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Introduction
Monitoring environmental health becomes more crucial as anthropogenic activities continue to alter natural resource availability and ecosystem stability. Developing technologies and fields such as spectronomics make assessing environmental health more accessible and efficient. Using remotely sensed data, entire landscapes can be observed from a mobile device.

Imaging spectroscopy records the intensity of electromagnetic radiation for a range of wavelengths that are reflected off the earth’s surface and can be used to infer a description of earth’s surface and vegetation characteristics. Aerial photography of vegetation across a landscape produces an image of visible red, green and blue (RGB) bands of light. Hyperspectral imaging captures a wider range of wavelengths across the electromagnetic spectrum than visible bands. 

In an effort to increase the interpretation and decrease the size of remotely sensed hyperspectral data, vegetation indices have been established. Vegetation indices use the intensity of specific bands from their hyperspectral profile and use ratios that are not sensitive to absolute intensities.

The functional traits of the canopy refer to elemental and molecular properties that influence the way photons reflect back to the viewer (Asner et al 2016). Morphological and physiological traits include leaf mass per area, leaf thickness, and chlorophyll content. Differences in canopy reflectance may indicate differences in functional traits. Functional traits and corresponding spectral properties of tree canopies are conserved across plant taxa, but can vary across space, time, and with respect to vegetation health. Remotely sensing the forest canopies enables researchers to quantify changes in foliar properties across a landscape.

In the Bartlett Experimental Forest, there is an ongoing, multiple element limitation in northern hardwood ecosystem (MELNHE) experiment that is manipulating nutrient availability in nine forest stands. Experimental nutrient treatments began in 2011 with an addition of 30 kg/ha/year of nitrogen (N) as NH4NO3, 10 kg/ha/year of phosphorus (P) as NaH2PO4, a combined treatment of both N and P, and a control treatment where no fertilizer was added. There are several stands that also examine calcium (Ca) with a one time fertilization of 1,150 kg/ha as CaSiO2. The spectral properties of foliage are expected to differ with the nutrient status. 

As technology changes, new methods for modeling empirical observations are developed. This study aims to bridge the gap between traditional cartography and digital remote sensing by developing robust ground truthing methods.

Objectives
This project examined the possibility of detecting individual tree crown nutrient status remotely by comparing the intensity of wavelengths reflected off the nutrient treated foliage. Dominant tree crowns were spatially located within the nutrient plots in order to co-locate their corresponding hyperspectral data. Further research in this field has the potential to determine which forested areas are most in need of conservation and management efforts.


Methods
The dominant crowns captured in the aerial image were located by ground trothing in the MELNHE plots. Each tree on the stem map was located and noted as having a dominant, co-dominant, intermediate, or suppressed crown. Only dominant crowns were mapped and matched with their stem tag number. The location of the stems were also confirmed or corrected. The confirmed tree crown delineation with its specific identity were plotted into ArcGIS, co-locating crowns to their corresponding spectral signature and resulting vegetation index values. Photochemical Reflective Index values were compared between trees that have been fertilized for seven years. A preliminary analysis of variances was performed to quantify differences in index values across tree species and between nutrient treatments. 

Site Description
There are nine MELNHE stands within the Bartlett Experimental Forest (Figure 1) located in the White Mountains National Forest, New Hampshire, USA. Within each stand is a nitrogen (N) plot, a phosphorus (P) plot, a nitrogen and phosphorus (N+P) plot and a control (C). The mature stands, C7 (Figure 2), C8 (Figure 3) and C9 (Figure 4) were clear cut in 1890, 1883, and 1890 respectively and will be used first for this study because older trees tend to be larger and spaced farther apart making it easier to the delineate their canopies. 
[image: ][image: ]
Figure 1. MELNHE 9 Bartlett stands. Priority study sites include C7, C8 and C9.
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Figure 2. Stand C7.			  Figure 3. Stand C8.
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Figure 4. C9 Stand.				 

Data sources
The data used included NEON airborne hyperspectral data collected in 2017 using a Visible to Shortwave Infrared (VSWIR) imaging spectrometer. The aerial photo from this flight campaign was used in the field for spatial referencing. A calculated vegetation index, Photochemical Reflective Index (PRI), (Equation 1), was used for analysis. 				[image: ]						Eq. 1
Photochemical Reflective Index or Canopy Xanthophyll is sensitive to carotenoid pigments and is used as a proxy for photosynthetic light use efficiency, the rate of carbon dioxide uptake per unit energy. PRI values range from -1.0 to 1.0. PRI provides a physiologically meaningful interpretation of light use efficiency and is used to monitor vegetation productivity and stress. NEON Imaging Spectrometer level 1B reflectance dataset (NIS1) bands at 532.9 nm and 538.0 nm are used for the PRI algorithm. This PRI equation is from the description by Huslander 2015 in the NEON Algorithm Theoretical Basis Document.


Ground truthing
The purpose of ground truthing is to gather empirical information. The positions of the crowns were determined in the field by visual observations. The aerial RGB image of the plot was taken to the field with idealized stake coordinates overlaid. The aerial image was cropped to the spatial extent of each plot for stands C7, C8, and C9 (Figure 5). The tree stem maps for each plot were brought to the field to verify spatial locations. Each tree stem was found and identified in the plot using the unique tag number and it was verified if the recorded position on the stem map matched the true positon. It was then noted if the tree’s crown was dominant, co-dominant, intermediate or suppressed. It was difficult to delineate crowns from the ground and only the most certain crowns were mapped. Also, stem locations are not indicative of crown positions, as shown in Figures 8 and 9.
[image: ]
Figure 5. Example of cropped aerial image for one plot.

