[image: A light bulb with a plant in the middle

AI-generated content may be incorrect.][image: A logo with black text

AI-generated content may be incorrect.]
Trees and the Carbon Cycle
Background
Much like water, carbon moves around the planet between a series of “reservoirs”, or storage areas. Some of these are very slow moving, and the carbon may be locked away for thousands of years; others are relatively quick, and carbon cycles out in days.
The planet currently faces an imbalance in this cycle. Fossil fuels are a slow store, holding carbon for hundreds of thousands of years, but in the last three hundred years we have dug these up and burned them at massive scale. This carbon has been released up into the atmosphere, where it acts as insulation around the planet, preventing heat from leaving. This is the cause of anthropogenic climate change.
To remove this carbon and restore balance, other stores are needed. One of the most important terrestrial stores is woodlands, as trees breathe in carbon dioxide and store it in their tissues, releasing oxygen back into the atmosphere instead. This means they both take carbon directly out of the atmosphere, and store it away – potentially for thousands of years at a time. Trees, therefore, are a key resource in combatting climate change.
This protocol will let you explore the carbon content of a woodland or stand of trees close to you, and assess its value to climate resilience.

Protocol
Equipment Needed
· Tree species ID guide – see end of this handout, OR take your own
· Measuring tape (cm)
· Notebook and pencil to record data
· Suitable clothing and footwear
· First aid kit
Don’t forget to take sunscreen, water, and an umbrella. And remember: always go with another person in case of emergency.

Instructions
Step 1. First, we need an estimate of the stocking density of the trees – in other words, how many trees are there in the stand. To do this, pick ten totally random places to stand within your study area, and at each use the measuring tape to measure the distance – in metres – from you to the nearest tree.
Enter these measurements into a table like the example one below. Work out the average distance from this dataset. Then, square this distance. Finally, divide it by 1. This will give you the number of trees per square metre in the woodland.
	Tree
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Dist.
	0.57
	1.21
	0.86
	2.34
	1.75
	1.01
	0.94
	1.33
	0.57
	2.14

	In this example, the final result is 0.62 trees per square metre
	Avg.
	1.27

	Note: for the most reliable result, do this four more times, and average the answer
	Avg.2
	1.62

	
	÷ 1 
	0.62




Step 2. Now, you can begin measuring your trees! Prioritise mature trees over saplings. Ideally, measure 50 trees for the most reliable results; however, be guided by light levels, weather, and other safety concerns when determining how long to stay.
For each tree, use your tree species ID guide to determine species – you only need to identify to a certain level (see back of handout). Then, use the measuring tape to measure the circumference of the tree in cm. Do this 1.3m (130cm) from the ground. Use the illustration below when deciding how to measure any difficult trunks!
Record this data with the notebook and pencil.
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If a tree is angled but the ground is flat, measure the 1.3m from the midpoint to find where to place the tape measure.
If the tree is straight but the ground is angled, measure up from the midpoint of the slope – not above or below the tree.
If the tree is forked and this fork is lower than 1.5m off the ground, put your measuring tape around the narrowest part of the trunk before it splits.
 

Step 3. Once you return from the field, analyse your data!
First, estimate the age of each tree. This can be done by dividing your circumference by its growth rate. Different species grow at different rates, so use the table below to find the number you need.
	Species
	Growth Rate per Year (cm)

	Conifers (pine, spruce, etc)
	3.13 

	Sycamore
	2.75

	Oak
	1.88

	Holly and yew
	1.25

	Other broadleaves
	2.5



Next, we want to know how much carbon is stored in each tree. To do this, we first need to know the dry weight.
Use the table below to calculate this:
	Circumference (cm)
	Dry Weight (kg)

	1.5
	0.009

	2.5
	0.04

	5
	0.23

	10
	1.4

	20
	9

	30
	27

	40
	82

	50
	106

	75
	310

	100
	668

	125
	1208

	150
	1964

	175
	3253

	200
	4221



Use the closest numbers possible. Where these are not possible, you can simply add together appropriate weights; try to use the highest possible numbers to do so.
Finally, you can calculate the carbon content of the tree by simply dividing its dry weight by 2. Half of a tree’s dry weight is carbon.
Step 4. Now, go to Google Maps, and find your site. Switch on the satellite basemap.
Right click on your site, and select the option “Measure distance” from the drop-down menu. Use this tool to draw a rough outline of your site by placing points at the corners. Once you’ve done this, click on the first point you laid. This will complete the shape, and give you an area measurement as well as “distance” (circumference”). You can click and drag these points at any time to position them properly.
This will give you the approximate size of your overall woodland. NOTE: you do not need to have measured every tree in this area! What you did above was sample the woodland. Assume your results are representative of this bigger area.
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Step 5. Now you have your results, what can you do with them?
Using the data you have gathered, try to answer the following questions:

1. How much carbon, in total, is stored in the trees you measured?

2. Using your total carbon measurement, your density estimate, and your site area measurement, how much carbon is stored in the whole woodland you sampled?

3. What impact does tree age have on carbon storage?

4. What impact does tree species have on carbon storage?

5. How might your woodland improve its carbon storage? I.e. by planting different species, harvesting at different ages, etc.


Tree ID Guide
You have six categories to choose from:
· Conifers
· Yew
· Oaks
· Sycamore
· Holly
· Other broadleaves
A conifer is any tree with needles instead of leaves – think “Christmas tree”. This means you can put anything with needles into the “conifer” category. There is one exception to this – the yew tree (Taxus baccata). It has to be listed separately because it’s an incredibly long-lived tree, which means it has a significantly different growth rate from pines, larches, spruces, etc
All others are called broadleaves. Here, you only need to be specific about three broadleaf species – oaks (Quercus spp), sycamore (Acer pseudoplatanus) and holly (Ilex aquifolium). Everything else can go in the “other broadleaves” category.

Conifers
Look for needles for leaves, and probably cones. The cones you’re likely familiar with are ripened ones, but they have a smaller, closed-off, green appearance while still growing on the tree.
[image: conifer - Students | Britannica Kids | Homework Help]


Yews
Yews, unlike most conifers, don’t have the classic “wooden” cones – instead, their cones look like red berries with holes in. Not all trees will have these, however – only the females.
They also have very glossy, dark green, flat needles that grow in two rows, one either side of the twig (rather than all the way around.) You probably won’t see much in the way of undergrowth beneath them, as their needle litter is toxic.
[image: An Ancient Yew | everyday nature trails]                       [image: Taxus baccata - Wikipedia]




Oaks 
Easily recognised, as nothing else really looks like them. Oaks have a distinctive lobed shape to their leaves. You might see acorns developing on the trees ready for the autumn.
[image: English Oak | Quercus robur]  [image: How to Grow Oak Trees from Acorns]



Sycamores
Sycamores are probably best described as looking like the leaf on the Canadian flag – they’re the same family as maples, with big crown-shaped leaves that just have fewer points. 
They also produce distinctive “helicopters” has their fruit.
[image: Sycamore - Tree Guide UK - Sycamore tree identification]                        [image: Winged seeds]

Holly
Probably he most easily recognisable trees on the list. Spiky Christmas leaves.
The only thing to be aware of is that hollies produce the spikiest leaves when under attack from deer or other herbivores. This means the number of spikes even on the same tree is highly variable. However, they always have the one spike at the tip (and it is sharp!)
[image: Hollies Get Prickly for a Reason | National Geographic]
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