat suitability for migratory birds and threatened and endangered species (LMVJV 2007, Berkowitz 2013). For example, canopy cover greater than 90% is considered a management-warranting condition, while cover between 60 and 80% is considered within the desired target range for wetland reserve easements.”
Page 2, Line 44: Should your references be ordered by date, oldest to youngest? 

References and citations were formatted based on journal author guidelines
Page 2, Line 46: I’m curious to know what specific structural attributes Kuzelka and Surovy 2018 tested? Be more specific on what the studies in the introduction found. 

Citation was changed to Nasiri et al. 2021 to better reflect the statement presented and the statement was revised to “As an alternative to ground-based forest inventory methods, remotely sensed data collected from UAS platforms have demonstrated potential to provide estimates of forest structural attributes (e.g., tree height and crown diameter), often requiring relatively lower investments of time and resources (Nasiri et al. 2021).” 
Page 2, Line 57: What did the previous studies find? The sentence is a bit vague, can you elaborate on why the accuracy of certain metrics is not yet well-established? 

The sentence was revised to clarify “Previous studies have assessed the potential of SfM generated point clouds to estimate forest structural metrics, such as canopy cover, height, and vertical profile (Wallace et al. 2017; Iglhaut et al. 2019), the accuracy of the derived forest metrics across forest types is not well-established, particularly for inventories conducted in deciduous forests, where crown geometry can be irregular and difficult to discern (Ke and Quackenbush 2011; Jayathunga et al. 2018).”

Methods 
Page 3, Line 71: Can you describe the dominant trees in this ecoregion? Are there any differences in tree composition between study stands? 

Paragraph was revised to describe dominant trees in ecoregion and composition gradient of sampled easements. “Easements were planted with red oaks such as: willow oak (Quercus phellos), Nuttall oak (Q. texana), cherrybark oak (Q. pagoda), and water oak (Q. nigra); white oaks such as: overcup oak (Q. lyrata) and swamp chestnut oak (Q. michauxii); and green ash (Fraxinus pennsylvanica). Volunteer recruitment from willow (Salix spp.), cottonwood (Populus spp.), sweetgum (Liquidambar styraciflua), American sycamore (Platanus occidentalis), and sugarberry (Celtis laevigata) also contributed to the species composition. Easements across the three sampled counties represented a gradient in species composition, with green ash and volunteer species dominating in Ashley County, red oaks dominating in Desha County, and a mixture of red oaks, green ash, and volunteer species occurring in White County.”
Page 4, Line 99: Why were these time periods chosen for flights? Are trees fully leafed out in May for canopy cover? 

Yes, trees were fully leafed out before flights. Sentence was revised to indicate leaf-on condition. “UAS imagery was collected during leaf-on conditions in May and June of 2020 and 2021.”
Page 5, Line 141: Cite R package.
Done 
Page 5, Line 146: What was the accuracy assessment you used? What other statistics could have been used to examine differences between ground and UAS metrics? Did you explore using others? 
Sentence was revised to “Finally, UAS-SfM derived structural metrics were compared to traditional ground-based forest inventory metrics for each plantation using correlation and mean absolute error as an estimate of precision.”
Mean absolute error and correlations were used to examine the relationship between UAS- and Ground-derived metrics. Given, that plot-level field data were averaged to represent plantation conditions and that plantation-level metrics from UAS were used for examination of this relationship, the simplest approach was to relate those metrics using Spearman’s correlation coefficient, especially when a total of seven plantations were used in this project. Reporting of men absolute error in validation of modeled vs observed or UAS vs field data is a standard procedure in verifying obtained values. 
Results
Lots of acronyms used in the results section, had to look back several times to remember what they were. Example : “For ITD performed on the CHM”. Is it necessary to use these acronyms? 

ITD, CHM, NLAS, and MAE are the acronyms used in the results section and were defined several times in the section tables, which would appear next to the text. The sentence was revised to reduce the number of acronym occurrence “For individual tree detection performed on the canopy height model, the average number of trees detected across all stands was also greatest using fixed, three-meter diameter, circular windows, with an average of 363 trees per hectare (147 trees detected per acre), and the same average number of trees per acre was detected when using three-meter square windows.”
Page 7, Line 204: Instead of tables with results, I would recommend figures to show differences between stands and also ground vs. UAS estimates. 

Data presented does not necessarily allow for easy interpolation of exact values in figure format. Also, presentation of multiple variables in figure format would require an equal or higher number of figures to present those variables.
Page 11, Line 289: 18.4% mean absolute error seems pretty high. What are the monitoring canopy cover requirements for the WRP? 

Whether an 18.4% MAE is high or not depends on the application. For WRP, high ground-derived canopy cover of greater than 90% is considered a management-warranting condition, while cover between 60 and 80% is considered within target range. We report that UAS-derived canopy cover was overestimated by 16.7% compared to ground-based estimates. For plantations at the lower margin of the target range, an overestimation of true cover would result in misclassification of those plantations as within target. Plantations at the upper end of the target range would be misclassified as warranting management. This does not preclude the use of UAS-derived crown cover, provided the more time and resource efficient way data are collected. Knowledge of a bias toward overestimation of cover compared to ground-based cover can also be used for estimate correction as well as establishment of UAS-derived canopy cover monitoring requirements. Throughout the paper, we revised the sentences referring to canopy cover to stress the need to cautiously classify plantations at the lower or upper limits of a target range whether used for WRP or other applications.
Discussion 
Do you think your methodology would be acceptable in other tree monitoring scenarios? You only discuss your findings in relation to wetland reserve easements, but it would be beneficial to discuss your results in the larger context. 

