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This section of the User’s Guide provides instruction on using the Land Use, Land-Use
Change, and Forestry (LULUCF) module of the State Inventory Tool (SIT), and describes the
methodology used for estimating greenhouse gas (GHG) emissions and sinks from land use,
land-use change, and forestry at the state level.
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1.1 GETTING STARTED

The Land Use, Land-Use Change, and Forestry (hereafter, LULUCF) module was first
developed using Microsoft® Excel 2000. While the module will operate with older versions
of Excel, it functions best with Excel 2000 or later. If you are using Excel 2007 or later,
instructions for opening the module will vary as outlined in the Excel basics below. Some of
the Excel basics are outlined in the sections below. Before you use the LULUCF module,
make sure your computer meets the system requirements. In order to install and run the
LULUCF module, you must have:

e IBM-PC compatible computer with the Windows 95 operating system or later;

e Microsoft® Excel 1997 or later, with calculation set to automatic and macros
enabled;

e Hard drive with at least 20MB free; and
e Monitor display setting of 800 x 600 or greater.

Microsoft Excel Settings

Excel 2003 and Earlier: For the SIT modules to function properly, Excel must be set to
automatic calculation. To check this setting, launch Microsoft Excel before opening the
LULUCF module. Go to the Tools menu and select “"Options...” Click on the “Calculations”
tab and make sure that the radio button next to “"Automatic” is selected, and then click on
“"OK"” to close the window. The security settings (discussed next) can also be adjusted at
this time.

Excel 2007 and Later: For the SIT modules to function properly, Excel must be set to
automatic calculation. Go to the Formulas ribbon and select “"Calculation Options.” Make
sure that the box next to the “Automatic” option is checked from the pop-up menu.

Microsoft Excel Security

Excel 2003 and Earlier: Because the SIT employs macros, you must have Excel security
set to medium (recommended) or low (not recommended). To change this setting, launch
Microsoft Excel before opening the LULUCF module. Once in Excel, go to the Tools menu,
click on the Macro sub-menu, and then select “Security” (see Figure 1). The Security pop-
up box will appear. Click on the “Security Level” tab and select medium. When set to high,
macros are automatically disabled; when set to medium, Excel will give you the choice to
enable macros; when set to low, macros are always enabled.

When Excel security is set to medium, users are asked upon opening the module whether to
enable macros. Macros must be enabled in order for the LULUCF module to work. Once
they are enabled, the module will open to the control worksheet. A message box will
appear welcoming the user to the module. Clicking on the “x” in the upper-right-hand
corner of the message box will close it.

Excel 2007 and Later: If Excel’s security settings are set at the default level a Security
Warning appears above the formula box in Excel when the LULUCF module is initially
opened. The Security Warning lets the user know that some active content from the
spreadsheet has been disabled, meaning that Excel has prevented the macros in the
spreadsheet from functioning. Because SIT needs macros in order to function properly, the
user must click the “Options” button in the security message and then select, “"Enable this
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content” in the pop-up box. Enabling the macro content for the SIT in this way only enables
macros temporarily in Excel but does not change the macro security settings. Once macros
are enabled, a message box will appear welcoming the user to module. Click on the “"x” in
the upper right-hand corner to close the message box.

If the Security Warning does not appear when the module is first opened, it may be
necessary to change the security settings for macros. To change the setting, first exit out
of the LULUCF module and re-launch Microsoft Excel before opening the LULUCF module.
Next, click on the Microsoft Excel icon in the top left of the screen. Scroll to the bottom of
the menu and select the “Excel Options” button to the right of the main menu. When the
Excel Options box appears, select “Trust Center” in left hand menu of the box. Next, click
the gray “Trust Center Settings” button. When the Trust Center options box appears, click
“Macro Settings” in the left-hand menu and select “"Disable all macros with notification.”
Once the security level has been adjusted, open the Stationary Combustion module and
enable macros in the manner described in the preceding paragraph.

Viewing and Printing Data and Results

The LULUCF module contains some features to allow users to adjust the screen view and the
appearance of the worksheets when they are printed. Once a module has been opened, you
can adjust the zoom by going to the Module Options Menu, and either typing in a zoom
percentage or selecting one from the drop-down menu. In addition, data may not all
appear on a single screen within each worksheet; if not, you may need to scroll up or down
to view additional information.

You may also adjust the print margins of the worksheets to ensure that desired portions of
the LULUCF module are printed. To do so, go to the File menu, and then select “Print
Preview.” Click on “Page Break Preview” and drag the blue lines to the desired positions
(see Figure 2). To print this view, go to the File menu, and click “Print.” To return to the
normal view, go to the File menu, click “Print Preview,” and then click "Normal View.”

Figure 1. Changing Security Settings
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1.2 MODULE OVERVIEW

This User’s Guide accompanies and explains the LULUCF module of the SIT. The SIT was
originally developed in conjunction with EPA’s Emissions Inventory Improvement Program
(EIIP) in order to automate the steps states would need to take in developing their own
emission estimates in a manner that was consistent with prevailing national and state
guidelines. The result was a user-friendly and comprehensive set of eleven modules that
help users estimate greenhouse gas emissions at the state level.

Because most state inventories developed today rely heavily on the SIT, User’s Guides have
been developed for each of the SIT modules. These User’s Guides contain the most up-to-
date methodologies that are, for the most part, consistent with the Inventory of U.S.
Greenhouse Gas Emissions and Sinks (EPA 2024a). Users can refer to the chapters and
annexes of the U.S. Inventory to obtain additional information not found in the SIT or in the
companion User’s Guide.

In 2024, EPA published the results of the 2022 Inventory of U.S. Greenhouse Gas Emissions
and Sinks disaggregated by U.S. state (2024b) to make consistent state-level GHG data
available for all states for use by states, researchers, and the general public. However, EPA
recognizes that there will be differences between the state-level estimates published by EPA
and inventory estimates developed by states using the SIT or other tools. Inventories
compiled by states may differ for several reasons, and differences do not necessarily mean
that one set of estimates is more accurate, or "correct." In some cases, the Inventory of
U.S. Greenhous Gas Emissions and Sinks may be using different methodologies, activity
data, and emission factors, or may have access to the latest facility-level information
through the Greenhouse Gas Reporting Program (GHGRP). In other cases, because of state
laws and regulations, states may have adopted accounting decisions that differ from those
adopted by UNFCCC and IPCC to ensure comparability in national reporting (e.g., use of
different category definitions and emission scopes consistent with state laws and
regulations). Users of state GHG data should take care to review and understand
differences in accounting approaches to ensure that any comparisons of estimates are
equivalent or an apples-to-apples comparison of estimates.

When humans use and alter the biosphere through land-use change and forest management
activities, the balance between the emission and uptake of greenhouse gases (GHGS)
changes, affecting their atmospheric concentration; this balance between emission and
uptake is known as net GHG flux. Such activities can include clearing an area of forest to
create cropland, restocking a logged forest, draining a wetland, or allowing a pasture to
revert to grassland. Carbon in the form of yard trimmings and food scraps can also be
sequestered in landfills, as well as in trees in urban areas. In addition to carbon flux from
forest management, urban trees, landfills, and agricultural soils (i.e., cropland and
grassland), other sources of GHGs under the category of land use, land-use change, and
forestry are emissions of methane (CH4) and nitrous oxide (N20) from forest fires, and N20
emissions from fertilization of settlement soils.

The LULUCF module calculates CO2, CH4, and N20 emissions from fertilization of settlement
soils, and forest fires, as well as carbon flux from forest management, urban trees,
landfilled yard trimmings and food scraps, and agricultural soils. The LULUCF module no
longer estimates COz emissions from Liming of Soils and Urea Fertilization. These categories
are now estimated in the Agriculture module for consistency with the Inventory of U.S.
Greenhouse Gas Emissions and Sinks.
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The module provides default data for most inputs; however, if you have access to a more
comprehensive or state-specific data source, it should be used in place of the default data.
If using outside data sources, or for a more thorough understanding of the tool, please refer
to the following discussion for data requirements and methodology.

1.2.1 Data Requirements

To calculate GHG emissions from land use, land-use change, and forestry, the data listed in
Table 1 are required inputs (again, note that defaults are available for most of these data).

Table 1. Required data inputs for the LULUCF module.