Processing
Tree crowns were drawn as a feature class in ArcGIS as point shapefiles. Where there was a confirmed crown matched with a tree tag, a point was drawn within the area of the crown, determining its spatial location. Points were used instead of drawing an area to reduce error. Crown points that were mapped on ArcGIS link the tree species and its nutrient treatment to the raster layer containing PRI values in each cell. Observed stem locations were used to update stem maps for stands C7, C8, C9, C5, C6, C4 and Hubbard Brook.

Analysis
This analysis examined if it is possible to detect individual tree crown nutrient status remotely. PRI values per crown per species per nutrient plot (C, N, P, N+P, Ca) were compared. A factorial ANOVA blocked by stand tested for differences in the mean of PRI values for each species in C, N, P, N+P, and Ca plots.













Results
[image: ]
Figure 6. Example of field sketches on aerial photo with red stake locations overlaid. The located points of canopies, shown as tree tag numbers, were drawn into ArcGIS. There is one of these maps for each plot within the three stands.
[image: ]
Figure 7. Example of field notes on map of stake locations and tree stem positions. The red triangles are the stakes. The different colored symbols are species. Each stem was crossed off after it was visited, and circled if the crown was dominant enough to show up in the aerial image. If the stem location on the map did not match the true stem location, arrows were drawn to where it was observed. Notes were taken on dead trees for future deadwood maps that could be used in calculations of carbon allocation.

[image: ]
Figure 8. Example of one plot’s stem map, size of icons represent DBH and color represents species, purple for sugar maple, yellow for yellow birch, orange for beech, red for red maple and blue for ash.

[image: ]
Figure 9. Example of the corresponding plotted canopy points and its species.
[image: ][image: ]
Figure 10. A comparison of the plot’s aerial photo and its corresponding PRI values. On the right, the squares are the mapped canopy points. 
[image: ]

Figure 11. Visualizing photochemical reflective index (PRI) extent for C7, C8, C9.
[image: ]
Figure 12. Treatment versus mean photochemical reflective index (PRI) for each nutrient treatment across four stands by species. This graph shows a pattern of lower PRI values for the Nitrogen treated trees compared to the control with a P value of 0.07.
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Appendix I

Detecting foliar nutrient status from the air:  Ground truthing NEON spectra in the MELNHE plots
Marissa L. Gabriel, Drexel University
Alexander Young, Ruth Yanai

Introduction

Remote sensing 

Monitoring the health of the environment becomes more crucial as anthropogenic activities continue to alter earth’s system of natural resources, but more accessible with developing technologies and fields such as spectronomics. Using remotely sensed data, entire landscapes can be observed from a desktop.	Comment by Donna Riner: tense, you can make this more specific:

Monitoring environmental health is crucial because human activities alter natural resource availability and ecosystem stability. Developing technologies and fields such as spectronomics make assessing environmental health more accessible.	Comment by Alexandrea Rice: I like this suggestion :)

An aerial photo of the geographic distribution of species produces an image of visible RGB bands of light reflected off surfaces. LiDAR can be used to observe the physical structure of vegetation heights of the land cover by calculating the time return time from an object to the sensorit takes a laser to rebound. Imaging spectroscopy records the intensity of electromagnetic radiation wavelengths that are reflected off the earths surface anduses hyperspectral data that can produce an even amore detailed description of matter on earth’s surface and vegetation characteristics. by recording the patterns of wavelengths of infrared and nonvisible light reflected off the chemical phylogeny of individual plants. 	Comment by Donna Riner: define, spell it out and then use the acronym.	Comment by Donna Riner: is a useful tool used to observe

The diverse functional traits of the foliage produces different interactions with solar radiation, called spectral properties. The functional traits of the canopy refer to elemental and molecular properties that influence the way photons reflect back to the viewer (Asner et al 2017). The functional traits and spectral properties of the canopy are conserved across plant taxaunique to species, and can vary across space, time, and with respect to vegetation health. temporally, or by differing nutrient content within the foliage, and the resulting spectral optical properties can be viewed remotely with an imaging spectrometer.	Comment by Donna Riner: is this comma necessary?	Comment by Donna Riner: this is unclear.
The spectral properties of the canopy are conserved across plant taxa and functional traits are used to assess vegetation health.

^^Is this what you are going for?

Spectranomics directly connects plants to ecosystem processes such as biogeochemical cycles, which is an essential link to the rest of the Earth system (Asner at al 2017)and a worldwide mapping of plant canopy traits will result in the first spatially-explicit estimates of biodiversity for Earth science (Asner et al 2017)	Comment by Donna Riner: potentially break this up into two sentences. 

Spectranomics directly connects plants to ecosystem processes such as biogeochemical cycles, which is an essential link to the rest of the Earth system (Asner at al 2017). 

