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Forest carbon stock for forest land remaining forest (FF): by forest type and forest land status
Aboveground live tree pool including foliage:

All of Oregon (Table D1) and ecoregion (Tables D2-D8), 2007-2016
Aboveground dead tree pool:
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Area

Sampled area:

Sampled area by land status and Owner group for all of Oregon (Table A1) and by ecoregion (Tables
A2-A8), 2007-2016

Forest Area for Forest Land Remaining Forest (FF): by owner:

Forest land area by land status and ownership group for all of Oregon (Table A9) and by ecoregion
(Tables A10-A16), 2007-2016

Forest Area for Forest Land Remaining Forest (FF): by forest type:

Forest land area by forest type, forest land status and ownership group for all of Oregon (Table A17)
and by ecoregion (Tables A18-A24), 2007-2016

Net forest carbon flux for forest land remaining forest (FF)

Net carbon flux for all pools by owner:

Annual net change in all forest pools by ownership group for all Oregon (Table B1) and for ecoregions
(Tables B2-B8), 2007-2016

Disturbance effects on net forest carbon flux, all forest land:

Annual net change in aboveground carbon pools by disturbance, forest land status, and ownership
group, 2001-2006 to 2011-2016 for all Oregon (Table B9.1) and per acre (Table B10); for live trees
only on county (Table B9.2) and national forest lands (Table B9.3).

Disturbance effects on net forest carbon flux, timberland:

Annual net change on timberland for aboveground pools by disturbance and owner, 2001-2006 and
2011-2016 — total (Table B11) and per acre (Table B12)

Forest carbon stock for forest land remaining forest (FF): by owner group and forest land status

Aboveground live tree pool including foliage:

All of Oregon (Table C1) and by ecoregion (Tables C2-C8)

All of Oregon by 10-year averages (Tables C9.1)

Aboveground dead tree pool

All of Oregon (Table C10) and by ecoregion (Tables C11-C17)

All of Oregon by 10-year averages (Tables C18.1)

Aboveground live understory vegetation pool:

All of Oregon (Table C19) and by ecoregion (Tables C20-C26), 2007-2016

Aboveground and belowground live understory vegetation pools, 10-year averages:

All of Oregon by 10-year averages (Tables C27.1)

Belowground live understory vegetation pool:

All of Oregon (Table C28) and by ecoregion (Tables C29-C35), 2007-2016

Belowground live tree pool:

All of Oregon (Table C36) and by ecoregion (Tables C37-C43), 2007-2016

Belowground live and dead tree pools, 10-year averages:

All of Oregon by 10-year averages (Tables C44.1)

Belowground dead tree pool:

All of Oregon (Table C45) and by ecoregion (Tables C46-C52), 2007-2016

Soil-organic carbon pool:

All of Oregon (Table C53) and by ecoregion (Tables C54-C60), 2007-2016

All of Oregon by 10-year averages (Tables C61.1)

Aboveground down dead wood pool:
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All of Oregon (Table C62) and by ecoregion (Tables C63-C69), 2007-2016

All of Oregon by 10-year averages (Tables C70.1)

Aboveground forest floor pool:

All of Oregon (Table C71) and by region (Tables C72-C78), 2007-2016

All of Oregon by 10-year averages (Tables C79.1)

Forest land conversions (LF)

Annual change in forest land area to/from other IPCC landuse classes in Oregon, 2001-6 to 2011-16
(Table E1)

Net forest carbon flux from forest land-use conversions:

Annual change in carbon pools due to change in land use between forest and nonforest in Oregon,
2001-6 to 2011-16 (Table E2)

Net flux from other GHG emissions:

Annual net emissions of non-CO; greenhouse gasses from fire by owner group and class for all of
Oregon, 2001-2006 to 2011-2016 (Table F1)
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Chapter 1. Executive summary and key findings

The pursuit of carbon mitigation with forest management policy in Oregon has consistently
resulted in the recognition that a reliable forest carbon accounting framework is fundamental
to the policy development and monitoring process. This report, based on an extensive field plot
monitoring system, supplies the quantitative dimension of that forest carbon accounting
framework by providing estimates for the status and trends of carbon in Oregon’s forest
ecosystems and ownerships since 2001. The Information in this report is based on
measurements conducted on 9,483 forested plots in Oregon by the Forest Inventory and
Analysis Program (FIA) within the USDA Forest Service. This report includes a brief introduction
to the pursuit of forest carbon accounting in Oregon and an overview of the forest carbon cycle
(Chapter 2) followed by a description of the methods used to inventory Oregon’s forests and
estimate forest carbon (Chapter 3). The results of the analysis are presented in Chapter 4 and
are based on a subset of the abundant tabular data this analysis provides. Estimates of forest
carbon across five forest ownerships and seven ecoregions are first reported in terms of flux,
which is the difference between the amount of carbon that enters, and the amount that leaves,
one of seven different pools of carbon. Estimates are then reported in terms of the amount of
carbon stored in each pool. The results are compared with estimates from other reports and
research in Chapter 5 and strategies for improving the inventory and analytical methods are
discussed in Chapter 6. In this analysis results of carbon physically present in the forest are
given in metric tons (MT) of carbon (C). Results of carbon flux, the amount and rate of gaseous
carbon being emitted or sequestered by the forest, are given in metric tons (MT) of carbon
dioxide equivalent (COze).

Forest Carbon Flux

One of the most important features of this report is that as of the 2016 reporting period,
Oregon’s forests have been functioning as a net sink of carbon. According to the estimates
made from remeasured FIA plots, Oregon’s recent statewide rate of carbon flux from all forest
pools across all ownerships and ecoregions is approximately 30.9 £ 7.4 MMT COze per year
(Table 4.1). This estimate excludes net COze contributions from other sources such as
harvested wood products which will appear in a separate analysis for this reporting period.
After accounting for forest land use conversions and non-CO; greenhouse gas emissions from
wildfire, the 2016 statewide rate of carbon flux on all forest land is approximately 31.8 £ 7.2
MMT COze per year (Table 4.2). The pools of live vegetation (trees, foliage, live roots, and
understory vegetation) are accumulating carbon at a net rate of about 37.9 + 5.8 MMT CO.e
per year (Table 4.3). However, the pools of dead vegetation (standing dead trees, dead roots,
and down wood) have been losing COe to the atmosphere and other forest ecosystem pools at
a rate of about 7.3 + 2.1 MMT CO.e per year.

National forests alone account for approximately 19.1 + 2.0 MMT CO.e per year of the total
carbon flux (Table 4.3) mostly from growth of live trees. The contribution of those pools on
other federal forests is about 9.5 + 1.4 MMT COe per year. Tree mortality, especially from fire,
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is highest on productive forests owned by the USDA Forest Service that are withdrawn from
harvest at a rate of 0.8 + 0.4 metric tons of COze annually per acre. Net tree growth on forests
owned by private individuals contributes about 3.6 + 2.3 MMT COze per year. The variation in
live tree growth and carbon flux in other pools on forests owned by local and state
governments and corporations is too large in this reporting period to determine if the average
annual rate of carbon sequestration is statistically different than zero. Nonetheless, on a per
acre basis gross tree growth is highest for these two ownerships that contribute the most to the
wood products pool (Table 4.4 and Table 4.5).

This report also provides estimates of forest flux from growth, harvest, and mortality of live
trees for each ecoregion in Table 4.6. Two ecoregions account for about 58% of the annual net
CO.e sequestration in live trees, the forests of the Western Cascades (9.4 + 3.0 MMT
CO2e/year) and the Oregon Coast Range (8.1 + 4.3 MMT CO2e/year) (Table 4.6). Although there
is a large amount of uncertainty the importance of Coast Range forests to annual carbon flux is
reflected in the estimate for gross growth of trees at 30.3 £ 2.4 MMT CO,/year while the
amount harvested from that growth each year is about 17.5 + 3.8 MMT CO,. Growth of trees in
the Western Cascades ecoregion is also high at about 26.9 + 1.7 MMT CO,/year with much less
transfer to harvest (8.0 + 2.5 MMT CO.e/year) than the Coast Range but experiencing a higher
rate of mortality (9.5 £ 1.1 MMT CO,e/year). The annual net change in live trees is less than 5
MMT COze for the other ecoregions and less than 0.5 MMT COze/year in forests of East Oregon
outside of the Blue Mtns.