Forestry
Worksheets

Input Data Required

Forest Carbon Flux
(Forest Land Remaining
Forest Land, Land
Converted to Forest
Land, and Forest Land
Converted to Land)

Carbon emitted from or sequestered in aboveground biomass,
belowground biomass, dead wood, litter, mineral and organic soils,
drained organic soils, wood products and landfills (million metric tons)

Urban Trees

Carbon sequestration factor for urban trees (metric ton C/hectare/year)
Total urban area (square kilometers)
Urban area tree cover (percent)

N>O from Settlement
Soils

Direct N,O emission factor for managed soils (percent)
Total synthetic fertilizer applied to settlements (metric tons nitrogen)

Non-CO> Emissions from
Forest Fires

Emission factors for CH4 and N,O emitted from burning forest and
savanna (grams of gas/kilogram of dry matter combusted)
Combustion efficiency of different vegetation types (percent)
Average biomass density (kilograms dry matter per hectare)
Area burned (hectares)

Landfilled Yard
Trimmings and Food
Scraps

Grass, leaves, and branches constituting yard trimmings (percent)

Yard trimmings and foods scraps landfilled, 1960-present (tons)

Initial carbon content of yard trimmings and food scraps (percent)

Dry weight/wet weight ratio of yard trimmings and foods scraps (percent)
Proportion of carbon stored permanently for yard trimmings and foods
scraps (percent)

Half-life of degradable carbon for yard trimmings and foods scraps (years)

Agricultural Soil Carbon
Flux

1.2.2 Tool Layout

Carbon emitted from or sequestered in aboveground biomass,
belowground biomass, dead wood, litter, and mineral and organic soils on
cropland and grassland (million metric tons)

Because there are multiple steps to complete within the LULUCF module, it is important to
understand of the module’s overall design. The layout of the LULUCF module and the
purpose of its worksheets are presented in Figure 3.
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Figure 3: Flow of Information in the LULUCF Module¥*

Control Worksheet Data Entry and Calculation Worksheets

2. Forest carbon flux
1. Select a state . .
3. Enter forest carbon flux data / Enter data on annuallcl:lange in carbon stocks of various forest pools
2a. Forest land remaining forest land
/ Default data pulled from FRF carbon flux worksheet
2b. Land converted to forest land
Default data pulled from FCL carbon flux worksheet
2c. Land converted to Forest Land
Default data pulled from FCL carbon flux worksheet
3. Urban trees
Enter data on total urban area and percent of urban area with tree
cover
4. N20 from Settlement Soils
Enter data on fertilizer applied to settlement soils
5a. CH4 emissions from forest fires
Enter data on area of forest and savanna burned, by forest type
5b. N20 Emissions from forest fires
Data pulled from CH4 emissions from forest fires worksheet
\_ 6. Landfilled yard trimmings and food scraps
Enter data on yard trimmings and food scraps
7. Agricultural soil carbon flux
Enter data on annual change in carbon stocks in agricultural soils
8. Add additional emissions sources
Enter data on additional emissions sources not included in module

3-6. Verify variables for each sector on control <

sheet and complete section worksheets
p—

7. Enter agricultural soil carbon flux data

9, View summary data Summary Data

Presented in table and graphical formats in MMTCO,E

10. Export data .
Uncertainty

Review information on uncertainty associated with the default data

* These worksheets are the primary worksheets used in the LULUCF module; subsequent worksheets
are used to populate the default data and are provided for informational purposes only.

1.3 METHODOLOGY

This section provides a guide to using the LULUCF module of the SIT to estimate GHG
emissions and sequestration from land use, land-use change, and forestry. Within the
LULUCF module, there are six sections: forest carbon flux; urban trees; N2O from
settlement soils; non-CO2 emissions from forest fires; carbon storage in landfilled yard
trimmings and food scraps; and agricultural soil carbon flux. Because the methodology
varies considerably among these sources/sinks, the details of each will be discussed in its
respective step, following this general methodology discussion.

The LULUCF module follows the general methodology from the National Inventory Report
(NIR) GHG Inventory by U.S. State. However, SIT aggregates changes in aboveground
biomass, belowground biomass, deadwood, litter, and mineral and organic soil carbon
stocks from Cropland Remaining Cropland, Land Converted to Cropland, Grassland
Remaining Grassland, and Land Remaining Grassland under Ag Soil C Flux in SIT. Default
data is also not available for carbon flux from Wetlands Remaining Wetlands or from non-
CO:2 emissions from Forest Fires.

The LULUCF module will automatically calculate emissions after you enter the factors on the
control worksheet and the required activity data on the individual sector worksheets. The
tool provides default sector data for most sectors. The exception is forest fires where you
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will have to use an outside data source for area of forest burned per year (see Box 1 for
suggested data sources).

Box 1: Forest Fire Data Sources

e Data are available from the National Interagency Coordination Center, which compiles fire
records from Situation and Incident Status Summary (ICS-209) Reports. These records
provide the number of acres burned by forest fire by state, and can be found in Table 12.4-2 of
the EIIP Guidance or online at https://www.nifc.gov/fireInfo/fireInfo statistics.html

e To obtain the most accurate emission estimates, it is necessary to have information on the
type of forests that have burned, as different types of forests contain differing amounts of
combustible biomass. To further refine the analysis, information on specific burns and forest
types can be found in the U.S. Federal Wildland Fire Management’s website:
http://www.fs.fed.us/fire/.

e To obtain accurate emissions for both wildfires and prescribed burning, users may directly
consult FOFEM, which is available for download at https://www.firelab.org/project/fofem.
Additional instructions for using the model are provided on the website.

e Land management agencies (e.g., the U.S. Forest Service, Bureau of Land Management, State
Natural Resource Divisions) in each state maintain statistics on the areas and types of forests
within their jurisdiction that have burned.

e State-level estimates of non-CO2 emissions from forest fires are available for certain states
from the U.S. Forest Service's publication, "Greenhouse gas emissions and removals from
forest land, woodlands, and urban trees in the United States, 1990-2022"" (see Appendix 1 of
the publication).

There are nine general steps involved in estimating emissions using the LULUCF module: (1)
select a state; (2) select an option for forest carbon flux; (3) enter emission factors and
activity data for urban trees; (4) enter emission factors and activity data for N20O from
settlement soils; (5) enter emission factors and activity data for non-CO2 emissions from
forest fires; (6) enter emission factors and activity data for landfilled yard trimmings and
food scraps; (7) select an option for agricultural soil carbon flux; (8) add any additional
emissions sources that are not included in the module; (9) review summary information;
and (10) export data. The general equations used to calculate GHG emissions from land
use, land-use change, and forestry are provided below.

Step (1) Select a State

To begin, select the state you are interested in evaluating. By selecting a state, the rest of
the tool will automatically reset to reflect the appropriate state default data and
assumptions for use in subsequent steps of the tool.

Step (2) Select an Option for Forest Carbon Flux
Control Worksheet

The control worksheet allows you to either select the default data provided or to enter user-
specified data to be used throughout the tool. To proceed with the default data, select the
first radio button under step 2 on the control worksheet. Default data are available for three
land-use categories: Forest Land Remaining Forest Land, Land Converted to Forest Land,
and Forest Land Converted to Land. These three categories are summed together on the
Summary tab to calculate Net Forest Carbon Flux. Please note that a complete series of
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default data is not available for all states. If you would like to use your own state-specific
data, select the second radio button under step 2 of the control worksheet. See Figure 4 for
an example of the radio buttons in step 2.

Figure 4. Control Worksheet for the LULUCF Module

15/3.- 6. Enter emission factors and proceed to the corresponding worksheet to enter activity data for the following:

16
17

A B c D E F G H | J K

1
2 |State Inventory Tool - Emissions and Sinks From Land Use, Land-Use Change, and Forestry
j Choose a State Select All Defaults
E % E ./
6 |1. Choose a State | California - |
7 This is very important - it selects the correct defoult variables for your state. Reset Alll Check/Uncheck All ‘
8
g
10 |2. Forest Carbon Flux (Forest Land Remaining Forest Land, Land Converted to Forest Land, and Forest Land Converted to Land)
11

Click here if you do not have any dato on forest carbon flux and would like 4o use defaultestimates by the USDA Forest Service o to Forest

(no defaultdata are available for AK, HI, or BC). Carban

Forest Carbon Flux =
jli * Click here if you would like to use your own data on forest carbon flux Radio Buttons
14 ivi
Individual Default

Data Check Boxes

18| 3. € Storage in Urban Trees

.19 Cﬂl"h.mﬂ Sequestration Fgchr'. ) o to Urban Trees
20 metric fon C/hectare/year in California 1 r Sheet

