Original comments to the authors and our response (yellowed)
Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues; there are still some unclear sections.
A native speaker proofread the whole manuscript.

2. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: WinDIAS, Delta-T, LAI-2000 PCA
All trademark symbols, registered symbols, and company names were removed from the whole manuscript. All the mentioned commercial products were referenced in the Table of Material and Reagents.

Title:
1. ‘Methodological protocol…’ is a bit redundant and unnecessary; could this be just ‘Leaf area index…’? Also, we discourage the use of subtitles (‘a case study’).
The title was shortened to be concise (Ln. 2). 

Protocol:
1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. If revisions cause the highlighted portion to be more than 2.75 pages, please highlight 2.75 pages or less of the Protocol (including headers and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
The length of the protocol does not exceed the 10-page limit, as well as the highlighted portion, is lower than 2.75 pages.

2. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.
Particular steps were dissected into more detail according to the recommendation.

Specific Protocol steps:
1. 1.6.1: If this step is to be filmed, the relevant information explaining how to do it should be here, not in the introduction.
This step was described in detail in steps from 1.7 to 1.8.
 
2. 1.7: What oven temperature?
Oven temperature was added to the particular protocol step (Ln. 287).

3. 2.3.1: “Perform the penetration…”-I’m not sure what this means; please clarify.
This step was clarified (Lns. 315-317).

4. 3: Please provide more detailed steps about the operation of the PCA instrument, as well as any software steps you intend to film.
Generally, more detailed steps and substeps that intend to film are provided in step 3.

Results:
1. ‘Insignificant’ isn’t really appropriate when discussing statistical significance; please use ‘non-significant’ or ‘not significant’ (or similar). Also, p = 0.01 seems to indicate significance by your definition (see legend to Figure 14); please clarify that point in the first paragraph.
Statistical differences were clarified and “not significant” was substituted instead of “insignificant” (Ln. 492).

Figures:
1. For all figures reused from a previous publication, please cite appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].
All figures and tables (Appendixes A and B) reused from a previous publication were quoted according to the recommendation (Lns. 570-573; 578-581; 588-591; 595-598; 604-606).

2. Please cite all Figures in the manuscript (outside the Figure legends). Currently, 5-12 are not cited.
All of the figures are quoted in the text (outside the figure legends) of the protocol.

3. Note that we have no limit on Figure size in terms of dimensions (just file size), so it may be useful to consolidate some of your Figures (e.g., 4-12) into larger ones with multiple panels.
Layouts of the measurements in a different structure of forest stands were unified into one big figure (Figure 5) with eight panels (A-H).

4. Figure 1: There are 4 panels here, but only 3 types listed in the legend; please clarify.
All four panels are listed in the legend (Ln. 531-532).

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
All of the equipment used and mentioned in the protocol is listed in “The Table of Materials.xls”.

Reviewers' comments:

Reviewer #1:
Manuscript Summary:
The authors proposed a protocol for estimating (or measuring) leaf area in deciduous forests from three methods (littertraps, LAI-2000, needle-technique). While there are already long-term monitoring programs which describes protocols for such data acquisition, I found the manuscript interesting and well-written, and given the still active interest in using in situ methods to retrieve canopy structure, I believe the manuscript have potential to bring methodological advances in this field protocol.
To do so, I think the authors should invest more efforts in provide a quantitative description on the sampling scheme. In the LAI-2200 manual there are lots of suggested steps to perform data acquisition in various canopy types, light condition and so on.
A recent study (Majasalmi et al. 2012) specifically addressed this issue on LAI-2000. Number of measurements and sampling scheme should be also proposed for the various broadleaf canopy type, depending on the canopy heterogeneity.
I strongly suggest author to browse some existing data acquisition protocols such as VALERI (Baret et al. 2008), SLAT (Calders et al. 2018), ICP (Fleck et al. 2016) and try to convey these protocols in a generalized framework (with reference to broadleaf forests). Generally speaking, I don't like to read statements like the number of measurements is dependent on the canopy heterogeneity...I would like to know how much measurements at which sampling scheme - the papers above are useful for helping you.
I have also three major concerns and some minor ones.

