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Presentation Notes
We have about 50 staff and are headquartered in Portland, but David is in Seattle and Brent is in Spokane.

And we are both in the Forests & Ecosystem Services program.



Conserving and restoring the integrity and function of forest ecosystems 
by conscientiously anticipating and responding to the potential—though 
often uncertain—impacts of our changing climate. 

In practice, this means:

 Longer rotations and uneven-aged managed systems to maintain diversity of 
native species, ages, sizes, and spatial structure of live and dead trees.

 Protection of water quality and aquatic habitats with effective no-touch and 
light-touch buffers around streams and steep and unstable slopes.

 Judicious and targeted use of chemical herbicides, with prohibitions against 
particularly hazardous chemicals.

 Protection and creation of High Conservation Value forests, recognizing unique 
old growth forest characteristics, habitat for threatened and endangered species, 
critical ecosystem services for local communities, and cultural significance.

WHAT IS CLIMATE SMART FORESTRY?

Presenter
Presentation Notes
In Ecotrust's Forests & Ecosystem Services program, our goal is to shift the dominant paradigm of forest practices in the region from industrial to ecological forest management. 

A major outcome of that work means increasing our region’s contribution to the drawdown of atmospheric greenhouse gases.

The guiding principles and permitted forest practices of FSC offer the best example for what Climate Smart forestry would look like on the ground.



 Industrial timberlands are managed for financial return.
With current policies and markets, the delivery of other forest values 
such as timber, jobs, habitat, or carbon storage is indirect, incidental, and 
undervalued.

 FSC stores more carbon. 
As modeled here, FSC offers much greater carbon value and can maintain 
competitive timber output compared to business-as-usual.

 Carbon storage and timber production are aligned. 
Accessible policies and incentives that reward carbon storage could offer a 
win-win in western PNW forests, as incentivizing carbon storage would make 
long rotations with higher timber output and higher carbon storage more 
financially attractive. 

WHAT YOU’RE GOING TO HEAR:



How our forests grow 
and how we choose 
to manage them.
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The accumulation of biomass in forests takes CO2
out the atmosphere, and exerts a significant 
influence on our global climate.

The coastal temperate rainforests of the Pacific 
Northwest are among the most productive 
ecosystems on the planet. 

If we choose to, we can manage our forests to store 
more carbon and help mitigate climate change, but 
are there important tradeoffs between carbon 
storage and timber production? 

OUR CHOICES MATTER



This graph shows average annualized timber growth
for even-age harvest rotations of a moderately 
productive Douglas-fir forest.

In forestry jargon, this is known as 
Mean Annual Increment (MAI).
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Presenter
Presentation Notes
The data here are from standard yield curves published by Bob Curtis and colleagues (1982) for Douglas-fir plantations on productive soils (site class II) using Scribner boardfoot volume.



This graph shows average annualized timber growth
for even-age harvest rotations of a moderately 
productive Douglas-fir forest.

In forestry jargon, this is known as 
Mean Annual Increment (MAI).
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@ 90-year rotation:
90 yr × 1,175 BF/ac/yr
= 105,750 BF/ac

@ 40-year rotation:
40 yr × 650 BF/ac/yr
= 26,000 BF/ac

Presenter
Presentation Notes
The grey bar shows that peak timber productivity--known in forestry jargon as the "culmination of mean annual increment (MAI)"--comes around age 90 for the a productive (Site Class II Douglas-fir forest,  producing 1,175 boardfeet of wood per acre per year (bf/ac/yr) over those 90 years. The math here shows that at age 90, the forest has grown 105,750 bf/ac that could be captured in a clearcut harvest (1,175 bf/ac/yr * 90 yr). At age 40 the same forest has grown 26,000 bf/ac (650 bf/ac/yr * 40). 

Even considering you could get through a little more than two 40-year rotations in the time it takes to do one 90-year rotation, the total amount of timber you'd produce per acre is always highest when harvests are done at peak MAI.  So why are most private industrial forestland owners cutting their trees at about 40 years old?
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Presenter
Presentation Notes
Because we can earn a return on investments, there is a time-value to money and $1 next year is not worth as much to investors as $1 today. The lines in this graph reflect increasing levels of how much the future is discounted, known as an annual “discount rate”.

