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Executive Summary
Forest ecosystems, including trees and forest soils, remove or sequester CO2 from the atmosphere and
store that CO2 long term in soils and both above and below-ground biomass. That sequestration and
storage ability can be reduced due to changes in land use, forest disturbances such as fire and
harvesting, changes in tree canopy, etc., and evidence of such reduction can be seen in this report (see,
for example, Figures 6-8.). This report summarizes the impact of these removals and emissions and
estimates the net impact. This information may be useful for setting future GHG goals for changes in the
net impact from forests and trees outside forests, for informing policies and practices to reach these
goals, and also establishes a baseline for the future.
This analysis was done using the ICLEI LEARN tool1, which follows the US Community Protocol for
Accounting and Reporting of Greenhouse Gas Emissions2 Appendix J: Forest and Trees protocol (referred
to below as “Appendix J”.)
The entire Jefferson County land base is 1,162,266 acres, and roughly 76% of this is forest.
Approximately 50% of the land base consists of Olympic National Park and Olympic National Forest
Wilderness areas.
The entire Jefferson County (including the Federal wilderness sections, etc.) was analyzed, as well as
other subareas based on ownership. These included:
●
●
●
●
●
●
●
●
●

Jefferson County without the National Park and wilderness area of the National Forest
Washington State Department of Natural Resources managed lands within Jefferson County
Olympic National Forest areas within Jefferson County
Commercial and Industrial Private Forest land within Jefferson County (in the CF-80 zone)
The City of Port Townsend - all properties within the city limits
Port Hadlock UGA - all properties within the Port Hadlock – Irondale Urban Growth Area
County-owned property (outside of the city of Port Townsend and the Hadlock UGA)
Olympic National Park and Wilderness areas of the National Forest
Small Public Private land within Jefferson County - all remaining after the above areas are
separated out

1

https://icleiusa.org/learn/

2

https://icleiusa.org/us-community-protocol/
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Figure ES-1 below shows these areas.
Figure ES-1

Methodology
The transitions among the six land cover classes (forest land, grassland, cropland, wetland, settlement
and other land) were compared across three time periods of equal length, the 2001-2006 and 20062011 periods as baselines, to compare against 2011-2016. The results are generalized into 3 categories:
forest to non-forest, non-forest to forest, and land that stays in the same land cover class. Tree canopy
changes from the National Land Cover Database (NLCD) land cover maps are only available for the later
time period.
The ICLEI LEARN tool includes a Harvested Wood Products (HWP) calculator that estimates the carbon,
and thus CO2, that is temporarily stored in wood products. The Washington State Department of Natural
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Resources3 provides timber harvest data each year for all relevant counties in the state. The Jefferson
County data was input to the HWP calculator and HWP calculations were performed for all subareas.

Results
Overall, results indicate Jefferson County forests generate significant removals of atmospheric CO2,
although forest degradation from disturbances – fire, insects, and harvests, as well as forest conversion
to non-forest, reduced the total amount of removal. Harvests released the largest amount of CO2 in all
three inventory periods. These emissions occur when trees are cut, and although some portion is stored
in the harvested wood products, the majority is emitted to the atmosphere. (Note that per Washington
state law, lands harvested for timber products are required to be replanted.) Not surprisingly,
undisturbed forests remove the largest amount of CO2, and the sub-areas with the highest percent forest
generally had the higher levels of CO2 removal rates per acre (see Figures 10-12 below), with harvest
emissions also a significant factor.

Results for City of Port Townsend
To provide a more accurate analysis, a fine-scale tool (i-Tree) was used to additionally analyze the
impact of trees outside forests in the City of Port Townsend 2011-2016 time period, since it provides a
more accurate analysis for a small city compared to LEARN. Results for the City of Port Townsend
showed a net GHG balance (CO2 removal) of -8,567 mt CO2/yr.

3

https://www.dnr.wa.gov/TimberHarvestReports
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Trends over Time
Table ES-1 below shows a summary of Trends over Time from the 2001-2006 time period to 2011-2016.
Results for the City of Port Townsend are described above. The trends for all the sub-areas over the
three time intervals analyzed are included in the body of the report that follows.
Table ES-1

Trends Over Time
From 2001-2006 to 2011-2016
Area and Size

Sub-area (Name, Size)

Jefferson County All
1,162,266 ac

Net Change in CO2 Removal
5% decrease

Jefferson County minus ONP
and Wilderness Areas
579,617 ac

7% decrease

Olympic National Park and
Wilderness Areas
582,649 ac

6% decrease

State DNR Managed Lands
206,394 ac

1% increase

USFS Land

1% increase
118,792 ac

Commercial / Industrial Land
120,862 ac

281% decrease

Small Public / Private Land
126,701 ac

4% increase

Port Hadlock UGA

no change
1,018 ac

County-Owned Land

1342% increase
1,694 ac

Generally, the trends over time for Jefferson County overall and for four of the sub-areas
indicate relatively little net change in CO2 removals. The 7% decrease in CO2 removals from Jefferson
County minus the National Park/Wilderness was from a combination of increased insect damage and
increased harvest. The small decrease in CO2 removals for Olympic National Park and Wilderness Areas
is likely due to the 2015 Paradise Fire as well as disturbances such as windthrow.
Commercial/Industrial land was the only subarea to show net GHG emissions for the periods of 20062011 and 2011-2016. Overall from 2001-2006 to 2011-2016, there was a 281% decline in CO2 removals.
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Please refer to the body of this report for details on the trends for all the sub-areas over the three time
intervals analyzed.
Note also that there is currently no policy requirement for a standard of practice for how forest carbon
calculations are done. While the science of measuring carbon sequestration, emissions and removals
from forests and trees is evolving, the new ICLEI LEARN tool provides solid data to inform policy. It
would be prudent to continue to monitor the science going forward so that policy continues to be
informed by the best available information.

Carbon Management Opportunities
As of the writing of this report in the fall 2021, there are a variety of federal and state carbon
management opportunities in process that Jefferson County may benefit from engaging in. Additionally,
there is an evolving area of blue carbon, carbon stored in marine ecosystems, which is developing. See
the Carbon Management section of the full report for more information.

Suggested Next Steps
As described in this report, undisturbed forests provide the highest levels of carbon sequestration and
carbon storage. The older the forest, the larger the volume of carbon storage. The federal government
and Washington state have begun to inventory carbon in their jurisdiction and are developing policy
that will affect Jefferson County and Port Townsend. Jefferson County and Port Townsend have
opportunities to engage early in policy and actions to develop a robust carbon management strategy.
This report recommends concrete steps to take including:
•
•
•
•
•
•
•

Maintaining an inventory and report on carbon flows from forests,
Identify barriers and gaps that may hinder the development of a robust carbon management
policy,
Contribute data (both technical and financial) to decision making,
Inform constituents of the opportunities for carbon sequestration,
Inspire collaboration among stakeholders and decision makers,
Take concrete action now to protect and retain older forests that build upon and expand
existing local efforts, and
The county could adopt and/or advocate for goals for carbon sequestration levels on countyowned, state, commercial/industrial and/or federal lands in the county.

The final pages of the main Forests and Trees GHG Inventory Report include detailed suggestions on
next steps that Jefferson County and the City of Port Townsend could consider to optimize carbon
removals for their jurisdictions.
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Introduction
Of the 1.2 million acres of land area in Jefferson County, over three quarters is covered by forest. In
Washington State, carbon sequestration from forests and trees sequestered 13.7 +/- 8.6 Million Metric
Tons (MMT) of CO2 in 20164, equivalent to 14% of emissions5. This report adds a critical new aspect to
the two existing Greenhouse Gas (GHG) inventories done previously for Jefferson County, Washington the impact forests and trees have on our total GHG profile. The previous reports included GHG
emissions from different sectors in Jefferson County - transportation, residential, commercial, industrial,
solid waste, and in 2018, livestock. The 2018 report gathered some information regarding forests and
trees, but the results were inconclusive as it was based on a small dataset at the county level6, and there
were limited tools available at the time. This report adds an estimate of the net impact of forests and
trees to provide a more complete picture of the GHG profile and opportunities related to it.
Forest ecosystems, including trees and forest soils, remove or sequester CO2 from the atmosphere, but
that sequestration ability can be reduced due to changes in land use, forest disturbances such as fire
and harvesting, changes in tree canopy, etc. Forests in Jefferson County, WA have been identified as
high-carbon-priority, based on their potential carbon sequestration and vulnerability to drought or fire7.
This report summarizes the impact of these removals and emissions, and estimates the net impact.
(Note that while other land cover types (grasslands, cropland, etc.) are included in this analysis when
there is a change from forests to/from other land cover types, the sequestration from these other types
are not included in this report otherwise.) This information may be useful for setting future GHG
reduction goals for changes in the net impact from forests and trees outside forests, for informing
policies and practices to reach these goals, and also establishes a baseline for the future. This analysis
was done using the ICLEI LEARN tool8, which follows the US Community Protocol 9 Appendix J: Forest
and Trees protocol (referred to below as “Appendix J”.) The LEARN tool models CO2 only. Other
greenhouse gases (such as methane and nitrous oxide), are relatively small (in relation to CO2 emitted
and removed by forests and trees) and so are not included.

4

Washington Forest Ecosystem Carbon Inventory: 2002-2016,
https://www.dnr.wa.gov/publications/em_wa_carbon_inventory_final_111220.pdf
5
Washington State Greenhouse Gas Inventory: 1990 – 2018,
https://apps.ecology.wa.gov/publications/documents/2002020.pdf notes the statewide emissions in 2016 were
97.9 MMT. This does not include the impacts from Harvested Wood Product, see Estimated Carbon Stored in
Harvested Wood Products in Washington, USA:1906 – 2018 for detail on that.
https://www.dnr.wa.gov/publications/em_wa_carbon_121420.pdf
6
Jefferson County 2018 Inventory of Greenhouse Gas Emissions,
https://www.co.jefferson.wa.us/DocumentCenter/View/10166/2018_JeffCo_GHG_Inventory_Report_approved_0
62420
7

Buotte, P. C., B. E. Law, W. J. Ripple, and L. T. Berner. 2020. Carbon sequestration and biodiversity
co-benefits of preserving forests in the western United States. Ecological Applications 30(2):e02039.
10.1002/eap.2039
8
https://icleiusa.org/learn/
9

https://icleiusa.org/us-community-protocol/
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The two existing GHG emissions inventories for Jefferson County were for the years 20056 and 201810. In
looking at GHG flux, or changes in removals and emissions from forests and trees, time periods longer
than a year are useful to better detect trends in land use changes, harvesting, etc. The periods analyzed
in this report are 2001 – 2006, 2006 – 2011, and 2011 – 2016, using a consistent 5-year interval in line
with international best practice. The first time period includes the 2005 baseline (to align with the
Jefferson County 2005 Inventory of Greenhouse Gas Emissions), and the latter two provide the latest
data available. (The National Land Cover Database11 that is used for the automatic land use category
analysis had 2016 as the most recent year.)
How do disturbances impact forest GHG flux? The forest carbon pool includes carbon stored in live
biomass such as trees, both above and below ground, dead biomass (including dead trees) and soil
organic carbon. Forest emissions and removals are associated with these carbon pools. As trees grow,
they remove CO2 through photosynthesis, adding to the stored carbon pool. Forest/tree emissions and
removals are “quick out, slow in”. When trees are cut or burned, there is a quick relatively large
emission of GHGs. New forests or trees accumulate carbon slowly over decades. When trees are cut,
some portion is stored in “Harvested Wood Products” as described below, and the remainder of the
carbon is emitted to the atmosphere.
The following report describes emissions and removals from all of these processes across Jefferson
County.