Major Concerns:
Mainly methodological considerations, which are lacking in the manuscript:
1) Update information regarding LAI-2200. The new instrument possesses several upgrade compared to the former LAI-2000, including its applicability in direct light conditions (since the LAI-2200c version), the ability to perform light scattering conversion (via a new diffuser cap), collecting higher number of records (the LAI-2000 is constrained to maximum 12 measurements per file session), perform apparent clumping correction (which is available in post-processing in LAI-2000 using the FV2200 software). See Kobayashi et al. 2013
Information about main advancements of LAI-2200 PCA compared to former LAI-2000 PCA were added to the text of manuscript (Lns. 159-162), provided in the protocol step (Lns. 401-405), and also discussed (Lns. 651-657).

2) Please also consider that LAI-2000/2200 perform a clumping correction at the scale larger than the individual B reading (the so-called apparent clumping index, labelled as "ACF"). Therefore, the method can provide either effective leaf area index (which ignores clumping) either the leaf area index corrected for apparent clumping.
The description going deeply into the issue of apparent clumping index was added to the text of the manuscript (Lns. 154-159).

3) The authors must update information regarding the technological advancements obtained from LAI-2200. Please add the suggested references reported below:

These references should be included:
Baret, F, M Weiss, D Allard, S Garrigues, M Leroy, H Jeanjean, R Fernandes, R Myneni, J Privette, J Moriset H Bohbot, R Bosseno, G Dedieu, CD Bella, B Duchemin, M Espana, V Gon Lelong, P Maisongrande, E Mougin, T Nilson, F Veroustraete and R Vintilla (2008) VALERI: a network of sites and a methodology for the validation of medium spatial resolution land satellite products. Remote Sensing of Environment, 76(3): 36-39.

Calders, K., Origo, N., Disney, M., Nightingale, J., Woodgate, W., Armston, J. and Lewis, P., 2018. Variability and bias in active and passive ground-based measurements of effective plant, wood and leaf area index. Agricultural and Forest Meteorology, 252, pp.231-240. 
Chianucci F, Cutini a 2013. Estimation of canopy properties in deciduous forests with digital hemispherical and cover photography. Agric. For. Meteorol. 168: 130-139.

Chianucci F, Macfarlane C, Pisek J, Cutini A, Casa R 2015. Estimation of foliage clumping from the LAI-2000 Plant Canopy Analyzer: effect of view caps. Trees, 29(2): 355-366.

Chianucci F, Zou J, Leng P, Zhuang Y, Ferrara C 2019. A new method to estimate clumping index integrating gap fraction averaging with the analysis of gap size distribution. Canadian Journal of Forest Research, (early view), doi: 10.1139/cjfr-2018-0213

Fleck S, Raspe S, Cater M, Schleppi P, Ukonmaanaho L, Greve M, Hertel C, Weis W, Rumpf, S., Thimonier, A., Chianucci, F., Beckschäfer, P., 2016: Part XVII: Leaf Area Measurements. In: UNECE ICP Forests Programme Co-ordinating Centre (ed.): Manual on methods and criteria for harmonized sampling, assessment, monitoring and analysis of the effects of air pollution on forests. Thünen Institute of Forest Ecosystems, Eberswalde, Germany, 34 p. + Annex [http://icp-forests.net/page/icp-forests-manual]

Jonckheere I, Fleck S, Nackaerts K, Muys B, Coppin P, Weiss M, Baret F, 2004. Review of methods for in situ leaf area index determination: Part I. Theories sensors and hemispherical photography. Agric. For. Meteorol. 121: 19-35.

Kobayashi H, Ryu Y, Baldocchi DD, Welles JM, Norman JM 2013. On the correct estimation of gap fraction: How to remove scattered radiation in gap fraction measurements?. Agricultural and Forest Meteorology, 174: 170-183.

Majasalmi, T., Rautiainen, M., Stenberg, P. and Rita, H., 2012. Optimizing the sampling scheme for LAI-2000 measurements in a boreal forest. Agricultural and forest meteorology, 154, pp.38-43.
Ryu Y, Sonnentag O, Nilson T, Vargas R, Kobayashi H, Wenk R, Baldocchi DD 2010. How to quantify tree leaf area index in an open savanna ecosystem: a multi-instrument and multi-model approach. Agric. For. Meteorol. 150: 63-76.