Pl
22 | 4. N;O from Settlement Soils

23] Emission Factor Value Used

24 Direct N0 Emission Factor for Managed Soils l:l r = tn.Se.i'Hemen‘r

5 Soils Sheet

26 Required Data

27 | 5. MNen-CO; From Ferest Fires

g Emission Factors ult Value Value Used

29 Savanna, g CH,/kg dry matter combusted > r ]

30 Savanna, g N0/ kg dry matter combusted 0.12 r
31 Forests, g CH./kg dry matter combusted 8.1 r

32 Forests, g N0/ kg dry matter combusted 0.1 r

33 o to Burning MO

34 Combustion Efficiency by Vegetation Type Default Value Value Used
35 Primary fropical forests 36% | r

3B Secondary tropical forests 55% r

37 Tertiary fropical forests 53% r

Jd Boreal forest 34% r

39 Eucalypt forests 63% r

40 Cther temperate forests 45% r

As a result of biological processes (e.g., growth and mortality) and anthropogenic activities
(e.g., harvesting, thinning, and other removals), carbon is continuously cycled through
ecosystem components, as well as between the forest ecosystem and the atmosphere. For
example, the growth of trees results in the uptake of carbon from the atmosphere and
storage in living trees. As these trees age, they continue to accumulate carbon until they
reach maturity, at which point their carbon storage remains relatively constant. As trees die
or drop branches and leaves on the forest floor, decay processes will release carbon to the
atmosphere and also increase soil carbon. Some carbon from forests is also stored in wood
products, such as lumber and furniture; and also in landfills, because when wood products
are disposed of, they do not decay completely, and a portion of the carbon gets stored
indefinitely, as with landfilled yard trimmings and food scraps. The net change in forest
carbon is the change in the amount of carbon stored in each of these pools (i.e., in each
ecosystem component) over time. This section presents the methodology for calculating
forest carbon flux.

After completing the control worksheet for this sector, use the gray arrows to navigate to
the Forest Land Remaining Forest Land worksheet.
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Forest Land Remaining Forest Land Worksheet

If you are using the default data for forest carbon flux estimates, there is no further

information to enter. Figure 5 shows the default worksheet for Forest Land Remaining
Forest Land.

Figure 5. Example of Forest Land Remaining Forest Land Worksheet Using Default
Data

A B C D E F G H | J K L M N o P Q R s T
2a. Forest Land Remaining Forest Land in California
Two methodologies are used to calculate carbon emissions/storage (flux) from forest carbon using USDA Forest Service estimates of each state's forest carbon stocks.
; (1) The first applies to biomass, biomass, dead wood, forest floor litter, and soil carbon from mineral and organic soils. USDA Forest Service Continue to Land
estimates for each state's forest carbon stocks are provided for 1990-2018. These estimates are based on a publu:ahnn titied "Greenhouse gas emissions and removals from forest land, Converted to Forest
3 |woodlands, and urban frees in the United States, 1980-2018 " Note: Net CO, flux estimates presented in the table below are from the Forest Land Remaining Forest Land category. The
|following tabs provide estimates for Land Gonverted o Forsst Land and Forest Land Gonverted fo Land. These land-use change categories are combined on the Summary iab to provide an|
estimate of total forest carbon flux. No defaults are available for Alaska, Hawaii, or the District of Columbia. Totals may not sum to national or state-level totals due to independent rounding. Return to Control
(2) The second methodolegy used applies to wood products and landiills (i.e. harvesied wood products). Since the latest USDA Forest Sei| fheet
estimates for harvested wood products, default carbon emissions/storage are calculated by using USDA Forest Service estimates of each On default sheet, data are
1997 Changes from 1957-1932 and from 1392-1997 are each divided by 5 (the number of intervening years) to determine the average an . 7
applied for each year, giving total annual change. For the years 1998-2012, the average annual change for 1992-1997 is used as proxy dat] @l ready prowded
Users may also enter their own data. This may be done by selecting the appropriate opfion in Step 2 on the Control For more i TTEaSE COTSTIT e ANy USE, TarmT
Use Change, and Forestry chapter of the User's Guide. // ‘
4
5 |Default data for Aboveground and Belowground Biomass, Dead Wood, Litter, and Soil Cagon
6 Net Sequestration/Emissions from Forest Land ining Forest Land
7 MMTCO.E
8 1990 1991 1992 1993 1994 1995 1996 1997 1598 1599 2000 2001 200z 2003 2004 2005
] Aboveground Biomass (2859)  (2835) (2811)  (2787) (27.64) (2742) (271%)  (2697) (2674) (2652) (2629) (2607) (2584) (2562) (25.38) (25.14)
10 Belowground Biomass (6.28) (6.23) (6.18) (6.12) (6.08) (6.03) (5.98) (5.93) (5.88) (5.83) (5.78) (5.73) (5.69) (5.64) (5.58) (5.53)
11 Deadwood (5.68) (5.72) (5.76) (5.79) (5.82) (5.84) (5.87) (5.89) (5.91) (5.94) (5.96) (5.99) (6.01) (6.04) (6.04) (6.04)
12 Litter (0.38) (0.37) (0.37) (0.38) (0.36) (0.36) (0.36) (0.35) (0.35) (0.35) (0.35) (0.34) (0.34) (0.34) (0.33) (0.32)
13 Sail (Mineral) Q.61 Q.60 Q.58 Q.57 Q.57 Q.57 Q.57 0.58 0.58 0.58 0.58 0.58 0.58 0.59 0.58 0.58
14 Sail (Crganic) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
15 Dbrained Organic Soil = = = = > > > > > > - - - - - -
16 Total (40.32) (40.07) (35.82) (35.58) (35.32) (35.07) (38.82) (38.56) (38.31) (38.06) (37.80) (37.55) (37.30) (37.04) (36.75) (36.45)
17
18
19

Next, click the gray navigational arrow to continue to the Land Converted to Forest Land
worksheet.

Land Converted to Forest Land Worksheet

This tab calculates net sequestration/emissions from Land Converted to Forest Land. This
category includes Cropland Converted to Forest Land, Grassland Converted to Forest Land,
Settlements Converted to Forest Land, Other Land Converted to Forest Land, and Wetlands
Converted to Forest Land. There is no further information to enter on this tab if you are using
the default data for forest carbon flux. Figure 6 shows the default worksheet for Land
Converted to Forest Land.
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Figure 6: Example of Land Converted to Forest Land Worksheet Using Default Data
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2b. Land Converted to Forest Land in California
1
2 This applies fo biomass, biomass, |, forest floor litter, and soil carbon from mineral soils within the Land Converted fo Forest _
3 Land category. This category includes net sequestration/emissions from Cmafano‘ Converted to Forest Land, Grassland Converted to Forest Land, Setffements Converted to Continue to Forest Land
Forest Land, and Other Land Converted to Forest Land These estimales are based on a publication fifled "Greenhouse gas emissions and removals from forest land, Converted to Land

'woodlands, and urban frees in the United States, 1990-2018 " Tolal values for forest carbon flux are located on the Summary tab. Note: No defaults are available for Alaska,
Hawaii, or the District of Golumbia_ Totals may not sum to national or state-level totals due to independent rounding.

Dt 3, ...:L‘|

Users may also enter their own data. This may be done by selecting the appropriate option in Step 2 on the Control worksheet. For more
Use, Land-Use Change, and Foresiry chapter of the User's Guide
On default sheet, data are

already provided

5 |Default data for Aboveground and Belowground Biomass, Dead Wood, Litter, and Soil Carbon

6 Net Sequestration/Emissions from Land Converted 1g/Farest Land

7 MMTCOE

8 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2008 2004
9 Aboveground Biomass (2.09) (2.09) (2.08) (2.08) (2.07) (207) (2.06) (2.06) (2.05) (204) (2.04) (2.03) (2.03) (202) (2.02)
10 Belowground Biomass (0.41) (0.40) (0.40) (0.40) (0.40) (0.40) (0.40) (0.40) (0.40) (0.40) (0.40) (0.39) (0.39) (0.39) (0.39)
" Dbeadwood (0.52) (0.52) (0.52) (0.52) (0.52) (0.51) (0.51) (0.51) (0.51) (0.51) (0.51) (0.51) (0.51) (0.50) (0.50)
12 Litter (0.93) (0.93) (0.93) (0.92) (0:92) (0.92) (0.92) (0.91) (0.91) (0.91) (0.91) (0.90) (0.90) (0.90) (0.50)
13 Soil (Mineral) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.01)
14 Total (5.95)  (3.94) (3.93) (3.92) (s.91)  (3.90) (3.89) (s.88) (5.87)  (3.86) (3.85) (3.85) (s.84)  (3.89) (3.82)
15

15 Subtotals by Land-Use Change Category

17 Net Sequestration/Emissions from Cropland Converted to Forest Land

Next, click the gray navigational arrow to continue to the Forest Land Converted to Land
Worksheet.

