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Main points

The basic ecosystem science behind carbon dynamics
in forests is relatively straightforward (really!)

This science doesn’t seem to be applied very routinely
in the policy arena

This mismatch is undermining the potential of the
forest sector in helping to mitigate greenhouse gases
in the atmosphere
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Presentation Notes
There are just a few basic principles that can be used to understand how carbon works in the forest sector. 
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Presentation Notes
Here are the basic pools of the forest sector.  While fossil carbon is outside the forest sector, it is influenced by substitutions related to the forest sector as shown by the dashed line. 
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The starting point is the conservation of mass law.  We have only so much carbon on Earth and new carbon can’t be created or destroyed.  There are four major pools that it can be stored and increasing in one means it must be decreased somewhere else.  In this case increasing carbon stored in the land surface means less in the atmosphere. Conversely less in the land surface means more in the atmosphere, at least until it goes somewhere else. So the key thing to understand it how something influences the carbon store.  There are many processes controlling these, but ultimately what one needs to know about is stores and how they change.  


Which forest stores more carbon?
OG=600 MgC/ha ’
Har\;eSted foréét=325 MgC /ha ‘%

Young forest=260 Mg(C/ha
Forest products= 65 MgC/ha

At current uptake rates
130 years to reach OG store
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Applying conservation of mass shows us that converting an old-growth forest with high stores to a young forest with forest products must add carbon to the atmosphere.  The higher rate of net carbon uptake of the younger forest is irrelevant because it would have to be vastly larger that it is (over 100 times higher) for the stores to be the same (which of course they are not).  
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What controls the amount of carbon stored in a forest?  The forest carbon system can be envisioned as a series of leaky buckets. The amount stored in each bucket depends on the amount coming in versus the proportion leaking out.  Carbon enters the forest systems via photosynthesis. Carbon leaks out via many processes, but the main ones are respiration and combustion. Note that the input-output relationship is the same for all the carbon pools in a forest and for the forest sector as a whole. 
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In a leaky bucket the number and size of the leaks determines the amount stored if the input is constant. Here the input amount was constant for all the buckets and each bucket was allowed to reach a steady level, which we call the steady-state.    


The Math of Leaky Buckets

C..=Ik

| Is the Input rate
k Is the proportional loss rate
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The steady-state carbon store is a function of the input as well as the rate-constant of loss. This follows for a steady-state system because inputs equal outputs and outputs are a function of the store and the proportion being lost, or as we call it here the rate-constant of loss, k. 
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Here we take the leaky bucket and turn it into a mathematical model.  As the time between disturbances increases the number of leaks decreases.  As the severity of disturbances increases the hole size increases.  Even when a disturbance does not directly remove carbon (severity equals zero), it has an effect.  By setting NPP (the net input to the forest) back, even if it takes as little as 25 years to recover as in this example, a disturbance can reduce the amount of carbon in a landscape.  
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Let us return to a very important question relative to forest carbon policies.
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Why the mismatch? They forgot the relative leakiness (I / k)
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Here an example based on a manuscript I recently reviewed. The authors analyzed the average sequestration rates of different hybrid poplar plantations. Since the 15 year sequestration rate was the highest they recommend that China manage on a 15 year rotation.  The problem is that the average store increased far beyond the 15 years they were recommending.  A 40 year rotation would store 2.5 times more carbon which conservation of mass tells us would not be in the atmosphere.   Why the difference? The scientists forgot that one also has to consider the average leakiness of the system to understand it effect on atmospheric carbon.  Imagine a country as large as China with a policy based on maximizing sequestration rates!  
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Consider the debate about forest biofuels.  Is there a debt that needs to be paid back or is there a credit that negates the debt.  We start with one stand and can see that it is quite variable, with a large amplitude of change, going down when the stand is harvested (in this case every 100 years) and going up as it regrows. 
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But in this system carbon is  stable at the landscape level.   That is because we are averaging stands of different ages which means decreases in some stands are offset by increases others.  In this system the idea of a carbon debt or credit makes absolutely no sense. 
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What we really need to think about is how a change impacts the long-term average store of carbon over a large area.  In this situation one can have a carbon debit or a credit or can have no change.  It really depends on the relative changes in input or leakiness not the order of either credit or debt. 
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An example of dubious

carbon science:
Product substitution will

result in a large carbon sink
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The idea behind product substitution is that use of wood building materials takes less fossil energy than other materials such as concrete and steel.  Assuming this is true, the use of wood products would lead to fossil carbon in some form in some location not being released to the atmosphere. I like to think of this as a virtual store of carbon.  