Information related to technological improvements were updated (Lns. 159-162) provided in the protocol step (Lns. 401-405), and also discussed (Lns. 651-657). Most of the recommended literature sources were used and implemented to the manuscript (see References).

Minor Concerns:
Line 52: I am not sure that LAI determines thermal and moisture conditions within the canopy. I would remove this sentence.
The sentence was removed (Ln. 52).

Line 61: infer LAI from measurements of more readily measurable parameters, using radiative transfer theory.
The sentence was modified according to the recommendation of the reviewer (Lns. 60-61).

Line 70: I would clarify that the non-destructive litter traps method is indeed a semi-direct method. In addition, this method is suitable only for deciduous species in which LAI reach a plateau in the growing season. For species which can replace leaves during the season, such as poplar, the method underestimate LAI (see Jonckheere et al. 2004)
Information that litter traps are semi-direct method and applicability of the method was added (Lns. 69-73). Furthermore, this issue was discussed (Lns. 671-672).

Line 73-74: leaf fall is usually conducted in autumn-winter, i.e., the post-summer leaf fall period
The leaf-fall period was adjusted (Ln. 74-75) based on the recommendation.

Lines 90-92: In littertrap method, the SLA should be corrected for a shrinkage coefficient, which results from sampling 'dead' leaves. See Chianucci and Cutini 2013.
The shrinkage coefficient was added and described in the Introduction (Ln. 114-117) as well as in the sampling protocol (step 1.8.1.).

Line 98: Another device,
Next devices for leaf area measurement were added to the manuscript (Lns. 103-105).

Line 101: there are some specific software to estimate leaf area of scanned leaf images, see e.g Winfolia: http://regent.qc.ca/assets/winfolia_about.html
The specific software for estimation of leaf area was added (Ln. 110-113).

Line 114: inclined point quadrat
It was corrected (Ln. 121-122).

Line 125: the filtered blue portion is <490nm (specifically, 320-490 nm)
The blue part of the light spectrum was specified (Ln. 133).

Line 135-136: here it is important to stress that Above and Below measurements must be made with the same view cap. Otherwise the gap fraction estimations are biased.
The utilisation of same view caps was highlighted in the manuscript (Lns. 146-147; step 3.2.1).

Line 143-144: this is formally wrong: tree canopies are seldom randomly distributed, and a (independent) clumping correction must be considered to get a clumping corrected LAI. Indeed, the LAI-2X00 yields an effective LAI, as the point-to-point measurements are inherently affected by apparent clumping correction, due to Jensen's inequality. This is a well described effect in Ryu et al. 2010; Chianucci et al. 2019. Accordingly, the authors must stress that the instrument yield an effective LAI estimate at the stand (or site) scale, and independent estimates of clumping are required for more robust comparison with littertraps. I would also stress that the apparent clumping correction is dependent on the azimuth view cap, and smaller caps give a finer scale assessment of clumping, which can mimic the within-crown analysis of fisheye images (Chianucci et al. 2015).
This issue was clarified in the text of the manuscript (Lns. 154-159).

Line 316: As stated above, LAI-2200 allows obtaining measurements in diffuse sky conditions. See Kobayashi et al. 2013.
Application of LAI-2200 PCA with regards to weather conditions was added (Lns. 401-405) and also discussed (Lns. 653-657).

Line 344: I am not sure the internal software in LAI-2000 calculate LAI 'on the fly' when A is collected at the end of the file session. Please verify.
It was verified and adjusted in the protocol (Step 3.6.1.).

Line 362: I think most of LAI-2000 users have minimal confidence on FV2200. Indeed, the software can export a large number of variables from the input TXT file, including single-point measurements, estimates of canopy gap fraction and apparent clumping for the 5 rings, LAI using 4 methods (Miller, Ellipsoidal, Constrained Least square, Lang methods), G-projection function for the 5 rings from the CLS method, x-value of Elliposidal model, mean leaf inclination angle from various methods, and so on. Please check an example of exporting data at stand level from the file available at: https://data.mendeley.com/datasets/z8zm3ytkcx/2#file-ef93e924-5273-4958-b1bd-57fb630e8ba3.
The example of a dataset with data at the stand level was briefly checked.