The Faustmann Formula--first published in 1849, and now a staple in any forest economics curriculum--gives the present value of an income stream for a forest rotation at whatever annual discount rate you choose to use. That's what these curves are showing here.
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Presentation Notes
Industrial timber companies generally have a fiduciary obligation to their shareholders to deliver maximum return on investment. That generally means harvesting at the "financially optimal" rotation length.

Notice that the more heavily we choose to discount the future, the more the shape of the curve we see in raw timber output (the bar chart) gets lower and bends closer to the present. This means that larger timber yields further in the future are not worth waiting for, and the investor would prefer smaller timber yields that come sooner.
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With a typical discount 
rate of 5% per year, 
the financially optimal 
45-year rotation yields 
33% less timber per acre 
per year than the forest 
could be producing.
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Presenter
Presentation Notes
Because investors could be putting their money into stocks or any other investment product, TIMOs and REITs need to provide a competitive return to attract investors. Thus, an annual discount rate of 5% is closer to what most industrial timber managers use, and the financially optimal rotation comes much earlier than peak timber output. In this particular case, the financially optimal 45-year rotation yields 33% less timber per acre per year than the forest could be producing.



Modern industrial timber companies usually 
have a fiduciary obligation to prioritize 
return on investment (not timber output).

The only forest resource typically valued and 
monetized is timber (and sometimes 
development potential).

Our markets tend to ignore nearly every 
other forest resource value, including carbon 
storage.

WHAT WE VALUE MATTERS



Exploring FSC 
as a middle path
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The Forest Stewardship Council (FSC) certifies 
management that ensures the protection of High 
Conservation Value forests, retains more trees 
during harvests, protects wider stream buffers, and 
requires smaller harvest blocks than are permitted 
under Oregon & Washington Forest Practices. 

Retaining more trees under FSC will undoubtedly 
leave more carbon standing in the forest, but how 
would it affect timber production and total forest 
carbon stored (including wood products)?

FOREST MANAGEMENT MATTERS



 How much carbon do our forests store 
(both in an out of the forest)?

 How much timber do our forests produce?

TWO KEY FORESTRY METRICS
FOR A CARBON-CONSTRAINED WORLD

Presenter
Presentation Notes
While our presentation today focuses on carbon and timber production, it is important to keep in mind the many other co-benefits that come with climate smart forestry.



 Given even-age management of Douglas-fir monocultures under 
minimum FPA and minimum FSC rules, focusing on the direct 
effects of two forest practice rules (buffer widths and green tree 
retention levels).

 Consider two management scenarios designed to either                
(a) maximize sustained timber yield (longer rotations); or                
(b) maximize net present value (shorter rotations).

 Quantifying the average carbon storage and cumulative timber yield 
of these scenarios to help characterize the potential for private 
forestlands to increase both carbon storage and timber output.

WHAT WE’LL BE DOING TODAY:

WHAT WE AREN’T DOING (TODAY):
 Quantifying what actual FSC landowners are doing on the ground.



Simulating timber 
production and 
carbon storage
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We selected 67 properties across 
western Oregon and Washington. 

22 FSC-certified properties were 
included, along with 45 randomly 
selected properties.

These cover a spectrum from 
small-to-large parcel sizes and 
sparse-to-dense stream cover. 

A CROSS SECTION OF 
FORESTS ACROSS THE 
PACIFIC COAST



The Gradient Nearest Neighbor 
(GNN) dataset produced by Oregon 
State University researchers 
provides estimates of forest 
inventory across the region.

We subdivided properties into 
5-acre management units, and 
used GNN inventory data as inputs 
for growth-and-yield modeling. 

Two parcels illustrating the GNN 
dataset and our hexagonal 
management units are shown at 
right.

