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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No

Steps in Protocol and Results: 
18 

Introduction

1. Introductory Interview Statements


REQUIRED: 
1.1. John Campbell: Ice storms are challenging to study because it’s difficult to predict when and where they will occur.  This protocol outlines a novel method for simulating natural ice storms.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. John Campbell: The experimental approach described offers the advantage of control over the timing and amount of ice applied, making it possible to create ice storms of different frequency and intensity.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL: 
1.3. Lindsey Rustad: We tested this method in a forest ecosystem, but it could also be applied in other ways, such as to evaluate impacts of ice loads on utility lines and other infrastructure.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




1.4. 

Protocol
Video Editor: The protocol was filmed prior to scripting and authors matched the footage to the protocol steps (from their manuscript) in the document video footage key Campbell JoVE61492.docx. I have transferred the information to the script, so you probably won’t have to refer to it, but it’s available just in case. 
2. Set Up the Water Supply
2.1. Select a location in an area where there is access to a water source during winter [1], making sure that the water supply is adequate for ice application based on the pump rate and other factors such as the diameter of the hose, length of the hose, nozzle used, and water pressure [2].
2.1.1. LAB MEDIA: MVI_0005.MOV.
2.1.2. LAB MEDIA: MVI_0007.MOV (MVI_0008.MOV or _0009 can be used too).
2.2. Set up a supply pump at the water source and connect a suction hose [1], then connect a strainer to the end of the suction hose to keep debris out of the lines [2]. Break through any surface ice and fully submerge the strainer. The minimum depth of the water supply should be about 20 centimeters [3].
2.2.1. LAB MEDIA: _JCK5291.MOV.
2.2.2. LAB MEDIA: GOPR0060.MP4.
2.2.3. LAB MEDIA: JCK_4309.MOV.
2.3. Place a booster pump in the bed of a utility task vehicle to improve water pressure. In some cases, a booster pump may not be necessary, especially for low-stature vegetation [1]. Run a firefighting hose from the supply pump to the booster pump [2].
2.3.1. LAB MEDIA: MVI_0032.MOV.
2.3.2. LAB MEDIA: 20160118-JCK_1985.NEF, 20160118-JCK_1990.NEF (other relevant images are 1989, 1992, 2041, 2042, 2057). Video Editor: Only still images are available for this, please choose the ones that look best.
2.4. Use a fire-fighting monitor mounted on the back of a utility task vehicle to enable safe, manual control over the high-pressure hose [1]. The monitor can also be free standing [2].
2.4.1. LAB MEDIA: _JCK5316.MOV. 
2.4.2. LAB MEDIA: IMG_1379.MOV.
2.5. Take care to avoid interruptions to the flow of water such as kinks in the hose, water drawdown at the supply source, or running out of gasoline for the pumps [1].
2.5.1. LAB MEDIA: _JCK5312.MOV.
3. Create the Ice
3.1. Create ice by spraying water vertically through gaps in the canopy [1]. Make sure the water extends above the height of the canopy so that it is deposited vertically and freezes on contact with sub-freezing surfaces. Avoid stripping branches and bark from trees while spraying [2].
3.1.1. LAB MEDIA: MVI_0033.MOV.
3.1.2. LAB MEDIA: _JCK5326.MOV, _JCK5342.MOV, JCK_4701.MOV. Video Editor: Any of these clips can be used here. 
3.2. Evenly distribute spray over the forest canopy by slowly driving the utility task vehicle back-and-forth along the edge of the application area. If free-standing monitors are used, move these manually to ensure that the coverage is even [1].
3.2.1. LAB MEDIA: _JCK5318.MOV (day), MVI_0036.MOV (day), MVI_0122.MOV (day), JCK_4646.MOV (night), JCK_4703.MOV (night, moving starts at 1:36). Video Editor: Any of these clips can be used. 