The carbon accumulation from growth of live trees has been approximately 90.2 + 2.4 MMT
CO,e/year from all forests in Oregon (Table 4.7a). After accounting for the amount of carbon
removed by harvest (-34.8 + 4.7 MMT CO,e/year) and mortality from all causes (-25.3 + 1.7
MMT COze/year) the net accumulation of carbon in live trees is approximately 30.1 £+ 5.7 MMT
CO,e per year reflecting the state’s high annual tree growth rate across all forest ownerships.

Estimates of carbon flux in live trees for each county from growth, harvest, and mortality can be
found in Table 4.7b. Washington county is estimated to have a net loss of carbon (-2.3 2.1
MMT COze/ year) and Douglas County shows a high rate of live tree mortality (-3.5 + 0.8 MMT
CO.e/year) mostly due to fire and natural causes, but is partially compensated for with a high
rate of annual tree growth (12.1 + 1.4 MMT COze/year). The forests of Lane County lead the
state in net carbon flux by sequestering approximately 7.6 + 2.3 MMT of CO,e/year.

For carbon flux on National Forests (Table 4.7c) the Deschutes National Forest is currently
estimated to have a net loss of carbon based on all pools (-0.2 £ 0.6 MMT CO2e/year) but this
estimate is not statistically different than zero. Other National Forests where net carbon flux is
not statistically different from zero include the Fremont, Ochoco, Columbia River Gorge
National Scenic Area, and the Crooked River National Grassland. All other National Forests are
accumulating carbon with the highest rate of net flux for all pools on the Willamette with
approximately 4.1 £ 0.9 MMT CO2e/year. The Rogue River-Siskiyou National Forest is
experiencing the highest rate of live tree mortality among national forests (-2.8 + 0.6 MMT
CO2e/year). The causes of tree mortality on National Forests in terms of percent of carbon
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were fire (23%), disease (20%), insect (18%), and wind (13%). The rate of mortality in terms of
percentages of live tree carbon was 0.7% per year for the state and ranged from 1.0 percent in
the East Cascades to 0.4% in the Willamette Valley ecoregions.

Fire was estimated to affect 103 + 16 thousand acres/year (95% Cl), with an additional 16 + 7
thousand acres/year affected by both fire and tree cutting. The total estimate of emissions
from fire is approximately -3.6 + 1.2 MMT COe/year as CO; and -0.2 + 0.05 MMT COe/year for
methane (CH4) and nitrous oxide (N;0) (Table 4.8).

Approximately 20 + 7 thousand acres of forest land were converted to non-forest every year in
Oregon while about 24 + 7 thousand acres of non-forest land were converted to forest every
year (Table 4.9). About 53% of the forest loss was conversion to grassland, 88% of which
consisted of mechanical removal of juniper and 12% from lack of forest regeneration more than
30 years after a disturbance, primarily fire. Another 34% of the conversion was for powerlines
and logging roads. Conversion of non-forest lands to forest is accounted for by regrowth on
abandoned logging roads and tree encroachment on grasslands. However, the net change of
4.5 + 9.3 thousand acres/year is not statistically significant. Consequently, the net gain of 0.9 +
1.1 MMT COze/year from forest land conversions was also not significant with most of the gains
and losses occurring in the live tree pool (Table 4.10).

Forest Carbon Storage

In Section 4.2 of this report you will find estimates for the amount of forest area in each
ecoregion, such as Table 4.11, and each forest type across productivity levels of each
ownership, such as table 4.12. The heart of the forest carbon numbers for each pool across
ownerships is in Table 4.13a where according to estimates made from the FIA plot
measurements over the most recent 10-year reporting cycle (2007-2016) there are 3.2 + 0.03
billion metric tons of carbon stocks (C) on forest land including forest floor and forest soils
across all ownerships in Oregon. Approximately 70% of this C is found on public forest land
with the National Forests containing over half of all C (52%). Just under half of all stored C is
found belowground in forest soils (49%), and about a third is found aboveground in the live tree
pool (32%). The remaining stored C is distributed among dead trees (2%), roots (7%), down
wood (5%), forest floor (4%) and the understory vegetation pool (1%). Table 4.13a also reports
the amount of forest area estimated for each ownership.

For each county Table 4.13b provides estimates of forest C storage for each forest pool and
estimates for the amount of forest area. Douglas and Lane County have the largest amount of
forest C storage with 380.1 + 25.9 MMT C and 377.6 £ 25.3 MMT C, respectively. Counties east
of the Cascade Mountains tend to have the largest amount of C stored in standing dead and
down wood pools relative to other forest pools such as Jefferson County with 32% and Wheeler
County with 26%. Similar estimates for each National Forest are found in Table 4.13c.

Forest land carbon stocks by specific pool on both public and private ownerships are reported
in Tables 4.14 through Table 4.21 for all of Oregon and each ecoregion of the state. These



Forest Ecosystem Carbon Inventory Report: 2001-2016 11

tables show that two Westside regions account for over half of Oregon’s forest C stocks (52%),
the Western Cascades with 969.1 MMT C and the Oregon Coast Range with 717.7 MMT C. In
the Oregon Coast Range public forests have on average 168.4 MT C/acre while privately
managed forests have 111.8 MT of C/acre. The Willamette Valley has the lowest total forest
carbon storage with about 106.3 MMT C.

Carbon stock estimates in each pool for the major forest types (Table 4.22 and Table 4.23) show
that the Douglas-fir forest type contains about 47% of Oregon’s C stocks (1,511.1 + 42.0 MMT
C) (Table 4.22). The fir/spruce/mountain hemlock type stores over three times less at
approximately 435.3 £ 24.8 MMT and the ponderosa pine forest type stores about 419.5 + 17.9
MMT C. Of the hardwood forest types, the alder/maple forests are currently storing the most
total forest carbon at 122.7 + 15.5 MMT C.

Estimates of forest carbon stocks and flux for each ownership are reported in four pairs of
tables for live trees and understory vegetation (Table 4.24 and 4.25), Roots (Table 4.26 and
4.27), standing dead trees and down woody material (Table 4.28 and 4.29), and forest floor and
soil carbon (Table 4.30 and 4.31). Carbon storage for each forest pool based on 10 year
averages are provided in Table 4.32 and for ownership and land status in Table 4.33 and 4.34.

Chapter 5 provides a comparison of the results in this report are with estimates of forest carbon
reported in the National Greenhouse Gas Inventory (USDA OCE Climate Change Program Office
2016), the 2018 forest carbon report from the Oregon Global Warming Commission, and other
research that contains comparable forest carbon information (Gray and Whittier 2014, Gray et
al. 2014, Law et al. 2018, Campbell et al. 2007). Strategies to improve the inventory are
described in Chapter 6 and include increasing the number of plots that are measured each year,
improved estimation of non-sampled plots, increased use of remote sensing, better equations
for calculating tree biomass, and ideas for improving forest carbon reporting.
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Chapter 2. Introduction

2.1 Oregon’s Forest Carbon Accounting Background

The need for a reliable forest carbon accounting system in Oregon expanded in 2001 when the
Oregon State Legislature passed a bill that allowed the State Forester to enter into agreements
with nonfederal forest landowners as a means to market, register, transfer, or sell forestry
carbon offsets on behalf of the landowners to provide a stewardship incentive for nonfederal
forestlands (ORS 526.780). This legislation required the State Forester to develop a forestry
carbon offset accounting system for measuring and monitoring carbon benefits of mitigation
projects and accounting for emission debits and credits for carbon storage and sequestration.

In its 2003 strategic planning document, The Forestry Program for Oregon, the Oregon Board of
Forestry recognized the threat of climate change from rising levels of carbon dioxide and other
greenhouse gases in the atmosphere and the contribution of forest ecosystems to Earth’s
carbon cycle. The Board agreed on enhancing carbon storage in Oregon’s forests and forest
products as one of seven key strategies toward sustainable forest management. The Board
identified several priorities for implementing the strategy including increasing the forest land
base, developing analytical tools for calculating the effects of forest management and wildfires
on forest pools of carbon, increasing public understanding of the potential for storing carbon in
forests, promote forestry carbon-offset markets, and improving consumer awareness of the
carbon benefits associated with forest management and wood products.