Worldwide mapping of canopy traits will produce the first spatially-explicit estimates of global biodiversity (Asner et al 2017).	Comment by Donna Riner: only need one citation if you are using the same source

Nutrient addition, MELNHE

In the Bartlett Experimental Forest, there is an ongoing, multiple element limitation in northern hardwood ecosystem (MELNHE) experiment that is testing nutrient (co)limitation in ecosystem function. The experimental nutrient treatments began in 2011 with an addition of 30 kg/ha/year of nitrogen (as NH4NO3), 10 kg/ha/year of phosphorus (as NaH2PO4), a combined treatment of both N and P, and a control treatment where no fertilizer was added.The spectral optical propertiesy offor each species’ foliage is expected to change with the addition of nutrient in each treatment of N, P and N+P. Vegetation indices are calculated from the The spectral profile of each pixel is mirrored by the vegetation index value from the National Ecological Observatory Network (NEON) data and could be correlated with changes in foliar chemistry associated with nutrient addition.therefore canopy foliar nitrogen and phosphorus can be remotely sensed.	Comment by Alexandrea Rice: I like how you state this!	Comment by Donna Riner: Ca? do you want to mention Ca?	Comment by Alexandrea Rice: Good comment!

Objectives and hypothesis

This project will be a stepping stone toward bridging the gap between traditional mapping and ground truthing with remotely sensing the field.	Comment by Alexander Young: what sort?	Comment by Alexander Young: I think this is the gap-bridging step.

TLocally, this will be the start of a training dataset to make classifications that predict the applied nutrient treatment and tree species within the MELNHE stands based on their recorded hyperspectral reflectance values and to eventually monitor the foliar nutrient status of the entire biogeographic assembly remotely.	Comment by Alexander Young: I think the training dataset would be used to classify crowns into tree species.    The information about how trees' spectra and response to nutrients could help identify pockets of forest health/ remotely sense nutrient status AND species ID across the range of the 2017 fly-over...


so I see your point, but semantically, the goal is not to predict the nutrient treatment that is applied (not relevant to the real world) but it is a goal to identify what different tree speices "look" like when they are in a region of high fertinlity (either high N or high P).

This project will develop a method for matching specific tree’s canopies to their corresponding 2017 NEON spectra data by ground truthing withininside the MELNHE plots within Bartlett Experimental Forest using the aerial imagery to identify trees in the field and recording their location with a Trimble GPS. I will plot confirmed canopy intoon ArcGIS which will co-locatelink  spatially explicit areasareas to their corresponding spectral signature observed as hyperspectral and resulting vegetation index values. 	Comment by Alexander Young: the method of ground truthing is to align each tree crown to a tagged tree in a research plot.  Using plot stakes (subplot boundaries) as a reference point.	Comment by Alexander Young: tree crown delineation, with its species idenity

A preliminaryn analysis of variances will then be performed with one vegetation (specify which one, or say multiple will be tested) index to quantify differences in index values across tree species and betweencorresponding to the different nutrient treatments.	Comment by Alexandrea Rice: agree :)

Methods
	
Field site

There are nine MELNHE stands within the Bartlett Experimental Forest (Figure 1). Mature stands, C7 (Figure 2), C8 (Figure 3) and C9 (Figure 4), clear cut in the 1800s, will be used first for this study because older trees tend to be larger and more spaced out making it easier to delineate canopies, as well as have less change in the future, but the goal is to map the canopy in all stands. The stands are located in the White Mountains National Forest, NH, USA. Within each stand is a nitrogen (N) plot, a phosphorus (P) plot, a nitrogen and phosphorus (N+P) plot and a control. C1, C6, and C8 have C7 has a calcium (Ca) plot. Each plot is divided into nine 10 meter by 10 meter subplots with a 10 meter buffer (Figure 5).	Comment by Donna Riner: Split into multiple sentences for clarity:


There are nine MELNHE stands within the Bartlett Experimental Forest (Figure 1). 

Mature stands, C7 (Figure 2), C8 (Figure 3) and C9 (Figure 4) were clear cut in the 1800s and will be used in this study because older trees tend to be larger and more spaced out making it easier to delineate canopies. 

Older stands are preferable over younger stands because the canopies undergo less change and our ultimate goal is to map all canopies within all stands.	Comment by Alexander Young: update this. My recollection is that they were cut in 1890, or ~1900.  Specific dates are in the "NH SITE INFORMATION" file on the website

[image: ]
Figure 1. MELNHE 9 Bartlett stands. Sample stands will be C7, C8 and C9.	Comment by Alexandrea Rice: Study sites
[image: ]
Figure 2. C7 Stand.

[image: ]
Figure 3. C8 Stand.
[image: ]
Figure 4. C9 Stand.

[image: ]	Comment by Alexandrea Rice: I like how you have all the information needed to understand the study and where you will be. (treatment layout and plot layout)
Figure 5. Plot layout.

Data sources

NEON airborne hyperspectral data collected in 2017 using a Visible to Shortwave Infrared (VSWIR) imaging spectrometer will be used as well as the aerial photo, LiDAR, and calculated vegetation indices. Previous stake and tree positions from the MELNHE research will be used and confirmed.	Comment by Alexander Young: which ones are available?   Maybe including the equation that each are calculated with would provide a clearer view of what each vegetation index entails.	Comment by Donna Riner: confirmed, how?
are you going to go into the field and specifically measure? make sure your confirmation method is clear to the reader

Ground truthing	Comment by Alexandrea Rice: These methods are clear and to the point. Great Job!