Forest Land Converted to Land Worksheet

This tab calculates net sequestration/emissions from Forest Land Converted to Land. This
category includes Forest Land Converted to Settlements, Forest Land Converted to Other
Land, and Forest Land Converted to Wetlands. Note that carbon flux from Forest Land
Converted to Cropland and Forest Land Converted to Grassland is accounted for under
Agricultural Soil Carbon Flux. There is no further information to enter on this tab if you are
using the default data for forest carbon flux. Figure 7 shows the default worksheet for Forest
Land Converted to Land.

Figure 7: Example of Forest Land Converted to Land Worksheet Using Default Data

A B C D E F G H J K L M N o] P Q R s
1 2c. Forest Land Converted to Land in California
2 This. applies to biomass, biomass, dead woad, forest floor lifter, and soil carbon from mineral soils within the Forest Land Converted fo
3 Land category. This category includes net seques(ﬁhoniemlssluns from Fores¢ Land Gonveﬂen‘m Cmpland and Forest Land Converted to Settiements. These estimates are
based on a and removals from forest land, woodlands, and urban trees in the United States, 1990-2018 " Total values for forest
carbon flux are located un me Summarﬂﬂ) Ilme No defaults are available for Alaska, Hawaii, orthe District of Columbia. Totals may nol sum to national or state-level fotals Rzm:" :D
Control Shept

due to independent rounding

Users may also enter their own data. This may be done by selecfing the appropriate option in Slep 2 on the Control workshest. Formoreinform O default sheet, data are
Use, Land-Use Change, and Foresiry chapter of the User's Guide. -
already provided

Default data for Aboveground and Belowground Biomass, Dead Wood, Litter, and Soil Carbo

o

3 Net Sequestration/Emissions from Forest Land rted to Land

7 MMTCO.E

8 1990 1591 1992 1993 1594 1995 1556 1997 1998 1599 2000 2001 2002 2003 2004
9 Aboveground Biomass 112 113 114 115 115 116 118 119 120 121 122 123 124 125 126
10 Belowground Biomass 022 a2z 022 a2z 022 022 0.23 023 Q.23 0.23 024 a.za 024 a.za 024
11 Deadwood a1 017 017 a7 017 0.8 018 0.18 0.18 019 aie 019 019 a.z0 0.20
12 Litter 0.36 0.36 0.37 Q.37 0.37 0.38 0.38 0.39 039 0.40 0.40 0.40 0.41 0.41 0.42
13 Soil (Mineraly 002 Qg2 002 003 003 003 003 003 003 003 003 003 003 003 003
14 Total 1.8% 1.90 152 1.94 155 1.57 1.95 2.0t 2.03 2.08 2.08 2.10 211 2.13 2.18
15

16 Subtotals by Land-Use Change Category

17 Net Sequestration/Emissions from Forest Land Converted to Cropland

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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If you are using your own data on forest carbon flux, enter carbon flux data for
aboveground biomass, belowground biomass, dead wood, litter, mineral and organic soils,
drained organic soil, and wood products and landfills in the green cells on the C Flux-User
Data tab. Figure 8 shows the worksheet where you will enter this forest carbon flux data.
The method used for calculating forest carbon flux is shown in Equation 1. The calculation
is a sum of the fluxes for above- and belowground biomass, dead wood, litter, mineral and
organic soils, drained organic soil, and wood products in use and in landfills. Once this
sector worksheet is complete, use the gray navigational arrow to return to the control
worksheet and proceed to the next step.

Equation 1. Forest Carbon Flux Equation

Emissions or Sequestration (MMTCOE) =
Sum of carbon fluxes from aboveground biomass, belowground biomass, dead wood,
litter, mineral and organic soils, drained organic soil, and wood products and landfills

Figure 8. Example of User-Entered Data Forest Carbon Flux Worksheet

Al B c D E F G H | J K L M N 0 P Q R S T
2. Forest Carbon Flux in California
Enter net sequestration as a negative value, net emissions as a positive value in million mefric tons of carbon CEel S.EE
Click here to dioxide equivalent. To use default data from USDA Ferest Service, select the appropriate option in Step 2 on
find passible the control workshest. Mote: Default data are based on estimates of carbon flux from Forest Land Remaining Clear All Data
1 G G, Forest Land, Land Converted fo Forest Land, and Foresi Land Converfed to Land.
€
Aboveground Belowground
8 Biomass Biomass Desd Vood Litter  Seil (Minersl) soil (0l Enter flux data in green Total
9 MMTCO;E [million metric tons of carbon diozide equivalent)
10 cells
11 19%0 | |4 + . — — -
3] e | <[ N | - |-T -
1] awsz | <[ . | -} Z | - | - | =T \
7] 2998 | <[ | |« 2l | - | - |-T |
19 1954 B <[ |+ - = [ - [ =T |
21 1995 +| <[ |+ - + I =7 |
23] 196 | [ || || |+ |- |- |+ |-T \
5] 17 | [ || || |+ | - | - |+ |-T \
27| 1ese | [ || || |+ | - | - |+ |-T \
29] 1999 | [ || || |+ | - | - |+ |-T \
31| 2000 | <[ || || | - | - | - | - |- \
3| 201 | <[ || || |« | - | - | - |-T |
38| 00z | [ || || | - | - | - | - | =T |
57| 2008 | N || || |« | - | - |« |- |
39 zo04 | N || || |- |- |- |- |- |
1] =005 | N || || |« | - | - |« |- |
2 z00¢ | N || || |- |- |- |- |- |
46| =007 | N || || |« | - | - |« |- |
47 2008 | N || || |- |- |- |- |- |
49| 2003 | N || || |« | - | - |« |- |
51 zoto | N || || |- |- |- |- |- |
Bl eou | N || || |« | - | - |« |- |
55 eose | -] |-[ |-[ |- | |- | |- | |- |-l \
Step (3) Enter Emission Factors and Activity Data for Urban Trees

Control Worksheet

On the control worksheet, enter a carbon sequestration factor for urban trees in the
appropriate yellow cell (metric tons of carbon per hectare per year). Default state-specific

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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estimates of net sequestration are provided from Nowak et al. (2013). If the user-specific
inputs do not match the default data in the control worksheet (i.e., the default value is
overwritten), the text will appear red.

Trees in urban areas represent approximately 5.5 percent of total United States tree canopy
cover (Nowak and Greenfield 2012). Furthermore, because trees in urban areas grow in
relatively open surroundings, their growth and carbon sequestration are disproportionately
large relative to forests. This section presents the methodology for calculating carbon
sequestered by urban trees in your state.

After entering the appropriate sequestration factor, use the gray arrows to navigate to the
Urban Trees worksheet.

Urban Trees Worksheet

Within the Urban Trees worksheet, enter data on the total urban area in your state (in
square kilometers), as well as the average percent of urban area covered by trees, in the
yellow cells. An example of this worksheet is shown in Figure 9. Equation 2 shows the
method used to calculate carbon sequestration in urban trees.

Default urban areas are taken from Nowak et al. (2005) and the U.S. Census (1990, 2002,
2012, and 2023). Default state-specific percentages of urban tree cover are taken from
Nowak and Greenfield (2012). Once this worksheet is complete, use the gray navigational
arrow to return to the control worksheet and proceed to the next step.

