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Visualizing Forest Age Classes, Rotations, & Forest Carbon Data
Data Analysis Methodology Explainer

This document outlines the methodologies used in creating www.forestcarbondataviz.org, a data
visualization project by the National Alliance of Forest Owners (NAFO).

NAFO describes their efforts behind the project this way: “This data visualization is intended to
help users better understand how forests and climate intersect using the best, publicly available
data sets, most of which are provided by the U.S. government. Many serious climate conversations
are underway in the public and private sector. Our working theory is that a common understanding
of the relationships between forests and climate, the terminology, and most importantly, the data,
will encourage productive dialogue and lead to good policy.”

The analysis was conducted by the National Council for Air and Stream Improvement, Inc (NCASI).
Questions can be directed to info@NAFOALliance.org

This document covers:

Why do we need to make calculations in the first place?

How do we use FIA/RPA data to come up with our four forest category acreage totals?
How do we compute gross sequestration?

How do we calculate total annual harvest area?

How do we calculate total area regrown? Why do we need to make calculations in the first
place?

How do we calculate carbon totals?

aprownd=

How do we compute wood products carbon?

® N

How do we estimate carbon stocks and fluxes by age class?

9. Whatis the methodology used to portray the aging of forests over time?
10. How do we calculate regional rotations and the related carbon impact?
11. How do we calculate the no-harvest scenario?

NOTE: The U.S. Forest Service recently updated its forest inventory estimates using improved
models for individual trees and other carbon pools. They also revised estimates for all previous
inventories to ensure consistency over time. However, documents published before this update
(October 2023) may show significant differences from the current estimates.
ForestCarbonDataViz.org has updated its content to reflect these new figures. To learn more about
the USFS update, visit: https://research.fs.usda.gov/programs/fia/nsvb
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Why do we need to make calculations in the first place?

The U.S. Forest Service publishes forest carbon stock data and performs all the analysis of forest
carbon stocks for the EPA Greenhouse Gas Inventory (EPA GHG Inventory) using Forest Inventory
and Analysis (FIA) data. However, they rarely break out carbon stocks or sequestration rates by
land ownership category. They are usually focused on national or regional summaries rather than
ownership and classification breakdowns. To visualize the crucial contributions of different forest
types, we used the Forest Service FIA data and 2020 Resources Planning Act Assessment (RPA
Assessment) technical support documents in our own analyses.

How do we use FIA/RPA data to come up with our four forest category acreage totals?
The FIA program and the RPA assessment both use a distinction between forestland and what they
call “timberland” (what we call “working forests”). Timberland is a subset of forestland, consisting
of forests that (1) are not “reserved” from harvest (by legal means), and (2) meet a minimum
threshold for productivity (they can produce at least 20 cubic feet of wood per acre per year). For us
to do this analysis, we simply need to use not-so-secret codes in the FIA database that tell us what
ownership category owns the land for each FIA plot (such as federal, state, or local government

agency, or an unidentified private owner), whether the land is reserved from harvest, and what the
productivity class of the forest is. Using those codes, we can get summaries for the private working
forests (and the other categories):

Who owns the land? ‘ Does FIA consider the location to be timberland?

Yes No
Privately owned It’s a private working forest. | It’s a private non-working forest.
Publicly owned It’s a public working forest. | It’s a public non-working forest.

Public and privately owned forests can be split into three classes based on whether or not the
forest has contributed, or might contribute, to supplying wood or fiber for products:

1. Forests that have been, or are very likely to be, harvested for wood products.

2. Forests that could be harvested for wood products, but we have no idea whether or not they
ever will be.

3. Forests that are unlikely ever to be harvested for wood products.

The first class consists of areas where harvests have been recorded, or areas owned by
organizations that have a history of harvesting forest products (land owned by institutional forest
managers, county and state forests that have long provided wood to markets, and other such
owners).

The second class includes areas of forest owned by private (usually smaller) landowners who
(typically) have the right to do what they want with their land. So, there’s no way of knowing whether
they or their heirs might decide to harvest timber. It also includes large areas of publicly owned
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land that are available for timber harvest, but where timber harvest only occurs following careful
planning, stakeholder input, political influence, lawsuits, and other unpredictable factors.

The third class consists of areas where timber harvest is restricted by law (National Parks and
Wilderness Areas, for example) and areas where the growth rate is so slow that the forest cannot
support regular harvests (very dry or high-elevation forests, for example).

The bottom line: The FIA program categorizes classes 1 and 2 as “Timberland” (productive forest
not restricted from timber harvest) and we use that designation as “working forest” even though we
can’t predict when or whether harvest will occur on the class two timberland.

How do we compute gross sequestration?

The short explanation is that annual sequestration is estimated by measuring change over time.
When a forest plot is measured at two points in time, growth can be calculated by the amount the
trees grew between measurements. Itis expressed on an annual basis by dividing by the number of
years between measurements. We calculated sequestration using data from the U.S. Forest
Service Forest Inventory and Analysis (FIA) program. FIA data contain a wealth of information about
details such as forest ownership, locations, forest age and type — details that are not included in
the summary data provided in the EPA GHG inventory.

For example, consider a plot measured by FIA in 2010, in which there was 100 tons of carbon per
acre in living trees. Six years later, that plot was measured again, and the larger trees contained
112 tons of carbon per acre. Dividing the 12 tons of newly sequestered carbon by the 6 years
between measurements, we get a carbon sequestration rate for that plot of 2 tons per acre per
year.