STARTING WITH 
REMOTELY-SENSED 
INVENTORY DATA

Aerial Imagery with 
Hexagonal 5-acre Units

GNN Estimate 
of Stand Density



We evaluated three management scenarios for a Douglas-fir monoculture 
over 100 years using the Forest Vegetation Simulator growth-and-yield model

“FPA-SHORT”
Maximize NPV

State Forest Practices

“FSC-SHORT”
Maximize NPV

FSC Rules

“FSC-LONG”
Max. Sustained Yield

FSC Rules

 Plant 450 DF TPA

 Thin from below 
@ age 15-20 to 250 TPA

 Regeneration harvest 
@ age 35-55, 
retain 4 TPA ≥12” DBH

 Pile and burn slash

 Plant 450 DF TPA

 Thin from below 
@ age 15-20 to 250 TPA

 Regeneration harvest 
@ age 35-55, 
retain 30% of BA

 Pile and burn slash

 Plant 450 DF TPA

 Thin from below 
@ age 15-20 to 250 TPA

 Regeneration harvest 
@ age 70-115, 
retain 10% of BA

 Pile and burn slash

 Intervening thins to capture 
density-driven mortality

 Minimum state riparian rules 
(buffer widths and retained 
trees).

 Minimum FSC riparian rules 
(expanded no-touch 
buffers). 

 Minimum FSC riparian rules 
(expanded no-touch 
buffers). 

Presenter
Presentation Notes
We choose two management objectives: (1) maximize net present value (NPV) or (2) maximize sustained yield under two different sets of forest practices rules/constraints (State FPA rules and FSC rules). The key differences between the simulated management scenarios are shown in red text.

There are some constraints in FSC rules that we did not model here (e.g., maximum harvest area, required protection of High Conservation Value forest), as well as some industrial practices (e.g., broadcast spraying of herbicides, nitrogen fertilization) that would also affect how each management strategy performs. These effects would go beyond timber and carbon, and involve impacts on other values we haven't presented here, such as water quality, habitat suitability, and resistance and resilience of forests to pests, pathogens, and fire.



Example property with FPA riparian management areas

No Touch 
(20-50 ft)

Light Touch 
(50-150 ft)

Light Touch 
(150-200 ft, WA only)



Example property with FSC riparian management areas

Across our 67 properties, 
FPA no-touch riparian 
buffers covered 4% of 
the land area, on average.

Under FSC, the average 
area in no-touch buffers 
increased to 17%. 

No Touch 
(150-200 ft)

Presenter
Presentation Notes
The increase in no-touch buffers under FSC can mean taking a substantial amount of land out of timber production. There is a balance to be struck between timber production and providing riparian buffers that shade streams and cool the water for salmon while also limiting sediment-delivery to rivers following harvests that affects aquatic habitat and water quality. FSC requires much more conservative stream protections than Oregon currently does; the difference in Washington is more modest, but still more conservative under FSC.

It’s also worth keeping in mind that ~70% of Pacific Northwest residents get their drinking water from forests.



Focusing on the 
“FSC Effect”
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Each dot shows the cumulative timber yield and average carbon for each property’s FSC scenarios compared to FPA-SHORT.  
The size of each dot corresponds to the proportion the property covered by no-touch riparian buffers (larger dots mean more 
extensive riparian cover).

 FSC scenarios always stored more carbon than business-as-usual. 
 FSC could produce more timber, particularly in Washington and with FSC-LONG. 
 More extensive riparian cover and larger discrepancy between FSC and FPA riparian 

buffers in Oregon contribute to lower average timber yields under FSC. 

The combined effect of FSC retention and buffers on timber and carbon

Presenter
Presentation Notes
To help get you oriented to these graphs: dots in the upper-right quadrant of a graph represent properties that showed more timber production and more carbon storage than FPA-SHORT in one of the FSC scenarios. Dots in the upper-left quadrant mean less timber production but more carbon storage. None of the scenarios we modeled stored less carbon than FPA-SHORT (no dots below the horizontal axis).