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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Equation 2. Urban Trees Equation

Sequestration (MMTCO:E) =
Total Urban Area (km2) x Urban Area with Tree Cover (%)
x 100 (ha/km?2) x C Sequestration Factor (metric tons C/ha/yr) x 44/12 (ratio of CO; to
C) = 1,000,000 (to yield MMTCOZE)

Figure 9. Example of Carbon Sequestration Factor Applied in the Urban Trees
Worksheet

A B C D E F G H J K L M N (0] P
3. Urban Trees in California
Changes in carbon stocks in urban trees are equivalent to tree growth minus biomass losses resulting from pruning and mortality. Net carbon seq can
be calculated using data on crown cover area or number of trees. Default state-specific data are given, or states may apply other state-specific values where Return to Control
available through sampling, aerial photography, or from municipal agencies that maintain urban vegetation data. o ur;hc :" re
ee’
To estimate CO, sequestration by urban trees, the following steps are required: (1) obtain data on the area of urban tree cover; (2) calculate CO, flux; and (3)
Click here to convert units to metric tons of carbon dioxide equivalent (MTCO,E). This tool uses default urban area data multiplied by a state-spegcific estimate of the percent
find possible of urban area with tree cover to estimate the total area of urban tree cover. This default data, from Nowak et al. 2005, Nowak and Greenfield 2012, and the U.S.
Census, represents urban area tree coverage for years 1990, 2000, and 2010. Estimates of urban area in the intervening years (1990-1999; 2001-2009) and
subsequent years (2011-2016) are interpolated and extrapolated, ively. State-specific net carbon seqt ion rates are taken from Nowak et al. 2013
and iplied by urban area to calculate CO- flux, States are encouraged fo use state-specific data when available.
For more informatiq Requi red Data on Urban Forestry chapter of the User's Guide.
4 Area and Tree Cover
7 [¥" Default U Data? Clear All Data
©
Percent of Urban Area heetare/ Carbon
9 Year Total Urban A with Tree Cover km? Sequestration Factor Carbon Sequestration
10 (km®) (metric ton C/hectare/year) (MMTCO.E)
11
12 1990 17,600.00 | x 25%) x | 100] x| 2.88) —
13 Carbon
14 1991 ‘ 17,898.40 ‘ x 25%‘ x ‘ 100‘ x | 2.88‘ Sequestration Factor
& (from Control)
16 1992 \ 1819680 | x | 25%] x | 100] 2.88) L :
17
18 1993 \ 1849520 | x | 25%] x | 100] x| 288 = | 490
19
20 1994 ‘ 18,793.60 ‘ x ‘ 25%‘ x ‘ 100‘ x | 2.88‘ = ‘ 4.98 ‘
21
22 1995 \ 19002.00 | x | 25%) x | 100 x| 288 = | 5.06 |
23
24 1996 ‘ 19,390.40 ‘ x ‘ 25%‘ x ‘ 100‘ x | 2.88‘ = ‘ 5.14 ‘
25
26 1097 \ 1968880 | x | 25%] x | 100 x| 288 = | 522
27
28 1998 \ 19.987.20 | x | 25%] x | 100] x| 288 = | 5.30 |
29
30 1999 ‘ 20,285.60 ‘ x ‘ 25%‘ x ‘ 100‘ x | 2.88‘ = ‘ 5.37 ‘
24

Step (4)
Soils

Enter Emission Factors and Activity Data for N2O from Settlement

Control Worksheet

Of the fertilizers applied to soils in the United States, approximately 10 percent are applied
to lawns, golf courses, and other landscaping occurring within settled areas. This section of
the LULUCF module estimates N20 emissions due to the application of fertilizers to
settlement soils. On the control sheet you must enter an emission factor that will be used
to calculate direct emissions due to fertilizer applications. The default value of 1 percent
comes from IPCC (2006). If the user-specific inputs do not match the default data in the
control worksheet (i.e., the default value is overwritten), the text will appear red.

After entering the appropriate emission factor, use the gray arrows to navigate to the Non-
CO2 from Settlement soils worksheet.

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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N20 from Settlement Soils Worksheet

To complete this worksheet enter the amount of synthetic fertilizer applied (in metric tons of
nitrogen) in the light blue cells (Figure 10). Emissions are calculated by multiplying the
fertilizer data by the emission factor for direct emissions of N2O (1.0 percent) to obtain the
amount of emissions in N20-N/yr. This number is then converted from MT N20-N to MT N20
by multiplying by the ratio of N2O/N20-N (44/28). This is then converted to MMTCO:E by
dividing by 1,000,000 and multiplying by the GWP of N20. This calculation is shown in
Equation 3. Once this worksheet is complete, use the gray navigational arrow to return to
the control worksheet and proceed to emissions from forest fires.

Figure 10. Example of Fertilizer Data Applied in the Settlement Soils Worksheet

A B (6] D B F G H J K L M N o B Q R
4. N20 from Settlement Soils in California
Settlement soils include all land, including ion infrastructure and human settlements of any size, unless they are already PG 0
included under other categories.
Control Sheet
Click here to N,O emissions from soils are by multiplying the total synthetic fertilizer applied to settiements by the emission factor and the
find possible factor used to convert nitrogen to N,O emissions (44/28). The calculated direct N,O emissions are then multiplied by the global warming potential of|
data sources. N,O and converted to million metric tons carbon dioxide equivalent.
For more information, please consult the User's Guide on estimating emissions from Land Use, Land-Use Change, and Forestry activities.
1
2 Required data on lizer Data? Clear All Data
applied fertilizer Total
Carbon Carbon
Emission Dioxide Dioxide
6 Year to Settlements Factor Emission Factor N:0 6wP Emissions Emissions
7 Metric Tons N) (percent) (from Control) Initted) (MTCO.E) (MMTCO:E)
8
9 1990 [\ sema0] x [ 1% | x[Fasr | = [ 122 | x [ 208 | x [230114 | = [ o230 |
10
11 1991 46045| x [ 1% L 1sm ] = | 7236 | x [ 208 | x [[215624 | = [ o216 |
12
13 1992 \ 45836 | x [ 1% x [ 1s7 | = [ 7203 | x| 208 | « [ 214842 | = [ o215 |
4
15 1993 \ 49133) x | 1% | x [ 157 | = [ 121 | x [ 208 | x [ 230085 | = [ o230 |
16
17 1994 \ 50011 x [ 1% | x [ 157 | = [ 7859 | x [ 208 | x [[234104 | = [ o234 |
18
19 1995 \ 54901 x [ 1% | x [ 157 | = [ ee4a | x| 208 | «x [[257513 ] = [ o288 |
A\]
p1 1996 \ 50656 x | 1% | x [ 157 | = [ esrs | x [ 208 | x [ 279360 | = [ o279 |
L2
p3 1997 \ 50796 | x [ 1% | x [ 157 | = [ 7e82 | x [ 298 | x [[237871 ] = [ o238 |
ba
p5 1998 \ 4769 x [ 1% | x [ 157 | = [ 7405 | x| 208 | x [[223386 | = [ o223 |
L6
p7 1999 \ 53051 x [ 1% | x [ 157 | = [ 87 | x [ 208 | x [ 248430 | = [ o248 |
L8
P9 2000 \ 58436 x | 1% |« [ 157 | = [ o183 | x [ 208 | x [ 273647 | = [ o274 |
Equation 3. Equation for Direct N2O Emissions from Settlement Soils
Emissions (MMTCO:zE) =
Total Synthetic Fertilizer Applied to Settlement Soils (metric ton N) x
Emission Factor (percent) x 0.01 (metric tons N>O-N/metric ton N) x
44/28 (Ratio of N,O to N,O-N) x 265 (GWP) + 1,000,000
(MT/MMTCO:E)
Step (5) Enter Emission Factors and Activity Data for Non-CO: from Forest

Fires
Control Worksheet

On the control worksheet, the following data must be entered in the appropriate yellow cells
for forest fires: (1) emission factors for N2O and CHa4 for forest and savanna (grams of gas

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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per kg dry matter combusted), (2) combustion efficiency by vegetation type (%), and (3)
average biomass density in the state (kg dry matter per hectare). Default emission factors
and combustion efficiencies are from IPCC (2006). Default biomass densities are adapted
from Smith et al. (2001) and U.S. EPA (2003). States are encouraged to use this more
detailed data if it is available and well documented. If the user-specific inputs do not match
the default data in the control worksheet (i.e., the default value is overwritten), the text will
appear red.

When a forest (or savanna) burns, the COz2 emissions are included in the overall flux of
forest carbon that is calculated in the forest carbon flux worksheet. However, forest fires
also cause emissions of N20 and CH4 that are not accounted for under forest carbon flux
because they are non-CO2 emissions. This section presents the methodology for calculating
N20 and CH4 emissions from forest fires.

After entering the appropriate emission factors for forest fires, use the gray arrows to
navigate to the Non-CO:2 from Forest Fires worksheet.

Non-CO: from Forest Fires Worksheets

Within the Forest Fires worksheet, enter the area (hectares) burned per year in the pink
cells. Because there is no default data available on area burned by state, you must rely on
outside sources for this information (see Box 1 for suggestions). Equation 4 shows the
method used to calculate N2O and CH4 emissions from forest fires. An example of this
worksheet is shown in Figure 11. Once this sector worksheet is complete, use the gray
navigational arrow to return to the control worksheet and proceed to the next category.