Here’s the simple, yet not-so-simple equation:

(FIA Measurement of Stocks in 2nd visit — FIA Measurement of Stocks in 1st visit)

Gross sequestration =
(Year of 2nd visit — Year of 1st visit)

The longer explanation is that we used forest inventory data from the U.S. Forest Service Forest
Inventory and Analysis (FIA) program to compute gross sequestration for U.S. forests. We used an
online tool on the USFS website (EVALIDator: https://apps.fs.usda.gov/fiadb-api/evalidator) to
retrieve estimates of change in forest biomass over time. Estimating growth, mortality, and
removals requires two plot measurements (two points in time) so that changes from one time to
the next can be calculated. Gross growth is the total amount that trees grew from one plot visit to
the next. It can be expressed in wood volume (cubic feet) or weight (tons). Wood is approximately
50% carbon (by dry weight), so 1 dry ton of wood has about 1,000 pounds of carbon. Therefore,
gross sequestration is measured by gross growth, and is the weight of carbon (or CO,) removed
from the atmosphere by growing trees. Annual gross sequestration is computed by dividing by the
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number of years between measurements. We also compute tree mortality, which is the amount of
wood in trees that die between inventories, which equates to a transfer of carbon from living trees
to dead trees (a different carbon pool). Finally, “removals” due to harvests represent the amount of
wood removed from the forest, most of which is transferred into harvested wood products.
Because carbon in the dead tree pool s still part of the forest carbon stock, we included it in the
forest carbon stock numbers.

Because every FIA plot has an ownership class identifier, and every FIA plot has a number of acres
that it “represents” based on the sampling design, we can summarize all of the growth, removals,
and mortality, as well as forest carbon stocks into ownership classes and geographic regions.

The place where this process gets tricky is in the U.S. Rocky Mountain region. States in this region
(Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming) got a late start on
inventory under the new system design implemented by FIA around 2000. Under this new system,
eastern states (from the Great Plains to the eastern seaboard) are remeasured every 5-7 years,
while most western states are remeasured every 10 years. Consequently, while most of the eastern
states, plus California, Oregon, and Washington, have had two or three measurements since 2000,
many of the plots in Wyoming and Hawaii have not had a second measurement and there is no way
to estimate changes due to growth, removals, or mortality for these two states.

How do we calculate total annual harvest area?

To represent the area harvested annually in the U.S., we calculated an “effective harvest area”
based on the amount of timber removed. To the average person, when they hear “harvest” they
assume that refers to a clearcut, which is a final harvest where a stand is completely harvested
before the area is replanted or regenerated. However, this datapoint includes more than just
clearcuts -- it includes any acre of land that had trees cut on it. Some harvests only remove a few
trees out of hundreds of trees on an acre of land, some harvests remove a larger percentage of
trees to “thin” the forest to give remaining trees more room and resources to grow, and other
harvests remove all the trees. We decided to make the harvest number more accurate and not
inflate the area where harvests occur in the minds of non-forestry-professional users of this data
visualization. To do that we depicted “how many acres would have to have been cleared of trees to
provide as much wood as was harvested”.

We started with working forest area from the 2018 RPA Assessment (Oswalt et al. 2019), Table 11,
by region and ownership class (public/private). Next, we pulled the “growing stock volume” (cubic
feet of wood) for those same regions and ownership classes from RPA Table 20. Dividing the
second by the first told us how much wood (growing stock volume) was on an “average acre” in
each region. Then, we determined how much wood was harvested in a year for those same regions
and ownership classes. This came from RPA Table 35, which shows the annual “removals”
(harvest) of growing stock from working forests. Dividing this total harvest quantity by the average
wood volume per acre gave us how many “average acres” would have been cleared to provide the
total quantity of wood harvested. Summing these up totaled 7.878 million acres.
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So, in simple, yet not-so-simple equation form, this is:

Total volume for region and ownership

Average volume per acre for region and ownership =
Total acres for region and ownership

Then...

Total volume for region and ownership (Table 35)

“Effective harvest area” =
Average volume per acre for region and ownership (from above)

Sources:

Oswalt, Sonja N.; Smith, W. Brad; Miles, Patrick D.; Pugh, Scott A., coords. 2019. Forest Resources
of the United States, 2017: a technical document supporting the Forest Service 2020 RPA
Assessment. Gen. Tech. Rep. WO-97. Washington, DC: U.S. Department of Agriculture, Forest
Service, Washington Office. 223 p. https://doi.org/10.2737/WO-GTR-97.

How do we calculate total area regrown?

We have to back into this calculation. Recall that our estimate of harvest area is really “effective
harvest area”, which is the acres of “average forest” that would have to be cleared to produce the
total volume that was harvested. That doesn’t mean that all of those acres were cleared- much of
that wood comes from thinning or other partial harvests, and the “regrowing” of the forest in those
cases is very subtle -- the forest continues to drop acorns and seeds and regenerate itself. So, the
actual area that was cleared of trees is smaller.

Where land has been cleared of trees, it’s very visible. When a stand of trees in a forest is cleared,
one of two things can happen. It can (1) return to forest, either by natural regeneration or by active
planting, or (2) it can turn into something else, like a parking lot, an apartment complex, a golf
course, a soybean field, or a pasture. We call the latter condition “land use change”. It is no longer
forest, it has become something else.

