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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
Can you record movies/images using your own microscope camera? (N) 
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y)
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
2.1, 2.2. 2,4 and 2.5

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
The most difficult aspect is the choice of gapfillling and fluxes partitioning method (step 5.1. and especially 5.2.). Since there is no software when one can chose between the methods it can be the most “problematic” step to follow. We thus suggest to use the second method (step 5.3.- ReddyProc, automatic online tool) at first and then try to apply the other according to the literature given in the Protocol. 

5. Will the filming need to take place in multiple locations? (Y) 
If yes, how far apart are the locations? 
One location is a forest station at Tlen village (outdoor), and the other is a room in the Forestry Department in Trzebciny (ca. 10 km apart)- for interviewing. 

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Dr. Klaudia Ziemblińska: The protocol is a step-by-step description of the eddy covariance site setup and measurements performance from the scratch, which can be successfully applied in spatially limited ecosystems [1].
1.1.1. INTERVIEW 

1.2. Dr. Marek Urbaniak: We believe the protocol makes it easier to realize that however strict requirements need to be met, eddy covariance technique can be satisfactorily applied also in non-ideal locations [1]. 
1.2.1. INTERVIEW 


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Prof. Janusz Olejnik: Once it is presented in a visual way, the Protocol can be a first, and relatively easy choice for non-specialist, “forced” or willing to use eddy covariance technique [1].
1.3.1. INTERVIEW 