In the 2011 update to the Forestry Program for Oregon the Board of Forestry established the
goals of improving forest carbon sequestration and storage and reducing carbon emissions in
Oregon’s forests and forest products. The Board acknowledged that sustainable forest
management included stable or increasing rates of carbon sequestration and storage in Oregon
forests and forest products as well as promoting the use of biomass to offset emissions from
fossil fuels. The Board also recognized that a primary challenge lies in monitoring forests on a
statewide scale with respect to pools of above- and below-ground carbon, live and dead forest
carbon, and carbon in harvested wood products, to learn where and under what conditions
forests are acting as net carbon sinks

In 2007 Oregon established goals to reduce future greenhouse gas emissions. The legislation
passed that year requires the State to arrest the growth of greenhouse gas emissions and
reduce them to 10% below 1990 levels by 2020 and 75% below 1990 levels by 2050 (ORS
468A.205). That legislation also established the Oregon Global Warming Commission (OGWC)
and required the Commission to “track and evaluate...The carbon sequestration potential of
Oregon'’s forests, alternative methods of forest management that can increase carbon
sequestration and reduce the loss of carbon sequestration to wildfire, changes in the mortality
and distribution of tree and other plant species and the extent to which carbon is stored in tree-
based building materials.”
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In 2010 the OGWC created the Roadmap to 2020 that was designed to offer recommendations
for how Oregon can meet its GHG reduction goals and support a clean energy-based economy.
The final report included recommendations from six technical committees from economic
sectors that included energy and utilities, transportation and land use, industry, forestry,
agriculture, and materials and waste management. The purpose of the forestry committee was
to develop and prioritize a set of strategies and actions for primarily increasing carbon storage
in forest ecosystems and long-lived forest products to meet Oregon’s 2020 goal. Establishing a
carbon inventory for Oregon’s forests was the first of four key actions the committee
recommended. The other three key actions included investing in research to understand the
impacts of climate change on carbon storage in forests, pursue reforestation/afforestation,
advance energy and forest policies supporting biomass facilities.

Following on the recommendations from the Roadmap to 2020 the OGWC started a forest
carbon accounting project in 2016 to advance our understanding of the carbon potential of
Oregon’s forests. A Forest Carbon Task Force subcommittee to the OGWC was formed to
review potential sources of forest carbon accounting data and provide recommendations to the
Commission and Board of Forestry. The Task Force recognized the value of the USFS Forest
Inventory and Analysis Program for providing Oregon with a standardized and statistically
sufficient system of monitoring and accounting for forest carbon.

The Board of Forestry supervises all matters of forest policy within Oregon and adopts rules
regulating forest practices. The Board of Forestry and Oregon Department of Forestry have
been integral partners with the OGWC since inception and provided contributing support in
developing the Roadmap to 2020 and the 2016 Forest Carbon Taskforce. The Board of Forestry
agrees with the first Key Action of the Roadmap to 2020 and is committed to establishing a
long-term, statistically reliable, forest carbon accounting system that can be used to monitor
the status and trends of carbon in Oregon’s forests, provide a baseline for evaluating
alternative forest carbon management policies, and for measuring the effect of carbon
enrichment and climate change on forest productivity. The Governor’s Office of Carbon Policy,
established in the 2018 Legislative session, is also fully committed and has provided support for
this report. The analysis that follows in this report does not provide a complex policy analysis
but it does provide a quantitative forest monitoring framework that is fundamental to the
development of forest carbon policy.

2.2 U.S. National Greenhouse Gas Inventory

The U.S. Environmental Protection Agency (US EPA) coordinates and compiles summaries and
analyses by multiple agencies to produce the National Greenhouse Gas Inventory (NGHGI). The
most recent published report provides national estimates of stocks and flux of greenhouse
gases for 1990-2017 (US EPA 2019). The last NGHGI that included state-level estimates was
released in 2016. The core dataset for forest carbon used in the NGHGI is the USDA

Forest Service’s Forest Inventory and Analysis (FIA) inventory. The inventory is based on
empirical field measurements of carbon pools and on models that complement the field
measurements for pools and/or time periods with few data. The NGHGI follows IPCC guidance
as closely as possible with available datasets.
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This report differs from the NGHGI analysis in that some of the fluxes can be estimated from
measurements available in Oregon, rather than models designed for national estimation, and in
not attempting to model results back to 1990 for all lands. Instead, we summarize available
empirical data for that time-period and identify alternatives for improving estimates. We refer
to the methods of the NGHGI extensively, however, for estimating flux in pools and processes
for which empirical data are limited (e.g., soils). This report also includes the use of regional
biomass equations instead of national models, and adjustments for decay and fragmentation of
snags that differ from the NGHGI.

2.3 Forest carbon cycle overview

The global carbon cycle includes movement of carbon (C) among vegetation, soil, ocean, rock,
and atmosphere (Ryan et al. 2010). Although the amount of C in vegetation and soils (i.e.,
stores) is much smaller than that in the ocean, the movement of C to and from the atmosphere
(i.e., flux) is comparable. Vegetation absorbs C from the atmosphere through photosynthesis
and fixation of Cin living material, and vegetation and soils emit C to the atmosphere through
respiration and microbial decay of dead plant matter (Figure 2.1). Forests are particularly
important to the carbon cycle because they can store large amounts of C and can be dynamic
over relatively short time periods (e.g., decades). It is thought that forests in the Northern
Hemisphere in particular are absorbing more C from the atmosphere than they are emitting
(Pacala et al. 2001). C removed from the atmosphere by forest growth or stored in harvested
wood products for the U.S. in 2017 were estimated to offset 11.3% of U.S. emissions from
industry and agriculture (US EPAa 2019).

Figure 2.1: Flows of carbon in a forest from the atmosphere to the forest and back. Carbon is
stored mostly in live and dead wood as forests grow (extracted from Ryan et al. 2010 Figure 2).
This figure does not include C removed from harvest, or soil C removed in groundwater or
erosion.
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Live forest vegetation builds plant tissues with carbon dioxide (CO;) from the atmosphere
through the process of photosynthesis. A large proportion of the photosynthetic carbon is
respired by living plant cells, but a portion of it goes into the production of tissues like leaves;
twigs; fine roots; flowers and fruits; and wood and bark in boles, branches, and coarse roots.
Depending on their longevity (a matter of weeks for fine roots, or centuries for tree boles),
these tissues die and begin to decompose due to microbial action, whereby C is emitted to the
atmosphere, primarily as CO;. The increase in volume or biomass of live trees over a specific
time period is called gross growth, and is similar to estimates of net primary production (NPP)
of wood. The volume or biomass of live trees that die during a specific time period is called
mortality. The difference between gross growth and mortality is the net change in live tree
volume or biomass, referred to as net growth, which can be positive or negative. Some of the
partially-decomposed tissue stays in the soil mineral and organic layers, where C may
accumulate over time. When the net effect of the many C fluxes in a forest results in increased
storage of C it is referred to as sequestration.

In addition to carbon dioxide (CO,), other greenhouse gases emitted by forests and/or forest
products include methane (CHa), and nitrous oxide (N20). In this report carbon stocks are
reported in metric tons of carbon. Changes in carbon stocks that involve transfers between
different components of the forest ecosystem or to/from the atmosphere are reported in units
of metric tons of carbon dioxide equivalent (COze), which puts the various greenhouse gases on
the same footing in terms of their absorption of infrared radiation. One metric ton of carbon
mass in live and dead biomass or soil is equal to 3.667 metric tons COze (also the fraction
44/121).