Equation 4. Forest Fires Emissions Equation

Emissions (MMTCOzE) =
Area Burned (ha) x Average Biomass Density (kg dry matter/ha) x Combustion
Efficiency (%) x Emission Factor (g gas/kg dry matter burned) x GWP

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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Figure 11. Example of Forest Fire Data Applied in the Forest Fire Worksheet

A B

C D

E F G H

5a. Methane Emissions from Forest Fires in California

emissions for both wildfires and

Biomass burned in forest fires emits CO,, CH, and N,O, in addition to many other gases and pollutants. CO, emissions are
inherently captured under total carbon flux calculations, but CH, and N,O must be esti i

Idfires and

prescribed burns—emit these greenhouse gases.

burning,

1
2
3 Click here to
4 find possible

data sources.

do

5 For
6

7 Forest Fires

Required data
on area burned
by forest fires

Jofem>. Additior|

Combustion
Efficiencies
(from Control)

H Use, Land-Usg

Area Burned

Calculating the emissions of CH, and N,O from burned forests requires determining the amount of carbon released by the fire
(by multiplying the area burned, the fuel load, and the combustion efficiency) and then factoring in the emission ratio for each
gas. No default data are available for area burned by forest type, but defaults are available for the other data points. States
may choose to use state-specific data when available. The emission factors used in this tool are averages; to obtain more

i i ich is available for
vided on the website.

fer's Guide.

Average Biomass Density Combustion

Emission Factor (g/kg

-
=
z

o 7

Return to Control Sheet

Go to Burning N,O Sheet

Clear All Data

Emission Factors
(from Control)

8 Forest Type \\ (ha) (kg d.m. / ha) efficiency dry matter burned) TCH; Emitted THy GWF Emissions MMTCO,E
© Primary tropical forests x 150,061 36% x 8.1 - x 25 -
10 Secondary tropical forests R x 150,061 x 55% x 81 = x 25
1 Tertiary tropical forests x 150,061 x 59% x 81 P - x 25
12 Boreal forest W x 150,061 x 34% x 8.1 = x 25
13 Eucalypt forests x 150,061 x 63% x 81 x 25
14 Other temperate forests x 150,061 x 45% x 81 x 25
15 Shrublands x 150,061 x 72% x 8.1 x 25
16 Savanna woodlands (early dry season burns) x 150,061 x 40% x 46 x 25
17 Savanna woodlands (mid/late season burns) x 150,061 x 74% x 46 x 25
18 Total
19
20 Forest Fires - -
Biomass Density
(from Control) Average Biomass Density Combustion Emission Factor (a/kg
21 Forest Type (kg d.m. / ha) efficiency dry matter burned) MTCH; Emitted CHs GWP Emissions MMTCO:E
22 Primary tropical forests [ x ‘ 150,061 ‘ x | 36% x ‘ 81 ‘ = l x‘ 25 = - ‘
23 Secondary tropical forests ‘ x ‘ 150,061 ‘ x | 55% ‘ x ‘ 81 ‘ = ‘ ‘x‘ 25 ‘ = ‘ ‘
Step (6) Enter Emission Factors and Activity Data for Landfilled Yard

Trimmings and Food Scraps

Control Worksheet

When wastes of biogenic origin (such as yard trimming and food scraps) are landfilled and
do not completely decompose, the carbon that remains is effectively removed from the
global carbon cycle. This section of the LULUCF module estimates the carbon stored in
landfills by yard trimmings and food scraps.

Because the Landfilled Yard Trimmings and Food Scraps sector involves complicated
calculations, the gray navigational arrow on the control worksheet takes you directly to the
Landfilled Yard Trimmings and Food Scraps worksheet.

Landfilled Yard Trimmings and Food Scraps Worksheet

The Landfilled Yard Trimmings and Food Scraps sector worksheet calculates net carbon flux
by estimating the change in landfilled carbon stocks between years, based on
methodologies presented in IPCC (2003) and IPCC (2006). The LULUCF module uses
Equation 5 to calculate carbon sequestration associated with landfilled yard trimmings and
food scraps. Carbon stock estimates were calculated by: determining the mass of landfilled
carbon resulting from yard trimmings or food scraps discarded in a given year; adding the
accumulated landfilled carbon from previous years; and subtracting the portion of carbon
landfilled in previous years that has decomposed.

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
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Equation 5. Landfilled Yard Trimmings and Food Scraps Equation

LFCit = Z Win X (1 - MG) x ICC; x {[CSi x ICCi] + [(1 - (CSi X ICC;)) x ekx(t-n) ]}
n

where,

t = the year for which carbon stocks are being estimated,

LFCi,t = the stock of carbon in landfills in year t, for waste i (grass, leaves,
branches, food scraps)

Wi,n = the mass of waste i disposed in landfills in year n, in units of wet
weight

n = the year in which the waste was disposed, where 1960 < n < t

MCi = moisture content of waste i,

CSi = the proportion of initial carbon that is stored for waste i,

ICCi = the initial carbon content of waste i,

e = the natural logarithm, and

k = the first order rate constant for waste i, and is equal to 0.693 divided

by the half-life for decomposition.

To determine the total landfilled carbon stocks for a given year, the tool employs: (1) the
composition of the yard trimmings; (2) the mass of yard trimmings and food scraps
discarded in landfills; (3) the carbon storage factor of the landfilled yard trimmings and food
scraps adjusted by mass balance; and (4) the rate of decomposition of the degradable

carbon.

Due to the number of factors involved, the Landfilled Yard Trimmings and Food Scraps
sector worksheet is arranged by a series of steps. To complete this sector worksheet, follow
the steps below.

1. Enter the amount of landfilled yard trimmings and food scraps.

a.

Enter the composition of yard trimmings in the orange cells as a percent of
grass, leaves, and branches. Default percentages are available by clicking on
the check boxes to the right of the orange input cells and are provided by
Oshins and Block (2000). Figure 12 displays the inputs cells where this
information is entered. If the user-specific inputs do not match the default
data in the worksheet (i.e., the default value is overwritten), the text will
appear red.

Enter the total annual landfilled yard trimmings and food scraps from 1960 to
the present in short tons of wet weight in the yellow input cells. Default data
are provided by clicking on the gray “Use default yard trimmings data” button
above the yellow input cells. The tool uses the percentage entered for yard
trimmings in the previous step to allocate the amount of yard trimmings
distributed among grass, leaves, and branches. The default data from U.S.
EPA (2020) is a national total for yard trimmings and food scraps and is
distributed to each state based on state population U.S. Census Bureau
(2024).

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and
Forestry Module 1.17



Module 8 - Land Use, Land-Use Change, and Forestry Module January 2025

Figure 12. Landfilled Yard Trimmings and Food Scraps Worksheet, Step 1

A B C D E F G H J K L M N o
6. Landfilled Yard Trimmings and Food Scraps in California

Estimates of net carbon flux of landfilled yard trimmings and food scraps can be calculated by estimating the change in landfill

carbon stocks between inventory years. To determine the total landfilled carbon stocks for a given year, the following factors

are esti (1) the ition of the yard trimmi (2) the mass of yard trimmings and food scraps discarded in the Return to
1 state’s landfills, (3) the carbon storage factor of the landfilled yard trimmings and food scraps, and 4) the rate of decomposition GontrollSheet)
2 of the degradable carbon. The amount of carbon remaining in the landfill for each year is tracked based on a model of carbon
3 fate that employs the equation outlined in Step 3 below.

Click here to find » . - T 5
ible data Due to the complexity of these calculations, more detail about the methodology is provided below. Please note that many of the
posSiDe) default factors are based on national values that may vary from state to state. States are encouraged to use state-specific data Clear All Data
sources. when available. For more information, please consult the Land Use, Land-Use Change, and Forestry Chapter of the User's

Guide.
4
7
8
9 1. Enter the composition of yard trimmings, and the amount of annually landfilled ya| Percent grass, Ieaves,
) .