Section - Protocol
2. Site Location and Instrumentation Setup
2.1. To begin, on a height map, choose a measuring site location in relatively homogeneous and flat terrain to meet basic requirements of the EC method [1]. Select the location with no obstacles and ensure that the area to be investigated extends in each direction at least 100 times the height of a sensor to be placed [2].
2.1.1. SCREEN: Talent chooses a location on height map.
2.1.2. SCREEN: Talent shows the investigated area extends 100 times the height of a sensor.
2.2. At the site, use an anemometer to investigate prevailing wind directions [1] for one year [2], or analyze data from the nearest meteorological station [3]. 
2.2.1. WIDE: Talent places an anemometer at the site. 
2.2.2. SCREEN: Talent shows a graph of a wind rose. Talent investigates wind directions.
2.2.3. SCREEN: Talent searches data from meteorological station.
2.3. Decide which EC system to use [1]. Open path infrared gas analyzer with lower power consumption [2], or closed path infrared gas analyzer with short intake tube if there are no limitations to power supply or in harsh environments [3]. 
2.3.1. WIDE: Talent approaches gas analyzer.
2.3.2. MED: Talent shows the open path infrared gas analyzer.
2.3.3. MED: Talent shows the closed path infrared gas analyzer.
2.4. At the site, place a tripod with a vertical pole to mount the EC system on top. Position the infrared gas analyzer and the 3D sonic anemometer close to each other [1]. Place the sonic anemometer at a perfectly vertical position. Tilt the gas analyzer slightly to allow rainwater to run off easily [2].
2.4.1. WIDE: Talent mounts the system on top of a pole and places them close to each other.
2.4.2. MED: Talent adjusts the anemometer to vertical position and tilts gas analyzer.
2.5. Elevate the instruments to a height twice the canopy height from the soil surface, and at least 1.5−2 meters above the top of the canopy [1]. Avoid mounting any unnecessary elements close to the EC system, which can distort the air flow [2].
2.5.1. WIDE: Talent elevates the instruments.
2.5.2. WIDE: Shot of the positioned instruments.
2.6. For further computation and flux analysis, measure some auxiliary variables at the same time, including at least: air and soil temperature, relative humidity of the air, photosynthetic photon flux density, incoming solar radiation and precipitation [1].
2.6.1. MED: Talent points at temperature and humidity sensor, radiation sensor and rain gauge mounted near EC system.
3. CO2 Flux Computation
3.1. To compute carbon dioxide flux, use commercially available, free software EddyPro for EC flux computation that includes correction applications [1]. First, create a new project and then in the project info tab, specify the raw data file format and choose metadata file [2]. 
3.1.1. SCREEN: Talent opens the software EddyPro.
3.1.2. SCREEN: Talent creates a new project and specifies file format.
3.2. Go to the flux info tab, choose the dataset and output directories, specify the raw file name format and check the list of items for flux computation [1]. Then, go to processing options tab and choose raw data processing settings [2].
3.2.1. SCREEN: Talent chooses output directories, and specifies raw file name format, and checks the list of items.
3.2.2. SCREEN: Talent goes to processing options tab.
3.3. Choose the method for the correction of anemometers’ measurements as rotation method, which allows accounting for any misalignment of the sonic anemometer with respect to the local wind streamline. Tick the first planar fit approach for non-ideal, heterogeneous locations [1].
3.3.1. SCREEN: Talent chooses rotation method, and ticks the first planar fit approach.
3.4. Choose the zero-one-two type of flagging policy. Select the preferred footprint method for the area of the influence on measured fluxes. Leave all other settings unchanged [1]. Click Run an Advanced mode to start fluxes computation at the end [2].
3.4.1. SCREEN: Talent chooses flagging policy, and selects footprint method.
3.4.2. SCREEN: Talent clicks run an advanced mode.
4. Filtering and Quality Control of Fluxes
4.1. Create a spreadsheet that contains the results from the flux calculation software and auxiliary measurements [1]. Use filtering tools in the spreadsheet to filter out carbon dioxide fluxes measured during unfavorable weather conditions and instrument malfunctions [2].
4.1.1. SCREEN: Talent creates a spreadsheet for the results.
4.1.2. SCREEN: Talent points to filtering tools.
4.2. [bookmark: _GoBack]For an enclosed-path analyzer, check the average signal strength value. Then, mark and discard all fluxes measured with ASS lower than 60% threshold suggested in the instrument’s manual [1]. Discard the fluxes measured during any rain events with P greater than or equal to 0.1 millimeters [2].
4.2.1. SCREEN: Talent points to ASS values, and mark and delete (co2_flux) having ASS<60%.
4.2.2. SCREEN: Talent discards CO2 fluxes with P≥ 0.1 mm.
4.3. To account for inappropriate conditions for eddy covariance method application, discard the flux data with poor quality having carbon dioxide flag values greater than 1 in the common results file [1]. 
4.3.1. SCREEN: Talent points to qc_co2_flux values, and discards CO2 fluxes with qc_co2_flux > 1.
4.4. Use the nighttime period indicator, daytime equaling 0, given in the output file to filter out the carbon dioxide fluxes values measured at night [1]. Plot the nighttime carbon dioxide fluxes against the corresponding friction velocity values and find the u star value at which these fluxes stopped increasing [2].
4.4.1. SCREEN: Talent filters CO2 fluxes values measured at night.
4.4.2. SCREEN: Talent plots a graph, and points to the u* value where fluxes stopped increasing.
4.5. Mark the obtained value as the friction velocity threshold to be used as a measure of insufficient turbulence conditions [1]. Discard from the dataset, all carbon dioxide fluxes having u star value less than the threshold, indicating insufficient turbulence [2]. 
4.5.1. SCREEN: Talent marks the obtained value as u*thr.
4.5.2. SCREEN: Talent discards CO2 fluxes values measured when u* < u*thr .
4.6. Now, plot the wind rose on the map of investigated area for flux spatial representativeness constraints [1].
4.6.1. SCREEN: Talent plots the wind rose.
4.7. According to the estimation of the crosswind integrated footprints, choose 70% as the probability for spatially limited sites to be used for further analysis [1]. 
4.7.1. SCREEN: Talent points to footprint characteristics, and selects x_70%.
4.8. Next, on the oriented map and wind rose, using North as an indicator [1], check if any direction at the area of interest have obstacles, for example, other kinds of ecosystems, and mark it as not representative [2].
4.8.1. SCREEN: Talent orients the map and wind rose the same way.
4.8.2. SCREEN: Talent points to the area having obstacles, and marks as not representative.
4.9. Choose the wind direction sectors and the footprint values that are most representative of the measuring site, check the dimension and specify the maximum length [1]. Filter out flux values that do not meet both requirements [2].
4.9.1. SCREEN: Talent selects wind direction sectors and footprint values within the area of interest.
4.9.2. SCREEN: Talent filters out CO2 flux values not meeting these requirements.
5. Gap Filling and Net Flux Partitioning into CO2 Respiration and Absorption
5.1. To perform gap filling for carbon dioxide data, choose the method for quality-checked carbon dioxide flux gap filling and partitioning into absorption and respiration from three basic groups: process-based approach, statistical methods, and the use of neural networks [1].
5.1.1. MED: Talent point to the set of publications (e.g. lying on the desk) divided into three groups.
5.2. Dr. Klaudia Ziemblińska: The weakest point of the Protocol is the gap filling and flux partitioning description, since suggested methods were individually developed by other specialists and only implemented here as proposed techniques [1]. 
5.2.1. INTERVIEW
5.3. An example of the process-based approach is from the Fluxnet Canada Research Network [1-TXT].
5.3.1. SCREEN: Talent conducts the process-based approach. TEXT: Barr, A.G. et al. Interannual variability in the leaf area index of a boreal aspen-hazelnut forest in relation to net ecosystem production. Agricultural and Forest Meteorology. 126, 237-255 (2004).; Krishnan, P., Black, T.A., Jassal, R.S., Chen, B., Nesic, Z. Interannual variability of the carbon balance of three different-aged Douglas-fir stands in the Pacific Northwest. Journal of Geophysical Research. 114, G04011, 1-18 (2009). 
5.4. To fill the gaps not only in the carbon dioxide but also other EC flux values such as sensible and latent heat, as well as in the important meteorological elements, use the ReddyProc online tool, which is also available as an R software package [1-TXT].
5.4.1. SCREEN: Talent navigates to ReddyProc online tool, and then to the R package. TEXT: Reichstein, M. et al. On the separation of net ecosystem exchange into assimilation and ecosystem respiration: Review and improved algorithm. Global Change Biology. 11, 1424–1439 (2005). 
5.5. Next, in Matlab, calculate daily, monthly and annual totals of all gap-filled carbon dioxide fluxes including NEP (pronounce as net ecosystem production), GPP (pronounce as gross ecosystem production), and Reco (pronounce as ecosystem respiration) [1]. 
5.5.1. SCREEN: Talent points to daily, monthly, and annual total calculation functions.