The Classic Products Substitution Story
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http://www.washington.edu/news/articles/wood-products-part-of-winning-carbon-emissions-equation-researchers-say
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Here is an example of a proposed management system the landscape level. The substitution virtual stores continue to accumulate in straight line fashion without any indication of saturation.  The initial conditions are not clear, but since forest carbon is not changing one has to assume that these were existing production forests, although their harvest never seems to have resulted in products stores, which is a bit odd.  Note that in a system such as this soil C is likely equal to that of the live and dead wood. Therefore long-lived products in use and disposal is about 1/3 of the forest sector C store if product substitution is not included. 

http://www.washington.edu/news/articles/wood-products-part-of-winning-carbon-emissions-equation-researchers-say
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The boxes in this slide indicate product substitutions.  In the top row we create a product substitution by using wood and then in the future we decide to maintain it by replacing the old wooden building with another one. In fact we do that once again.  In the second row we create a product substitution, but in the future decide to not replace the wooden building, hence we eventually use the fossil carbon in the future. The bottom line illustrates what happens if we assume product substitution is infinite: this causes he substitution to steadily increase each generation of wooden buildings which is a potential violation of conservation of mass.  
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Other issues needing to be
addressed ASAP

Instantaneous uptake/release versus long-term stores

Failure to observe conservation of mass
Exclusion of pools, processes, or key factors
[rrelevant processes (hiding real relationships)
Failing to give initial conditions or BAU
Improper or inconsistent scaling in space & time

Inconsistent frameworks

Logical incongruities
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The list of problems in some of the “science” being used in setting forest carbon policy is extensive.  


Conclusions

To be credible carbon policy must be based on science
(real world) otherwise it will not deliver the goal

There are many objectives of forest management
Some will have carbon costs

[f these costs are not recognized then policies to
counter or reduce these costs can not be developed



Introduction

Welcome to the forest carbon calculator, an interface and set of carbon models to help you examine how carbon stores in the
forest sector change over time. The forest carbon calculator was developed by scientists at Oregon State University and the
USDA Forest Service. Funding provided by Pacific Northwest Research Station, USDA Forest Service.

This web interface will allow you to select different regions, past histories of disturbance and management as well as alternative
futures. Calculations can be done for a single stand or for an entire landscape. Reports and time trend graphs on stores in the
forest, in wood products (including bioenergy), and disposal can be generated.

Befaore starting to run the model please take some time to check out the tutorial section where you will find more complete

descriptions of the models being used, example experiments, and other resources that can help you make the most of the
calculator.

A short overview of the model and how it works.

Learn how to run the calculator, how the model works, and how carbon in the
forest sector behaves, as well as what input and output screens look like.

By stand level we mean an area of ground that has a relatively similar disturbance
and land-use history.

Rv landsrane lavel we mean a callactinn of stands that has had disturhances ar ﬂ
|http:Il',l'www.Fs.Fed.usll'pnwll' l_ l_ l_ l_ |@ Internet 0% -
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If you are interested in learning more about how carbon acts in the forest sector you can go to this website. 

http://landcarb.forestry.oregonstate.edu/
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Here is a plot of the results from the leaky buckets.  As the leakiness increases, the amount that can be stored decreases. 
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The amount stored is also a function of the size of the input.  In a leaky bucket the input does not have the ideal linear effect on stores, in part because the leakiness is not a function of the volume, but of the area of the bottom, hence a larger store is less leaky for a given hole size than a smaller store.   
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Another example of

dubious carbon science:

Thinning adds more carbon
to forests than not thinning



Forest Thinning

Increases the health and growth of
trees

Faster growing trees means more
carbon can be stored

Before After

| ¢ I
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The basic idea is this and below we see the mathematical relationship


Wait a minute!
Aren'’t there fewer trees after thinning?

Before After

1 ¢1 1 incomplete comparison

1X100=1.1X 90 complete

comparison

To store more total growth must increase, not stay the
same
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But the previous slide left off some very key ideas. It not just a function of the growth rate of individuals, it is also a function of the number of individuals. 
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or total growth to increase
the following must be true

* The recovery of tree production after thinning must be
instantaneous (BUT IT IS NOT)

* Thinning must increase the total amount of resources
available to trees so that total production of thinned
trees can increase (HOW?)

After
Before

thinning
thinning
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Since the number of trees goes down after thinning, there must be something else going on if the fewer remaining trees are going to have higher total growth. 


"~ Thinnin
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Here is what actually happens when a forest is thinned.  Fewer trees share the same amount of resources.  They therefore grow faster, but since the total amount of resources have not increased the total growth can not be higher than before thinning. 
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Here are some results from a simulation model.  Note that when the forest is thinned, in this case 25% of the live carbon is thinned 25 years after clear-cut harvesting.  Note that although the input (NPP) to the forest in the thinned forest recovers eventually, it is 11% less on average than the unthinned forest.   
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This is the effect on carbon stores of thinning, it decreases the average store because it has lower inputs (11%) and increased leakiness (2%). 
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Hoover and Stout 2007 Journal of Forestry Black cherry/sugar maple
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The results are not just restricted to models; here are some results from a field study.  


@g. 1. Observed C storage in the ATC, MTC, and ATMSC bio-

mass pools over (0, 20, and 35 years since thinmng (YST) (0 =

19606).
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If thinning increased carbon stores, then one would expect that as the amount of thinning increased (as indicated by residual basal area-RBA) that the store in live biomass would increase.  But we do not see this. 
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