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Measuring Forests: Saving Forests
Student Sheet
Introduction
Climate change is major threat facing societies around the world and all of the planet’s ecosystems.  Increased production of carbon dioxide and other greenhouse gases is leading to an unsustainable rise in global temperature.  Forests are important carbon sinks and deforestation is a significant source of additional greenhouse gases.  Part of our efforts to combat climate change should therefore be to protect existing forests.  
Watch the video REDD as Part of the Solution https://vimeo.com/97509395.  As you do, make notes on the following questions:

· What is the role of forests in reducing or increasing greenhouse emissions?

· What are the threats to forests?

· What does REDD stand for?

· How will REDD work?

· Which groups of people will be affected by REDD and how?
You can find the official United Nations report on the progress of REDD over the years from 2009 to 2018 here:

https://www.unredd.net/documents/programme-progress-reports-785/2018-programme-progress-reports/17258-un-redd-consolidated-2018-annual-report.html
It is a large report but the summary pages and the graphical information on page 9 give you an idea of the scale of the project. There are also ‘impact stories’ giving individual examples of how REDD has affected people at a local level. There are graphs and tables showing how each participating country has increased its REDD project spending and the status of those projects.
There is a huge amount of data to communicate in this report.

· How would you present this information to make it easier to understand?
· Do you prefer reading impact stories, looking at infographics, seeing data in tables or graphs?


How much carbon dioxide is stored in a tree?
For REDD projects to be successful, it is necessary to measure how much forest is being protected and to monitor their ongoing presence.
1. The amount of forest is usually measured using biomass.  What is biomass?
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A tree is made up of leaves, branches, stem and roots.  The easiest one of these to measure is the stem, commonly known as the trunk.  The size of a tree stem can be approximated using a truncated cone.   

The formula for the volume of a truncated cone is

Volume = 1/3 π h (r12 + r22 + r1 × r2)
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Measurements of this tree were as follows: 
The radius of the stem at 1.3 m above the ground (r1 = 26 cm) and at the top of the stem (r2 = 20 cm), and the height of the stem (h = 12 m).

2. How could you work out the radius of a tree stem without chopping it down? 
3. Estimate the volume of the stem of this tree.

4. The density of a sycamore tree is approximately 620 kgm-3.  Work out the mass of this tree.
5. The stem of a tree makes up approximately 62% of its biomass.  Use the figures below to calculate the biomass of the whole tree.
	
	% biomass
	Biomass / kg

	Stem
	62
	

	Branches
	11
	

	Leaves
	1
	

	Roots
	26
	

	Whole tree
	100
	


6. Around 50% of the mass of a tree is made up of carbon atoms.  Estimate how much carbon is captured in the biomass of the tree?


How can we estimate the biomass of whole forests?
You have shown that it is possible to estimate the biomass of a single tree, but how can this be extrapolated to an entire forest?  Ed Mitchard from the University of Edinburgh and his colleagues have been investigating whether it is possible to use satellite technologies to measure plant biomass over large areas.

Dr Mitchard visited 4 forested regions of Africa and used methods similar to the method you have used to estimate the biomass of 208 sample areas.  He then compared this information to data from the Advanced Land Observing Satellite (ALOS).
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ALOS sends out microwave radiation, some of which is reflected back towards the satellite as backscatter.  By choosing the right wavelength, researchers can ensure that the amount of backscatter relates to the presence of tree stems and branches.
You are going to investigate whether backscatter can be used to estimate biomass using Dr Mitchard’s original data.  It is provided in an Excel spreadsheet.

1. Use the data in the spreadsheet to produce a scatter graph showing the relationship between above ground biomass and backscatter from the 208 sample sites.  Don’t forget to add suitable labels to the axes.

2. Describe the shape of this graph.
3. Explain the patterns that you observe.
4. Dr Mitchard used a log scale to model this relationship.  Convert your graph to show the above ground biomass using a log scale.  In excel you can do this by going to the layout tab and looking for axes options as shown below.

[image: image1]
or if you are using Excel 2016 double click on the axis to bring up the format menu and tick the Logarithmic scale box:
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5. Why do you think the researchers used a log scale?

6. Try changing the y axis to a log scale.  Why is this not possible?

7. Can you see the same patterns on this graph that you describe in question 3?

8. Investigate the 4 regions individually.  Are there any differences in your observations for each forest?  What are the implications of this for using ALOS data to estimate forest biomass?

9. Estimates of biomass from ALOS radar backscatter were found to be correct to ±20%.  What could account for this level of error?
10. How could ALOS estimates be used to support REDD projects?
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