While tree mortality occurs naturally in all forests, natural disturbance events such as wildfire,
pest outbreaks, wind throw, and drought can result in high mortality rates, potentially killing all
aboveground live vegetation over large areas. In the case of wildfire, some C (as well as other
greenhouse gases such as N2O) can be emitted directly to the atmosphere through combustion,
or lost from the area as soot. Fine particulate matter in soot (< 2.5 um in diameter) is referred
to as “black carbon” and although it only remains in the atmosphere for a few weeks, it
contributes to the greenhouse effect by absorbing solar radiation and heating the atmosphere.
In some cases, black carbon can take on the form of charcoal, which can be a stable, long-lived
form of Cin the forest. Dead tissue left after the disturbance then decays, emitting C to the
atmosphere over weeks in the case of scorched needles or over decades to centuries in the
case of large dead trees. In severely disturbed forests, C emissions to the atmosphere will
initially exceed absorption, and total C will decrease (Figure 2.2). As vegetation becomes
established and the amount of growing tissue increases, at some point absorption will exceed
emissions, and total C stocks will increase. This net flux from the atmosphere (accumulation)
tends to decrease as forests age and appears to come close to zero, or equilibrium, in older
forests (Gray et al. 2016). At this point when annual emissions equal annual uptake, forests
have reached the carbon sink saturation point.

! Throughout the forest ecosystem portion of the inventory, results are converted from C to COze by multiplying by
3.667
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Figure 2.2: Idealized cartoon of carbon trajectories in live trees, dead wood, and soil in a forest
where all trees are killed by severe wildfire and vegetation subsequently regenerates (extracted
from Ryan et al. 2010 Figure 3). With sufficient time, the forest will recover the carbon lost in
the fire and the decomposition of trees killed by the fire as long as there were no conversion to
lower carbon vegetation types such as shrub lands or grasslands.

In addition to growth and mortality, the C stored in forests can change through increases in
forest area (afforestation) or decreases in forest land (deforestation). While vegetation on
afforested sites may accumulate at rates comparable to regenerating forest, levels of soil C
tend to take longer (e.g., several decades) to accumulate to levels typically found in forests.
Consequently, recently deforested areas may not reflect a significant loss in soil C for many
years. Similarly, deforested lands lose soil C over decades until they reach levels typical of non-
forest land-uses. While trees are often found in non-forest land-uses (e.g., urban areas,
windbreaks or stream buffers in agricultural lands), their C stores are typically included in the
carbon assessments of those other land-uses identified as sectors of national assessments.

Tree harvest removes C from forests in the form of logs. However, the C in those logs is emitted
to the atmosphere at different rates depending on how the wood and bark are used, so the
tracking of the fate of forest C in various harvested wood products (HWP) becomes an
important part of forest C accounting. Some portions of harvested trees remain in the forest,
moving between forest ecosystem carbon pools and decay slowly along with other dead tissue
(e.g., branches and foliage) or are disposed of through in-forest burning with immediate carbon
and other greenhouse gas emissions. Other parts become stored in short-lived or long-lived
products (e.g., paper and house frames, respectively), converted into other bioproducts, or
burned to supply industrial or residential energy and/or heat. At the mill, sawlogs, pulpwood,
fuelwood (termed timber product classes) are converted to primary timber products (i.e.,



Forest Ecosystem Carbon Inventory Report: 2001-2016 17

lumber, plywood, veneer, residues, etc.). Each of these products are then allocated to various
end-uses such as residential construction, manufacturing, packaging and shipping, or biomass
energy, to name a few. Wood products within these various end-uses have different lifetimes. A
product’s half-life is the number of years it takes for half of the initial amount of wood to be
discarded and can be used to determine how much of the original product remains in use
versus disposed (Skog 2008). Once disposed, discarded wood products decay over time
releasing carbon back to the atmosphere. The process by which this happens is dependent on
the manner of disposal. In anaerobic environments such as in landfills, wood decay releases
carbon (mostly in the form of methane (CHa), a more potent greenhouse gas than CO;) and
ceases after several decades, leaving a carbon fraction that persists in solid form indefinitely.
Newer landfill technologies are being implemented in parts of the country to allow for methane
capture and combustion (oxidation), thus reducing overall methane emissions to the
atmosphere with formation of CO>, a less powerful greenhouse gas. In some cases, at the end
of product use-life, products can remain in use through recycling, burned for energy, or burned
as waste (Stockmann et al. 2012). When the product is kept out of the landfill methane
emissions from landfill decay are substantially decreased.

Fossil fuel and other emissions not derived directly from forest ecosystems that are generated
in the forest management and manufacturing process are typically not included in forest sector
C analyses but are included in the industrial sector (e.g., US EPA 2019).

Accumulating C in standing forests is one way to increase absorption from the atmosphere.
Accumulating C in forests could be accomplished by reducing the amount of C removed during
harvest. However, to the extent that the demand for wood products remains, one result could
be leakage where storing more carbon in forests in one region (or country) is offset by reduced
storage of carbon in other regions, with no net gain in global carbon storage (McKinley et al.
2011). Conversely, intensive commercial timber production may decrease demand for wood
from other lands, thereby increasing the in-forest carbon stocks on those other lands (Heath et
al. 2010).

Another concern with increasing carbon stores in forests is the notion of permanence; areas
that are fire-prone are at higher risk that live trees will be killed and C lost to fire and decay,
especially in forest types where denser (higher C) forests are likely to burn at higher severity.
The use of harvested wood and wood products may reduce overall C emissions through their
use as biomass energy in situations where the use of wood as biomass for fuel results in fewer
C emissions from the use of fossil fuels. Another effect of using wood products could be
through substitution of wood instead of steel or concrete, which result in more C and other
greenhouse gas emissions to produce.

While tracking the changes in C stocks (and therefore C flux) can be relatively straight-forward,
quantifying leakage, permanence, and substitution can be more difficult. One example of an
analysis that incorporated biomass energy as a reduction in fossil fuel emissions compared
overall emissions from open pile burning of logging residues to processing and burningin a
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biomass energy plant, and found a net reduction in emissions of 0.54 tons COe per dry ton of
biomass (Figure 2.3; Springsteen et al. 2015).

Figure 2.3: Comparison of greenhouse gas emissions between a pile burn of logging residue
versus chipping, hauling, and burning it in a biomass energy plant. Analysis estimates CO;-
equivalent effects of different gases and particulates, as well as the additional emissions
needed in the case of the pile burn to generate the same amount of electricity from natural gas.
(Extracted from Springsteen et al. 2015).

2.4 Overview of Oregon forests

Oregon hosts a wide variety of tree species, including many species of conifers as well as oaks
and other hardwoods. Assemblages of tree species are often grouped into forest types to
support inventory and reporting. The Forest Inventory and Analysis (FIA) program defines a
variety of coniferous forest types in Oregon including Douglas-fir, Ponderosa pine,
fir/spruce/mountain hemlock, western juniper, western hemlock/Sitka spruce, lodgepole pine,
and others. Hardwood forest types include alder/maple, tanoak/laurel, western oak, and
elm/ash/cottonwood among others.
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FIA land status distinguishes forest land from non-forest (i.e., crops, improved pasture,
residential areas, city parks, etc.) and other area (i.e., water), and also distinguishes differences
in forest land status. For example, forest land in Oregon is also categorized into timberland and
other forest land based on its ability to grow commercial tree species (productive capacity) and
its availability for timber extraction. Lands that can produce 20 cubic feet of wood volume per
acre per year of commercial tree species are termed Productive Forest land. Productive forest
land that is available for management for timber production (i.e., not in a reserve status) is
called Timberland. Forest land that is not capable of producing 20 cubic feet of wood volume
per acre per year of commercial tree species is called Other forest land. Forests in reserve
status (i.e., wilderness designation, National Monuments, National Parks, etc.) can include both
productive and other forest land. Although management for production of wood products in
reserved forests is precluded, in some cases timber harvest can still occur for various objectives
(i.e., restoration, salvage, etc.). Approximately 80% (23.7 million acres) of the 29.7 million acres
of forest land in Oregon are classified as timberland, with an estimated 2.5 million acres of
productive forest land in reserves (Palmer et al. 2018). There are approximately 3.2 million
acres of non-reserved other forest land and 270 thousand acres of reserved other forest land.
Management and use of forest land is often a function of ownership and land status in Oregon.
Oregon’s forest land is divided between private and public ownership (see Figures 2.4 and 2.5).
The federal government manages 60% of these lands, with the remaining areas under state and
local government (3.8%) or private management (36%). Approximately 13.3 million of the 23.7
million acres of timberland are managed by the federal government, 9.4 million are in private
ownership, with the remainder in other public ownership. Approximately 1.3 million of the 3.2
million acres of other forest land in non-reserved status is privately owned, 1.8 million acres in
federal management, with the remainder in other public ownership. Of the 2.8 million acres of
forest land in Oregon in reserved status (National Wilderness designations, etc.), 98% are
managed by the federal government, with the remainder in other public ownership.