The purpose of ground truthing is to gather empirical informationevidence  to validate statistical models.for machine learning. An aerial RGB image of the plot will be taken to the field with “idealized” the previous stake coordinates and tree stem locations overlaid. If stake locations need to be updated, a trimble GPS can be used to provide precise (sub-meter) accurate points. The stake locations will be confirmed with Trimble GPS coordinates. The stake locations are used as a reference for which tree stems are based on,map for the tree locations and are crucial. The tree locations were mapped using the azimuth bearing for an angleel from the lowest named stake in the subplot combined with the distance from the stake. The UTM coordinates of the tree stem were calculated from knowning stakethe coordinates of the stake.	Comment by Alexander Young: nice topic sentence.	Comment by Alexandrea Rice: crucial for what?	Comment by Donna Riner: ...the tree stem were calculated from the known coordinates of the stake

Within each subplot, each tree will be noted as a canopy tree or not using the unique tree ID code and species. Recorded diameter at breast height (DBH) will help with identification. It will be noted whether the previous stem locations are correct or not (and will be updated to improve the use-ability of the stem maps). The sunlit tree canopy area of individual one unique trees and species will be sketched onto the RGB image. The area of canopy will be referenced by the stake locations and measured out using a digital hypsometer.	Comment by Alexandrea Rice: This sentence is a little confusing. I think it is just how it is structured. Are you using species and tree ID as identifiers of each tree and then noting whether they are canopy trees or not?	Comment by Alexandrea Rice: How?	Comment by Donna Riner: your methods are clearly written, well done.

Processing	Comment by Alexandrea Rice: This is also clear!!:)

Confirmed stake locations will be mapped on ArcGIS using the same coordinate system. 
Tree crownCanopy will be drawn on ArcGIS as a polygon feature and saved as a shapefile. Observed stem location will be updateddrawn ion ArcGIS based on field observations. and then the UTM coordinates compared to what is on file. Confirmed crownanopy area will be mapped ion ArcGIS to link to the raster cell value of vegetation index and other NEON data to the tree species and its received nutrient addition. its applied nutrient.
	Comment by Donna Riner: what is the name of your specific analysis, sounds like a fully factorial blocked anova but you might want to check on that.
Analysis

Index values per tree per species per nutrient plot (C, N, P, N+P) will be compared. An ANOVA will test for differences in means of index values for each species in C, N, P and N+P. Analysis will also be performed by stand. (example figure)

Potential pitfalls and plans for remediation

It will be difficult to keep everything on the same coordinate system. Universal transverse mercator (UTM) coordinates will be used because that is what was used in previous plot and stem mapping. It will be difficult to see the top of the canopy when the understory might be blocking the view. If necessary trees will be accessed to get a better view of tree crowns. Alex will climb trees??	Comment by Alexander Young: the tree stem positions are in UTM...   All the NEON data is in WGS...   It would be good to have the both explicitly stated in the proposal.

Expected results

Insert example drawing over RGB image

Wavelength vs reflectance plot…

[image: ]
Example treatment vs photochemical reflective index

Timeline	Comment by Donna Riner: I would write out something like this, just an example...

June 14th: Proposal due
June 15-20th: confirmation of stake locations in the field 
June 21th-30th: GPS data week
July 1st-8th: data analysis 
July 11th-12th: Hubbard Brook meeting 


Idk just an idea

Finish C9 to present on July 12. Finish C9, C8, C7 this summer.	Comment by Alexandrea Rice: C9 first? Why?
Physically map two plots every week?	Comment by Alexandrea Rice: only 2?

Budget

Will need help from Alexander Young in advising and in field work?

Monetary budget:
--Trimble ($5,000)  available for free from ESF
-- Printer paper (provided from ESF
-- printer ink (~$15??)
-- NEON data (freely available to the public)
Cost of ArcGIS?

Materials and Supplies 

Clipboard, compass, trimble gps, hypsometer, computer with arcmap and r.	Comment by Alexander Young: coming in the mail.	Comment by Alexandrea Rice: :)

Literature Cited

Asner & Martin 2017
Elser et. al. (2007) co limitation by nitrogen and phosphorus
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Introduction
Remote sensing 	Comment by Ruth D Yanai: Good background section!  The heading is appropriate to the first part and then you start talking about plants.  Broaden the heading or add another.
Monitoring environmental health becomes more crucial as anthropogenic activities continue to alter natural resource availability and ecosystem stability. Developing technologies and fields such as spectronomics make assessing environmental health more accessible and efficient. Using remotely sensed data, entire landscapes can be observed from a desktop.	Comment by Ruth D Yanai: Ha ha, aren’t desktops obsolete?  How about from a mobile device?

Aerial photography of species distribution across a landscape produces an image of visible red, green and blue (RGB) bands of light. In contrast, imaging spectroscopy records the intensity of electromagnetic radiation wavelengths that are reflected off the earth’s surface and can produce a detailed description of earth’s surface and vegetation characteristics.	Comment by Ruth D Yanai: Do you mean “vegetation”?  You might want to introduce “species distribution” later; it’s confusing here.	Comment by Ruth D Yanai: Or is visible light photography a subset of imaging spectroscopy?  I don’t know which is right but you need to show the relationship between these two terms.  If the point of this paragraph is to define the two terms.	Comment by Ruth D Yanai: Later, you say “photons”.  Consistency is good, some readers may not recognize that you are saying the same thing with different terms.	Comment by Ruth D Yanai: I think it records the intensity of radiation, not the intensity of wavelengths.  You could specify the range of wavelengths.  
This makes me more confident that photography falls in this definition!  It’s recording in the visible range.	Comment by Ruth D Yanai: This is quite a claim.  Can be used to infer…?  I guess it’s a description but the problem is what to make of it, and there are lots of things that it doesn’t describe.  Timber volume, for example.