Land Use in Jefferson County
The entire Jefferson County land base is 1,162,267 acres, and roughly 76% of this is forest.
Approximately 50% of this land base consists of forests in Olympic National Park or Olympic National
Forest Wilderness areas, and is managed as Wilderness in which natural processes such as fire may alter
forest cover but direct human impacts from harvesting do not occur. The Olympic National Park and
Olympic National Forest Wilderness are considered “unmanaged lands” and are generally excluded from
the analysis and discussion in this report. The Olympic National Forest conducts limited timber sales
focused on forest health, providing timber volume, and generating revenue. Figure 1 shows land
ownership for all land within Jefferson County.

10

https://www.co.jefferson.wa.us/DocumentCenter/View/10166/2018_JeffCo_GHG_Inventory_Report_approved_
062420
11

https://www.mrlc.gov/national-land-cover-database-nlcd-2016
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Figure 1

The entire Jefferson County (including the Olympic National Park sections, etc.) was analyzed, as well as
other subareas based on ownership. These included:
●
●
●
●
●
●
●
●
●

Jefferson County without the National Park and wilderness area of the National Forest
Washington State Department of Natural Resources managed lands within Jefferson County
Olympic National Forest areas within Jefferson County (managed by US Forest Service (USFS))
Commercial and Industrial Private Forest land within Jefferson County (in the CF-80 zone)
The City of Port Townsend - all properties within the city limits
Port Hadlock UGA - all properties within the Port Hadlock – Irondale Urban Growth Area
Jefferson County-owned property (outside of the city of Port Townsend and the Hadlock UGA)
Olympic National Park and wilderness areas of the National Forest
Small Public Private land within Jefferson County - all remaining after the above areas are
separated out
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Figure 2 below shows these areas.
Figure 2

Methodology
Overall Methodology
Generating GHG estimates requires data not just on areas of land use, but also data on how land use has
changed over time. The LEARN tool estimates net GHG removals and emissions by evaluating land cover
and land cover change using the National Land Cover Database (NLCD)12. The NLCD land cover maps
have a spatial resolution of 30 m, and each 30 m pixel is assigned a land cover class (forest land,
cropland, grassland, wetlands, settlements and other land). Maps are available for years 2001, 2004,
2006, 2008, 2011, 2013, and 2016. For this classification, forest land is defined as having at least 10%
cover of live trees. However, lands meeting this forest cover criteria and which are completely
surrounded by settlements, are assigned to the settlement class. (Settlements are all “Developed”

12

https://www.mrlc.gov
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categories in the NLCD land cover maps. See the LEARN tool documentation13, page 2, for all mappings
of NLCD to the IPCC land use classes used in this report.)
Figure 3. Land cover in Jefferson County from National Land Cover Database, 2016

The transitions among the six land cover classes (forest land, grassland, cropland, wetland, settlement
and other land) are compared across three time periods. For the Jefferson County Forest and Tree
Greenhouse Gas Inventory we chose three different time periods of equal length: the 2001-2006 and
2006-2011 periods as baselines, to compare against 2011-2016. The results are generalized into 3
categories: forest to non-forest, non-forest to forest, and land that stays in the same land cover class.
Tree canopy changes from the NLCD land cover maps are only available for the later time period.
Each mapped pixel is linked to its relevant CO2 emission or removal factor.
The factors for each forest type and age class used in the LEARN tool are based on Pacific Northwest
(PNW) regional estimates of carbon pools and stock changes using forest inventory data collected by the
National Forest Inventory and Analysis (FIA) program. Estimates for the total pool and changes in forest
biomass are based on repeat FIA measurements of the same stands, and the non-biomass carbon pools
are based on modeled estimates. Each pixel of NLCD forest is assigned a “forest type group.” The forest
groups likely included are the Alder Maple Group, the Hemlock-Sitka Spruce Group, Douglas-Fir Group
and Fir-Spruce-Mountain Hemlock Group. Forests on privately owned lands were mapped as Douglas Fir
plantation. Three forest age classes are used in the LEARN tool: 0-20, 20-100, and 100+ and applied to
each of the groups.
The emissions factors for each type of disturbance area are based on a database of disturbance impacts
by region, forest type, type of disturbance, and severity, as described in the LEARN tool

13

http://d1ps9kreypzu9a.cloudfront.net/GHGInventory/LEARN%20tool%20documentation.pdf

14

documentation13, page 29. For the forests that convert to a non-forest cover, additional information
about forest disturbances is contributed by spatial data from three other sources so that the emissions
factors can be applied that best match the disturbance type. The Monitoring Trends in Burn Severity
(MTBS) captures fire disturbances greater than 1000 acres. The fire layer used in LEARN only includes
the highest severity fires where forest carbon stocks are assumed to be severely affected. Insect
damage in forests is mapped as part of the Aerial Detection Surveys (ADS) data conducted annually by
the USFS. Similar to the fire disturbance, only the pixels tagged as high severity with significant tree
mortality are included in the analysis. For all other types of disturbance, most importantly to this project
forest harvests and natural disturbances such as windthrow, the LEARN tool uses the Landsat-based tree
cover loss product from Hansen et al, 201314.
In determining the emissions or removal factors to apply to a given pixel, the NLCD land cover transition
matrix takes precedence. Disturbance factors are only calculated for pixels which are classified in the
NLCD transition matrix as Forests Remaining Forests. For these Forest Remaining Forest pixels, even if
overlapping disturbances occur, only one disturbance type is assigned using the following hierarchy;
first, severe fire; second, insect mortality; and third, harvest/other. Within Jefferson County, the NLCD
land cover maps classify most forest harvests as a long-term land cover change from forest to grassland,
not as a temporary harvest disturbance within forests that will remain forests over the long term. As a
result, the LEARN tool applies grassland emissions and removal factors to these forest harvest areas.
We considered this incorrect for Jefferson County, recognizing that harvested areas can temporarily look
like grassland. To adjust for this “error” in the NLCD input maps, we applied the emissions factors for
forest harvest to all pixels mapped as converting from forest to grassland. This meant that an emissions
factor of approximately 138 (t C/ha) was applied rather than approximately 100 (t C/ha) (see table
below). There was no equivalent change to make for the “grasslands” regrowing as forests, they are
assigned a removal factor that is the same for all non-forest to forest pixels. However, as the regrowth
can be viewed as related to the harvests, in the Net Harvest calculations noted in the Trends section, the
CO2 removal resulting from non-forest to forest changes is assumed to be from harvested land, and is
included in the Net Harvest total. Note also that the emissions factor from harvests does not include
emissions from logging trucks or mills, emissions related to fertilizer use during replanting, nor does it
include any substitution effects (i.e. substituting wood products for concrete, etc.). It is based on the
changes in carbon due to harvest from live biomass such as trees, both above and below ground, dead
biomass (including dead trees) and soil organic carbon, based on USFS data (see LEARN documentation13
page 3.)

14

https://www.globalforestwatch.org/map/.
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Table 1 – Emissions Factors and Removal Factors

JEFFERSON COUNTY MINUS NPS/USFS
WILDERNESS

JEFFERSON COUNTY
Emissions Factors tC/ha
Fire Forest Disturbance
Insect Forest Disturbance
Harvest/Other Forest Disturbance
Trees Outside of Forest
Forest to Grassland
Forest to Cropland
Forest to Wetland
Forest to Settlement
Forest to Other
Removal Factors t C/ha/yr
Forests Remaining Forests
Trees Outside of Forest
Non-Forest to Forest

2001-2011

2001-2006

2006-2011

2011-2016

2001-2011

81.8
-6.7
139
0
101
0
174
86.9
214

0.0
-6.5
139.6
0.0
93.4
0.0
225.6
93.7
220.1

81.8
-6.7
143.4
0.0
106.6
0.0
175.3
80.2
222.2

71.5
-6.8
140
127
114
0
188
85.6
215

0
-6.5
136
97.3

-3.5
0
-3.9

-3.6
0.0
-3.9

-3.6
0.0
-4.0

-3.6
-2.8
-3.8

2001-2006

2006-2011

2011-2016

148
86.3
223

0
-6.03
139.9
0
93.2
0.0
139.9
92.6
220.8

0.0
-6.6
139.9
0.0
99.2
0.0
151.8
80.2
211.9

0
-6.6
139
127
98.3
0
139
85.6
187

-4.05
0
-3.9

-4.1
0.0
-3.9

-4.1
0.0
-4.0

-4
-2.8
-3.8
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To calculate the change in CO2 for a given area and time period, the calculations are:
•
•

For emissions and for insect damage: AREA*FACTOR*3.67/number of years; and
For removals from Forest Remaining Forest or converted to forest: AREA*FACTOR*3.67

The 3.67 factor is to convert carbon to CO2. Note that the insect factor is negative because while there is damage, the
area still sequesters carbon overall, but at a slower rate than undisturbed forest.
To summarize, removal and emission factors for forests and trees outside forests (LEARN documentation, page 17):
•

•

Removal Factors
o Undisturbed Forest Remaining Forest (by forest group type and age class)
o Non-forest converted to forest (by forest group, age class 0-20 only)
o Trees outside of Forest (based on data collected in a range of urban areas across the U.S.; Lake Forest
Park, WA was used for this analysis)
Emission Factors
o Forest converted to non-forest (by forest type and carbon pool)
o Loss of Trees outside of Forest (by state and city)
o Disturbance (one disturbance type per pixel- by forest type and age class)
o Insect, weather, harvest