To better understand the carbon dynamics in Oregon’s forests, information in this report and
appendices is provided for different forest types, ownerships, forest reserve classes, and on a
regional basis (see figure 4.6a,b).

The way in which forests are used and managed impact both forest health and resilience as well
as carbon storage and sequestration. Oregon’s forested landscape consists of a mosaic of land-
uses including working forests, conservation reserves, and those associated with human-
dominated uses. Forests in which trees are harvested regularly are often referred to as working
forests. Whether a forest is considered a working forest or not, forested landscapes provide
many important ecosystem services, including carbon sequestration as well as wildlife habitat,
clean water, recreational opportunities and other cultural values. A variety of recent studies
exhibit concern that current forest conditions resulting from management activities focused on
commodity production or on fire suppression have negatively impacted the resiliency of forest
ecosystems and carbon stocks. For example, 20 years after sweeping changes in management
of federal lands under the Northwest Forest Plan have protected and promoted older forests
(Spies et al. 2018), models suggest that abundance of birds dependent on older as well as
younger forest has declined (Phalan et al. 2019). Other studies suggest that forests in drier
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conditions, such as Ponderosa pine forests in eastern Oregon, have changed when compared to
historic conditions, with more of the biomass in higher densities of small, fire-prone trees
(Merschel et al. 2014, Stine et al. 2014). These forests are thought to be vulnerable to fire, pest
outbreaks, and other disturbance, especially as changes in climate continue to affect the timing,
frequency, intensity and extent of disturbances such as wildfire and pest outbreaks. In the
short-term, management strategies to improve forest health and resiliency and reduce
hazardous fuels may decrease in-forest carbon stocks and result in other greenhouse gas
emissions through tree removal or prescribed fire. In the long-term forest carbon stocks might
benefit from these treatments through continued growth and decreased mortality from
wildfire, pests and drought (North and Hurteau 2011), although there is disagreement on
whether total carbon stocks reach the same levels as untreated stands (Mitchell et al. 2009) or
whether treated areas will burn in the period when treatments are effective (Restaino and
Peterson 2013).

The focus of this report is not to present or debate policy options and the desirability of
different approaches to forest management. However, we expect that a comprehensive
assessment of carbon stocks and fluxes, broken down by pool, ownership, and disturbance
impacts, will help ground and guide those policy discussions going forward.
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Figure 2.4: Percent of forest land base by owner, reserve status for forest land remaining forest
land (2007-2016).
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Figure 2.5: Land ownership in Oregon
Source: Palmer et al. 2018
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Chapter 3. Forest ecosystem carbon inventory methods

3.1 Use of IPCC inventory approach/methods

The Intergovernmental Panel on Climate Change (IPCC) was created in 1988 to prepare
assessments on all aspects of climate change and its impacts based on available scientific
information and is the key international body studying global warming. The IPCC issues
guidance on reporting carbon stock inventories and emissions designed to implement the
international United Nations Framework Convention on Climate Change (UNFCCC) 1992 Kyoto
Protocol agreement. Although the U.S. is not a signatory to the Kyoto Protocol, the U.S. NGHGI
follows IPCC guidance for international reporting for subsequent agreements and negotiations.
Similarly, although Oregon is not a reporting party to the Kyoto Protocol, this inventory will
comply with IPCC-defined “good practices” as much as possible. The 2006 IPCC “Guidelines for
National Greenhouse Gas Inventories” (IPCC 2006) provides a conceptual framework, sectoral
scope definition, description of tiered inventory methods, calculation steps and uncertainty
assessment steps. An important element specified in the 2006 Guidelines is a key category
analysis in which key emissions categories are identified and prioritized. The focus of this report
is on determining whether the forest sector in Oregon is sequestering or emitting carbon from
the atmosphere, and by how much.

The key categories described in IPCC (2006) for forest-related fluxes include:

e CO; emissions and removals resulting from C stock changes in biomass, dead organic
matter and mineral soils; and

e CO; and non-CO; emissions from fire on all managed land, including methane (CHa),
nitrous oxide (N20), non-methane volatile organic compounds (NMVOC), nitrogen
oxides (NOx), and carbon monoxide (CO).

Minor elements that may be relevant to forested wetlands and fertilized forest plantations
include:

e N0 emissions from managed soils, and
e (O3 emissions associated with liming and urea application to managed soils.

The U.S. NGHGI calculates N2O emissions from southeastern pine forests and commercial
Douglas-fir stands in western Oregon and Washington that are fertilized (US EPA 2019). The
U.S. NGHGI only calculates CO, emissions associated with liming and urea for agricultural soils,
so these emissions are assumed to be negligible for Oregon forests and are not included in this
report.

The IPCC guidelines only require reporting for managed lands under the assumption that
nations cannot affect, or be held responsible, for changes happening on lands that are not
directly influenced by humans. According to IPCC 2006, “managed land is land where human
interventions and practices have been applied to perform production, ecological or social
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functions” (Paustian et al. 2006). Because even most Wilderness areas and National Parks in the
U.S. are impacted by human management in some form, e.g., from fire suppression, in practice
all lands in the lower 48 states are considered “managed” (e.g., US EPA 2019, Ogle et al. 2018).

In 2014, the IPCC published the “Revised Supplementary Methods and Good Practice Guidance
Arising from the Kyoto Protocol” (IPCC 2014) which provides additional guidance on estimating
flux from land-use, land-use change and forestry (LULUCF) activities. For forest land, the
primary change from IPCC 2006 are guidelines for reporting on forest management and on
harvested wood products (HWP). Procedures for estimating HWP stocks and flux will be
addressed in a separate report.

3.1.1 Rationale for use of Tier 3 approach

The IPCC guidance on greenhouse gas accounting describes three “tiers” or approaches to
reporting that accommodate the range of data and institutional support in different countries.
Gain-loss methods estimate the net balance of additions to and removals from each carbon
stock. Stock-difference methods are a more rigorous approach that track the amounts in each
carbon stock and their change over time.

Tier 1 methods are the simplest, and apply IPCC equations and default parameter values for
emission and stock change factors (e.g., deforestation/afforestation, disturbance, harvest,
grazing) to available information on land-use and activity (e.g., from land cover maps derived
from satellite mapping). Tier 2 can use the same approach as Tier 1 but applies region- or
country-specific emission and stock change factors. Tier 3 methods apply models and inventory
measurements tailored to national conditions, are repeated over time, are driven by high-
resolution activity data and disaggregated at sub-national level. Models are expected to
undergo quality checks, audits, and validations and be thoroughly documented. Tier 3 methods
are often referred to as “stock-difference,” because C flux is derived from the difference in
estimates of individual C pools at different points in time.

Most nations with more detailed economic and natural resource information are expected to
follow the Tier 3 approach. This is the approach used by the U.S. NGHGI, built on a wide range
of economic, environmental, and natural resource data already being collected for a variety of
objectives. This is the approach used in this report as well, with a focus on forested lands as
sampled by the FIA program.

Six land-use classes are recognized in IPCC assessments. While the IPCC does not prescribe
specific definitions for each class, it does require that countries explicitly and consistently
define and track them. These land-uses are further defined for the U.S. in the NGHGI (US EPA
2019) and are described in section 3.2.2. The IPCC land-use classes are:

1. Forest land: includes all land with woody vegetation, using consistent and well-defined
criteria for minimum area, minimum cover, and minimum height at maturity to define “forest
land” (specifying minimum width too is “good practice”). Assessment of this land-use class is
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split between land remaining forest land, and land converted to forest land from other uses. In
the U.S., the FIA definition for forest land is used for reporting this category.

2. Cropland: cropped land and agro-forestry where structure falls below forest land.

3. Grassland: includes rangelands and pasture not considered cropland. Also includes systems
with woody vegetation or herbs that fall below thresholds for forest land. For example,
chaparral falls in this category in the U.S. NGHGI.