It's interesting to note that properties in Oregon tend to have more extensive stream coverage (larger dots), which is consistent with the geography of the Oregon Coast Range compared the Puget Trough region in Washington. Similarly, the larger difference between FSC and FPA rules in Oregon means that FSC will take more riparian forests out of production than is the case in Washington (because Washington requires much wider light-touch buffers than Oregon does).



Leveling the playing field: WASHINGTON

If we control for the direct effects of our two main forest practice changes—(1) increasing green-tree 
retention and (2) expanding no-touch riparian buffers—here’s how each change in practice affected 
cumulative timber yield and average carbon storage over 100 years (using business-as-usual as a benchmark).

Median changes in timber and carbon relative to business-as-usual for 67 properties

retention →

↓ buffers

Min. FPA retention
(FPA-SHORT)

30% retention
(FSC-SHORT)

10% retention
(FSC-LONG)

timber carbon timber carbon timber carbon

FPA buffers --- --- +1.2% +31.8% +2.0% +37.3%
FSC buffers -3.5% +6.4% -3.4% +42.2% +2.0% +44.3%

FPA buffers + min. FPA retention FPA buffers + 30% retention FPA buffers + 10% retention

FSC buffers + min. FPA retention FSC buffers + 30% retention FSC buffers + 10% retention

Presenter
Presentation Notes
The grid below the table shows what scenario we're considered as we isolate the direct effects of buffers and retention requirements on timber and carbon output. 

For example, we see that in Washington, expanding stream protections to follow FSC buffers without changing retention requirements results in an average gain of 6.4% in carbon storage and a loss of 3.5% of timber production. Similarly, by leaving FPA buffers in place but increasing green-tree retention from FPA minimums to 30% of basal area under FSC-SHORT, these properties average an increase of 1.2% more timber output, and 31.8% more carbon storage. 

Even with FSC buffers and greater retention of green-trees, the FSC-LONG rotation produces 2.0% more timber and a whopping 44.3% more carbon, on average across the 67 properties.



Leveling the playing field: OREGON

If we control for the direct effects of our two main forest practice changes—(1) increasing green-tree 
retention and (2) expanding no-touch riparian buffers—here’s how each practice change affected 
cumulative timber yield and average carbon storage over 100 years (using business-as-usual as a benchmark).

Median changes in timber and carbon relative to business-as-usual for 67 properties

retention →

↓ buffers

Min. FPA retention
(FPA-SHORT)

30% retention
(FSC-SHORT)

10% retention
(FSC-LONG)

timber carbon timber carbon timber carbon

FPA buffers --- --- -7.0% +24.9% -9.7% +30.8%
FSC buffers -22.4% +23.0% -28.0% +45.0% -27.1% +48.2%

FPA buffers + min. FPA retention FPA buffers + 30% retention FPA buffers + 10% retention

FSC buffers + min. FPA retention FSC buffers + 30% retention FSC buffers + 10% retention

Presenter
Presentation Notes
In Oregon, we can see right off the bat that solely expanding riparian buffers from FPA to FSC rules entails significant impacts on both timber and carbon. Expanding buffers for FPA-SHORT results in a 22.4% reduction in timber yields, and a 23% increase in carbon storage. The reduced timber yield that corresponds to greater retention and stream buffers is more apparent in Oregon, as we see neither FSC scenario producing as much timber as FPA-SHORT on average, but carbon storage in all scenarios goes up significantly in all alternative management scenarios. 

This tees up the question about how our values factor into deciding how to balance these tradeoffs fairly. How much is a 1% reduction in timber yield worth? And to whom? And how much is a 1% gain in carbon storage worth? And to whom? 



Getting more from 
business-as-usual
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Presenter
Presentation Notes
This graph should look familiar.



Each line in the graph below shows Net Present Value (NPV) 
per acre for timber harvest at each rotation age
using a different annual discount rate (%). 

However, this time an annual incentive 
payment is added for each extra ton of 
carbon stored as a harvest rotation 
is extended beyond 40 years.