RPA data tell us (in table 3) that we have essentially the same amount of forest that we did in 2012,
and more than we did in 2007 and more than 1997 and 1987. So if forest area hasn’t changed, and
we know we have cleared some areas of forest, what does that tell us about how much is regrown?
It’s simple... all of it has regrown. In reality, we have lost some areas of forest to those other land
uses, but then we’ve also gained forest area where abandoned pasture has given way to trees, or
idle farmland has been planted with trees. The net effect is the same: all of the land harvested has
regrown, or new forests have been established somewhere else to replace what was removed.
That’s the only way we can have as much or more forest now than we have had for decades.
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So, the bottom line is we use the same number for “regrown” as we do for “effective harvest area”
to convey the very real fact that we are not losing forests in this country.

How Do We Calculate Carbon Totals?

Data were retrieved from the FIA Database (FIADB) using the USFS EVALIDator API. This tool allows
users to submit multiple queries to the FIADB in an automated fashion, in this case using the R
programming language. In all cases, we requested subtotaling by:

e land use (which distinguishes timberland, or working forest, from unproductive or
protected forest),

e ownership class (categories of public land versus private land), and

e stand age 10-year classes.

For carbon stock changes by stand age, we used the age determined at the previous inventory. For
example, if a plot in Alabama was measured most recently in Alabama in 2020 and the stand age
was 32, and the previous measurement was in 2014 and the stand age then was 26, then the
carbon stock change was associated with the stand growing from age 26 to 32. We assigned this
stock change to the previous age class of 21-30 years. This is especially important for stands that
were harvested between the previous and current measurement; in such cases, any growth
measured on the plot was due to growth on the harvested trees at the older (previous) age classes.

Estimates of carbon flux (AKA change over time) are only possible when there are sufficient
remeasured plots (AKA at least two measurements for the majority of a state). Hawaii and Wyoming
lack enough remeasured plots, so estimates of carbon stock change are not available for them.

The EVALIDator queries used in the analysis included:

e Forforest area, we used “Area of forest land, in acres” (FIADB attribute #2).

e For carbon stock, we used “Forest carbon total: all 5 pools, in metric tonnes, on forest
land” (FIADB attribute #103). These five carbon pools include (1) live tree carbon
aboveground, (2) live tree carbon belowground, (3) dead wood (above and belowground),
(4) “litter” (the organic matter above the mineral soil, composed of dead leaves and small
branches), and (5) soil organic carbon (does not include carbon in minerals such as
calcium carbonate).

e For carbon stock net change, we used “Average annual net change of aboveground
biomassin trees (at least 1 inches d.b.h./d.r.c.), in short tons, on forest land” (FIADB
attribute #2311). We used the change in aboveground live trees (AGL) only (not all carbon
pools), because the only pool consistently measured on all plots is the AGL. Other pools
may be measured only on a small subset of plots, or only in some regions of the country, or
may be simply modeled using equations that may be appropriate only for regional or
national estimates. Therefore, this change estimate does not reflect, for example, carbon
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lost from decay of dead wood, or emitted from fires; these changes cannot be reliably
estimated from FIA data at sub-state groupings (e.g., 40-year-old private forests in
Alabama). Here, we converted from biomass to carbon using the default of 0.5 tons carbon
per ton biomass. We converted carbon to CO, equivalents and short tons to metric tonnes,
using standard conversion factors (3.6667 tons CO.e per ton C, and 0.907185 metric
tonnes per short ton).

e Average annual harvest removals of merchantable bole wood volume of growing-stock
trees (at least 5inches d.b.h.), in cubic feet, on forest land (FIADB attribute #238). Harvest
removals were used in the computation of annual harvested wood product storage. At this
time, there are no queries available for wood harvest in carbon units, so we converted
volume to tons carbon using factors from Smith et al. (2006), and then converted from tons
C to metric tonnes CO.e using the factors above.

Note that as mentioned above, the carbon estimates include soil organic carbon. This is avery
large carbon pool (especially in northern states and wetlands where decay of organic matter is very
slow). However, this carbon pool is incredibly difficult to measure accurately, and it changes very
slowly- and hardly changes at all as long as the land is left forested. Soil carbon is estimated by
USFS using models based on broad soil characteristics, climate, topography, and the general
forest type (like oak-hickory, or maple-beech-birch, or Douglas-fir).

Sources:

Analysis of data retrieved using the USFS EVALIDator tool:

USDA Forest Service, Forest Inventory and Analysis Program, Forest Inventory EVALIDator web-
application Version 2.1.2. St. Paul, MN: U.S. Department of Agriculture, Forest Service, Northern
Research Station. [Available only on internet: https://apps.fs.usda.gov/fiadb-api/evalidator]

How do we compute wood products carbon?

The US Forest Service has estimated how long carbon is stored in various wood products, including
recycling, reuse, and disposal in landfills. Our analysis applies these “decay” estimates (Smith et
al. 2006) to the quantities of carbon in harvested wood on an annual basis. For the quantities of
carbon in harvested wood, this data visualization uses the gold-standard authoritative source for
total US harvested wood product (HWP) carbon and annual contributions to HWP: the summary of
USFS data used in annual reporting of GHG Inventories to EPA (Domke et al. 2023). Only the best
for you, baby.