Harvested Wood Products Methodology
The ICLEI LEARN tool includes a Harvested Wood Products calculator that estimates the carbon, and then CO2, that is
temporarily stored in wood products, over the subsequent 100 years. As stated in the ICLEI report, “Harvested wood
products (HWP) temporarily store carbon from the forest ecosystem as the wood goes through a series of production
processes and end-uses, with eventual disposal (and emission to the atmosphere). The delay represents a net benefit to
the atmosphere. The period of storage varies from long-lived solid wood products that remain in use for long periods of
time to products that are quickly disposed of in landfills. In the web tool, the HWP Calculator tracks carbon in harvested
wood through four different “fates,” from harvest to timber products to primary wood products to end-use to disposal,
applying best estimates for product ratios and half-lives at each stage.” The calculator is based on Appendix J and its
guidance document. And the calculator, in the “Intro” sheet, notes that “Details of the methodology are documented in
USDA methods for GHG inventory, the lookup table approach.
[https://www.usda.gov/oce/climate_change/estimation.htm] [Hoover et al. 2014]’15”.
The Washington State Department of Natural Resources16 provides timber harvest data each year for all relevant
counties in the state. The Jefferson County data was input into the HWP calculator. Since the reports provide data per
species, that information was used to generate hardwood and softwood totals, in thousand board feet. The calculator’s
default Pacific Northwest West ratios for hardwood and softwood saw wood and pulp wood were used, as were the
default specific gravities and board feet to cubic feet conversion. For the 2011 - 2016 timeframe, data from the 5 years

15

Hoover, C., R. Birdsey, B. Goines, P. Lahm, Gregg Marland, D. Nowak, S. Prisley, E. Reinhardt, K. Skog, D. Skole, J. Smith, C. Trettin,
C. Woodall, 2014. Chapter 6: Quantifying Greenhouse Gas Sources and Sinks in Managed Forest Systems. In Quantifying Greenhouse
Gas Fluxes in Agriculture and Forestry: Methods for Entity-Scale Inventory. Technical Bulletin Number 1939, Office of the Chief
Economist, US Department of Agriculture, Washington, DC. 606 pages. July 2014. Eve, M., D. Pape, M. Flugge, R. Steele, D. Man, M.
Riley-Gilbert, and S. Biggar, Eds.
16

https://www.dnr.wa.gov/TimberHarvestReports
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of 2011 - 2015 were used. For the 2001 - 2006 timeframe, data from the 5 years of 2001 - 2005 were used, and for 2006
– 2011, data from 2006 – 2010 were used.
From the total harvested hardwood and softwood per year calculations, the calculator then generates the total weight
of harvested carbon based on specific gravity for hardwoods and softwoods, as well as defaults for how much ends up
as saw wood or pulp wood, The calculator uses default ratios for how much of the saw and pulpwood carbon ends up in
wood products and in landfills, both of which sequester carbon, and applies that to the total weight of harvested carbon
by type (hard and soft, and pulp and saw). That amount is then converted to CO2. Note that the effect of substituting
wood products for other materials like cement or steel is beyond the scope of the ICLEI LEARN tool, and is not part of
the calculations.
For all of Jefferson County, 2011-2015, the results are shown in Table 2 below.
Table 2 – Harvested Wood Products Emissions and Removals Summary

Harvested Wood Product - All Jeff Co 2011-2015
Units are metric tons CO2 per year
In use
In landfills Total stored Total emitted
-124,701
-94,167
-218,821
266,961
Based on that data, the change in the harvested wood pool over the inventory period 2011 to 2016 is estimated as
218,821 mt CO2 per year, which represents 21% of the emissions from harvest for that period (i.e. the total emissions
from harvest are reduced by 21% to account for the carbon sequestered long term in harvested wood product).
Harvested Wood Products were also estimated for the various subareas, where the results aligned with the data in the
WA DNR reports. The mapping used was as follows, all under the “Ownership” column in the DNR reports:
●
●
●
●
●
●
●
●
●

Jefferson County - Total All Owners
Jefferson County without the National Park and wilderness area of the National Forest - same as totals for the
county, since there is no harvesting in the park or wilderness areas
WA Department of Natural Resources managed lands that are within Jefferson County - “State”
Olympic National Forest areas within Jefferson County - “Federal ownership” or “National Forest”, also included
in this was any “Other Federal” harvest data
Commercial and Industrial Private Forestland within Jefferson County - “Private - Industrial” + “Private - Large”
Small Public Private Forestland within Jefferson County - “Private - Small” + “Other Public” or “Public: Other
NonFederal” + “Unknown”
The City of Port Townsend - not available in WA DNR data
Port Hadlock UGA - not available in WA DNR data
Jefferson County managed forests - not available in WA DNR data

Methodology for Trees Outside Forests
The LEARN tool has the ability to model Trees Outside Forests for years after 2011, and it was used for all of the areas
except for the City of Port Townsend for the 2011-2016 time period. The LEARN tool uses the 30-m grid of the NLCD,
which is too coarse to identify tree canopy within a city like Port Townsend. A different forest carbon modeling tool for
trees in cities, settlements and other non-forested areas can be used to get a refined estimate of GHG fluxes in such
areas. This study includes refined modeling of Trees Outside Forests for the City of Port Townsend.
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Roughly 25.1% (419 ha) of the Port Townsend UGA land base of 1,681 hectares (4,155 acres) is forest, as identified by
the National Land Cover Database (NLCD). This area was modeled using the LEARN tool. The remainder of the Port
Townsend UGA, 1,262 ha, was modeled using the i-Tree tool17.
Figure 4 shows the Port Townsend UGA outlined in yellow and NLCD-identified forest land shown in green. The area of
Trees Outside Forests, shown in red, was modeled by i-Tree. Many areas outside of the NLCD-identified forest land are
covered by trees, with an average of 40.3% tree canopy, shown red-highlighted on Figure 4.
Figure 4. 2016 NLCD Non-Forested Areas

17

https://www.itreetools.org/
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i-Tree uses a paired-point analysis, which compares points at a specific location in each year to identify changes in tree
canopy. 1,000 points were used in this i-Tree process for each of the years 2011 and 2016. Each point was manually
reviewed to determine if the point was a tree or non-tree. i-Tree then compared the two timeframes to calculate the
change in tree canopy.
Figure 5 - NLCD-identified forest land (outlined in red) and the points (green and tan dots) used for the i-Tree analysis.

Results
Overall Results
The land base in Jefferson County includes large areas of forest that primarily sequester but also emit carbon. For
Jefferson County, emissions are due to several factors, including disturbances within forest areas that will remain forests
over longer time spans but have carbon losses due to harvesting, as well as natural impacts such as insects and fire.
Table 3 below shows GHG emissions and removals for Jefferson County and for the County minus NPS/USFS wilderness,
over the three inventory periods. Note that the 2011-2016 inventory period includes the net impact from Trees Outside
of Forest, while the other periods do not due to the datasets not being available.
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Table 3 - GHG Emissions (+) and Removals (-) for Jefferson County and Jefferson County minus National Park and USFS Wilderness Areas, for 2001-2006, 20062011 and 2011-2016
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Overall, results indicate Jefferson County forests generate significant removals, as shown in Figures 6, 7 and 8 below.
This is an expected and important result as temperate rain forests are essential to the global carbon balance. While
forest degradation from disturbances – fire, insects, and harvests, as well as forest conversion to non-forest, reduced
the rate of carbon sequestration these forests still result in a net removal. Harvests released the largest amount of
carbon in all three inventory periods. These emissions occur when trees are cut, although some portion is stored in the
harvested wood products, the majority is emitted to the atmosphere. Natural forest disturbances (insect damage and
fire) still resulted in a net removal of CO2. While the direction of this carbon flow may seem counter-intuitive given that
only high severity insect impacts are included, in the LEARN tool the effect of insect disturbance is modeled as reducing
the rate at which the forests remove CO2 relative to non-disturbed forests. The emissions from fire were relatively small,
less than 1% of the net GHG Balance, even in 2011-2016, which includes the 2015 Paradise Fire which occurred in oldgrowth forests within Olympic National Park.
Figure 6

Emissions
Removals
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Figure 7

Emissions
Removals
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Figure 8

Emissions
Removals

Figure 9 shows the percentage of the total county-wide CO2 removal by the different ownership categories. The Olympic
National Park and USFS Wilderness provide the largest share of the total removal at 53%. The other ownership
categories (City of Port Townsend, Port Hadlock UGA, and county-owned), were all 0%, so were not included.
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Figure 9

Figures 10, 11 and 12 below show the CO2 removal per acre by ownership, for each of the three time periods analyzed.
Note that the acreage includes all land, not just forested. The ownership titles in the figures below show the percentage
of forested land, based on the LEARN report for the 2011-2016 period. Given that the Olympic National Park and USFS
Wilderness region was 78% forested, USFS land was 93% forested, and DNR land was 86%, it is not surprising that DNR
and USFS lands generally had the highest rate of sequestration per acre.
Figure 10

per Year
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Figure 11

per Year

Figure 12

per Year

Results for the City of Port Townsend
Since the City of Port Townsend is a distinct municipality, the results for the City are included in this section.
As noted above, the i-Tree tool was used for the analysis of Trees Outside Forests for the City in the 2011-2016
time period, since it provides a more accurate analysis compared to LEARN. The overall results for the City for
the other time periods are included in the master result table in the appendix, and the trends are presented in
the last paragraph of this section below.
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Table 4 - Port Townsend UGA GHG fluxes from forests and trees for inventory period 2011 – 2016
Removals (mtCO2/yr)
Undisturbed Forest

Emissions (mtCO2/yr)
-5,978

Forest Disturbances

273

Non-Forest to Forest

-65

Forest to Settlement

84

Forest to Grassland

101

Forest to Other Non-Forest
Lands
Trees Outside Forests

-5,259

Harvested Wood Products
TOTAL
Net GHG Balance

2,277

0
-11,302

2,735

-8,567

For the NLCD-identified forest land within the Port Townsend UGA between 2011 and 2016, approximately 5 hectares
(13 acres) of forest land per year was lost, largely from conversion to grassland (likely from land cleared for
development). Over the same period, around 5 hectares (12 acres) of forest land was gained, largely from the grassland
category, likely from growth of existing trees.
The i-Tree analysis was performed using aerial photos for the years 2011 and 2018. 2018 was used rather than 2016,
with presumably similar results, and the inventory period is referred to in this report as 2011 - 2016.
The i-Tree analysis showed that the City of Port Townsend lost approximately 2.7% of the tree canopy and gained 1.5%
tree canopy from 2011 to 2018, for an average tree canopy of 40.3% during this period. The tree canopy area averaged
508.6 ha and tree canopy loss was 34.1 ha over the study period.
The pattern observed for the study period is that a small area under development may be deforested and remain
grassland for a period of years before homes, roads or other structures are built.
In performing the i-Tree analysis and examining aerial photos for the years 2011 and 2018, two approaches to
development were observed. The first involved clearcutting prior to construction. The second involved cutting some
trees prior to construction and leaving trees along property lines, sometimes with more trees in the front border or back
yard of the property.
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Trends for the City of Port Townsend
Trends for the City of Port Townsend were evaluated using the process described below, and are presented here, with
the rest of the Port Townsend GHG modeling results, for consistency. It should be noted that the trends are based on
NLCD-identified forest and do not include modeling with the i-Tree tool.
In the City of Port Townsend, sequestration increased by 25% from 2001-2006 to 2006-2011 and increased by 4% from
2006-2011 to 2011-2016. Sequestration increased by 30% overall from 2001-2006 to 2011-2016. It was one of the few
subareas to increase sequestration in the 2 latter time periods. The drivers were a decrease in forest to settlement
conversion, and a decrease in emissions due to harvest.