Hyperspectral imaging captures a wider range of wavelengths across the electromagnetic spectrum than visible RGB bands. Monitoring the amount and type of light that is reflected by plant vegetation is an examination of efficiency of light harvested for photosynthesis. In an effort to increase the interpretation and decrease the size of remotely sensed hyperspectral data, vegetation indices have been established. Vegetation indices use the intensity of specific bands from their hyperspectral profile to calculate a numeric value which can be compared across time and space and use ratios that eliminate error common to the absolute measure of bands.	Comment by Ruth D Yanai: Now you’ve introduced 3 terms, please use more explicit language to relate them (maybe fewer terms would be good, and maybe start with the most general?)	Comment by Ruth D Yanai: Btw, visible can be represented as intensity across the full spectrum, it doesn’t have to be divided into RGB (although our eyes do that, so it’s good enough for photographs for humans to look at)	Comment by Ruth D Yanai: Visible?  If you could order things so we don’t go back and forth, that would help, too.	Comment by Ruth D Yanai: “Monitoring is an examination” (check subject-verb, this is one of the most common problems in sentences that are grammatically correct but not precise in meaning)	Comment by Ruth D Yanai: This is not related to the efficiency of photosynthesis.  The amount of light absorbed—do you mean albedo?	Comment by Ruth D Yanai: You could say explicitly that there are way too many (and infinite number of) possibilities of wavelengths and combinations of wavelengths.  Some indices have gained widespread use.	Comment by Ruth D Yanai: I think you can omit or simplify here	Comment by Ruth D Yanai: Really?  What kind of error?	Comment by Ruth D Yanai: ?	Comment by Ruth D Yanai: Do you mean single wavelengths?  Oh, maybe you mean that ratios are not sensitive to absolute intensities.

Functional traits of foliage are morphological and physiological parameters including leaf mass per area, leaf thickness, and chlorophyll content and can be inferred by differences in canopy reflectance. The functional traits of the canopy refer to elemental and molecular properties that influence the way photons reflect back to the viewer (Asner et al 2016). Functional traits and corresponding spectral properties of tree canopies are conserved across plant taxa, but can vary across space, time, and with respect to vegetation health. Remotely sensing forest canopies enables researchers to quantify foliar properties across a landscape.	Comment by Ruth D Yanai: “traits are parameters”	Comment by Ruth D Yanai: Well, that would be nice!  I don’t share your confidence.	Comment by Ruth D Yanai: How does this related to the previous sentence?  They both sound like definitions.	Comment by Ruth D Yanai: Really?  Again, that would be nice…  Do you have a reference for this?	Comment by Ruth D Yanai: Good, this sounds like you are setting up your problem statement.  Be careful what you set up—you are not going to address change over time.  Is distinguishing species one of your goals?

Nutrient addition, MELNHE
In the Bartlett Experimental Forest, there is an ongoing, multiple element limitation in northern hardwood ecosystem (MELNHE) experiment that is manipulating nutrient availability in nine forest stands. Experimental nutrient treatments began in 2011 with an addition of 30 kg/ha/year of nitrogen (N) as NH4NO3, 10 kg/ha/year of phosphorus (P) as NaH2PO4, a combined treatment of both N and P, and a control treatment where no fertilizer was added. There are three stands that also examine calcium (Ca) with a one time fertilization of 1,150 kg/ha as CaSiO2. The spectral properties of foliage are expected to differ with the nutrient status. Vegetation indices are calculated from the spectral profile of each pixel and could be correlated with changes in foliar chemistry associated with nutrient addition.	Comment by Ruth D Yanai: This is a long adjective…  I struggle with how to introduce MELNHE.  Maybe you don’t have to!	Comment by Ruth D Yanai: This is the first mention of stands.  I’ll suggest an edit earlier so this mention has more context. 	Comment by Ruth D Yanai: Of Ca?  Or is this of CaSiO2?	Comment by Ruth D Yanai: “change” sounds like you are observing over time	Comment by Ruth D Yanai: I wondered if this belonged in Objectives, and I don’t see it there.  So if this is what you are going to do, put it in the Objectives!

Objectives
As technology changes, new methods for modeling empirical observations are developed. This study aims to bridge the gap between traditional cartography and digital remote sensing by developing robust ground truthing methods.	Comment by Ruth D Yanai: This is background, not objectives.  Move it up!  Actually, ground truth is not mentioned in your intro, maybe you need that.
This work will create a training dataset to classify tree crowns by tree species identity within the MELNHE stands based on their spectral reflectance values and aims to infer forest health of the Bartlett Experimental Forest. This research has the potential to determine which forested areas are most in need of conservation and management efforts.	Comment by Ruth D Yanai: I don’t know what this means.  It sounds like a method rather than a goal.  	Comment by Ruth D Yanai:  Better to stick with what you can achieve.  If you can do this, there should be more in the intro about forest health (I doubt it, though).	Comment by Ruth D Yanai: This is not objectives, either.  It’s nice sometimes to include statements about the value of the work, at the end of the objectives.  So I don’t object to it being here, I just want you to realize that this section needs objectives!
Oh, thought I was at the end of the section because this is a typical way to end the section.  Move it to the end.
Normally the objectives is one paragraph and it’s more focused.  I’m giving you all my reactions (I would edit this if I were writing a review) so you can see what a reader experiences when it’s not organized according to our expectations.