This contains an estimate of total US HWP carbon stock (10,080 MMT CO2e; Table 4) and annual
addition to HWP stock (103 MMT CO.e; Table 1). We computed annual harvest removals in MMT
CO.e by state and ownership class as described above. We then allocated the annual and total
HWP sink across state/owner combinations according to their share of total harvest removals
(based on FIA data, as described in the section on gross sequestration).
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Sources:

Smith, James E.; Heath, Linda S.; Skog, Kenneth E.; Birdsey, Richard A. 2006. Methods for
calculating forest ecosystem and harvested carbon with standard estimates for forest types of the
United States. Gen. Tech. Rep. NE-343. Newtown Square, PA: U.S. Department of Agriculture,
Forest Service, Northeastern Research Station. 216 p. Available at:
https://www.fs.usda.gov/research/treesearch/22954

Domke, Grant M.; Walters, Brian F.; Giebink, Courtney L.; Greenfield, Eric J.; Smith, James E.;
Nichols, Michael C.; Knott, Jon A.; Ogle, Stephen M.; Coulston, John W.; Steller, John. 2023.
Greenhouse gas emissions and removals from forest land, woodlands, urban trees, and harvested
wood products in the United States, 1990-2021. Resour. Bull. WO-101. Washington, DC: U.S.
Department of Agriculture, Forest Service, Washington Office. 10 p. https://doi.org/10.2737/WO-
RB-101.

How does FIA estimate forest age class?

When “stand age” is recorded on an FIA plot, it requires a mix of hard data and subjective
interpretation. Field crews use tree increment corers to extract a pencil-like piece of wood from a
couple of trees on each plot, and count rings to estimate tree age. That can give fairly reliable data
on the age of a tree (assuming a correct assumption about how many years before the tree reached
the height at which the core was taken, and assuming the corer reached the pith of the tree- the
exact oldest point for that height!). However, determining stand age — or forest age —is more
complex. FIA attempts to record “the average total age... in the predominant stand size class”. So
when the stand contains some large trees that occupy most of the space, the average age of these
large trees would be the stand age. Any young saplings or seedlings growing in the shade would not
be included. Similarly, a recently harvested stand may have many regrowing saplings, and maybe
one large tree left from a previous harvest; in this case the stand age would be the age of the
saplings.

So, FIA has recorded an average age for each plot they measure. To get age classes, we simply
group all the plots that have an age within the class range. Summing, we get the total acres in the
age class, the carbon stocks within that age class, etc.

How do we estimate carbon stocks and fluxes by age class?
The FIA program no longer releases summary data for subcategories of private ownership.
Therefore, to estimate carbon stocks and fluxes by age class for National Alliance of Forest Owners

(NAFO) lands, we used average per-acre stock and flux by age class for the private lands in each
state (see the section on how we compute gross sequestration). We then applied those per-acre
averages to the distribution of acres by age class for NAFO lands by region, using data collected by
NAFO from its membership.
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Because NAFO lands tend to be more actively managed than most private forest acres, this will
tend to provide a conservative estimate of the average carbon flux per acre for NAFO lands, as well
as the average carbon stock per acre by age class.

Sources:

Analysis of data retrieved using the USFS EVALIDator tool:

USDA Forest Service, Forest Inventory and Analysis Program, Forest Inventory EVALIDator web-
application Version 2.1.2. St. Paul, MN: U.S. Department of Agriculture, Forest Service, Northern
Research Station. [Available only on internet: https://apps.fs.usda.gov/fiadb-api/evalidator]

What is the methodology used to portray the aging of forests over time?

When we attempt to portray the aging of forests over time, we rely in part on data available from the
FIA program, augmented by some interpretation of exceptions. When FIA remeasures a plot, we
know the stand age recorded at the previous inventory and the current stand age. One might expect
that the difference in the two would simply be the time interval between measurements, but it’s not
that simple. For example, if a number of the largest trees from the previous measurement died
before the current measurement (for example, from a windstorm), then the average age of the
stand may actually decline from one measurement to the next.

We used FIA stand age measurements to build “age transition matrices”, which show previous
stand age in rows and current stand age in columns. We would expect most measurements would
show an advance in age equal to the plot remeasurement interval. But we can also find evidence of
a decline in age by one age class or more due to disturbances. We also find evidence for stand
regeneration. For example, if the previous stand was 28 years old and harvested, and the current
stand appears to be 3 years old (5 years after the previous measurement), it’s clear we have
witnessed the harvest and regeneration cycle.

The record of harvest and regeneration from FIA data also informs us about the amount of
harvesting that occurs in a region (in terms of acres), and whether those harvests are stand-
clearing or partial harvest (leaving some trees on the site). We used all of this data — age transition
matrices and harvest area estimates to develop likely trajectories of the acres in each region that
would enter the next age class, or be harvested and regenerated, or be partially harvested with an
age reduction, in a given 10-year period.

Sources:

Analysis of data retrieved using the USFS EVALIDator tool:

USDA Forest Service, Forest Inventory and Analysis Program, Forest Inventory EVALIDator web-
application Version 2.1.2. St. Paul, MN: U.S. Department of Agriculture, Forest Service, Northern
Research Station. [Available only on internet: https://apps.fs.usda.gov/fiadb-api/evalidator]
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How do we calculate regional rotations and the related carbon impact?

Many forests are managed under an “even-aged” management system. This type of approach
works especially well when the species under management grows best in full sunlight rather than
in the shade of an existing stand of trees.

In even-aged management systems, most of the trees on a site are harvested when they reach a
planned “rotation age”, and then the site is regenerated to a new stand either by planting trees or
allowing natural regeneration from sprouting or seeding.

The rotation is determined based on the objectives of the landowner. If the landowner wants to
maximize wood production (or carbon sequestration), they might harvest at the age at which tree
growth begins to slow, called “culmination of mean annualincrement”. If the landowner has
financial objectives for the forest, the rotation age might be set at the age at which the rate of
growth is expected to be slower than a discount rate (like 5%) that represents the financial cost of
delaying harvest for another year. So, rotation ages are likely to vary by landowner, but generally
follow regional averages based on knowledge about growth rates by species and stand age.