4. Wetlands: areas of peat extraction and covered by water for all or part of the year that
doesn’t fall in the vegetated or settlement categories.

5. Settlements: developed land, including transportation infrastructure and settlements of any
size, unless placed in other categories by national definitions.

6. Other land: bare soil, rock, ice, and all other land areas, including unmanaged lands.

In addition to identifying these six land-use categories and subcategories, IPCC requires
distinguishing natural from planted forest, identifying areas subject to different natural
disturbances and their effects on flux, identifying areas subject to management, and identifying
areas of mineral and organic soils, with the latter split into drained, wet, or rewetting.

3.1.2 Determining the Forest Management Reference Level

The concept of a Forest Management Reference Level (FMRL) was established in the 1992
Kyoto Protocols and guidelines for implementing it are described in IPCC (2014, section 2.7.5).
The FMRL is a baseline value of average annual net emissions and removals from “forest
management” (i.e., all lands that remain forested or that change land-use to/from forest). All
pools and gases and the area under forest management that are included in the calculation of
the FMRL are to be identified. The FMRL facilitates consistent comparison of forest carbon
stocks and losses through time by comparing one or more time periods to a reference baseline
that is calculated in the same way, including all the same pools and assumptions.

The UNFCCC refers to emissions in 1990 as the baseline that targets are tied to for future
emissions levels.

For Oregon, the availability of forest inventory data is more limited for the period including
1990 than for more recent years (2001 and on). Specifically, field measurements that span 1990
and that can be used to estimate change only consist of live trees on timberland outside of
National Forests (Azuma et al. 2004a, 2004b). Estimation of flux in 1990 for other lands and
carbon pools requires substantial modeling and/or extrapolation from more recent datasets. An
extrapolation approach was adopted for U.S. forests in the most recent U.S. NGHGI but the
resolution of the estimates currently does not support analysis at less than the state level (US
EPA 2019, Woodall et al. 2015). Some national and international assessments and negotiations
have used other dates as baselines (e.g., 2005) to align better with available data.
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In this report, we establish an FMRL for in-forest carbon based on data from the complete 10-
year inventory in Oregon conducted during the time-period 2001-2010 (the first
comprehensive, standardized FIA inventory of Oregon’s forest lands since 1955.

In this report, the FMRL provides a complete estimate of all pools of forest carbon in Oregon
and the trends over time as 10-year moving averages. Although there are large overlaps
between periods, re-measurement data makes it possible to review trends from complete
samples (i.e., all plots) in Oregon for 2001-2010, 2002-2011, 2003-2012, 2004-2013, 2005-2014,
2006-2015, and 2007-2016. However, estimates of change between 10-year stock averages
(i.e., Stock-Change approach) are a less accurate and less precise way to infer flux than the
Growth, Removals and Mortality (GRM) method described below. The FMRL identifies six key
pools including Aboveground Live (trees and shrubs), Aboveground Dead (standing snags and
down wood), Belowground Live (roots), Belowground Dead, Forest Floor Litter and Soil Organic
Carbon (organic soil layers). The Harvested Wood Product (HWP) carbon pools will be
determined for the FMRL in a separate report.

Although we present data for the FMRL and 10-year moving stock averages to compare to it, in
this report we determine annual flux through the Growth, Removals and Mortality (GRM)
approach. Comprehensive forest inventories that are based on re-measured, permanent
sample plots have the potential to provide the most accurate estimates of forest volume and
carbon. This direct measurement of growth, removals and mortality would be considered an
IPCC Tier 3 approach to carbon accounting as it is based on more advanced country-specific
data and methods. It is also still considered a stock-difference approach, but by measuring
changes in the same trees over time the components of change can be detailed (i.e., growth,
removals, mortality).

The Forest Inventory and Analysis Program (FIA) began a new inventory of forest land in Oregon
in 2001 by installing a complete sample of the state each year using 10% of the full set of plots
(15,082 on land, excluding census water). This equates to a complete sample of all inventory
plots in Oregon every 10 years. FIA completed their first full annualized inventory of Oregon
forests in 2010 (previous inventories were conducted periodically on a nominal 10-year
interval). In 2011, FIA began re-measuring the same plot locations as established in 2001 and as
of 2016, they had re-measured 60% of the plots in the state. As FIA re-measures more forest
inventory plots in Oregon (through 2020 and beyond) the ability to derive more precise
estimates of change for smaller domains of interest will improve (e.g., regions and ownerships),
and will be incorporated into future annual reports. The USDA Forest Service Pacific Northwest
Research Station (PNW) manages the FIA program for the state of Oregon.

3.2 Forest inventory compilation methods

This section is designed to document the basic estimation and compilation methods used for
this report, and identify options for improving estimates in future reports. As mentioned above,
this assessment relies primarily on empirical data from FIA inventories of the forests of Oregon



Forest Ecosystem Carbon Inventory Report: 2001-2016 27

and to a large extent applies methods and models used in the NGHGI in accordance with IPCC
guidance.

3.2.1 Inventory design

The population, or scope, of the inventory of Oregon is the boundaries of the state, including
offshore islands and approximately 3 nautical miles of ocean out from the coastline. Beginning
in the 2001 nationally-standardized “annual inventory”, the sampling frame for this area was
determined by a national layer of hexagons approximately 6,000 acres in size. Plot sample
locations were identified within each hexagon in a manner sometimes referred to as
“randomized systematic”. For hexagons that contained plot locations that were part of the
previous FIA or National Forest System (NFS) inventories, the previous plot was selected for the
annual inventory (or one was randomly selected if more than one was present). For hexagons
without a previous plot, a new location was randomly generated within the hexagon. In
addition, in 2001 NFS began installing the annualized FIA inventory using the same procedures
on their earlier Current Vegetation Survey (CVS) inventory plot locations, based on a square grid
of plots every 1,875 acres outside of Wilderness (Max et al. 1996). FIA has included this sample
and the data collected in their databases, estimates, and reports since 2001. The total number
of plots (forested, non-forested, and census water) in Oregon is 15,320. Starting in 2017, the
Bureau of Land Management (BLM) in western Oregon began implementing the annualized FIA
inventory on the CVS grid on their lands in cooperation with NFS; that data will be added to the
existing FIA grid on BLM lands and incorporated in future FIA reports.

The hexagons in Oregon are assigned to ten evenly-dispersed panels. Each panel is measured in
a specific year, providing a balanced annual sample of the state each year. All panels are
measured after ten years, at which point the cycle starts over and plots are re-measured on a
ten-year interval. The first cycle of annual inventory in Oregon occurred in 2001-2010, and six
years of re-measurement data are available for this report, covering 2011-2016.

All inventory estimates are based upon the grid of plots and the classifications and
measurements taken on them. The precision of the estimates is improved, however, by
incorporating information from independent, ancillary datasets in a process referred to as
“post-stratification” (MacLean 1972, Bechtold and Patterson 2005). Satellite imagery, historic
maps, and ownership layers are combined and pixels with similar attributes related to
forest/non-forest delineation and forest characteristics, and land areas sampled with the same
plot density, are grouped into strata. The number of pixels in each strata and the number of
plots that intersect them are used to define weights for each plot in the inventory. Potentially-
forested plots that were unable to be sampled (e.g., access was denied or plots were too
hazardous to measure safely) are assumed to be missing at random. The methods represent
nonsampled plots by increasing the weights of sampled plots found in the same strata as the
nonsampled plots.

The plot sample and stratification are used in the calculation of sampling errors, which are
provided with the results of this report. These errors describe the uncertainty associated with
sampling the forest (i.e., with plots) instead of measuring the entire population. Additional
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details on inventory design and estimation methods are provided in Bechtold and Patterson
(2005) and Palmer et al. (2018).