This project will develop a ground truthing method to align specific tree crowns with their tagged tree within the MELNHE plots in Bartlett Experimental Forest using aerial imagery to identify trees in the field. The confirmed tree crown delineation with its specific identity will be plotted into ArcGIS which will co-locate spatially explicit areas to their corresponding spectral signature and resulting vegetation index values. Spectral profiles will be compared between trees that have been fertilized for seven years to identify remotely sensed signals of tree health across the northern hardwood landscape.	Comment by Ruth D Yanai: This is a good summary of methods.  Usually objectives are one step back from this.  You can use these sentences in your Methods section.	Comment by Ruth D Yanai: Yikes, this sounds like you don’t have a method yet.  When you write your report, I hope it will sound more definitive.	Comment by Ruth D Yanai: This sounds like something you do on a computer, not on the ground.  Identify tree crowns?

A preliminary analysis of variances will then be performed with multiple vegetation indices to quantify differences in index values across tree species and between nutrient treatments.

Methods
Site Description
There are nine MELNHE stands within the Bartlett Experimental Forest (Figure 1). The mature stands, C7 (Figure 2), C8 (Figure 3) and C9 (Figure 4), were clear cut in 1890, 1883, and 1890 respectively and will be used first for this study because older trees tend to be larger and spaced farther apart makes it easier to delineate their canopies. Older stands are also preferable over younger stands because the canopies undergo less growth year to year. The ultimate goal is to map all canopies within all stands. The stands are located in the White Mountains National Forest, New Hampshire, USA. Within each stand is a nitrogen (N) plot, a phosphorus (P) plot, a nitrogen and phosphorus (N+P) plot and a control (C). C1, C6, and C8 also have a fifth plot treated with calcium (Ca). Each plot is divided into nine 10 meter by 10 meter subplots surrounded by a 10 meter buffer (Figure 5).	Comment by Ruth D Yanai: Why is this relevant?  Actually, I think it’s not even true.  Are you concerned about mortality in the younger stands?  That would cause changes in canopy dimensions of the neighboring trees.  I say drop this.	Comment by Ruth D Yanai: I don’t know whether this means you are trying for it this summer.  A proposal could be explicit about that.  Your next draft will be your report, and then you’ll know!  So at that point, describe the stands you are reporting and drop the rest (and the priority on the old ones).	Comment by Ruth D Yanai: This should come earlier.  Start big and zoom in.	Comment by Ruth D Yanai: Is this relevant to your study?

[image: ]
Figure 1. MELNHE 9 Bartlett stands. Priority study sites include C7, C8 and C9.
[image: ][image: ]
Figure 2. C7 Stand.			Figure 3. C8 Stand.	Comment by Ruth D Yanai: We usually say Stand C7.  I’m not sure why.

[image: ][image: ]	Comment by Ruth D Yanai: This diagram shows a lot of things that aren’t relevant to your study.  Make one that makes your point (or do you need it?)
Figure 4. C9 Stand.				      Figure 5. Plot layout. 	Comment by Ruth D Yanai: 

Data sources
We will use NEON airborne hyperspectral data collected in 2017 using a Visible to Shortwave Infrared (VSWIR) imaging spectrometer as well as the aerial photo and calculated vegetation indices including Normalized Difference Vegetation Index (NDVI) (Equation 1), Enhanced Vegetation Index (EVI) (Equation 2), Normalized Difference Nitrogen Index (NDNI) (Equation 3), Normalized Difference Lignin Index (NDLI) (Equation 4) and Photochemical Reflective Index (PRI) (Equation 5). Previous stake and tree positions from the MELNHE research will be used and confirmed during ground truthing.	Comment by Ruth D Yanai: Sentences in English are easy to understand if they start with the subject and verb.  Other languages start with the object.	Comment by Ruth D Yanai: This is too much for one sentence.  Maybe we don’t need it all until you explain each part.	Comment by Ruth D Yanai: Like, I’m waiting to see how you are going to use this.  It’s easier if I don’t have to remember anything, just tell me when you tell me.	Comment by Ruth D Yanai: This goes later (I found the relevant section, below).  You have to provide an equation at the first citation of it, but you don’t want them here.  In general, introductory material in Methods sections is confusing, because we expect the Methods to provide full details.  So the first mention can be when you give the details.	Comment by Ruth D Yanai: How?	Comment by Ruth D Yanai: Yay, thanks!  Btw, we are sending high school students (I hope, if any sign up) with Claudia in July and were thinking they could check stem maps.  Do you want to use them for anything?