To represent the varying cycles of sustainable forestry occurring simultaneously -managed by
different landowners for different purposes in successive rotations — we simulate three “cohorts”
of land in each region, each consisting of an arbitrary 1 million acres. We identified the three most
common age classes for harvest in each region, and assigned 1 million acres to each rotation age.
We start at age zero for all cohorts, growing each cohort 10 years at a time, advancing to the next
age class. So, the regional representations do not represent a single rotation length, but a blended
average of rotation that are likely to occur in each region.

In simulating a rotation we use the average carbon stocks and fluxes from our FIA data analysis (per
acre, by age class for private owners) to track the carbon being removed from the atmosphere and
stored in trees over time. When one of our cohorts reaches its rotation age, it is assumed to be
harvested, carbon is transferred to the harvested wood products pool, age is reset to zero, and the
cycle begins again. With cohorts being harvested on different rotations, we start to see these
cycles operating independently, like forests across a landscape do. We also start to see the
cumulative effects of the fast sequestration of young forests combined with the periodic transfer of
carbon into harvested wood products, where it may stay for decades to centuries.

Sources:

Analysis of data retrieved using the USFS EVALIDator tool:

USDA Forest Service, Forest Inventory and Analysis Program, Forest Inventory EVALIDator web-
application Version 2.1.2. St. Paul, MN: U.S. Department of Agriculture, Forest Service, Northern
Research Station. [Available only on internet: https://apps.fs.usda.gov/fiadb-api/evalidator]
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How do we calculate the average carbon stocks and fluxes over a series of rotations?
When we compute forest carbon sequestration, forest carbon stock, and harvested wood product
stocks, we end up with a row of data for each 5-year period, with columns for carbon stock and
sequestration for the forest, and movement of carbon into the harvested wood products pool and
the total stock remaining in that pool (after deducting for emissions from products decaying in
landfills or burned). To get the average over time, we simply add up all of the numbers for a 3-
rotation time period for each region, and divide by the number of years (which will be the number of
5-year time periods times 5). These numbers represent the annual amount of carbon moved into
the forest (average sequestration) or moved into wood products, as well as the average amount
stored in the forest and in wood products each year.

Hypothetical Three-rotation Averages by Region for 3 Million Acres
NORTH  SOUTH WEST

Average annual C sequestered (MMT CO.e/yr) 54 9.1 4.4
Average forest C storage (MMT CO.e) 170.8 1194 187
Average annual C added to HWP (MMT CO.e/yr) 27.9 22.7 40.8
Average HWP C storage (MMT CO.e) 156.1 60.8 244.5
Years Required to Complete Three Rotations: 225 75 135

How do we calculate the no-harvest scenario?

As a contrast to the even-aged management paradigm, we can illustrate what happens when we
never harvest. This can help us understand what happens in wilderness areas or National Parks,
where timber management is excluded.

As forests age, their growth slows. When they reach “old-growth” status — which varies by regions
and forest types — they may actually be in a carbon steady-state. These forests have higher
mortality rates as trees die of natural causes or disturbances, and eventually get to the point where
they lose almost as much carbon to mortality and decay as they remove from the atmosphere in
growth. Then all it takes is one catastrophic disturbance (like a big wildfire) to kill all the trees,
release much of the carbon, and leave the site unforested.

Sources:

Analysis of data retrieved using the USFS EVALIDator tool:

USDA Forest Service, Forest Inventory and Analysis Program, Forest Inventory EVALIDator web-
application Version 2.1.2. St. Paul, MN: U.S. Department of Agriculture, Forest Service, Northern
Research Station. [Available only on internet: https://apps.fs.usda.gov/fiadb-api/evalidator]
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Gray, A. N., & Whittier, T. R. (2014). Carbon stocks and changes on Pacific Northwest national
forests and the role of disturbance, management, and growth. Forest Ecology and Management,
328, 167-178. https://doi.org/10.1016/j.foreco.2014.05.015
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Appendix I: Supporting Data
National Acreage Summary

Age Public Working Private Working Public Non- Private Non- Total NAFO
Class Forests Forests Working Forests Working Forests Forests Forests

0-10 years 10,371,227 34,919,253 10,434,192 8,484,809 64,209,481 10,669,694
11-20 years 7,065,131 32,594,158 5,351,757 5,846,225 50,857,271 9,142,144
21-30 years 7,447,975 36,051,931 3,523,816 6,662,897 53,686,619 7,138,698
31-40 years 7,567,065 31,312,449 2,884,518 7,737,234 49,501,266 3,583,954
41-50 years 8,103,650 30,751,480 3,068,251 8,824,027 50,747,408 2,069,716
51-60 years 9,186,612 37,158,241 3,761,489 8,482,253 58,588,595 1,496,623
61-70 years 11,164,646 40,831,387 5,096,989 7,403,509 64,496,531 900,530
71-80 years 14,841,488 38,407,870 6,309,392 4,929,076 64,487,826 756,073
81-90 years 16,171,599 29,003,356 7,062,357 3,611,163 55,848,475 425,965
91-100 years 12,924,634 17,799,058 6,932,779 2,467,143 40,123,614 655,475
101-110 years 10,061,994 9,822,556 6,168,785 1,850,455 27,903,790 491,789
111-120 years 7,103,766 4,823,045 4,979,764 1,430,919 18,337,494 477,890
121-130 years 5,319,310 2,450,139 4,601,272 1,445,946 13,816,667 35,736
131-140 years 3,905,592 1,330,076 4,517,998 1,232,961 10,986,627 9,499
141-150 years 2,893,053 687,199 3,733,580 1,164,314 8,478,146 13,291
151-200 years 8,163,114 1,424,080 14,631,898 3,690,897 27,909,989 15,766
201 + years 7,910,994 630,585 14,928,540 2,811,728 26,281,847 551
TOTAL of Age Classes 150,201,850 349,996,863 107,987,377 78,075,556 686,261,646 37,883,395
Age not available 748,482 1,275,876 3,259,667 3,433,717 8,717,742

