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General comments 

Moore et al. present a methodology to classify the peatland hummock-hollow variability for carbon flux 

modeling using high-resolution elevation models with k-means clustering. The study has collected 

samples across a variety of sites and mapped the high-resolution microtopography with the structure-

from-motion [sic]. This manuscript provides insights into the influence of microtopography on the 

uncertainties of field sampling and carbon flux modeling. Considering the importance of the peatland 

carbon fluxes to the global climate change, this study is relevant and necessary. Overall, this manuscript 

is well-written and easy to follow. However, several issues in the manuscript need to be improved 

before the publication. This manuscript has done a nice analysis of the DEMs and evaluated its impacts 

on the NPP simulation. However, the validation of the generated DEM and the model-based fluxes is 

weak and needs to be strengthened. Another key issue for small scale flux simulation is to identify the 

optimal spatial resolution for modeling. I would also suggest the authors improve the analysis to identify 

the optimal spatial resolution to represent the microtopography. Generally, I think that this manuscript 

is publishable after revisions. 

We kindly thank the referee for providing comments and constructive criticisms of the manuscript. We 

have added validation data for SfM-derived DEMs of hummock-hollow microtopography. These data 

have been added to the supplemental material as a short appendix and two new supplemental figures. 

In regards to the small scale flux modelling, the purpose of the empirical modelling was not to represent 

what the actual net photosynthesis of a given plot at a given site would be, but rather to highlight the 

potential bias introduced by modelling microtopography as a binary system With additional analysis, we 

have also added modelling results which examine how flux bias is affected by information loss (i.e. 

smoothing of DEM). Additional details are provided in responses to specific comments below. 

Specific comments 

1. L20: Some key words are repeating from the title. Normally key words should be different from words 

in the title, as to provide additional information. 

Response: We have removed duplicate words and added a new key words (structure from motion, 

mire). 

2. Abstract: The findings on the optimal spatial resolution is quite important for the appropriate 

complexity of flux modeling. As mentioned in L438-439, this manuscript concluded that on the optimal 



resolution to represent the spatial variability has been identified from Fig. 2 and 5. These findings should 

be reflected in the Abstract. 

Response: We have amended the abstract to include results on the appropriate scale of complexity to 

measure microtopographic variability at the site and plot scale. We have also produced additional 

modelling results of solar insolation net photosynthesis using progressively coarse smoothing functions 

applied to DEMs. Smoothed results are compared to end members (i.e. model output using unsmoothed 

DEMs and hummock-hollow binary approach) to provide a quantitative assessment of ‘appropriate’ 

model resolution. 

3. Validation of the generated elevation model is needed. The structure-from-motion technique is 

sensitive to the camera geometric calibration, camera position information, and the accuracy and 

numbers of ground control points. Validation results on the generated DEM are necessary. 

Response: We had previously done an analysis of the accuracy of the SfM technique as applied to our 

particular measurement design. We opted to omit these results, in part, to try and keep the manuscript 

more concise. We are happy to include our validation results but feel that they are most appropriate to 

include as part of the supplemental material (see Figures 1 and 2). We have also added a couple 

sentences to the ‘Results: Digital elevation models of microtopography’ section which includes basic 

summary statistics of SfM accuracy from our validation measurements. The validation results included in 

the revised supplemental material includes both laboratory and field validation measurements.  The 

primary purpose of laboratory measurements was to have greater accuracy and precision of x, y, z 

measurements. Our approach to validation was relatively simple and geared towards measurements of 

hummocks since the SfM approach itself has been well validated (e.g. Fonstad et al., 2013; Nouwakpo et 

al., 2014). 

4. L237: Equations should be marked with a number. For the equation at L237, the variable x should be 

explained. 

Response: We have added numbers to the equations and replaced ‘x’ in equation 2 with ‘WC’. 

5. L438-439: From Figure 5, it is not as easy as Figure 2 to identify the optimal resolution to represent 

the spatial variability. The authors can use additionally spatial analysis, e.g. semivariogram analysis, to 

strength these findings. 

Response: We have opted to include the cumulative power spectral density in Figure 5 for consistency 

with Figure 2 and to provide objective information on the relative importance of scale for 

microtopographic variability at the plot scale. 

6. The structure-from-motion can provide both DEMs and orthophotos for the study site. In the 

manuscript, the authors have used the DEMs for data analysis. Potentially, the orthophotos can be 

utilized to calculate vegetation indices to infer the vegetation growth conditions. This can improve the 

classification and NPP modeling. Why don’t you make the best use of your data? 