Vegetation indices
The Normalized Difference Vegetation Index (NDVI) is a transformation of the ratio of near infrared (NIR) to visible (VIS) spectral reflectance. The calculated value per cell ranges between -1.0 and 1.0 with values between 0.2 and 0.8 indicating green vegetation. NDVI is used to distinguish vegetation areas from other land cover categories. Generally, if more of the reflected light is within NIR wavelengths than VIS wavelengths it signifies dense vegetation. NEON Imaging Spectrometer level 1B reflectance dataset (NIS1) bands at 648.2 nm for red and 858.6 nm for NIR are used for the NDVI algorithm.	Comment by Ruth D Yanai: This makes me think it would not be useful for a forest!	Comment by Ruth D Yanai: This kind of explanation (previous sentence, too) is not normally part of the Methods.  Maybe it will be more useful in the Results.	Comment by Ruth D Yanai: Is this how you are defining the terms in your equation?  If so, use the same capitalization, and ideally the same font.  It’s more conventional to give the equation first and then define the terms.
[image: ]										Eq. 1  	
The Enhanced Vegetation Index (EVI) works better for forested land as opposed to NDVI which can become over-saturated within areas of dense vegetation. EVI enhances interpretation by accounting for atmospheric interference. Calculated values range from -1.0 to 1.0 and are sensitive to canopy structure including leaf area index (LAI). NIS1 bands at 467.8 nm for blue, 648.2 nm for red, and 858.6 nm for NIR are used for the EVI algorithm.	Comment by Ruth D Yanai: Right.  So do you want to include the NDVI?  You are not making a good argument for it!
[image: ] 							Eq. 2
Normalized Difference Nitrogen Index is an experimental index focused on leaf chemistry to determine nitrogen concentration in foliage with calculated values ranging from 0.0 to 1.0. NIS1 bands at 1,510 nm for nitrogen and foliage biomass and 1,680 nm for foliage biomass are used for the NDNI algorithm.	Comment by Ruth D Yanai: Um, the others are not experimental?  Do you mean it’s newer, less accepted, or what?  Should we have references for each of these?
[image: ]									Eq. 3
Normalized Difference Lignin Index is also experimental and aims to quantify total canopy lignin content. NIS1 bands at 1,755.3 nm for lignin and foliage biomass and 1,680.1 nm for foliage biomass are used for the NDLI algorithm. 
[image: ]									Eq. 4
Photochemical Reflective Index or Canopy Xanthophyll is sensitive to carotenoid pigments and is used as a proxy for photosynthetic light use efficiency, the rate of carbon dioxide uptake per unit energy absorbed. PRI values range from -1.0 to 1.0. PRI provides a physiologically meaningful interpretation of light use efficiency and is used to monitor vegetation productivity and stress. NIS1 bands at 532.9 nm and 538.0 nm are used for the PRI algorithm.
[image: ]										Eq. 5
Indices and equations as described by Huslander 2015 in the NEON Algorithm Theoretical Basis Document.	Comment by Ruth D Yanai: No verb.

Ground truthing
The purpose of ground truthing is to gather empirical information to validate statistical models. An aerial RGB image of the plot will be taken to the field with idealized stake coordinates and tree stem locations overlaid. If stake locations need to be updated, a trimble GPS will be used to provide accurate and precise submeter points. The stake locations will be used as a reference for tree crown locations. The tree locations were mapped using the azimuth from the lowest named stake in the subplot combined with the stem’s distance from the stake. The UTM coordinates of the tree stem were calculated from known stake coordinates.	Comment by Ruth D Yanai: That might be true for some applications but I don’t think it’s what you are doing.	Comment by Ruth D Yanai: How will you decide this?  For future use of the stem maps, it would be nice to know what your criteria were.	Comment by Ruth D Yanai: Is this supposed to convey the precision of the measurement?  I’m trying to think of a better way to say that.  Sub-meter is a ittle vague.  Can you said that you will locate trees with a precision of 0.x m? 	Comment by Ruth D Yanai: Really?  This seems dumb, compared to doing from the nearest one.  Maybe better not to mention it.  You can just say they were mapped using distance and direction from the stakes.  Do we even need to know that?

Within each subplot, each tree will be located and identified using the unique tree ID code and species and its canopy position will be recorded. Recorded diameter at breast height (DBH) will help with identification in the field by knowing the relative stem size. It will be noted whether the previous stem locations are correct or not and will be updated on the tree inventory to improve the use-ability of the stem maps. The sunlit tree canopy points of individual trees and species will be sketched onto the RGB image. The area of canopy will be referenced by the stake locations.	Comment by Ruth D Yanai: On the ground?  On the map?  If on the ground, what does “located” mean?	Comment by Ruth D Yanai: Usually this means dominant, co-dominant, intermediate, or suppressed.  Did you have just 2 classes?  What do you do with this information?	Comment by Ruth D Yanai: See line 178.  	Comment by Ruth D Yanai: Maybe the paragraph should start here.  And we don’t need to know too much (by the time of your final report) on how you identified trees; by then, we’ll know you did it. (advice on how is good for a proposal)	Comment by Ruth D Yanai: ? 	Comment by Ruth D Yanai: I don’t know what this means, maybe you don’t need it.  You’re going to sketch canopy dimensions, is that enough?

Processing
Tree crowns will be drawn in ArcGIS as point features and each stand will be saved as a feature class within one geodatabase. Confirmed crown points will be mapped in ArcGIS to link to the raster cell value of vegetation index and other NEON data to the tree species and its nutrient treatment. Confirmed stake locations will be mapped on ArcGIS using the same coordinate system as the NEON data. Observed stem location will be updated in ArcGIS based on field observations.	Comment by Ruth D Yanai: I remember being confused earlier about “points”.  Is it easy to add an sentence to explain this?	Comment by Ruth D Yanai: This, too.  Does your audience know this terminology?  Can you avoid using it, or explain it?	Comment by Ruth D Yanai: This worries me a little as the treatment is a property of the plot.  I hope your model recognizes this (I’ll see below).