4. Measure Ice Accretion 
4.1. Make ground-based caliper measurements of radial ice thickness on lower-level branches or twigs near the edge of the application area to monitor ice accretion and determine when the target thickness has been attained [1].
4.1.1. LAB MEDIA: 20160129-JCK_4274.NEF, 20160129-JCK_4205.NEF, 20160129-JCK_4319.NEF (can also use images 4201, 4203, 4336). Video Editor: Only still images are available for this, please choose the ones that look best.
4.2. Obtain more accurate estimates of ice accretion with passive ice collectors after the application [1]. The passive ice collectors are constructed from 30 by 2.54-centimeter dowels joined with a 6-way steel connector [2]. 
4.2.1. LAB MEDIA: MVI_0097.MOV, MVI_0092.MOV, 
4.2.2. LAB MEDIA: MVI_0112.MOV. 0:00 – 0:10. 
4.3. To measure ice accretion, use an arborist throw weight to string a parachute cord over sturdy branches that can withstand the ice load [1]. Attach the passive ice collectors to the cord and raise them up into the canopy [2].
4.3.1. LAB MEDIA: DSC03709.JPG.
4.3.2. LAB MEDIA: GOPR0047.MP4. (day, 0:20 – 1:05). Video Editor: You can also show the collectors during ice accretion in these clips:_JCK5346.MOV (night), _JCK_4609.MOV (night), JCK_4610.MOV (night).
4.4. Once the application is completed, lower the collectors to the ground, being careful not to lose any ice from the collector [1]. Make vertical and horizontal measurements of ice thickness with calipers at multiple locations on the collector before and immediately after ice application [2].
4.4.1. LAB MEDIA: MVI_0133.MOV (starting at 1:32), then MVI_0134.MOV or MVI_0145.MOV. 
4.4.2. LAB MEDIA: JCK_5170.MOV and MVI_0154.MOV. Video Editor: There are more options for this listed in the video footage key, step 6.2.7 in key. 
4.5. To determine ice thickness with the water volume method, use a reciprocating saw to cut each dowel [1]. After bringing the dowels to a heated building and melting off the ice, measure the volume of the meltwater with a graduated cylinder [2].
4.5.1. LAB MEDIA: JCK_5211.MOV, JCK_5226.MOV, or JCK_5227.MOV. 
4.5.2. LAB MEDIA: 20160129-JCK_3619.NEF, IMG_9920.JPG, ISE_8650.JPG, ISE_3525.JPG. Video Editor: Only still images are available for this, please choose the ones that look best.






Results
5. Results: Radial Ice Accretion Measurements  
5.1. An ice storm simulation was performed in a 70 to 100-year-old stand at the Hubbard Brook Experimental Forest in central New Hampshire. Ice accretion was measured on passive ice collectors using both the caliper and water volume methods [1].
5.1.1. LAB MEDIA: Figure 1.
5.2. Average ice accretion on individual collectors indicated a strong positive relationship between caliper and water volume measurement methods [1]. Measurements using the water volume method exceeded measurements with the caliper method when there was more than about 8-millimeters of ice [2].
5.2.1. LAB MEDIA: Figure 2.
5.2.2. LAB MEDIA: Figure 2. Video Editor: Emphasize the area where the 2 lines cross.
5.3. There was a significant positive relationship between spray time and ice accretion measured with the water volume method and the caliper method. The average rate of ice accretion ranged from 1.4 to 4.2 millimeters per hour across plots [1]. 
5.3.1. LAB MEDIA: Figure 3 A. 
5.4. There was a marginally significant inverse relationship between air temperature and ice accretion measured with the water volume method and no significant relationship with the caliper method [1].
5.4.1. LAB MEDIA: Figure 3 B.
5.5. Canopy cover data showed no significant differences in pre-treatment surveys [1], whereas post-treatment surveys indicate significant decreases in canopy cover in the mid ice treatment, the mid ice treatment that got sprayed twice, and the high ice treatment relative to the control [2]. 
5.5.1. LAB MEDIA: Figure 4 A.
5.5.2. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the mid, midx2, and high bars. 
5.6. The effects of the simulated ice storms on surface soil temperatures was evaluated during sampling. Soils in the treated plots were significantly warmer than the control plots at both depths for all three levels evaluated [1].
5.6.1. LAB MEDIA: Figure 5. 




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Lindsey Rustad: With this method it is important to make sure the spray reaches above the tallest trees and that the water is distributed evenly over the forest canopy.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1.

6.2. John Campbell:  The ice storm simulation technique has made it possible to identify critical thresholds in forest ecosystems, which is important for predicting and preparing for ice storm impacts.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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