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Measuring Forests: Saving Forests
Teaching Notes
Introduction and context
This activity seeks to give a concrete example of how conservation activity can be guided by science.  It also covers some of the practical and mathematical skills common to all biology A-level courses, particularly logarithms.
The activity was designed with topic A of the SNAB course in mind.  However it could be used in other Biology A-levels.

Outcomes for different exam boards

Pearson’s Biology A (Salters Nuffield) 
5.22 Understand how reforestation and the use of sustainable resources, including biofuels, are examples of the effective management of the conflict between human needs and conservation.
AQA Biology
3.7.4 show understanding of the need to manage the conflict between human needs and conservation in order to maintain the sustainability of natural resources
OCR Biology A 
6.3.2 (d) how the management of an ecosystem can provide resources in a sustainable way, (e) the management of environmental resources and the effects of human activities.
Practical and mathematical outcomes
CPAC 5a Uses appropriate software and/or tools to process data, carry out research and report findings.
A.2.3 Substitute numerical values into algebraic equations using appropriate units for physical quantities
A.2.5 Use logarithms in relation to quantities that range over several orders of magnitude
A.4.1 Calculate the circumferences, surface areas and volumes of regular shapes


Teaching Notes

You may wish to preface this activity with a general discussion of the importance of forests.  In addition to carbon sequestration, other benefits include provision of timber, fuel and other products, regulation of soil and water, conservation of biodiversity, protecting the way of life of local people and ecotourism.
This activity assumes students are aware of the role of plants in the carbon cycle and of carbon dioxide in climate change.

A five minute interview with Dr Mitchard about his studies and his role in REDD is available at https://www.youtube.com/watch?v=LSK52ngDX4Q&t=206s. 
Introduction

The Video REDD as Part of the Solution is available from the United Nations Environment Programme at https://vimeo.com/97509395.  Unfortunately there are no subtitles, but other versions of the same video on YouTube give subtitles (e.g. https://www.youtube.com/watch?v=PYHldt9gfMw and https://www.youtube.com/watch?v=ZY1WkYd6NtY )
The official United Nations report on the progress of REDD over the years from 2009 to 2018 is here:

https://www.unredd.net/documents/programme-progress-reports-785/2018-programme-progress-reports/17258-un-redd-consolidated-2018-annual-report.html
It contains a huge amount of data presented in various ways including graphs, tables, anecdotal ‘impact stories’, infographics and text.

It might be useful for students to consider their own preferences for data presentation formats and the ways in which they would try to communicate large data sets to scientific and non-scientific audiences.
How much carbon dioxide is stored in a tree?

These calculations are based on Ecometrica’s one tonne tree (Ecometrica 2011).

It would be relatively straightforward to turn this section into a practical.  If time is short, collecting data could be set as a preparatory homework.
There is a SAPS activity on different methods of estimating the height of a tree. http://www.saps.org.uk/primary/teaching-resources/141-how-to-find-the-height-of-a-tree.  Although it is a primary activity the methods are still applicable.  Estimates for wood density can easily be found online for various tree species, especially those used for timber.

Calculations could be used as an opportunity to develop spreadsheet skills in further support of CPAC 5a.
1. The amount of forest is usually measured using biomass.  What is biomass?

A term that describes the amount of living material present when dry. 

Biomass is usually given in units such as g m–2 referring to both mass and

the size of a sample.

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

Measure the circumference and use 2πr to calculate radius.

This method makes the assumption that the stem circumference is circular

3. Estimate the volume of the stem of this tree.

2.0 m3
4. NB students must remember to convert radius measurements from cm to m.

5. The density of a sycamore tree is approximately 620 kgm-3.  Work out the mass of this tree.

Mass = Density × Volume = 1243 kg
6. The stem of a tree make up approximately 62% of its biomass.  Use the figures below to calculate the biomass of the whole tree.

	
	% biomass
	Biomass / kg

	Stem
	62
	1243

	Branches
	11
	1243 x 0.11 / 0.62 = 221

	Leaves
	1
	1243 x 0.01 / 0.62 = 20

	Roots
	26
	1243 x 0.26 / 0.62 = 521

	Whole tree
	100
	1243 / 0.62 = 2006


7. 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?

2006 kg x 0.5 = 1003kg  1 tonne
How can we estimate the biomass of whole forests?

Data for these exercises was kindly provided by Dr Ed Mitchard and are given in the attached 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.
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2. Describe the shape of this graph.

3. Explain the patterns that you observe.

There is an association between biomass and backscatter.

It is nonlinear.

At high levels of biomass, backscatter is not related to biomass.

This suggests that at backscatter can be used to estimate biomass up to c. 500Mg ha-1.
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.
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5. What do you think the researchers used a log scale?

To show values of different orders of magnitude on a single axis.
To allow them to visualise the distinction between values at low biomass.
To investigate the nature of the relationship between the two variables i.e. is it a logarithmic relationship?

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

The values are negative and you cannot take the log of negative numbers.

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

The curve shape translates to a straight line using a log scale.  This suggests that there is a logarithmic relationship between the two variables.

It is still possible to spot the limits of the relationship at high biomass.

NB Mitchard et al. (2009) fitted the following relationship


[image: image3]
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?

All 4 graphs show the same pattern.

This suggests that the relationship between AGB and backscatter holds for different types of forest.
9. Estimates of biomass from ALOS radar backscatter were found to be correct to ±20%.  What could account for this level of error?

Calibration of the radar satellite

Vegetation structure e.g. which species are present, heights of trees, different layers of vegetation, gaps in the canopy

Soil moisture

Vegetation moisture

Topography
10. How could ALOS estimates be used to support REDD projects?

The ALOS measurements could be used to work out how much forest is present and to monitor its ongoing presence.

Forested countries will be able to justify receiving payment for preserving rain forest.

Donor countries will be confident that their payments are having the intended impact.
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Further reading
A full lecture by Dr Ed Mitchard on his work, recorded at the 2016 Gatsby Plant Science Summer School, can be watched at: http://sms.cam.ac.uk/media/2369338 (Accessed: 29 September 2019)
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