Line 511: I would also argue that, if the comparison between littertraps and LAI-2000 is performed at single measurement basis, the vastly different FOV makes the comparison challenging between the two approaches (see Chianucci and Cutini 2013)
The advantage of LAI-2x00 PCA can be regulation of FOV within azimuth angle range by restriction view caps which, for instance, some of the other devices do not enable. By this approach could obtain as high accuracy among the LAI-2x00 PCA and either litter traps or direct destructive methods as possible. This issue was described in step 3.2 and its substeps in detail (Lns. 344-367).

Line 721: this is obsolete. The new version is: Fleck S, Raspe S, Cater M, Schleppi P, Ukonmaanaho L, Greve M, Hertel C, Weis W, Rumpf, S., Thimonier, A., Chianucci, F., Beckschäfer, P., 2016: Part XVII: Leaf Area Measurements. In: UNECE ICP Forests Programme Co-ordinating Centre (ed.): Manual on methods and criteria for harmonized sampling, assessment, monitoring and analysis of the effects of air pollution on forests. Thünen Institute of Forest Ecosystems, Eberswalde, Germany, 34 p
The literature source was updated (Lns. 770-775).


Reviewer #2:
The authors measured LAI in deciduous forests by three methods, which are helpful for spreading LAI measurement methods. This is a timely and interesting topic. Generally, the manuscript is well-written and should be of interest for readers of JoVE. I suggest, though, it should be subject to minor revisions before it could be considered for publication.
1，line 50, check the reference [1-5].
The reference was checked and adjusted (Ln. 51).

2，line 199, is SLA specific-species in a forest stand? SLA values clearly vary with species, especially for broadleaf and coniferous species.
The SLA is species-specific how is it discussed in the Discussion part (Lns. 611-613).

3，line 238, this method is difficult for estimating LAI in a deciduous coniferous forest in my opinion, which should be discussed.
The needle technique using in a deciduous-coniferous forest was discussed (Lns. 643-645).

4，line 341, this method for correcting the error of WAI for estimating LAI by LAI-2000 is not suitable for measuring seasonal changes of LAI, because the contribution of WAI to LAI change with leaf emerge and leaf fall.
The WAI was measured in the leaf-off period (i.e., both before bud breaking in early spring and after complete leaf-fall in late autumn). The mean value of both WAI measurements performed in leaf-off period has to be subtracted from each of PAI measurements estimated in the leaf-on period to obtain actual LAI values. Therefore, the seasonal changes of LAI can be estimated by LAI-2000 because the woody portion is subtracted from each of the PAI measurements carried out during the growing season (Lns. 434-441). 

5，Line 415, many figures are not necessary in the main text, maybe showed as supporting information.
The number of figures was decreased in the manuscript. Instead of particular figures related to layouts of measurements, one complex figure (Figure 5) with multiple panels was created according to the recommendation of review editor (Lns. 384-386; 543-555).

6，Line 493, the area of each plot should be given
The area of each plot was provided in the protocol (Ln. 595).

7，Line 514-515, litter trap method is useful in estimating dynamics of LAI in leaf-fall period for deciduous forests, which has been confirmed in many previous studies
[bookmark: _GoBack]In the discussion part, this comment was updated based on the above-mentioned recommendation (Lns. 626-627).

8，Line 518, this conclusion is not proper, many studies have recommended that litter trap method is also useful for estimating LAI and its dynamics changes in evergreen forests,
e.g.,
(1) Guiterman, Christopher H et al., Long-Term Thinning Effects on the Leaf Area of Pinus strobus L. as Estimated from Litterfall and Individual-Tree Allometric Models.
(2) Sprintsin, Michael et al., Long term and seasonal courses of leaf area index in a semi-arid forest plantation.
(3) Reich, P.B. et al., Understorey diversity in southern boreal forests is regulated by productivity and its indirect impacts on resource availability and heterogeneity
(4) Liu ZL et al., Estimating seasonal variations of leaf area index using litterfall collection and optical methods in four mixed evergreen-deciduous forests
This conclusion was corrected based on the above-mentioned recommendation (Lns. 627-629).

9. most of figure quality need to be improved.
The quality of the figures was improved.