Section – Results
6. Results: Wind Rose Plot, Filtering, and Gap Filling
6.1. The wind rose plot on the background of the Tlen I (pronounce as T-len one) site area [1] shows the blue shaded polygons for the chosen wind direction [2], and the red shaded polygons within them as sectors of a circle with a radius of 200 meters representing maximal acceptable extend of fluxes footprint [3]. 
6.1.1. Figure 1
6.1.2. Figure 1 – Video editor: emphasize blue polygons.
6.1.3. Figure 1 – Video editor: emphasize red polygons.
6.2. This figure shows the results of a filtering procedure on the example of one year of NEP (pronounce as net ecosystem production) fluxes measurements from the Tlen I windthrow site [1]. The smallest number of data points was discarded due to unfavorable weather conditions and instrument malfunctions [2].
6.2.1. Figure 2
6.2.2. Figure 2 - Video editor: emphasize the second image.
6.3. While, the last part of the quality assurance protocol, considering flux spatial representativeness constraints, yielded a final data coverage of only one third of all raw NEP fluxes measured by EC [1].
6.3.1. Figure 2 - Video editor: emphasize the first image.
6.4. The relationship between NEP fluxes, gap filled with a process-based method [1] and a statistical approach [2] shows a simple linear regression suggesting that in general both techniques are comparable and thus can be used for NEP fluxes gap filling [3].
6.4.1. Figure 3 - Video editor: emphasize the x axis.
6.4.2. Figure 3 - Video editor: emphasize the y axis.
6.4.3. Figure 3
6.5. By using the two methods, daily ecosystem respiration fluxes totals were also obtained from partitioning procedure [1].
6.5.1. Figure 4




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Dr. Klaudia Ziemblińska: It has to be remembered that one of the crucial steps in fluxes filtering and quality control at non-ideal EC sites is the assessment of measured fluxes’ spatial representativeness [1] [2].
7.1.1. Use 4.8.2.
7.1.2. INTERVIEW
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