TOTAL 150,950,332 351,272,739 111,247,044 81,509,273 694,979,388 37,883,395

Sources: USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
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Appendix I: Supporting Data
Northern Region Acreage Summary

Age Public Working Private Working Public Non- Private Non- Total NAFO
Class Forests Forests Working Forests Working Forests Forests Forests

0-10 years 1,941,043 3,386,618 264,533 79,022 5,671,216 1,022,551
11-20 years 1,803,349 3,979,215 185,122 61,109 6,028,795 878,200
21-30 years 2,260,586 6,384,964 389,243 123,347 9,158,140 1,295,472
31-40 years 2,324,311 8,700,840 383,104 68,276 11,476,531 1,476,908
41-50 years 2,723,435 12,202,134 565,184 113,762 15,604,515 1,033,818
51-60 years 3,346,003 16,778,302 707,302 120,758 20,952,365 794,805
61-70 years 3,975,251 19,519,883 1,094,741 139,433 24,729,308 434,066
71-80 years 5,436,336 20,815,683 1,379,667 135,316 27,767,002 308,299
81-90 years 5,530,913 17,089,823 1,651,608 122,665 24,395,009 245,557
91-100 years 4,248,733 10,722,214 1,549,881 102,679 16,623,507 159,199
101-110 years 2,455,650 5,786,135 1,125,872 71,508 9,439,165 23,583
111-120 years 1,365,973 2,578,668 646,372 61,156 4,652,169 8,804
121-130 years 616,978 1,148,160 244,567 38,841 2,048,546 16,495
131-140 years 371,756 557,366 234,201 14,318 1,177,641 7,944
141-150 years 200,890 278,738 92,827 20,476 592,931 12,860
151-200 years 192,561 209,675 129,047 7,260 538,543 15,349
201 + years 15,031 25,673 13,441 0 54,145 331
TOTAL of Age Classes 38,808,799 130,164,091 10,656,712 1,279,926 180,909,528 7,734,240
Age not available 18,086 14,321 0 0 32,407

TOTAL 38,826,885 130,178,412 10,656,712 1,279,926 180,941,935 7,734,240

Sources: USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey

This region includes: Ohio, Indiana, lllinois, Missouri, lowa, Michigan, Wisconsin,
Minnesota, North Dakota, South Dakota, Nebraska, Kansas, Connecticut, Delaware,
Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont, West Virginia
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Southern Region Acreage Summary

Age Public Working Private Working Public Non- Private Non- Total NAFO
Class Forests Forests Working Forests Working Forests Forests Forests

0-10 years 1,219,122 26,126,672 681,674 6,156,434 34,183,902 7,137,990
11-20 years 1,226,418 24,906,932 544,924 4,108,441 30,786,715 6,569,975
21-30 years 1,931,577 26,290,970 711,978 5,357,168 34,291,693 4,180,369
31-40 years 2,282,997 19,634,417 1,000,114 7,015,854 29,933,382 514,510
41-50 years 2,443,598 15,649,150 1,023,813 7,993,206 27,109,767 214,634
51-60 years 2,880,626 17,585,565 1,068,759 7,048,531 28,583,481 319,788
61-70 years 3,586,080 18,452,626 1,141,940 5,615,612 28,796,258 379,120
71-80 years 4,089,368 14,601,984 1,094,352 3,141,408 22,927,112 404,002
81-90 years 3,451,928 8,393,157 926,740 1,448,250 14,220,075 153,278
91-100 years 2,040,610 3,901,376 536,483 542,371 7,020,840 39,014
101-110 years 746,043 1,439,883 247,409 124,254 2,557,589 11,832
111-120 years 327,850 674,833 94,063 0 1,096,746 12,063
121-130 years 182,074 251,981 111,753 23,823 569,631 17,577
131-140 years 94,007 115,006 60,691 15,326 285,030 0
141-150 years 35,516 39,521 27,928 33,104 136,069 0
151-200 years 14,401 30,951 5,879 18,545 69,776 0
201 + years 0 0 0 0 0 0
TOTAL of Age Classes 26,552,215 178,095,024 9,278,500 48,642,327 262,568,066 19,954,152
Age not available 0 0 0 0 0

TOTAL 26,552,215 178,095,024 9,278,500 48,642,327 262,568,066 19,954,152

Sources: USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
This region includes: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia
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Appendix I: Supporting Data

Western Region Acreage Summary

Age Public Working Private Working Public Non- Private Non- Total NAFO
Class Forests Forests Working Forests Working Forests Forests Forests