Analysis
Index values per tree per species per nutrient plot (C, N, P, N+P, Ca) will be compared. A factorial ANOVA blocked by stand will test for differences in the index values for each species in C, N, P, N+P, and Ca plots. Analysis will also be performed by stand. 	Comment by Ruth D Yanai: Maybe specify them here.  The term is so general, it took me a second to realize what it meant.  It’s good practice to list all your variables in describing the data analysis.	Comment by Ruth D Yanai: This is tough.  Better to explain the model (I hope trees are within plots).	Comment by Ruth D Yanai: Does this mean that species is not in the model, but one model for each species?  Be explicit.	Comment by Ruth D Yanai: What?  Why?  If you have a difference within a stand, it just tells us that the plots differ; we have little basis for attributing the differences to treatment.  (I would say no basis but you have the factorial design.)
Model statement:	index ~ N + P + N*P + Ca + (1|Stand / Plot)	Comment by Ruth D Yanai: Good (I think) but you need to explain this in English.  Is this R?  Not everyone knows R.  If you wrote it in SAS, I would say the same thing.	Comment by Ruth D Yanai: I don’t know R but this does not look like a factorial design (I could be wrong if N*P specifies an interaction and is not just a name of a treatment.  This supports my point that you can’t count on your readers to know syntax in R). 

Potential pitfalls and remediations
· The tree stem positions are in Universal Transverse Mercator (UTM) coordinates and the NEON data is in World Geodetic System (WGS) coordinates. It will be necessary to match coordinate systems.	Comment by Ruth D Yanai: Should this be in the Methods when you write your report?  Maybe it’s too trivial.  If you were converting acres to hectares I wouldn’t ask you to tell me about it.
· It will be difficult to see the top of the canopy if the understory is full. If necessary trees will be accessed to get a better view of tree crowns from above.	Comment by Ruth D Yanai: I think Alex uses this word to mean “climb” (I would not know this if I hadn’t seen him use it before).


Expected results[image: ]
Figure 6. Example of field sketches on arial photos with stake locations overlaid. The points of canopies will be drawn into ArcGIS. There will be one of these maps for each plot, totaling 13 maps for the three stands.	Comment by Ruth D Yanai: 	Comment by Ruth D Yanai: I bet your efforts are restricted to the 30x30 measurement area.  This should be stated earlier.  Maye I missed it.  It’s worth mentioning the buffer so we know the edge trees are well treated.	Comment by Ruth D Yanai: ?
[image: ]
Figure 7. Example of field notes on map of stake locations and tree stem positions. Notes will be replicated and detailed on the tree inventory.	Comment by Ruth D Yanai: Very cool!  Thank you for including this.  If you keep it in your report, you will need to explain what the symbols mean (color, size) and what the marks mean (circles, lines).  What does “replicated” mean and what does “detailed on the tree inventory” mean?

[image: ]

Figure 7. Visualizing photochemical reflective index (PRI) extent for C7, C8, C9.	Comment by Ruth D Yanai: You have two Figures 7.  I didn’t check your text against the figure numbers.  I don’t know what the x and y axis are, can you provide axis labels?  And the legend needs units.  Where are C7, C8, and C9 in this figure?
[image: ]
Figure 8. Example of treatment versus mean photochemical reflective index (PRI) for each nutrient treatment across four stands by species.	Comment by Ruth D Yanai: Woo hoo!  Results!  Add lines between the species panels, I think it will help distinguish them.  The headers are hard to read.  The legend is not helpful for distinguishing species (drop this part).  Give n under each box?  The tiny boxes are suspicious, that’s why I wondered how many trees were involved. 
Timeline

June 14 		Proposal due
June 15		Create all map print outs
June 18 - June 22 	Print maps, field work at C7, C8, C9, data management
June 25 - June 29	Start feature class, enter points, finish ground truthing, begin R analysis
July 2 - July 6		Update proposal with methods, continue R analysis, create presentation
July 9 - July 13	Hubbard Brook meeting and presentation
July 16 - July 20 	Soil pits at Hubbard Brook, sap flow
July 23 - 27		Field for mid and young stands
July 30 - August 3 	Continued analysis
August 6 - August 10  Final report

Budget
Monetary budget:	Comment by Ruth D Yanai: What a good deal!
· Trimble GPS, available from ESF
· Printer paper, available from ESF
· Printer ink, $15
· NEON data, open data
· ArcGIS, available from ESF

Labor budget:
· Alexander Young advising and field time
Materials and supplies 
· Compass
· Trimble GPS
· Hypsometer
· Computer
· ArcMap: tree positions, stake positions, 2017 NEON Bartlett data
· R
· Clipboard
· Tree inventory
· Printed maps

Literature cited	Comment by Ruth D Yanai: I didn’t realize you had so few citations.  By the time you write a report, you will have found more relevant literature (I hope).
Asner, G. and Martin, R. (2016). Spectranomics: Emerging science and conservation opportunities at the interface of biodiversity and remote sensing. Global Ecology and    Conservation, 8, pp.212-219.

Chadwick, K. and Asner, G. (2018). Landscape evolution and nutrient rejuvenation reflected in Amazon forest canopy chemistry. Ecology Letters.	Comment by Ruth D Yanai: Incomplete citation.

Hulslander, D. (2015). NEON Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI), Atmospherically Resistant Vegetation Index (ARVI), Canopy Xanthophyll Cycle (PRI), and Canopy Lignin (NDLI) Algorithm Theoretical Basis Document. NEON Doc. # NEON.DOC.002391	Comment by Ruth D Yanai: Is this the best reference for these indices?  If so, tell us where to find it.
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