Vee the Defa and branches in yard
se the Defaul - -

11 Content of yard trimmings Default trimmings
e
13 % Grass 30.3%
14 % Leaves 401% O
15 % Branches 296% O
16 Check -- must add up to 100% in order to continue: Must equal 100%
17
18 Landfilled yard trimmings and scraps, '000 short tons, wet weight
19 Default landfilled yard trimmings and food scraps = state population x national landfilled yard trimmings and food
o Default grass, leaves, and branches = fotal landfilled yard trimmings x percentages entered above Total landfilled yard
21 H H
22 Use default yard trimmings data Clear Data trim mings and food
23 scraps, 1960 to present
R4 1960 1961 1962 1963 1964 69 1970 1971 1972
25 Total landfilled yard trimmings y/4
26 Grass
_7 Leaves
28 Branches
29 Food scraps
130

2. Calculate the amount of carbon added to landfills annually.

a. Enter the initial carbon content percent for grass, leaves, branches, and food
scraps in the orange cells, as shown in Figure 13. The default percentages
are taken from Barlaz (1998). If the user-specific inputs do not match the
default data in the worksheet (i.e., the default value is overwritten), the text
will appear red.

b. Enter the dry weight to wet weight ratio for grass, leaves, branches, and food
scraps, also shown in Figure 13. This default information is drawn from
Tchobanoglous, et al. (1993). If the user-specific inputs do not match the
default data in the worksheet (i.e., the default value is overwritten), the text
will appear red.
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Figure 13. Landfilled Yard Trimmings and Food Scraps Worksheet, Step 2

A B C D E F G H J K L M
6. Landfilled Yard Trimmings and Food Scraps in California
Estimates of net carbon flux of landfilled yard trimmings and food scraps can be calculated by estimating the change in landfil
carbon stocks between inventory years. To determine the total landfilled carbon stocks for a given year, the following factors
are estimated: (1) the composition of the yard trimmings, (2) the mass of yard trimmings and food scraps discarded in the Return to
1 state’s landfills, (3) the carbon storage factor of the landfilled yard timmings and food scraps, and 4) the rate of decomposition ControllSheet
2 of the degradable carbon. The amount of carbon remaining in the landfill for each year is tracked based on a model of carbon
3 fate that employs the equation outlined in Step 3 below.
Click here to find ) ) ) . )
ible dat Due to the complexity of these calculations, more detail about the methodology is provided below. Please note that many of the
possible data default factors are based on national values that may vary from state to state. States are encouraged to use state-specific data Clear All Data
sources. when available. For more information, please consult the Land Use, Land-Use Change, and Forestry Chapter of the User's
Guide.
4 T
7 Enter initial carbon
32 | 2 Caleulate the amount of carbon added to landfills annually contents.
33 Key Assumptions
Use 1)§¢ Default? [ Use Default Percent for
34 Initial Carbon Content Default ck for Yes) -
oo
37 Grass 44.9%
38 Leaves 455% Enter dry weight to wet
39 Branches 49.4% weiaht ratio.
40 Food Scraps 50.8% [
41
Use e Default?
Dry Weight/Wet Weight ratio Default
42 Y o o ck for Yes)
43 Grass 300% [
44 Leaves 70.0% [
45 Branches 90.0% [
46 Food Scraps 300% [
47
48
49 Total Mass Additions, '000 metric tons C
50 Mass additions of carbon = landfilled materials, wet weight x initial carbon eontent x dry weight/wet weight ration x metric tons per short ton
51

3. Calcula

a.

te the total annual stocks of landfilled carbon.

In the orange input cells, enter the proportion of carbon from each material
stored in landfills indefinitely, as shown in Figure 14. Or use the default
proportions, based on Barlaz (1998, 2005, and 2008). If the user-specific
inputs do not match the default data in the worksheet (i.e., the default value
is overwritten), the text will appear red.

Enter the half-life of the degradable carbon in each of the materials in years,
shown in Figure 14. The default data are from IPCC (2006). If the user-
specific inputs do not match the default data in the worksheet (i.e., the

default value is overwritten), the text will appear red.

Once this sector worksheet is complete, use the gray navigational arrow to return to the

control worksheet.

State Greenhouse Gas Inventory Tool User’s Guide for the Land Use, Land-Use Change, and

Forestry Module

1.19



Module 8 - Land Use, Land-Use Change, and Forestry Module January 2025

Figure 14. Landfilled Yard Trimmings and Food Scraps Worksheet, Step 3

A B C D E F G H J K L M
6. Landfilled Yard Trimmings and Food Scraps in California
Estimates of net carben flux of landfilled yard trimmings and food scraps can be calculated by estimating the change in landfill
carbon stocks between inventory years. To determine the total landfilled carbon stocks for a given year, the following factors
are estimated: (1) the composition of the yard trimmings, (2) the mass of yard trimmings and food scraps discarded in the Return to
1 state’s landfills, (3) the carbon storage factor of the landfilled yard trimmings and food scraps, and 4) the rate of decomposition GentrollSheet
2 of the degradable carbon. The amount of carbon remaining in the landfill for each year is tracked based on a model of carbon
3 fate that employs the equation outlined in Step 3 below.
Click here to find . 5 . . .
ble dat Due to the complexity of these calculations, more detail about the methodology is provided below. Please note that many of the
Ecssizeicsid default factors are based on national values that may vary from state to state. States are encouraged to use state-specific data Clear All Data
sources. when available. For more information, please consult the Land Use, Land-Use Change, and Forestry Chapter of the User's
Guide.
4 .
7 Enter proportion of carbon
59 stored permanently
60 | 3. Calculate the total annual stocks of landfilled carbon
61
Proportion of Carbon Stored Use the/Default? [~ Use Default Percent for All?
62 Permanently Default (Chefk for Yes)
65 Grass B35% [
66 Leaves 846% —
o Branches 769% Enter half-life of
68 Food Scraps 15.7% degradable carbon
69
Half-life of degradable carbon Us Default?
70 (years) Default (Ci for Yes)
71 Grass 5 [T
72 Leaves 20 [y
73 Branches 231 [y
74 Food Scraps 38 [y
75
76
77 Total Stocks of Landfilled Carbon, '000 metric tons C
78 Annual carbon stocks are calculated by summing the carbon remaining from all previous years' deposits of waste.
79 The stock of carbon remaining in landfills from any given year is calculated as follows:
80 Initial C Addition x (Proportion of C Stored Permanently + (1 - Proportion of C Stored Permanently) x e “(-In(0.5)/half-life of degradable C))
81 To calculate stocks for any given year, the remaining stecks for all previous years are summed
82 The table below provides a y of the calculated annual € stored in landfills. To view the more detailed calculations for each year, click on the navigational arrow below

Step (7) Select an Option for Agricultural Soil Carbon Flux
Control Worksheet

The control worksheet allows you to either select the default data provided or to enter user-
specified data to be used throughout the tool. To proceed with the default data, select the
first radio button under step 7 on the control worksheet. If you would like to use your own
state-specific data, select the second radio button under step 7 of the control worksheet.
See Figure 15 for an example of the radio buttons in step 7.
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Figure 15. Control Worksheet for the LULUCF Module

51
52 7. Agricultural Soil Carbon Flux (in Cropland and Grassland soils)

® Click here if you do not have any data on carbon flux in agricultural soils and would like to use default estimates 6o to Agricultural Soil
53 from the U.S. EPA's Inventory of Greenhouse Gas Emissions and Sinks: 1990-2015. Carbon Flux Sheet

O Click here if you would like to use your own data for agricultural soil carbon flux.

56 8. Continue to estimate emissions . . . Agricultural Soil
57 .
58 Carbon Flux Radio
59 Go to Summary Buttons

60 Sheet

61 | L ]

63 9. Export the results for use in the Synthesis Tool.

65
66 Export data
67

Carbon is continuously cycled through the cropland and grassland ecosystems and the
atmosphere. The amount of carbon stored in cropland varies according to crop type,
management practices (e.g., rotation, tillage, drainage), and soil and climate variables. The
amount of carbon stored in grassland depends on management practices (e.g., irrigation)
and is also impacted by inter-annual climate variability, such as increased rainfall (IPCC
2006). Soil is the primary carbon pool in both cropland and grassland (U.S. EPA 2024a).
Default data for agricultural soil carbon flux was updated in 2023 to include carbon flux from
aboveground biomass, belowground biomass, deadwood, and litter in cropland and
grassland ecosystems.

The net change in agricultural soil carbon is the change in the amount of carbon stored
primarily in mineral and organic soils over time. This section presents the methodology for
calculating agricultural soil carbon flux.

After completing the control worksheet for this sector, use the gray arrows to navigate to
the Agricultural Soil Carbon Flux worksheet.