0-10 years 7,211,062 5,405,963 9,487,985 2,249,353 24,354,363 2,509,154
11-20 years 4,035,364 3,708,011 4,621,711 1,676,675 14,041,761 1,693,969
21-30 years 3,255,812 3,375,997 2,422,595 1,182,382 10,236,786 1,662,858
31-40 years 2,959,757 2,977,192 1,501,300 653,104 8,091,353 1,592,536
41-50 years 2,936,617 2,900,196 1,479,254 717,059 8,033,126 821,263
51-60 years 2,959,983 2,794,374 1,985,428 1,312,964 9,052,749 382,030
61-70 years 3,603,315 2,858,878 2,860,308 1,648,464 10,970,965 87,344
71-80 years 5,315,784 2,990,203 3,835,373 1,652,352 13,793,712 43,772
81-90 years 7,188,758 3,520,376 4,484,009 2,040,248 17,233,391 27,129
91-100 years 6,635,291 3,175,468 4,846,415 1,822,093 16,479,267 457,262
101-110 years 6,860,301 2,596,538 4,795,504 1,654,693 15,907,036 456,375
111-120 years 5,409,943 1,569,544 4,239,329 1,369,763 12,588,579 457,023
121-130 years 4,520,258 1,049,998 4,244,952 1,383,282 11,198,490 1,664
131-140 years 3,439,829 657,704 4,223,106 1,203,317 9,523,956 1,555
141-150 years 2,656,647 368,940 3,612,825 1,110,734 7,749,146 430
151-200 years 7,956,152 1,183,454 14,496,972 3,665,092 27,301,670 417
201 + years 7,895,963 604,912 14,915,099 2,811,728 26,227,702 220
TOTAL of Age Classes 84,840,836 41,737,748 88,052,165 28,153,303 242,784,052 10,195,003
Age not available 730,396 1,261,555 3,259,667 3,433,717 8,685,335

TOTAL 85,571,232 42,999,303 91,311,832 31,587,020 251,469,387 10,195,003

Sources: USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
This region includes: Alaska, Arizona, California, Colorado, Hawaii, Idaho,
Montana, Nevada, New Mexico, Oregon, Utah, Washington, Wyoming
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Appendix I: Supporting Data

National Carbon Summary

Age PubI.ic Priva.te Public Non— Private .Non- Total NAFO
Class Working Working Working Working Forests Forests
Forests Forests Forests Forests
Annual Net Carbon Sequestration Million Metrics Tons (MMT) CO,e/year
0- 50 years 70.5 317.5 8.2 6.4 402.6 143.4
51 -100 years 40.1 94.7 11.5 33 149.7 4.5
101 - 150 years -12.2 1.7 -9.2 0.6 -19.1 -0.9
151 + years -10.2 -0.4 -14.5 0.0 -25.0 0.0
TOTAL of Age Classes 88.3 413.6 -3.9 10.2 508.1 146.9
Forest Carbon Storage Million Metric Tons (MMT) CO,e
0 - 50 years 11,148 41,520 5,564 7,027 65,259 8,096
51 -100 years 23,416 56,527 8,762 5,814 94,519 1,527
101 - 150 years 11,879 7,238 7,022 1,400 27,539 387
151 + years 8,445 856 9,353 1,222 19,876 7
TOTAL of Age Classes 54,888 106,141 30,700 15,463 207,193 10,016

Sources:

Forest Service 2020 Resources Planning Act (RPA) Assessment

USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
Data Analysis by the National Council for Air and Stream Improvement, Inc. (NCASI)
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Appendix I: Supporting Data
Northern Region Carbon Summary

Age PubI.ic Priva.te Public l_\lon- Private _Non— Total NAFO
Class Working Working Working Working Forests Forests
Forests Forests Forests Forests
Annual Net Carbon Sequestration Million Metrics Tons (MMT) CO,e/year
0- 50 years 20.8 714 3.0 0.3 95.5 25.3
51 -100 years 12.3 64.9 6.5 0.4 84.1 4.0
101 - 150 years 0.7 2.9 1.0 0.1 4.6 0.0
151 + years 0.1 0.2 0.2 0.0 0.4 0.0
TOTAL of Age Classes 33.8 139.4 10.6 0.8 184.6 29.4
Forest Carbon Storage Million Metric Tons (MMT) CO,e
0-50 years 2,889 9,604 487 100 13,079 1,602
51 -100 years 8,199 30,524 2,495 163 41,381 725
101 - 150 years 1,972 4,054 1,045 66 7,137 26
151 + years 75 97 66 3 241 7
TOTAL of Age Classes 13,135 44,279 4,093 332 61,838 2,360

Sources:

Forest Service 2020 Resources Planning Act (RPA) Assessment

USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
Data Analysis by the National Council for Air and Stream Improvement, Inc. (NCASI)



SINCASI

Appendix I: Supporting Data
Southern Region Carbon Summary

Age Public Working Priva.te Public Non— Private .Non— Total NAFO
Class Forests Working Working Working Forests Forests
Forests Forests Forests
Annual Net Carbon Sequestration Million Metrics Tons (MMT) CO,e/year
0-50vyears 20.5 224.6 2.7 5.0 252.9 104.7
51-100 years 19.5 36.2 5.4 1.9 62.9 1.4
101 - 150 years 1.0 0.9 0.5 0.1 2.5 0.0
151 + years 0.0 0.1 -0.2 -0.1 -0.1 0.0
TOTAL of Age Classes 41.0 261.8 8.4 7.0 318.2 106.0
Forest Carbon Storage Million Metric Tons (MMT) COze
0-50vyears 2,295 26,074 823 5,686 34,878 3,846
51-100 years 5,385 20,379 1,561 3,951 31,276 420
101 - 150 years 560 980 233 53 1,826 16
151 + years 7 13 2 5 27 0
TOTAL of Age Classes 8,247 47,446 2,620 9,695 68,007 4,282

Sources:

Forest Service 2020 Resources Planning Act (RPA) Assessment

USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
Data Analysis by the National Council for Air and Stream Improvement, Inc. (NCASI)
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Appendix I: Supporting Data
Western Region Carbon Summary