3.2.2 Forest land-use and land-use change

As provided for in IPCC guidelines, the NGHGI uses the FIA definition of forest land to define the
specific lands covered, including the change in land-use between forest land and other land-
uses. The current FIA definition of forest land (Woudenberg et al. 2010) is land with at least
10% cover by live forest trees of any size, or that formerly had such cover and that will be
artificially or naturally regenerated (i.e., is not being managed for non-forest uses). The area
must be at least 1 acre in size and at least 120 feet wide. Tree-covered areas where
management precludes natural vegetation development (e.g., through mowing, disking, regular
herbicide application, or intensive grazing) are not considered forest land. FIA maintains a
national list of species that are considered forest trees; these generally are species that form
dominant central stems and attain heights greater than 16 feet over the majority of their range.
However, some international definitions refer to trees being able to attain 16 feet in height “in
situ”, and recent NGHGI and Resources Planning Act (RPA) reports (Oswalt et al. 2014) have
reclassified some forest land as “woodland”. The in-situ criterion implemented for NGHGI/RPA
classifies plots based on a combination of current tree height, forest type, site class, and
ecoregion. The criteria relevant to Oregon that would result in changes of FIA data from forest
land to woodland (a component of forest land) are:

e mean height of trees =2 5 inches diameter is < 16.4 feet; and

e FIA forest type code =184 (juniper woodland)

e site class = 7 (unproductive forest of < 20 ft3/ac/yr maximum growth; i.e., culmination of
mean annual increment); and

e in ecoregions 342 (Northwestern Basin and Range).

The NGHGI also states that “land is not classified as Forest Land if completely surrounded by
urban or developed lands, even if the criteria are consistent with the tree area and cover
requirements for Forest Land. These areas are classified as Settlements” (US EPA 2019).
Forested FIA plots in urban areas were not specifically excluded from the NGHGI calculations;
instead, forest estimates were adjusted by the land-use categories derived from the USDA
Natural Resources Conservation Service (NRCS) Natural Resources Inventory (NRI) to implement
these criteria (e.g., USDA NRCS 2015).

In this analysis, we did not separate out FIA-classified forested lands that fell in the NGHGI-
classes of woodland and urban from total forest land. We estimate that 3 thousand acres of
forest land meet the woodland definition, or 0.01% of the total forested area. Using currently-
measured heights in the criteria ends up misclassifying some recently disturbed (seral) stands
where trees have not reached their height potential. However, a potential change to match
NGHGI reporting as closely as possible would be to incorporate woodland and urban criteria in
the next iteration of the report.
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Inventory crews delineate the area covered by different land-uses that fall in the FIA plot
footprint. These proportions, in combination with the plot weights from the stratification,
enable FIA to estimate the area of all land-use classes in the state (i.e., forest, non-forest,
water). In sparsely-covered stands, crews take additional measurements and estimates (e.g., of
dead or harvested trees) to determine whether the 10% tree canopy cover threshold is met.
Non-forest land-uses are identified either on the ground (for field-visited plots) or using recent
imagery (for non-field-visited plots), which makes it possible to classify non-forest lands into
most of the other IPCC classes (i.e., cropland, grassland, settlements, other). When plots were
re-measured, changes in land-use within the plot footprint were delineated, enabling the
estimation of change in forest land area and the land-uses that forest lands are coming from or
changing into. Wetlands are apparently delineated in the USDA NRCS NRI used in the NGHGI,
but their locations are not yet clear; we assumed there was no land-use change between
wetlands and forest.

The NGHGI definitions for non-forest land-uses are:

e Cropland: Areas used to produce adapted crops for harvest, including both
cultivated and non-cultivated (e.g., hay, orchards), and agroforestry and windbreaks.

e Grassland: Areas where plant cover is composed principally of grasses, grass-like
plants (i.e., sedges and rushes), forbs, or shrubs, including pastures and native
rangelands. Savannas, deserts, and tundra, and drained wetlands with the
appropriate plant cover are included. Systems with woody vegetation or herbs that
fall below the thresholds for forest land are also included in grasslands (i.e.,
chaparral).

e Wetlands: Areas covered or saturated by water for all or part of the year, in addition
to the areas of lakes, reservoirs, and rivers. Does not include areas of drained
wetland that meet other categories, or un-drained forested wetlands.

e Settlements: Areas of at least 0.25 acres that includes residential, industrial,
commercial, and institutional land; construction sites; public administrative sites;
railroad yards; cemeteries; airports; golf courses; sanitary landfills; sewage
treatment plants; water control structures and spillways; parks within urban and
built-up areas; and highways, railroads, and other transportation facilities. Also
included are tracts of less than 10 acres that may meet the definitions for Forest
Land, Cropland, Grassland, or Other Land but are completely surrounded by urban
or built-up land.

e Other Land: Areas of bare soil, rock, ice, and all land areas that do not fall into any of
the other five land-use categories. Following IPCC (2006), C stock changes and non-
CO; emissions are not estimated for Other Lands. However, C stock changes and
non-CO; emissions are estimated for Land Converted to Other Land during the first
20 years following conversion to account for legacy effects.
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Prior to the implementation of the national FIA field guide 6.0 in 2012, the definition of forest
land used on the west coast was slightly different and was based on a 10% stocking threshold
rather than cover. This was changed to cover to improve national and international consistency
and the ability to relate ground classifications to imagery. The change in definition has little
impact on the majority of forest land in Oregon which easily exceeds both thresholds, but can
lead to some differences in sparse forest conditions that may be found in oak and juniper
woodlands (Azuma and Gray 2014). Nevertheless, the change raises the possibility that areas
may change designation due to procedural change and not real change on the ground. PNW-FIA
field crews have been distinguishing procedural from real changes and taking additional
measurements of cover and stocking in sparse stands to be able to better quantify the
relationship between cover and stocking in different forest conditions. This will make it easier
to compare estimates between older and newer inventories.

This report incorporates regional assessments of land-use change, after accounting for
definition changes, procedural changes, and previous errors. This analysis of land-use change is
NOT reflected in the publicly-available online FIA databases. The PNW-FIA program is in the
process of evaluating how to implement databases that reflect correct analyses of change using
current definitions while maintaining previous data used to generate earlier assessments.

3.2.3 Carbon pool calculations

Aboveground live tree—Estimates of aboveground live-tree woody C were based on regional
FIA equations of the sum of bole, bark, and branch biomass in metric tons for each tree
measurement multiplied by 0.5, the C fraction of biomass. Bole biomass (ground to tip) was
calculated from regional species-specific volume equations documented in Zhou and Hemstrom
(2010) and species-specific wood density values documented in Woudenberg et al. (2010). Bark
and branch biomass were calculated from regional species-specific equations selected from
Means et al. (1994) and documented in Zhou and Hemstrom (2010), except red alder branch
equation (Egn. 16) used Snell and Little (1983) and Douglas-fir and red alder bark equations
(Egn. 8 and 20) used Means et al. (1994) equations 5 and 275, respectively. Most equations use
both diameter at breast height (dbh) and height data, whereas a few bark and branch
equations use diameter only. Foliage biomass was calculated using the Jenkins et al. (2003)
ratios to total tree biomass as implemented in Woodall et al. (2011) and added to aboveground
wood biomass before calculating aboveground live tree C. In contrast, the NGHGI estimates of
live tree biomass are based on the “component ratio method” equations in Woodall et al.
(2011). An expansion factor derived from the fixed-area plot size was used to convert individual
tree C to an area basis (e.g., metric tons per acre).

Aboveground standing dead tree—Estimates of aboveground standing dead tree carbon
followed the same procedures as for aboveground live trees, but with the following
modifications. Gross volume from ground to tip was adjusted for broken tops by calculating the
gross volume (to an intact “total” height estimated in the field or modeled using Barrett (2006))
and the net volume to the broken “actual” height with a Flewelling (1994) taper equation for
Douglas-fir. The proportion of net to gross volume from the Flewelling equation was applied to
reduce the gross volume calculated for each tree. In addition, the biomass of all components
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(bole, bark, and branch) were reduced for decay using the hardwood/softwood parameters in
Harmon et al. (2011), Table 6. Standing dead biomass was further reduced to account for the
tendency of bark and branches to be dropped from snags sooner than bole biomass;
component reductions described in Harmon et al. (2011) were applied to further reduce bark
and branch biomass. Biomass calculations in metric tons were multiplied by 0.5 to calculate C.
In contrast, the NGHGI estimates of standing dead tree biomass are based on the equations in
Woodall et al. (2011) and the species-specific decay-reduction factors in the table REF_SPECIES
in Woudenberg et al. (2010). The species-level decay factors appear to be based on small
datasets and highly variable among similar species; the hardwood/softwood parameters
seemed more reliable. Stumps are not included and it is unlikely that they will be included in
future inventories without substantial additional effort.