Trends over Time
This section describes the trends for all the sub-areas over the three time intervals analyzed, with the exception of the
City of Port Townsend, which are presented in Results for City of Port Townsend, above. For the following trend analysis,
the GHG flux from Trees Outside Forest was removed from the 2011-2016 time interval results, for consistency between
all time interval results, since that data was not available for the two earlier time intervals from the LEARN output. Also,
a Net Harvest was calculated as the emissions related to harvest/other, plus the removals from Harvested Wood
Product, plus the removals from reforestation (non-forest to forest land class changes, as noted in the Methodology
section). (Note that “other” includes windthrow, avalanches, and landslides, which could include non-harvest aspects.)

Jefferson County minus National Park/Wilderness
As seen in Table 5 below, CO2 removals from Jefferson County minus National Park/Wilderness decreased by 20% from
2001-2006 to 2006-2011, then increased 17% from 2006-2011 to 2011-2016. The net result was a decrease in CO2
removals of 7% from 2001-2006 to 2011-2016.
Table 5
Subarea: JeffCo minus ONP and USFS Wilderness

Category
Land Area : 579,617 acres
Forest Change (1)
Forest Remaining Forest
Forest Remaining Forest
Trees Outside Forest (TOF)

Type
Forest to Non-Forest
Undisturbed
Insect/Disease (2)
Canopy loss/gain/maintain
Harvest plus HWP plus
Reforestation (3)

Net Harvest
Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

Emissions /Removals

2001-2006
(mtCO2), (4)

2006-2011
(mtCO2), (4)

2011-2016
(mtCO2), (4)

E
R
E
R

24,893
-2,283,598
-111,609
0

30,718
-1,862,637
-221,036
0

10,985
-2,058,192
-134,039
-62,509

E

667,296
-1,703,018

698,019
-1,354,936
-20%

599,556
-1,581,690
17%
-7%

Notes: (1) Forest Change to cropland, grassland, settlement, wetland, other
(2) Insect/Disease activity ranked as an emission, but is a negative number indicating reduced carbon removals
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

There were two types of disturbances relevant to this large subarea: insects and harvest. Table 6 below shows the
hectares of forest impacted by each, and the net impact on CO2. The net CO2 from insects was calculated as the
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difference between the sequestration with insect damage and the sequestration of the forest if there had not been
insect damage. As seen below, the insect damage in 2006-2011 significantly reduced sequestration in that time period.
Table 6
Jeff Co Minus
ONP/Wilderness

2001-2006

2006-2011

2011-2016

Hectares

Net mt CO2 (% of
net GHG Flux
w/o TOF)

Hectare
s

Net mt CO2
(%GHG Flux w/o
TOF)

Hectares

Net mt CO2
(%GHG Flux w/o
TOF)

Insect /
Disease

25,233

-267,073 (16%)

45,623

-458,776 (31%)

27,516

-276,897 (17%)

Harvest/Other
- HWP

8,477

686,000 (-40%)

9,149

739,000 (55%)

9,081

714,000 (-43%)

Reforestation

1,294

-18,617 (1%)

2,830

-41,235 (3%)

8,068

-113,987 (7%)

Harvest/Other
plus HWP plus
Reforestation

667,296 (-39%)

698,019(-52%)

599,556 (-38%)

There was an increase in CO2 removals due to reforestation detected in 2011-2016 compared to the two earlier periods.
As noted in the Methodology section, reforestation is likely regrowth in previously harvested areas that were detected
as “non-forest” in the starting year, and detected as forest in the end year due to tree growth in an area that has been
replanted. Both of these trends (reduced sequestration due to insect damage in 2006-2011, and the increase in
reforestation in 2011-2016 compared to earlier periods) occurred in the USFS, DNR, and Commercial/Industrial Land
subsections below as well.
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Jefferson County
The results for all of Jefferson County were fairly similar to the county minus National Park and Wilderness, as shown in
Table 7. CO2 removals decreased by 13% from 2001-2006 to 2006-2011, then increased 9% from 2006-2011 to 20112016. The net result was a decrease in CO2 removals of 5% from 2001-2006 to 2011-2016. These results can be seen in
the table below.
Table 7

Area: All of Jefferson County
Category
Land area: 1,162,266 acres
Forest Change (1)

Type

Emissions
/Removals

Forest to Non-Forest
Reforestation (Non-Forest to
Forest Change
Forest)
Forest Remaining Forest
Undisturbed
Forest Remaining Forest
Fire
Forest Remaining Forest
Insect/Disease (2)
Trees Outside Forest (TOF) Canopy loss/gain/maintain
Harvest plus HWP plus
Reforestation (3)
Net Harvest
Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

2001-2006
2006-2011
2011-2016
(mtCO2), (4) (mtCO2), (4) (mtCO2), (4)

E

93,947

54,728

37,854

R
R
E
E
R

-20,274
-4,362,951
0
-168,758
0

-45,140
-3,841,348
1,688
-309,547
0

-120,223
-4,167,618
30,003
-167,024
-106,497

E

692,161
-3,745,601

837,970
-3,256,509
-13%

706,361
-3,560,424
9%
-5%

Notes: (1)
Forest Change to
cropland,
grassland,
settlement,
othernumber indicating reduced
(2) Insect/Disease
activity
ranked
as an emission,
but wetland,
is a negative
carbon removals
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

Olympic National Park and Wilderness Areas
For the Olympic National Park and Wilderness areas, CO2 removals decreased by 7% from 2001-2006 to 2006-2011, then
increased 1% from 2006-2011 to 2011-2016. The net result was a decrease in CO2 removals of 6% from 2001-2006 to
2011-2016, likely due to the 2015 Paradise Fire as well as disturbances such as windthrow.
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Washington State DNR Land
The State DNR is the largest landholder outside of federal land and wilderness area within Jefferson County. Table 8
shows results for State DNR land.
Table 8

Subarea: State DNR Land
Emissions 2001-2006
2006-2011
2011-2016
/Removals (mtCO2), (4) (mtCO2), (4) (mtCO2), (4)

Category
Type
Land Area : 206,394 acres
Forest Change (1)
Forest to Non-Forest
E
Forest Remaining Forest Undisturbed
R
Forest Remaining Forest Insect/Disease (2)
E
Trees Outside Forest (TOF)Canopy loss/gain/maintain
R
Harvest plus HWP plus
Net Harvest
E
Reforestation (3)
Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

2,666
-891,741
-46,626
0

2,368
-693,113
-88,885
0

1,319
-844,333
-53,029
-38,696

128,828

147,334

84,615

-806,873

-632,296
-22%

-811,428
28%
1%

Notes: (1) Forest Change to cropland, grassland, settlement, wetland, other
(2) Insect/Disease activity ranked as an emission, but is a negative number indicating
reduced carbon removals
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

In State DNR land, CO2 removals decreased by 22% from 2001-2006 to 2006-2011, then increased 28% from 2006-2011
to 2011-2016. CO2 removals increased overall by 1% from 2001-2006 to 2011-2016 (where most areas had a decrease in
CO2 removals in those time periods.)
Outside of federal land and wilderness area, DNR land had the largest CO2 removals in all time intervals. The largest
emissions from DNR land were from harvesting.

31

USFS Land
Table 9

Subarea: USFS Land
Category
Land Area: 118,792 acres
Forest Change (1)
Forest Remaining Forest
Forest Remaining Forest
Trees Outside Forest (TOF)
Net Harvest

Type

Emissions
2001-2006
2006-2011
2011-2016
/Removals (mtCO2), (4) (mtCO2 ), (4) (mtCO2 ), (4)

Forest to Non-Forest
Undisturbed
Insect/Disease (2)
Canopy loss/gain
Harvest plus HWP plus
Reforestation (3)

Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

E
R
E
R

2,413
-544,816
-30,171
0

11,838
-491,493
-60,641
0

1,211
-536,803
-41,112
-20,851

E

1,242

16,292

642

-571,332

-524,004
-8%

-576,062
10%
1%

Notes: (1) Forest Change to cropland, grassland, settlement, wetland, other
(2) Insect/Disease activity ranked as an emission, but is a negative number indicating
reduced carbon removals
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

Results for USFS land, as shown in Table 9 above, were similar to State DNR land, where CO2 removals decreased by 8%
from 2001-2006 to 2006-2011, then increased 10% from 2006-2011 to 2011-2016. CO2 removals increased overall by 1%
from 2001-2006 to 2011-2016 (where most areas had a decrease in CO2 removals in those time periods.)
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Commercial/Industrial Land
Commercial/Industrial land was the only subarea to show net GHG emissions for the periods of 2006-2011 and 20112016, as shown in Table 10.
Table 10

Subarea: Commercial-Industrial Land
Emissions
/Removals

Category
Type
Land Area: 120,862 acres
Forest Change (1)
Forest to Non-Forest
E
Forest Remaining Forest Undisturbed
R
Forest Remaining Forest Insect/Disease (2)
E
Trees Outside Forest (TOF)Canopy loss/gain/maintain
R
Harvest plus HWP plus
Net Harvest
E
Reforestation (3)
Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

2001-2006
2006-2011
2011-2016
(mtCO2), (4) (mtCO2), (4) (mtCO2), (4)
3,788
-437,925
-20,932
0

4,734
-296,826
-49,393
0

1,851
-294,894
-28,212
46,391

404,296

407,767

412,986

-50,773

66,282
-231%

91,731
38%
-281%

Notes: (1) Forest Change to cropland, grassland, settlement, wetland, other
(2) Insect/Disease activity ranked as an emission, but is a negative number indicating
reduced carbon removals
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