Age Publ_ic Priva.te Public l_\lon- Private .Non- Total NAFO
Class Working Working Working Working Forests Forests
Forests Forests Forests Forests
Annual Net Carbon Sequestration Million Metrics Tons (MMT) CO,e/year
0 - 50 years 29.2 21.4 2.6 1.0 54.3 13.4
51 -100 years 8.4 -6.4 -0.4 1.0 2.6 -0.9
101 - 150 years -14.4 -2.0 -10.7 0.4 -26.7 -1.0
151 + years -10.4 -0.6 -14.5 0.0 -25.4 0.0
TOTAL of Age Classes 12.9 12.4 -22.9 2.4 4.8 11.5
Forest Carbon Storage Million Metric Tons (MMT) CO,e
0-50 years 5,964 5,842 4,254 1,241 17,301 2,648
51 -100 years 9,832 5,624 4,705 1,700 21,862 381
101 - 150 years 9,348 2,203 5,745 1,281 18,577 345
151 + years 8,363 747 9,284 1,214 19,607 0
TOTAL of Age Classes 33,507 14,417 23,988 5,436 77,347 3,375

Sources:

Forest Service 2020 Resources Planning Act (RPA) Assessment

USFS Forest Inventory and Analysis Program (FIA) and NAFO Member Acreage Survey
Data Analysis by the National Council for Air and Stream Improvement, Inc. (NCASI)
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Age Class Projections Transition Matrix

To age class:
o
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From age class:

0-10years 28 29 3 1 1 1 1 0 0 0 0 0 0 0 0 0 0
11-20 years 4 16 27 2 1 0 0 0 0 0 0 0 0 0 0 0 0
21-30years 6 1 17 26 2 1 0 0 0 0 0 0 0 0 0 0 0
31-40 years 4 1 1 15 25 2 1 0 0 0 0 0 0 0 0 0 0
41-50 years 2 0 1 1 15 29 2 0 0 0 0 0 0 0 0 0 0
51-60 years 2 0 0 1 1 18 33 1 0 0 0 0 0 0 0 0 0
61-70 years 2 0 0 0 1 1 21 36 1 0 0 0 0 0 0 0 0
71-80 years 2 0 0 0 1 1 1 22 35 1 0 0 0 0 0 0 0
81-90 years 1 0 0 0 0 1 1 1 20 29 1 0 0 0 0 0 0
91-100 years 1 0 0 0 0 0 1 1 1 13 20 1 0 0 0 0 0
101-110vyears 1 0 0 0 0 0 0 0 1 1 8 14 1 0 0 0 0
111-120years 1 0 0 0 0 0 0 0 0 0 1 5 9 1 0 0 0
121-130 years 1 0 0 0 0 0 0 0 0 0 0 1 3 7 1 0 0
131-140 years 1 0 0 0 0 0 0 0 0 0 0 0 1 3 5 1 0
141-150 years 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 5 0
151-200 years 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 18 5
200+ years 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 22

This table shows the process for animating age changes in the dataviz, assuming a 10-year time step.
Each 10-year period, move the following number of hexes from the Age Class in column A into the age classes in columns B-S
So, for example:
For the third age class : - 21-30 years, each decade that goes by:
6 hexes would revert to class 1 (harvested and replanted)
1 hex would revert to age class 2
17 hexes would stay the same age/color
26 hexes would age into the next age class
2 hexes would jump 2 age classes
1 hex would jump 3 age classes.
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Age Class Projections Transition Matrix
This is likely clearcut harvests, where stands of a variety of ages are reset to a new stand.

These are what we expect to happen; stands change in age by 10 years in a decade.
Estimating age in avery young and small trees is difficult.
To age class: Suspect these are from plots where the previous age was underestimated.
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From age class: & S|l » ¥ T R 3 &5 S T 9.8 I & 7
0-10years 28129 B 1 1 1 1 0 0 0 0 0 0 0 0 0 0
11-20years 4 11627 2 1 0 0 0 0 0 0 0 0 0 0 0 0
21-30vyears 6 1117|126 2 1 0 0 0 0 0 0 0 0 0 0 0
31-40vyears 4 1 1115|125 2 1 0 0 0 0 0 0 0 0 0 0
41-50years 2 0 1 111|129 2 0 0 0 0 0 0 0 0 0 0
51-60 years 2 0 0 1 11183 1 0 0 0 0 0 0 0 0 0
61-70 years 2 0 0 0 1 112113 1 0 0 0 0 0 0 0 0
71-80years 2 0 0 0 1 1 213 1 0 0 0 0 0 0 0
81-90 years 1 0 0 0 0 1 1120|129 1 0 0 0 0 0 0
91-100years 1 0 0 0 0 0 1 111320 1 0 0 0 0 0
101-110years 1 0 0 0 0 0 0 1 1 8|14 1 0 0 0 0
111-120years 1 0 0 0 0 0 0 0 0 1 5 9 1 0 0 0 Why do some cells stay the same age?!
121-130years 1 0 0 0 0 0 0 0 0 0 1 3 7 1 0 0 Because age can be ambigous in FIA; some
131-140years 1 0 0 0 0 0 0 0 0 0 0 1 3 5 0 drift happens when the field crews at one
141-150 years 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 inventory to the next disagree on age;
151-200 years 1 0 0 0 0 0 0 0 0 0 0 1 1 1]18]| 5 it's not a perfect transition, but this is
200+ years 1 0 0 0 0 0 0 0 0 0 0 0 0 2 E what happens in FIA data.

How can a stand drop in age by 30 years from one period to the next?
Partial harvest of the oldest trees in the stand, leaving younger trees dominant.
This is likely natural disturbances like fires, that can reset older forests that would not likely be harvested.