Belowground live and standing dead tree (i.e., roots)—Estimates of belowground biomass (i.e.,
coarse roots > 2 mm diameter) were based on the ratios for species-groups developed in
Jenkins et al. (2003) as implemented in Woodall et al. (2011); i.e., adjusting the estimate by the
ratio of the FIA volume-based estimate of bole biomass to the Jenkins equation-based estimate.
Decay class of standing dead trees was used to reduce belowground calculations using the
species- and decay class-specific parameters in the REF_SPECIES table (Woudenberg et al.
2010); biomass calculations in metric tons were multiplied by 0.5 to calculate C.

Aboveground down woody debris—Estimates of carbon in down wood were based on the
transect-intercept measurements of coarse wood (2 3 inches intersect diameter) and counts of
fine wood (> 0.25 to < 3 inches diameter). Piles were not included, as the field estimates of pile
density in the initial years of the inventory were unreliable. Biomass of coarse wood was
calculated using the equations in Woodall and Monleon (2008) with wood density and decay-
class reduction factors from the REF_SPECIES table (Woudenberg et al. 2010). A potential
improvement for a future report would involve using the hardwood/softwood decay-reduction
parameters from Harmon et al. (2011) instead (as described above for snags), as they seem less
variable among similar species than the species-specific variables in REF_SPECIES, which were
also derived from Harmon et al. (2011). Log inclinations were measured in PNW inventories
starting in 2013 with the implementation of core FIA manual 6.0. Where available, inclinations
were factored into the calculation of coarse wood biomass and carbon (inclined logs have a
lower probability of being intercepted by a transect, so the calculated C per acre is greater than
if the same log were lying flat). For the smaller size classes of down wood (“fine wood”) we
followed the procedures in Woodall and Monleon (2008) where the fine wood piece counts in
each size class are multiplied by a quadratic mean diameter (QMD) to calculate volume, and a
wood density factor to calculate biomass, which is multiplied by 0.5 to calculate C. Parameters
are specific to forest type group and available in REF_FOREST_TYPE_GROUP in the FIA database
(FIADB) (Woudenberg et al. 2010). Although measurements of piles were taken, estimates of
wood density in piles tended to be unrealistically high, particularly in the initial inventory years.
As a result, we currently do not include pile data in the down wood calculations, but may be
able to develop replacements for current values with reasonable assumptions with greater
scrutiny.
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Aboveground and belowground understory vegetation—Estimates of above- and belowground
biomass and C of understory vegetation (which includes live trees < 1 inch in diameter) are
based on the calculations from the U.S. Forest Carbon Budget Model (FORCARB2) (Smith et al.
2006), as populated in the FIADB. Calculations are based on FORCARB estimates of live-tree
biomass, (calculated from forest type and stand age), and are highest at low levels of live tree
biomass and decline slightly at higher levels. Dead understory vegetation is not included and
there are no plans to include it at this time. It was previously identified that a potential
improvement for a future report would use the cover and layer height data collected on FIA
plots to calculate understory biomass directly, provided suitable equations can be found.
However, after further research it was determined that potential equations were very general
and from different vegetation types/areas that are likely not relevant for Oregon.

Forest floor—Estimates for carbon in the forest floor (i.e., duff and litter) use the same model
used in the NGHGI which was based on FIA Phase 3 data and predictor variables of location,
elevation, forest type group, live tree C, and some climate variables (Domke et al. 2016).
Although PNW-FIA crews have measured forest floor depth on the down wood transects since
the beginning of annual inventory, there were methodological problems in the initial years and
the estimates are quite sensitive to seemingly small measurement errors of depth (e.g., a tenth
of an inch). A potential improvement for a future report is to continue evaluating flux estimates
using more recently-remeasured forest floor depths and adopt them if/when they appear to be
reliable.

Soil—We estimate soil organic C stocks to a 1 meter depth using the modeled estimates from
Domke et al. (2017) as implemented in the latest NGHGI report. This model incorporated data
from soil cores on FIA plots with other national datasets and values compare favorably with
those calculated from FIA cores in Oregon. The new values are 3.4 times greater than those
estimated from the earlier NGHGI model by Smith et al. (2006) and appear to correspond much
better with other expert estimates of forest soil C.

3.2.4 Flux calculations

The Growth, Removals, and Mortality (i.e., GRM) approach was used to calculate change in
forest C pools and the magnitude of flux by comparing measurements taken on the same set of
plots and trees 10 years apart.

All flux calculations were summarized based on the condition classification at the initial
measurement (e.g., owner, forest type, etc.). It was fairly common for the condition
classification on a plot to change over time: usually it was a result of disturbance or
management changing the forest type and/or stand size class, but sometimes there was a
change in land-use on the plot. The change in C was calculated for individual trees between
measurements. For live trees that died or were cut between measurements, growth equations
were used to estimate tree diameter and height at the midpoint of the measurement interval
and calculate C at the time of death (Bechtold and Patterson 2005); using the dimensions at the
first measurement would result in a biased under-estimate for mortality and harvest. New trees
that grew into the sapling size class (= 1 inch diameter) between estimates were considered
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ingrowth (a component of growth). Live tree C was allocated into the components of change
based on initial and re-measurement tree status, namely: growth, removals, and mortality.
Change in C for standing dead trees was based on the difference in calculated C at each time
period and would include live tree C entering this pool through mortality, and dead tree C
leaving this pool through decay, transition to other pools, or combustion; trees that fell over or
were cut were assigned zero for the second measurement. Changes in down wood C were
estimated at the plot level, based on calculations that did not incorporate log inclination from
the most recent measurements. Changes in this pool include tree C entering this pool from live
or standing dead pools and C leaving this pool through decay, transition to other pools, or
combustion. Changes in understory vegetation were based on modeled estimates (from live
tree biomass) from each measurement. Flux was also calculated for forest floor and mineral soil
C based on the difference in modeled estimates for each plot at each measurement, using the
models described in sections 3.2.3. While there is some confidence in the estimates of C stocks
using these models, their accuracy at estimating C flux in Oregon is unknown.

For land-use change (i.e., forest to non-forest or non-forest to forest), all non-soil pools were
assumed to be zero for non-forest conditions. Although in some cases this is unrealistic (e.g.,
not all trees are cut when houses are built on forest land), there are currently no data to
estimate those pools on non-forest lands. For soil organic carbon (SOC), the IPCC Tier 2
approach is to use country-specific data to assign carbon concentrations by land-use, climate
zone, and soil type, and assume a 20-year lag for SOC to reach a new equilibrium. However,
most of the recent IPCC values and research on SOC appear to focus on agricultural soils and
effects of different types of management (Ogle et al. 2003, IPCC 2006). The approach in Ogle et
al. (2003), which is used in the NGHGI, assumes that forest, rangeland, and urban land-uses
have the same SOC as uncultivated land (primarily due to lack of information for urban).
Because the agricultural land-uses involved in land-use changes in Oregon were either pasture
or orchard (i.e., did not involve any plowing or intensive row cropping), we assumed that SOC
changes due to land-use were zero.

3.2.5 Disturbance classification and assessment

FIA crews identify the types of treatments and disturbances that have occurred on the plot
since the previous measurement. Up to three management treatments, and up to three natural
disturbances can be coded. Disturbances must meet a minimum threshold that cause mortality
or damage to at least 25% of all trees in a stand or 50% of an individual species' count. We
classified disturbance codes hierarchically for analysis, with both fire and harvest taking
precedence over other disturbances. Harvest treatments of Trees removed (generic), Clearcut,
Partial heavy, Partial light, Precommercial, and Improvement were classified as “Cut”. Any
record of fire (Fire [generic], Ground fire, and Crown fire) were classified as “Fire”. If either of
these types were recorded, they were identified with the condition; if both were recorded, the
condition was classified as “Cut and Fire”. (Note: Cut and Fire includes stands that were thinned
and prescribe burned, as well as stands that were burned by wildfire and salvage-logged.) If
neither of those were coded, then any insect or disease disturbances were used to classify the