Commercial/Industrial Forest Land went from a net sequesterer in 2001-2006 to a net emitter in 2006-2011, with a
231% decline in CO2 removals, and then emissions increased 38% from 2006-2011 to 2011-2016. Overall from 20012006 to 2011-2016, there was a 281% decline in CO2 removals. This was caused by a combination of increased harvest
and increased insect damage. CO2 removals from reforestation was larger for this subarea compared to other subareas,
which is a function of this type of land management (harvesting followed by replanting).
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Small Public/Private Land
Table 11

Subarea: Small Public/Private Land
Category
Land Area : 126,701 acres
Forest Change (1)
Forest Remaining Forest
Forest Remaining Forest
Trees Outside Forest (TOF)

Type
Forest to Non-Forest
Undisturbed
Insect/Disease (2)
Canopy loss/gain/maintain
Harvest plus HWP plus
Reforestation (3)

Emissions
/Removals

2001-2006
2006-2011
2011-2016
(mtCO2), (4) (mtCO2 ), (4) (mtCO2), (4)

E
R
E
R

15,214
-396,851
-13,796
0

11,177
-369,018
-21,898
0

6,570
-369,571
-11,686
-46,676

Net Harvest
E
Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

131,417
-264,016

98,457
-281,282
7%

100,438
-274,249
-3%
4%

Notes: (1) Forest Change to cropland, grassland, settlement, wetland, other
(2) Insect/Disease activity ranked as an emission, but is a negative number indicating reduced
carbon removals
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

Table 11 shows GHG flux for small land holdings, where CO2 removals increased by 7% from 2001-2006 to 2006-2011,
then were flat (0%) from 2006-2011 to 2011-2016, and so CO2 removals increased overall by 7% from 2001-2006 to
2011-2016. Note that Forest to Non-Forest conversion reduced CO2 removals, especially in the earlier time intervals.

Port Hadlock UGA
In the Port Hadlock UGA, CO2 removals decreased by 1% from 2001-2006 to 2006-2011. CO2 removals increased by 1%
from 2006-2011 to 2011-2016, and was flat from 2001-2006 to 2011-2016.
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Jefferson County Owned Land
This area includes all land directly owned by Jefferson County.
Table 12

Subarea: Jefferson County-Owned Land
Category

Type

Land Area: 1,694 acres
Forest Change (1)
Forest Remaining Forest
Forest Remaining Forest
Trees Outside Forest (TOF)

2001-2006
2006-2011
2011-2016
(mtCO2), (4) (mtCO2), (4) (mtCO2), (4)

E
R
E
R

127
-5545
-211
0

201
-5495
-377
0

19
-5936
-68
-644

E

5,176

1,930

-544

Net GHG Flux w/o TOF
Change in flux from (2001-2006) to (2006-2011), excluding TOF
Change in flux from (2006-2011) to (2011-2016), excluding TOF
Change in flux 2001-2006 to 2011-2016

-453

-3741

-6,529

Net Harvest

Forest to Non-Forest
Undisturbed
Insect/Disease (2)
Canopy loss/gain
Harvest plus HWP plus
Reforestation (3)

Emissions
/Removals

726%
74%
1342%

Notes: (1) Forest Change to cropland, grassland, settlement, wetland, other
(2) Insect/Disease activity ranked as an emission, but is a negative number indicating
(3) Harvest plus Harvested Wood Products plus Reforestation
(4) Negative numbers = Carbon Removals from the atmosphere
Positive numbers = Carbon Emissions to the atmosphere

The County owned land area is small, less than 1% of the State DNR land area. Table 12 shows that in the County owned
land, CO2 removals increased by 726% from 2001-2006 to 2006-2011. CO2 removals increased by 74% from 2006-2011
to 2011-2016. Overall, CO2 removals were 1342% greater (more than 14 times greater) in 2011-2016 compared to 20012006. This significant increase in CO2 removals is due to a significant decrease in harvests along with a significant
increase in reforestation.

Relationship to Jefferson County 2018 Emissions Inventory
In 2005, the Jefferson County sector-based emissions were estimated to be 453,252 mtCO2e, using IPCC 5th Assessment
values (not previously reported, as previous documentation utilized IPCC 2nd Assessment values). The 2018 sector-based
emissions were estimated at 275,083 mtCO2e, using IPCC 5th Assessment values, as reported in the 2018 Inventory
Report6. Both were calculated using the ICLEI Clearpath software. Note that the sector-based inventory included the
emissions from wood stoves in Jefferson County. The 2018 Inventory Report emissions only account for the non- CO2
gases emitted when the wood is burned, as the CO2 from wood burning is considered carbon-neutral in that report per
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existing ICLEI protocols18. That complements this report, which calculates the overall change in carbon in trees and
forests in Jefferson County (which is then converted to CO2), which includes the CO2 from wood harvested for burning.
Given the results above for Jefferson County as a whole, the net GHG balance of forests and trees (a net sequestration)
represents 8 times the total sector-based emissions in 2005 (using the 2001-2006 forest time period), and 13 times of
the total sector-based emissions in 2018 (using the 2011-2016 forest time period, the most recent available.) Note that
the 2018 inventory also included a consumption-based inventory, which was 642,443 metric tons of CO2e. The net
sequestration above for Jefferson County as a whole (using the 2011-2016 period) represents 6 times the total
consumption-based emissions in 2018.
If the national park and wilderness areas are excluded, then the net GHG balance of forests and trees (a net
sequestration) represents 4 times the total sector-based emissions in 2005 (using the 2001-2011 forest time period), and
6 times the total sector-based emissions in 2018 (using the 2011-2016 forest time period, the most recent available.)
While these numbers show a net sequestration, it is not surprising given the large forested area, relatively small
population (~30,000) and limited industrial facilities in Jefferson County. It is expected that the sequestration ability of
Jefferson County forests will be key for Washington State and perhaps even the US as a whole in meeting their GHG
emissions reduction goals. Sequestration in the mid-latitude forests may be a global resource as well.

Comparison with Results in Other Reports
Washington Forest Ecosystem Carbon Inventory: 2002-20164 compared similar timeframes across the state as a whole.
The report indicated a variation in sequestration rates in various regions across the state. Jefferson County is in the
Coastal Region, and page 97 of that report notes that the per acre CO2e flux (per that report positive flux indicates
sequestration), was 0.98 mtCO2e/acre/yr of forested area (sequestration). This includes Clallam, Pacific, Grays Harbor,
Wahkiakum and Mason Counties as well as Jefferson. In our report for Jefferson County, the per acre result showed
higher rates of sequestration, at -3.2, -2.8, and -3.2 mt CO2 e/acre/yr for the three time periods (see Figures 10, 11 and
12), for an average of -3.1 mt CO2 e/acre/year (sequestration).
The Rayonier Carbon Report19, issued in August 2021, reported their results for the year 2020 for their lands in the U.S.
and New Zealand. It reports their US forests sequestered 11,803,517 mtCO2 in 2020, not including harvests. The carbon
transferred during harvest in the US was 7,626,367 mtCO2 in 2020. (This is equivalent to an emission from harvest in this
report.) The amount stored in forest products 100 years in the future was 1,723,860 mtCO2, which is comparable to the
timeframe used in the Harvested Wood Product calculation in this report. While the Rayonier Carbon Report does not
calculate the net CO2 change for 2020, a back of the envelope calculation of the above numbers from their report yields
5,901,010 mtCO2 sequestered in 2020 for the US (11,803,517 - 7,626,367 + 1,723,860 = 5,901,010 mtCO2). Note that the
report includes both southern US and Pacific Northwest holdings, broader than Jefferson County, and also is for a year
not covered in this report, so more information would be needed to compare the results.
There is currently no policy requirement for a standard of practice for how forest carbon calculations are done. The
science of measuring carbon sequestration, emissions and removals from forests and trees is evolving. It would be
prudent to continue to monitor the science going forward.

18

US Community Protocol for Accounting and Report of Greenhouse Gas Emissions Appendix C: Built Environment Emission
Activities and Sources, Version 1.1
19
https://www.rayonier.com/media/10793140/rayonier-carbon-report-2020.pdf
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Current Management Practices
The inventory team reached out to local government and non-profit organizations that work on forest management in
Jefferson County and asked for a summary of their work. The data received is below.

Jefferson County

Following a feasibility study in 201920 to assess the overall health and risk levels of Jefferson County forests, the County
launched a program in 202021 to selectively harvest three different properties, the three highest risk properties each
representing a different issue, as models of the potential for thinning as a tool for forest health improvement,
restoration of natural forest succession development patterns, and providing a sustainable source of revenue and jobs
to the community. The harvests removed an average of 30% of the volume using variable density thinning methods to
mimic natural forest disturbance patterns and transition forests from even-aged monocultures to more diversified
stands. Harvests were conducted using low impact cut-to-length processors, which minimize ground disturbance, and
slash was redistributed throughout the forest floor rather than burned in slash piles.

City of Port Townsend
The City of Port Townsend recently received their 20-year certification for being a Tree City USA. The City’s urban
forestry program is at the heart of this certification by preserving, planting, and maintaining trees on City property, in
City Parks, and in the vast right of way network.

Jefferson Land Trust

The Jefferson Land Trust22 works with partners and landowners to conserve Jefferson County lands. Private forestland
conservation in Jefferson County involves several different organizations, and there is a spectrum of conservation across
many types of forests. The private land in Jefferson County is mostly forested, and those forests provide important
functions to the ecosystem and community. On one end of the spectrum - the Land Trust works with partners to help
ensure some of the productive industrial timber land areas are protected from conversion and development, so that
they forever remain what we call working forestlands - lands that will continue to produce forest products over time.
For the small family forestlands throughout our county, the Land Trust is working with landowners to permanently
ensure the management of those forests prioritizes the forests ecological function even more than what the landowner
is legally required to do. The forests that Jefferson Land Trust owns are primarily managed to restore old-growth
conditions so that those forests can increase their resiliency and biodiversity over time. The Land Trust is also creating a
new Community Forest, which is meant to generate broad social, economic, and ecological benefits to the local
community through community involvement in the management of the forest. In 2020 a Strategic Vision Framework
was developed by several community leaders for the community forest effort being spearheaded by the Land Trust,
which can be found on the Land Trust website.

Northwest Watershed Institute

Northwest Watershed Institute (NWI)23 is working actively in Jefferson County with many partners to protect the
environment by preserving and restoring the Tarboo-Dabob Bay Watershed, from the headwaters of Tarboo Creek to
and including Dabob Bay. NWI has conserved more than 4,000 acres of forests and wetlands and restored hundreds of
20

See the 2019 Forestry Study at https://www.co.jefferson.wa.us/DocumentCenter/View/8174/JCForestryStudy?bidId=.