Response: In many cases, the actual moss species present in the plots do not match our choice of 

Sphagnum species for modelling net photosynthesis. While RGB information from SfM-derived 

orthophotos can certainly be used to help classify ground cover in peatlands (e.g. Harris and Baird, 

2018), the purpose of the empirical modelling was not to represent what the actual net photosynthesis 



of a given plot at a given site would be. Rather our purpose for using empirical models of net 

photosynthesis from the literature was to highlight the potential bias introduced by modelling 

microtopography as a binary system. Rather than focusing on inter-site species differences, the purpose 

of using multiple plots/sites in our analysis was primarily to include a variety of small-scale 

microtopographic distributions and not be biased to a particular site. Our choice of particular Sphagnum 

species to represent high-hummock, low-hummock, and hollow/lawn microtopographic classification is 

due to the observed niche partitioning along a microtopographic gradient presented in the literature 

(e.g. Andrus et al., 1983), and availability of empirical relations relating water content to water table 

depth, and net photosynthesis to water content in the published peer-reviewed literature. 

7. Table 1: Mistakes on the Longitude. For instance, Sweden should not be -17W. I guess the fourth 

column should be the elevation above the mean sea level instead of the longitude. 

Response: The site is located at 17 degrees longitude east, which is equivalent to -17 degrees longitude 

west. However, we have updated Table 1 longitudes to conform with SI standards so that positive 

longitude is degrees east, and negative longitude is degrees west. 

8. Table 2: In Table 2, some plots have been classified into three members. However, we cannot see 

such three members in the histogram distribution of Figure 3 and 4. Please explain the reason. 

Response: The GMM is representing the elevation distribution as a sum of Gaussian distributions. As 

such, a unimodal distribution that is skewed or is platy- or leptokurtic might be better represented by a 

multi-member Gaussian distribution than a normal distribution. While we feel that overlaying the GMM 

fits on Figures 3 and 4 would make them visually cluttered, we have opted to include a couple examples 

from our plots in the supplementary material. We have tried to include examples where the empirical 

distributions have clear separation in modes versus ones which don’t. See Figure 3 below.  

9. Figure S4. The curve should be from modeling and the dots are the measured one. 

Response: Thanks for catching the error. We have updated Figure S4 accordingly. 

10. Figure S8: the scale bar should be added into the spatial map. Otherwise, readers don’t know the 

spatial scale of these maps. 

Response: We have added a spatial scale to Figure S8. 

11. The paper has done a nice analysis of the carbon flux modeling and assessed the impact of water 

table depth on the carbon fluxes. However, it is hard to evaluate whether these modeling is accurate 

enough or not. It would be better to add some chamber or eddy covariance measurements to validate 

the simulated NPP. Or at least compare the results with other relevant studies. 

Response: Again, the purpose of the empirical modelling was not to represent what the actual net 

photosynthesis of a given plot at a given site would be, but rather to highlight the potential bias 

introduced by modelling microtopography as a binary system. However, we realised that it is not clear 

from the methods that the empirical models presented are from field-based studies of hummock-hollow 

plot-scale water content and flux measurements. We have revised the methods for clarity and also 

included the relevant source material, some of which was previously only cited in the figure captions. 

Moreover, we have added additional content to the discussion to compare the modelled net 

photosynthesis with other relevant studies. 
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Figures: 

Figure 1: Spatial validation of structure-from-motion (SfM) method for lab (a-c) and field (d-f) 

microtopography. SfM reconstructions, manual measurements, and differences between the two are 

shown in the top, middle, and bottom panels, respectively. 

 

  



Figure 2: Distribution of residuals between structure-from-motion (SfM) reconstruction and manual 

elevation measurements (a). Relation between magnitude of residuals and local slope (b). Results are 

bin averaged, where each point is based on 150, and 1000 measurements for the field and lab tests, 

respectively. Error bars indicate the standard error.  

 

  



Figure 3: Gaussian mixture model (GMM) fit to relative frequency distribution of measured 

microtopographic elevation for four example plots. The full GMM distribution is obtained by summing 

the individual members. Examples for two- (upper panels) and three-member (lower panels) GMMs are 

given for elevation distributions which qualitatively show a separation of modes (left panels) versus ones 

where modes are not visually distinct (right panels). 

 