Discussion starts by highlighting the purpose of the study of evaluating UAS-collected data to determine structural attributes, which can apply to the larger context of forested settings. Since the work focuses on bottomland hardwood forests that have distinct characteristics, we opted to maintain such language to ensure that the settings of the study in findings application are not ignored. We revised some of the sentence structure in the discussion for clarity. “This study evaluated the potential of remotely sensed data collected from a UAS platform to assist resource managers in evaluating structural attributes of bottomland hardwood forested wetlands. While forest structure encompasses a suite of relevant metrics, we focused on stand level measurements of canopy height, canopy cover, and tree density for their utility in informing a variety of resource management and monitoring assessments, particularly for inventories conducted in deciduous forests, where crown geometry can be irregular and difficult to discern (Ke and Quackenbush 2011; Jayathunga et al. 2018)”
In the introduction you stress the need for a resource-efficient method of assessing stand structure and in your discussion, you state that canopy height and cover are viable metrics. What else is needed to improve SfM methods to meet all the monitoring requirements? (Another reason it would be good to know what the monitoring requirements are). 

We have revised the introduction to provide more detail about WRP monitoring requirements. We revised the discussion portion highlighting additional potential uses of SfM in meeting monitoring requirements such as tree size, gap size, and stocking. “Collection of leaf-off imagery (Nasiri et al. 2021) and capture of tree stem surfaces (Kuželka and Surový 2018) would extend SfM capability to providing additional forest monitoring requirements such as tree diameter, stocking, and canopy gaps.”
Are there other factors that could influence estimates of tree density apart from window parameters? 

On page 14 Lines 354 through 385 of the revised version, we discuss individual tree factors such as regularity of crown shape and apical dominance, overall stand factors such as tree density and canopy cover, and method related factors such as accuracy of digital terrain model and use of rasterized canopy height model.
Suggestions of how to move forward with defining window parameters? Why did they differ so much across plantations? How to move forward with defining optimal window parameters without ground data? 

Page 14 Lines 376 through 385 of the revised version, we discuss use of average crown diameter in determining optimal window parameters “Individual tree detection accuracy using local maxima filtering is considered a function of crown diameter, with a window size smaller than the average crown diameter resulting in the commission of treetops, while window sizes larger than the average crown diameter resulting in the omission of treetops (Wulder et al, 2000).”.
We also discuss differences in tree density among plantations and how they influenced ITD and window parameters on Lines 345 through 375. 
Page 16 Lines 416 through 420 of the revised version, we discuss the need to explore species-specific height to crown diameter relationships to allow for implementations of variable window sizes that do not require ground data. “In addition to exploring alternative approaches to automated individual tree detection, future research should focus on analyzing bottomland hardwood species-specific height to crown diameter relationships. Models of these relationships can be used to employ more accurate and robust variable window size functions, without additional ground data, in which window size varies as a function of tree height so that it is more accurately related to crown diameter.” 

Line 341: do you have a threshold of density to move from a 3 m to a 5 m window size? Authors suggest calibrating for each stand—how time intensive it this compared to ground survey? Perhaps worth a bit of discussion. 

Sentence was revised to “Ultimately, in less dense stands, less than 200 trees per hectare, larger window sizes closely related to average crown diameter should be employed, whereas smaller window sizes should be employed in denser stands, more than 200 trees per hectare, under leaf-on conditions.”
Page 15 Lines 407 to 414, we suggest that window parameters may be determined using less intensive ground surveys in which a subset of sampling plots is obtained to determine plantation-level tree density for optimal determination of window parameters. “In general, local maxima parameters may be calibrated with a subset of ground-based data and applied at the plantation level. Ultimately, using a subset of ground data to calibrate local maxima parameters should allow for more accurate tree density and canopy cover estimates, with a reduction in time and resources compared to traditional ground-based inventory methods”

Page 14, Line 359: What is the range of error needed to describe forest structure for monitoring? This error still seems pretty large for other applications. Can you discuss in the context of other applications? What are you defining as an acceptable range of error? 

Sentence was revised to “Regardless, UAS-derived canopy cover estimates are useful for describing hardwood plantation conditions and management needs as part of a monitoring scheme for wetland reserve easements, especially for applications that require precision levels congruent with the mean absolute errors reported here such attainment of canopy closure. Albeit it is important to recognize the potential for misclassifying plantations on the margins of target ranges and use a correction factor to ensure greater agreement with ground-derived canopy cover estimates.”
In addition, we revised portions of the abstract, intro, and results to address range of error concern.

Page 14, Line 378: Is this the final sentence and message for this manuscript? This sentence seems to fit better in a different part of the discussion. 
Sentence was moved to the end of the previous paragraph.

Tables and Figures 
Figure 1. Need a N on the North arrow. Need a subset map to show where you are in the United States. It is also not clear that there are four study sites on this map, hard to see where the 4th one is. 

Added N. Revised map to include a USA inset.
Table 5 and Table 8 have similar captions. Can you alter these captions to make them more distinct?
Revised table 5 caption to highlight that it is for plantation-level densities. Table 8 for plot-level densities.