21

See the Program description at https://countyrec.com/forms/7442_forest_restoration_overview.pdf.

22

https://saveland.org/.

23

http://www.nwwatershed.org/.
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acres of shoreline and streams. NWI is campaigning to preserve the Toandos Heritage Forest, where botanists with
Washington’s Department of Natural Resources Natural Heritage Program have identified the largest remaining
rhododendron forest of its type left in the world, over 800 acres now slated for timber harvest. NWI is working with
partners to preserve these areas through a proposed expansion of the Dabob Bay Natural Area. Nearly 2,000 acres of
State forest lands within the proposed Natural Area boundary would be permanently protected, maximizing their value
for forest sequestration and storage. NWI and the Jefferson Land Trust also worked with private owners to put their land
under conservation easements. NWI owns and manages the 500-acre Tarboo Wildlife Preserve in the heart of the
Tarboo valley. Nearly 230 acres of the Preserve is managed based on ecological forestry principles. This forestland is
certified under Forest Stewardship Council standards and is permanently protected under a conservation easement. The
easement restrictions were developed to provide for restoration of older forest habitat and maximize carbon
sequestration and storage, while allowing some harvest of timber products. NWI is also working to increase state
legislative support for an important conservation funding mechanism called “Trust Land Transfer” (TLT), an essential tool
that Washington’s DNR, schools and local governments use to preserve outstanding natural areas while ensuring that
the trusts are compensated.

Olympic Forest Collaborative

The Olympic Forest Collaborative (OFC)24 is a partnership of timber industry, conservation organizations, and federal and
state agencies working with the Olympic National Forest to develop forest treatment projects that improve forest health
conditions, stand and habitat diversity, while providing timber volume for industry and economic benefits to local
communities. The OFC projects are “stewardship” projects, and the revenue generated stays in the Olympic National
Forest budget, and supports watershed restoration in the Forest. The ecological function of carbon in trees, soils,
downed woody debris and plants are a part of the planning going into the forest treatments.

Carbon Management Opportunities
Federal Lands
Federal agencies are taking action that will continue to have impacts in Jefferson County and potentially Port Townsend
with regard to carbon policies and stewardship. The Biden Administration issued Executive Order (EO) 14008 on January
27th, 2021, to “tackle the climate crisis at home and abroad”.25 The EO requires federal agencies in a “whole of
government approach” to create climate action plans, establishes the White House Office of Domestic Climate Policy, a
cabinet level Climate Task Force, and specifically for the forestry sector calls for plans on “how to encourage the
voluntary adoption of climate-smart agricultural and forestry practices that decrease wildfire risk fueled by climate
change and result in additional, measurable, and verifiable carbon reductions and sequestration.” Congressional action
on carbon flow stewardship is disparate and not yet coalesced into clear policy except limited proposals for
infrastructure investment. Jefferson County and Port Townsend will be well served by engaging with federal elected
officials on carbon flow management policies to ensure local interests are included early in emerging policy. The Olympic
National Forest and the Olympic National Park lands were included in a 2015 baseline report on carbon for the Pacific
Northwest Region, a report on carbon disturbances, and a 2019 report on carbon.26 The U.S. Forest Service has
24

https://olympicforestcollaborative.org/.

25

EO 14008, 1/27/21, Tackling the Climate Crisis at Home and Abroad, at https://www.govinfo.gov/content/pkg/FR-2021-0201/pdf/2021-02177.pdf.
26
USDA Forest Service. 2015. Baseline Estimates of Carbon Stocks in Forests and Harvested Wood Products for National Forest
System Units; Pacific Northwest Region, at
https://www.fs.fed.us/climatechange/documents/PacificNorthwestRegionCarbonAssessment.pdf; Assessment of the influence of
Disturbance, Management Activities, and Environmental Factors on Carbon Stocks of U.S. national Forests, Gen. Tech. Rep. RMRS-
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developed tools to calculate carbon on federal lands, including forests.27 The goals of federal land management include
carbon stewardship for ecosystem services, balanced with other ecosystem services and uses. The U.S. Forest Service
data is also integrated in the U.S. annual global reporting on emissions goals28, and globally agreed indicators on
sustainable forest management under the international climate change treaty framework.29
Timber harvests on federal lands generate resources and benefits for Jefferson County30. Under various funding
legislation, the current “Secure Rural Schools” program supports rural communities that have a significant presence of
untaxable federal lands. Jefferson County has the opportunity to inform the public about the importance of the financial
support received from federal forests, particularly timber harvest sales, by highlighting revenues in financial reporting
and budgeting.

State of Washington Managed Lands
State agencies and the Legislature are taking action that will continue to have impacts in Jefferson County and
potentially Port Townsend with regard to carbon policies and stewardship. State managed lands in Jefferson County
provide financial support directly to the County, and to junior taxing districts within the County (fire services, library, et
al), with some benefits to residents in Port Townsend. The Department of Natural Resources, under the elected
Commissioner of Public Lands, manages trust lands in Jefferson County. The trusts include the constitutional support of
capital funds for school construction, and the state board lands direct services. DNR reports to the counties quarterly on
income generated from timber sales31.
The 2019 Washington State Legislature passed ESHB 1109, directing the Washington State Department of Natural
Resources (DNR) to act on carbon sequestration on natural and working lands. DNR as the forest land manager also
plans to take action that will prevent and mitigate the impacts of climate change. ESHB 1109 set up an advisory group on
carbon sequestration policies.32 DNR’s plans include “sequestering carbon in natural and working lands as part of the
solution.”33 The first steps taken include inventorying and reporting on carbon in the landscape, and forest “products”.34
These baseline reports are useful for understanding the role of carbon on state managed lands, but also on potential

GTR-402. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, at
https://www.fs.usda.gov/sites/default/files/Appendix-8-NFS-Disturbance-Carbon-Assessment-Pacific-Northwest-Region.pdf; and
Smith, J. E., G. M. Domke, M. C. Nichols, and B. F. Walters. 2019. Carbon stocks and stock change on federal forest lands of the
United States. Ecosphere 10(3):e02637. 10.1002/ecs2.2637, 2019, at https://www.fs.fed.us/nrs/pubs/jrnl/2019/nrs_2019_smithj_001.pdf.
27
See carbon inventory tools developed by the U.S. Forest Service at https://www.nrs.fs.fed.us/carbon/tools/.
28

Montreal Criterion 5, Maintenance of Forest Contribution to Global Carbon Cycles, Summary at https://www.fs.fed.us/research/sustain/docs/criteria/criterion5.pdf reports: Criterion 5.22, Total Carbon Pools and Fluxes (2011), at https://www.fs.fed.us/research/sustain/docs/indicators/indicator-522.pdf; 5.23, Total Forest
Product Carbon Pools and Fluxes (2011), at https://www.fs.fed.us/research/sustain/docs/indicators/indicator-523.pdf
29

See U.S. current status of forest sustainability, including carbon pools and fluxes reporting, and other measures at
https://www.fs.fed.us/research/sustain/criteria-indicators/.
30
See program information at https://www.fs.usda.gov/working-with-us/secure-rural-schools/payments. See 2020 reports at Title
I,II, and III All Service Receipts (Sept. 2020), at https://www.fs.usda.gov/sites/default/files/2020-Title-I-II-and-III-Report-ASR-1801.pdf; Final Detail Report PNF ASR 10-03, at https://www.fs.usda.gov/sites/default/files/2020-Payment-Detail-ASR-10-03.pdf; and
31
See DNR’s web portal reporting to counties on timber sales and revenues to counties at https://www.dnr.wa.gov/about/fiscalreports.
32
See the Advisory Group web portal at https://www.dnr.wa.gov/CarbonAdvisoryCmte. See the Charter for the Advisory group at
https://www.dnr.wa.gov/publications/em_bc_csac_charter_revised.pdf
33

See DNR’s web portal on carbon planning at https://www.dnr.wa.gov/carbon.

34

See DNR’s “Washington Forest Ecosystem Carbon Inventory” (2020), at https://www.dnr.wa.gov/publications/em_wa_carbon_inventory_final_111220.pdf; See
also DNR’s Summary of Natural and Working Lands Carbon Inventories and Incentive Programs in Washington (2020), at
https://app.leg.wa.gov/ReportsToTheLegislature/Home/GetPDF?fileName=DNR Carbon Sequestration Report_8f19b00b-5acf-4c97-83b4-16cecb559803.pdf.
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proposals for generating revenue on “carbon markets”. Per DNR’s plans, “[c]arbon sequestration also has the potential
to be monetized as a new revenue stream for landowners.”35 DNR has a Forest Action Plan that includes climate
resiliency36. Governor Jay Inslee has acted to address climate change at the Executive level and on the national scene.
Inslee announced his policy priorities for the next biennium, focused on energy, and which include environmental
justice.37
Jefferson County and Port Townsend have the opportunity to engage with associations that advocate for local
government interests, and with electeds from the 24th Legislative District on carbon management policies that will
benefit residents38. Jefferson County has the opportunity to inform the public about the importance of the financial
support received from state managed forests, particularly timber harvest sales, by highlighting its revenues in financial
reporting and budgeting.

Additional Carbon Management Opportunities
Blue Carbon
This report demonstrates the potential of trees and forests to remove (sequester) carbon from the atmosphere.
However, marine ecosystems like kelp forests, tidal wetlands and estuaries also capture and store substantial quantities
of carbon. This "blue carbon" is of great interest to those developing regional, national, and global climate change
adaptation and mitigation strategies. Carbon markets, one such strategy, value the carbon stored by intact wetlands (for
example) and can help finance projects that prevent wetlands' conversion to other land uses. In order to realize blue
carbon projects, proponents need information about the amount of carbon stored by particular tidal wetlands. Carbon
stocks data have been collected in several parts of the world to quantify the carbon sequestration potential of tidal
wetlands, but there has been a scarcity of such information in the Pacific Northwest. The National Estuarine Research
Reserve System Science Collaborative39 managed a project called the Pacific Northwest Carbon Stocks and Blue Carbon
Database Project. This project helped fill the gap by conducting a comprehensive blue carbon assessment of Pacific
Northwest tidal wetlands and generating a user-friendly database of regional blue carbon data.
As carbon management policy develops, Jefferson County and Port Townsend have the opportunity to investigate this
database and other sources of information, and identify blue carbon potential within our area.