The annual payment rate used is 
1/100th of the Social Cost of Carbon 
($36 in 2015, increasing over time). 
This is like spreading the payment 
for each ton of carbon stored 
out over 100 years.
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Presenter
Presentation Notes
In this thought experiment, we add a monetary value to carbon storage. Notice how the effect of this carbon value bends the curves back outward towards longer rotations. There is a real win-win here, as these longer rotations store more carbon AND produce more timber.

At a certain point, a very high carbon price could mean the most financially lucrative option being leaving a forest alone (not harvesting at all) just to collect maximum carbon payments. From a policy perspective, there's obviously a sweet spot to search for where the price-point for the carbon incentive strikes an appropriate balance between the values we assign to carbon storage, timber production, and other ecosystem services.



Longer rotations would produce more timber and more carbon than business-as-usual, even without 
changing buffers or green tree retention.

 Washington: +9.4% timber and +30.6% carbon

 Oregon: +6.5% timber and +30.3% carbon

 Simply extending rotations won’t sequester as much carbon widening buffers or 
increasing retention, but FPA-LONG delivers maximum timber output under FPA rules. 

Get more timber by valuing carbon: FPA-LONG

Presenter
Presentation Notes
Here we've added another scenario we modeled but didn't present earlier when we were focusing on "the FSC effect". The FPA-LONG scenario in these graphs shows management following minimum FPA retention and buffer rules, but where the management objective is to maximize sustained timber yield (with longer rotations and intervening commercial thinning). 

The FPA-LONG scenarios all produce more carbon than FPA-SHORT and store a disproportionately greater amount of carbon. FPA-LONG generally stores less carbon than we see in either of the FSC scenarios, but usually produces more timber.

The effect of a carbon incentive would mean moving from the origin (0,0) on the graph, up towards the cloud of these points. Depending on whether you follow more conservative retention of riparian buffer practices, you can strike an appropriate balance between producing more timber and storing more carbon.



Choosing a climate-
smart path ahead for 
PNW forests
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 Industrial timberlands are managed for financial return.
With current policies and markets, the delivery of other forest values 
such as timber, jobs, habitat, or carbon storage is indirect, incidental, and 
undervalued.

 FSC stores more carbon. 
As modeled here, FSC offers much greater carbon value and maintains 
competitive timber output compared to business-as-usual.

 Carbon storage and timber production are aligned. 
Accessible policies and incentives that reward carbon storage may offer a 
win-win in western PNW forests, as incentivizing carbon storage would make 
long rotations with higher yield and carbon storage more financially 
attractive. 

INVESTING IN PNW FORESTS AS A CLIMATE MITIGATION STRATEGY

Presenter
Presentation Notes
We've identified a common misunderstanding that industrial timberlands are managed for maximum timber output, but highlighted that if we want to influence how industrial lands are managed, we must recognize the importance of financial returns and how they shape how timber companies meet their fiduciary obligations through specific management decisions on the ground. Market forces matter.

We've also highlighted that increasing carbon storage does not conflict with higher timber output. Timber vs. Carbon is a false choice, and tradeoffs between how much timber (and carbon) we leave in the forest depends on how we strike the balance between our values for timber production and other ecosystem services, which include carbon storage, but which certainly go well beyond carbon as well.



What are we waiting for?

Presenter
Presentation Notes
California has recently demonstrated how an accessible incentive program can reward carbon-friendly foresty. CAL FIRE’s Forest Legacy Program is channeling millions of dollars from the state's Greenhouse Gas Reduction Fund to permanently protect thousands of acres of forest– thereby sequestering and storing millions of tons of carbon that would not have been possible without this grant money. 

Both Oregon and Washington have existing programs which could be used to direct incentive funds in the same way and achieve a vast increase in regional carbon storage through improved forest management, but only if we choose to put a meaningful price on carbon. 



This work was made possible by the generous 
support of the Bullitt Foundation, the Edwin W. 
and Catherine M. Davis Foundation, and the 
Weyerhaeuser Family Foundation.



Thank you.

Brent Davies David Diaz
Vice President, 

Forests & Ecosystem Services
Directory of Forestry 

Technology & Analytics

bdavies@ecotrust.org ddiaz@ecotrust.org
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