Strategic Carbon Reserves
Policy makers and advocates are developing proposals for establishing strategic carbon reserves in Washington’s forests.
In March 2021, former Commissioners of Public Lands Jennifer Belcher (1993-2001) and Peter Goldmark (2009-2017)
unveiled a proposal to gradually stop commercial harvest of state lands west of the Cascades, in an effort to begin to
establish a strategic carbon reserve to address climate change. 40 The proposal is controversial within the timber

35

DNR’s carbon planning at https://www.dnr.wa.gov/carbon.
See DNR’s web portal on Washington’s Forest Action Plan at https://www.dnr.wa.gov/ForestActionPlan.
37
See Gov. Inslee’s policy brief at https://www.governor.wa.gov/news-media/inslee-announces-bold-climate-package-2021–2023biennium and https://www.governor.wa.gov/sites/default/files/ClimateBriefDec2020.pdf?utm_medium=email&utm_source=govdelivery.
38
See Washington Association of Counties at https://www.wsac.org/; and for towns and cities in Washington, groups like the
Association of Washington Cities, at https://wacities.org/, and its Climate Resilience Handbook at https://cfqc.org/wpcontent/uploads/2021/06/ClimateHandbook.pdf.
39
nerrssciencecollaborative.org
40
L. Mapes, 3/21/21, Seattle Times, “Amid the Climate Crisis, a proposal to save Washington state forests for carbon storage, not
logging”, at https://www.seattletimes.com/seattle-news/environment/amid-climate-crisis-a-proposal-to-save-washington-stateforests-for-carbon-storage-not-logging/.
36
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industry sector,41 elected officials, local governments, and conversation organizations.42 Washington State Senator Kevin
Van de Wege responded in an op-ed in the Port Townsend Leader in April, outlining the potential financial impacts on
local government, fire, and the carbon storage of wood products.43 As Washington charts a path that balances the
interests of opposing sectors, and as the science and technical ability to inventory, track and report on carbon flows
advances, the opportunities to develop policies for carbon management will expand. Jefferson County and Port
Townsend will be best served by understanding what types of carbon policies may require local action, have financial
impacts, and may contribute to sequestration in a climate challenged world. Jefferson County and Port Townsend should
consider engaging policy makers directly as proposals develop to protect local interests while deciding how best to make
a contribution to sequestration at the local level.

Suggested Next Steps
As described in this report, undisturbed forests provide the highest levels of carbon sequestration and carbon storage.
The older the forest, the larger the volume of carbon storage. Jefferson County and Port Townsend have opportunities
to engage early in policy and actions affecting constituents.

Jefferson County
Next steps that Jefferson County could consider to optimize carbon removals (sequestration) include actions to inform
constituents, engage in policy development affecting Jefferson County, and take steps to protect and retain forests.
These steps may include:
Support good governance and transparency
● Integrate reporting on carbon flow impacts of forestry activities in county planning and actions, including ICLEI
or other reporting mechanisms. Report to County residents on carbon flows on a regular basis.
● Instruct the County Administrator to prepare a report on the financial impacts of past and annual timber harvest
revenues, and clearly identify the revenues in budget and financial reports.
Identify barriers and gaps that may hinder the development of a robust carbon management policy
● Undertake a study of existing policy and policy proposals that may affect the interests of Jefferson County
residents with regard to managing forest lands and carbon, and report to the Board of County Commissioners
and the Public about opportunities.
● Undertake a study of the law and policy framework and identify opportunities for adopting carbon management
policies.
Contribute data and science to decision making
● Consider the valuation of the ecosystem services of forest to the county (and city) to better understand and
communicate the multiple benefits of forests and trees for water management, heat island effect mitigation,
etc.
Inspire collaborative stakeholder and constituent consultation and engagement

41

American Forest Resources Council, sponsored, Seattle, Times, 4/9/21, “Washington DNR State Trust Lands: Green Superheroes”,
at https://www.seattletimes.com/sponsored/washington-dnr-state-trust-lands-the-green-superheroes/ - :~:text=More than half the
landscape, the effects of global warming.
42
R. Baker and P. Swedeen, 7/30/21, Seattle Times, “A middle path to climate smart forestry”, at
https://www.seattletimes.com/opinion/a-middle-path-to-climate-smart-forestry/.
43
K. Van de Wege, 4/7/21, Port Townsend Leader, “An inconvenient truth: forest climate proposal won’t work”, at
https://www.ptleader.com/stories/inconvenient-truth-forest-climate-proposal-wont-work-guest-viewpoint,74545.
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●
●
●
●
●

Convene a county public workshop on forestry related climate issues to inform constituents about the
challenges and opportunities facing Jefferson County.
Engage the Washington Congressional delegation and the 24th Legislative District on carbon policies, including
carbon pricing.
Join in county associations efforts to advocate for policies that manage carbon and protect county constituents.
Encourage Federal Agencies to consider including carbon sequestration as a target objective in wildland fire
management
Consider partnerships with the private sector, community organizations, etc. to advance carbon management
proposals.

Take action - learn from, build upon and strengthen existing efforts
● Look for opportunities to encourage and incentivize planting of trees for long term establishment in areas
currently un-forested.
● Act to support local efforts to preserve carbon in forests such as:
○ Fund and expand the County forestry program to include carbon management on county lands.
○ Establish a program for transfer or purchase of development rights for forested areas within the county
(https://kingcounty.gov/services/environment/stewardship/sustainable-building/transfer-developmentrights.aspx).
○ Protect forested landscape in county parks and work to expand tree cover.
○ Work with DNR to do trust land transfers to County ownership for significant forested tracts such as:
■ Portions of DNR lands within the Cappy’s Trails area;
■ Cape George DNR block including the Quimper Lost Wilderness;
■ Support the DNR proposal to preserve 820 acres of state forestland within a portion of the
Dabob Bay Natural Area that was expanded in 2016;
■ Identify and work with DNR to do trust land transfers to County ownership of DNR lands near
Quilcene and the Coyle Peninsula (beyond the Dabob Bay Natural Area);
■ Identify areas in western Jefferson County, particularly DNR lands, that may be candidates for
trust land transfers to County ownership;
○ Support efforts to strengthen DNR policies that protect forests on state land, incorporate transparency
in reporting on carbon impacts and income of DNR management, and overall request that DNR set goals
to increase carbon storage.
○ Support the Chimacum Ridge project that Jefferson Land Trust is pursuing and look for opportunities to
expand community forests.
○ Commercial/industrial forest harvests have significantly increased carbon emissions over the time
intervals evaluated here. The County could consider steps to encourage, incentivize, or require
sustainable forest management to decrease carbon emissions from this sector, following guidance such
as the Forest Stewardship Council’s standards. Jefferson County can support forest management on
private lands through education and policy that maximizes carbon storage.
○ The county could adopt and/or advocate for goals for carbon sequestration levels on county-owned,
state, commercial/industrial and/or federal lands in the county.
○ Educate private timber landowners on forest management practices that promote carbon
sequestration.
○ The County could consider establishing a tree ordinance to encourage retaining standing trees as
practical. This would optimize future GHG removal by the trees and forest near and within
unincorporated settlement areas. The tree ordinance may help reduce the loss of trees during
development.
42

●

Review the recommendations from the Draft Island County 2021 Climate Action Plan (11/30/21 draft), High
Impact Actions: Land Use, Forests and Trees (which also utilized the ICLEI LEARN tool), and determine if any of
those actions might be beneficial for Jefferson County.

City of Port Townsend
The Port Townsend UGA includes 419 ha of NLCD-identified forest land along with 508.6 ha of tree canopy area outside
forests (in the urban area), for a total of 927.6 ha (2,291.17 acres) of tree canopy within the Port Townsend UGA. To
optimize carbon removals within the City, the principle of leaving trees standing, as much as is practical, could be
considered. To facilitate this, the following steps could be considered:
Support good governance and transparency / Contribute data (technical and financial) and science to decision making
● The City could consider integrating reporting on carbon flow impacts of managing trees in city planning and
actions, including ICLEI or other reporting mechanisms. Report on a regular basis to Port Townsend residents on
carbon flows, actions and policy.
Identify barriers and gaps that may hinder the development of a robust carbon management policy
● The City could to undertake a study of existing policy and policy proposals that may affect the interests of
Jefferson County residents with regard to managing forest lands and carbon, and report to the Board of County
Commissioners and the Public about opportunities.
● Instruct the City Manager to investigate and report on the financial impacts of timber harvest revenues and
benefits if any, and clearly identify the revenues in budget and financial reports.
● Convene a city public workshop on forestry related climate issues to inform constituents about the challenges
and opportunities facing Port Townsend in managing its forest cover and landscape.
Inspire collaborative stakeholder and constituent consultation and engagement
● Engage the Washington U.S. Congressional delegation and the 24th Legislative District on GHG funding and
policy, carbon policies, including carbon pricing.
● Join in city and town associations’ efforts to advocate for policies that manage carbon and protect constituents.
Take action - learn from, build upon and strengthen existing efforts
● Permanently protect city-owned older forests. This could include existing parks like Chetzemoka and Sather
Parks. Other city-owned tracts, like the former DNR land near the Port Townsend Water Treatment Plant, could
be given protected status. Protection in perpetuity could be obtained through conservation easement, deed
restriction or other mechanism.
● Establish a program for transfer or purchase of development rights for forested areas within the city
(https://sustainablecitycode.org/brief/purchase-of-development-rights/).
● Revise the tree ordinance (Port Townsend Municipal Code, Chapter 19.06 Tree Conservation) to encourage
retaining standing trees as practical. This would optimize future GHG removal by the urban forest. It should be
noted that the rate of tree canopy loss observed from 2011 – 2016 could accelerate in future, depending on the
demands of development. The revised tree ordinance may help reduce the loss of trees during development.
● Protect large forest properties important for open space, stormwater treatment and carbon storage within the
City of Port Townsend, including the 80-acre mature forest property owned by the city, located near Rainier St.
● Support community forest and other forest conservation projects.

Caveats and Limitations
Uncertainty in the LEARN tool approach arises from the inputs (maps) and uncertainties and assumptions around the
emissions factors used, and the combination of the two. For example, as noted in the Methodology section, three forest
43

age classes of 0-20, 20-100, and 100+ are used by the LEARN tool; however, sequestration rates can vary within those
age classes. Although not quantified here, the LEARN tool documentation notes on page 27 that “the uncertainty
associated with estimates of emissions from forest land converted to nonforest are likely to be quite high because of
intrinsic variability and lack of data about proportion of C lost from the different C pools. The U.S. EPA GHG (2020)
reports errors of magnitude greater than 50% for these estimates.” The estimate of uncertainty for the disturbance data
(insects, fire and harvest) are reported in Birdsey et al, 201944. This is an evolving area of science. Future inventories will
likely have reduced uncertainties, as advances in remotely sensed input spatial data for both carbon stocks and
disturbances are always improving the available input data. While uncertainties can be high, the estimates in this report
still provide useful information on the magnitude and importance of GHGs as well as insights into the directionality of
emissions and removals from various land management classes. Contributions and feedback from community based,
regional perspectives (such as this effort), may improve the approach used and help to reduce uncertainty in future
efforts.
Originally, a time interval of 2001-2011 was modeled, along with a time interval of 2011-2016. However, in reviewing
the results for the 10-year time period compared to the 5-year time period, it appeared that keeping the time interval a
fixed length was best for Jefferson County, with the software version available in July 2021, so the 5-year periods were
used. The data files include the 2001-2011 results as well.

Quality Control
All of the calculations done for this report were reviewed by another member of the inventory team, and input data was
confirmed to be correct by sampling each year of data. The results were also checked by summing all subareas (except
for the County minus National Park/Wilderness, since that overlaps with other areas), and comparing those results to
the county as a whole. There are small differences expected because the emissions and removal factors are not the
same for the county as a whole and all subareas. The differences found were all 2% or less, with the exception of
differences related to not doing the correction for forest to grassland changes noted in the methodology section above
to the National Park/Wilderness, as harvesting is not allowed in those areas. The correction was done for the county as a
whole, which resulted in differences in the sums.
This report was sent to a number of organizations and individuals for their review. An early version was reviewed by
members of the ICLEI Forest Carbon training team, including Richard Birdsey, Donna Lee, and Tom Herrod. Comments
included “very comprehensive” and “this is a model for how the assessment could be done for other counties or
communities in Washington or elsewhere in the U.S.” from Richard Birdsey, and “I thought it was great -- it's one of the
more detailed reports from a community and will be a wonderful model that will support others, especially larger
counties with HWP and federal lands”, from Donna Lee. A close to final draft was sent to representatives from Jefferson
Land Trust, Northwest Watershed Institute, City of Port Townsend, Olympic National Park, Washington Department of
Natural Resources, Center for Sustainable Economy, Rayonier, University of Washington, and Ecotrust. Suggested edits
or comments tracked in the Word document were received from the Jefferson Land Trust, Northwest Watershed
Institute, and Center for Sustainable Economy, and were reviewed by the modeling team and incorporated as
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Hernandez, Alexander J.; Raymond, Crystal L.; McCarter, James. 2019. Assessment of the influence of disturbance,
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appropriate. Two letters with feedback were received, from Center for Sustainable Economy, and Rayonier, and are
included in Appendix C.
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Abbreviations
CAC - Climate Action Committee
CO2 - Carbon Dioxide
EO - Executive Order
GIS - Geographic Information Systems
GHG - Greenhouse Gas
ICLEI - International Council for Local Environmental Initiatives
IPCC - Intergovernmental Panel on Climate Change
m - meter
MMT – Million metric tons
MTBS - Monitoring Trends in Burn Severity
mtC - metric tons carbon
mtCO2 - metric tons carbon dioxide
NLCD - National Land Cover Database
ONF - Olympic National Forest
ONP - Olympic National Park
PNW - Pacific Northwest
UGA - urban growth boundary
USFS - United States Forest Service
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Appendix A – Full Table of Results

Period

Olympic National Park and
Jefferson County minus ONP/ONF
Olympic National Forest
Jefferson County
Wilderness
Wilderness
2001-2006 2006-2011 2011-2016 2001-2006 2006-2011 2011-2016 2001-2006 2006-2011 2011-2016

Undisturbed Forests
Natural Forest Disturbances
Forest Harvest
Non-Forest to Forest
Forest to Settlement
Forest to Grassland
Forest to other non-forest lands
Trees Outside Forest (canopy loss)
Trees Outside Forest (canopy
maintained/gained)
Harvested Wood Products

-4,362,951
-168,758
888,783
-20,274
959
0
92,988
0

-3,841,348
-307,859
1,083,201
-45,140
540
0
54,188
0

-4,167,618
-137,021
1,045,405
-120,223
345
0
37,509
187,870

-2,283,598
-111,609
862,261
-18,617
936
0
23,957
0

-1,862,637
-221,036
939,345
-41,235
540
0
30,178
0

-2,058,192
-134,039
932,364
-113,987
345
0
10,640
175,938

0
-176,348

0
-200,091

-294,367
-218,821

0
-176,348

0
-200,091

-238,447
-218,821

Net GHG Balance

-3,745,601

-3,256,509

-3,666,921

-1,703,018

-1,354,936

-1,644,199

Period

-2,074,310 -1,973,808
-56,843
-86,146
23,324
136,014
-1,589
-3,727
23
0
0
0
68,091
23,947
0
0
0
0

-2,104,597
-2,364
18,252
-6,155
0
152,572
26,713
11,961

0
0

-54,913
0

-2,041,304 -1,903,720

-1,958,531

Olympic National Forest
DNR Managed Lands
2001-2006 2006-2011
2011-2016 2001-2006 2006-2011 2011-2016

Undisturbed Forests
Natural Forest Disturbances
Forest Harvest
Non-Forest to Forest
Forest to Settlement
Forest to Grassland
Forest to other non-forest lands
Trees Outside Forest (canopy loss)
Trees Outside Forest (canopy
maintained/gained)
Harvested Wood Products

-544,816
-30,171
3,890
-1,809
0
0
2,413
0

-491,493
-60,641
25,088
-2,348
0
0
11,838
0

-536,803
-41,112
7,755
-3,840
0
0
1,211
1,681

-891,741
-46,626
169,171
-7,389
16
0
2,650
0

-693,113
-88,885
187,442
-13,001
0
0
2,368
0

-844,333
-53,029
157,062
-22,578
0
0
1,319
33,952

0
-839

0
-6,448

-22,532
-3,273

0
-32,954

0
-27,107

-72,648
-49,869

Net GHG Balance

-571,332

-524,004

-596,913

-806,873

-632,296

-850,124
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Period

Commercial and Industrial Private Remaining Public/Private Parcels Jefferson County-owned Forests
2001-2006 2006-2011 2011-2016 2001-2006 2006-2011 2011-2016 2001-2006 2006-2011 2011-2016

Undisturbed Forests
-437,925
Natural Forest Disturbances
-20,932
Forest Harvest
512,526
Non-Forest to Forest
-6,796
Forest to Settlement
99
Forest to Grassland
0
Forest to other non-forest lands
3,689
Trees Outside Forest (canopy loss)
0
Trees Outside Forest (canopy maintained/gained)
0
Harvested Wood Products
-101,434
Net GHG Balance

Period

-50,773

-296,826
-49,393
541,355
-19,090
27
0
4,707
0
0
-114,498

-294,894
-28,212
576,316
-70,381
0
0
1,851
109,338
-62,947
-92,949

-396,851
-13,796
175,022
-2,483
106
0
15,108
0
0
-41,122

-369,018
-21,898
157,167
-6,672
142
0
11,035
0
0
-52,038

-369,571
-11,686
189,711
-16,543
261
0
6,309
30,908
-77,584
-72,730

-5,545
-211
5,326
-150
0
0
127
0
0
0

-5,495
-377
1,982
-52
5
0
196
0
0
0

-5,936
-68
87
-631
0
0
19
0
-644
0

66,282

138,122

-264,016

-281,282

-320,925

-453

-3,741

-7,173

City of Port Townsend (1)
Port Hadlock-Irondale UGA
2001-2006 2006-2011
2011-2016 2001-2006 2006-2011 2011-2016

Undisturbed Forests
-6,035
Natural Forest Disturbances
0
Forest Harvest
981
Non-Forest to Forest
0
Forest to Settlement
715
Forest to Grassland
0
Forest to other non-forest lands
31
Trees Outside Forest (canopy loss)
0
Trees Outside Forest (canopy maintained/gained)
0
Harvested Wood Products
0

-5,948
0
293
-91
367
0
15
0
0
0

-5,978
0
273
-65
84
101
1
0
-1,765
0

-1,371
0
80
0
0
0
15
0
0
0

-1,367
0
93
0
0
0
16
0
0
0

-1,375
0
105
-7
0
0
1
0
-727
0

Net GHG Balance

-5,364

-7,349

-1,276

-1,258

-2,003

-4,308

(1) City of Port Townsend table includes LEARN results only. See Table 4 of this report, p. 27 for complete results including both i-Tree and LEARN for
period 2011-2016. The City of Port Townsend Summary Report 2011-2016 in Appendix B also includes complete results for both i-Tree and LEARN.
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Appendix B – LEARN Reports

Links (attachments) for LEARN report results for the various geographic entities modeled are provided below. LEARN Summary Report output files were
edited to provide the appropriate name for each entity. The Summary Reports for the City of Port Townsend 2001-2006 and 2006-2011 are LEARN report
results only. The Summary Report for the City of Port Townsend 2011-2016 includes both LEARN and i-Tree modeling results, and includes a new table:
Table 2, Forested Area within the City of Port Townsend, including total percent forested.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Jefferson County minus Olympic National Park/Wilderness_2001-2006
Jefferson County minus Olympic National Park/Wilderness _2006-2011
Jefferson County minus Olympic National Park/Wilderness _2011-2016
Jefferson County All 2001-2006
Jefferson County All 2006-2011
Jefferson County All 2011-2016
Olympic National Park and Wilderness Areas 2001-2006
Olympic National Park and Wilderness Areas 2006-2011
Olympic National Park and Wilderness Areas 2011-2016
Washington State DNR Land 2001-2006
Washington State DNR Land 2006-2011
Washington State DNR Land 2011-2016
USFS Land 2001-2006
USFS Land 2006-2011
USFS Land 2011-2016
Commercial/Industrial Land 2001-2006
Commercial/Industrial Land 2006-2011
Commercial/Industrial Land 2011-2016
Small Public/Private Land 2001-2006
Small Public/Private Land 2006-2011
Small Public/Private Land 2011-2016
Port Hadlock UGA 2001-2006
Port Hadlock UGA 2006-2011
Port Hadlock UGA 2011-2016
Jefferson County-Owned Land 2001-2006
Jefferson County-Owned Land 2006-2011
Jefferson County-Owned Land 2011-2016
City of Port Townsend 2001-2006
City of Port Townsend 2006-2011

•

City of Port Townsend 2011-2016
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Appendix C – Letters Received as Feedback on Draft of this Report
•
•

Letter from Center for Sustainable Economy
Letter from Rayonier
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