Agricultural Soil Carbon Flux Worksheet

If you are using the default data for agricultural soil carbon flux estimates, there is no
further information to enter. Figure 16 shows the default agricultural soil carbon worksheet.
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Figure 16. Example of Agricultural Soil Carbon Flux Worksheet Using Default Data

7. Agricultural Soil Carbon Flux in California

Defaull data for carbon emissions/storage (1) from agricultural soils were obtained from U.S. EPA'S inventory of Greenhouse Gas Emissions and Sinks. 1990-2015. National estmales were apportioned

o the state-level using a percentage breakdown reported from 2015. Agricultural soils include Cropland Remaining Cropland, Land Converted to Cropland, Grassland Remaining Grassiand, and Land

Converted to Grassland. Data for Subsequent years (ie., 2019-2020) were proxied to 2018. Default data for Alaska and the District of Columbia are not available. Please refer to the nventory of

Greenhouse Gas Emissions and Sinks: 1990-2018, Chapter 6: Land Use, Land-Use Change, and Forestry for a summary of the methodology used to calculate carbon flux from agriculiural soils Return :, Control
Sheet

Users may also enter their oun data. This may be done by selecting the appropriate option in Step 7 on the Control worksheet. For more information, please consult the Land Use, Land-Use Change, and
Foresiry chapter of the User's Guide

Default data for carbon stored in Cropland Remaining Cropland, Land Converted to Cropland, Grassiand R] rassland
On default sheet, data are
Changes in Carbon Storage already provided
(illion metric tons carbor) y
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999/ 2000 2001 2002 2003 2004 20085 2006
Total 0.945 1.076 0.517 0.578 1.268 0.818 1.376 1.015 1.154 1.40; 2.048 1.921 2.155 1.988 1.510 1.947 2.245

Net Sequestration/Emissiol

MMTCOE
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Total (3.463) (3.945) (3.364) @118 (4.649) (3.001) (5.046) @723 @.377) (5.139) (7.511) (7.042) (7.900) (7.289) (7.002) (7.140) (8.238)

If you are using your own data on agricultural soil carbon flux, in the red cells enter total
carbon flux data for cropland and grasslands (including land recently converted to cropland
and grassland). Figure 17 shows the worksheet where you will enter agricultural soil carbon
flux data. Once this sector worksheet is complete, use the gray navigational arrow to return
to the control worksheet and proceed to the next step.
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Figure 17. Example of User-Entered Data Agricultural Soil Carbon Flux Worksheet

A B _ € D E F G H | J K L
7. Agricultural Soil Carbon Flux in California
Click here to find Enter net sequestration as a negative value, net emissions as a positive value in million metric tons of carbon dioxide
ossible data equivalent. To use default data from U.S. EPA's Inventory of Greenhouse Gas Emissions and Sinks:1990-2016,
P select the appropriate option in Step 9 on the control worksheet.

1 sources.

2

3

8 Total

MMTCO:E (million metric tons of carbon

9 dioxide equivalent)
10
1 1990 | =]
13 1991 | |=
15 1992 | =

- —
17 1993 B
19 1994 | =] -
21 1995 | =] -
23 1996 | = -]
25 1997 | | . Enter flux data in red cells
27 \ -
29 | ]
31 | ]
33 =
35
37
39
41
43

Step (8) Add Additional Emissions Sources to Additional Sources Worksheet if
Applicable

Users may use this worksheet to input data about additional emissions sources that are not
included in this module or any other module. Additional emissions sources should be
reported in MMTCO:ze. Figure 18 shows two options for entering data into this worksheet
(please select only one):

Option A: Add up to ten additional emission sources in column B, lines 13-22. Enter the
emissions in MMTCO:ze for each year 1990-2021 in the yellow cells.

Option B: Enter the CO,, N.O, and CH4 (lines 33-35) for all other emissions sources for each
year 1990-2021 in the yellow cells in MMTCOze.
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Figure 18. Example Additional Emissions Sources Worksheet

8. Additional Emission Sources in Select a State . . .
| Additionsl Emission Sources Data Return to Comtrel
Click here o Please use the “Additional Emission Sources” section of his sheet o enter any addiional emission saurces you would like ta include in the invertory that are rot cagtueed in this or any other madule. Sheet
. There ane i ing clata in thi [kt select only onel:
fird possitle
data sources. |Option A Add up 1o 0 additicnal emission sources in the calumn B, ines 13-22. Select the appropriate gas from the dropdawn mer in column C. Enter the emissions in MMTCO.e for each year
1890-2021 in the: yellow cells.
Clear all Data
| Option B: Enter the total CO;, CH,, and NoO (ines 33-35) for all ather emissions sources for each year 1960-2021 in the yellow cells in MMTCOze.
For emission seurces that do nal have any defaull data o are not accounted for within the State Inventory Tool, state-level data are avalable here: == arlts
e missions-and-removals
[ Additional Emizsion Sources (MMTCO:E)
Dptios &
[Source Gas N 1330 1331 1332 1333 1994 1335 1336 1337 1338 1333 2000 2001 2002 2003
1330 1331 1332 1333 1994 1335 1336 1337 1338 1333 2000 2001 2002 2003
|4 dditional Carbon Dioxide Emizsions co; - - - - - - - - - - - - -
A dditional Methane Emizsions CHy - - - - - - - - - - -
& dditiensl Mitrous Oxide Emiszicns MO - - - - - - - - - - -
Optics B
1930 1991 1992 1993 1994 1935 1996 1997 1998 1999 2000 2001 2002 2003
|4 dditional Carbon Dioxide Emizsions co;
|4 dditional Methane Emizsions CHy
|4 dditional Mitrouz Oxide Emizsions M0

For emission sources that do not have any default data or are not accounted for within the
State Inventory Tool, state-level data are available here:
https://www.epa.gov/ghgemissions/state-ghg-emissions-and-removals

Step (9) Review Summary Information

The steps above provide estimates of total emissions and sequestration from land use, land-
use change, and forestry activities. The information from each sector worksheet is collected
on the summary worksheet, which displays results in MMTCO2E. Figure 19 shows the
summary worksheet that sums the emissions and sinks from all components of the LULUCF
module. In addition, the results are displayed in graphical format at the bottom of the
summary worksheets. Depending on whether the user entered their own data for forest
carbon flux or used the default data provided by the module, additional rows may be shown
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to summarize emissions totals from Forest Land Remaining Forest Land, Land Converted to
Forest Land, and Forest Land Converted to Land.

Figure 19. Example of the Emissions Summary Worksheet in the LULUCF Module

8. Summary of Land Use, Land-Use Change, and Forestry Emissions and S —
. . . (T :::‘unml uncertainty associated with

Sequestration for California Sheet these results

Note: The Land Use, Land-Use Change, and Forestry module no longer estimates carbon dioxide emissions from Liming of Soils and Urea Fertilization. These categories are now

estimated in the Agriculture module.

Emissions were not caleulated for the following sector: Forest Fires. If you skipped any of these by mistake, please return to the control worksheet and complete each skipped source.

Emissions® (MMTCO.E)

1550 1551 1852 1993 1554 1555 1996 1957 1958 1555 2000 2001

Forest Carbon Flux (54.54) (54.29) (54.05) (50.04) (42.78) (42.53) (42.27) (42.02) (48.77) (48.51) (48.26) (48.01)

Aboveground Biomass (28.59) (28.35) (28.11) (27.87) (27.64) (27.42) (27.19) (26.97) (26.74) (26.52) (26.29) (26.07)

Belowground Biomass (6.28) (6.23) (6.18) (6.12) (6.08) (6.03) (5.23) (5.93) (5.88) (5.83) (5.78) (5.73)

Dbeadwood (5.68) (5.72) (5.78) (5.79) (5.82) (5.84) (5.87) (5.82) (5.51) (5.94) (5.96) (5.29)

Litter (0.38) (0.37) (0.37) (0.36) (0.36) (0.36) (0.36) (0.35) (0.35) (0.35) (0.35) (0.34)

Soil (Mineral) 0.61 0.60 a.58 .57 .57 .57 .57 0.58 0.58 0.58 a.58 a.58

Soil (Organic) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Brained Grganic Soil - - - - - - - - - - - -

Total wood products and landfills (14.22) (14.22) (14.22) (10.46) (10.46) (10.46) (10.46) (10.46) (10.46) (10.46) (10.46) (10.46)
Urban Trees (4.66) (4.74) (4.82) (4.20) (4.28) (5.06) (5.14) (5.22) (5.30) (5.37) (5.45) (5.47)
Landfilled Yard Trimmings and Food Scraps (2.94) (2.80) (2.77) (2.42) (2.12) (1.74) (1.44) (1.53) (1.52) (1.43) (1.42) (1.46)

&rass (0.24) (0.22) (0.22) (0.17) (0.14) (0.10) (0.06) (0.06) 0.07) (0.06) (0.06) (0.07)

Leaves (1.18) (114) (1.13) (0.93) (0.87) (073) (0.60) (0.58) (0.56) (0.52) (0.49) (0.51)

Branches (1.18) (1.13) (1.12) (0.97) (0.85) ©.71) (0.58) (0.55) (0.54) (0.42) (0.48) (0.48)

Landfilled Food Scraps (0.34) (0.30) (0.31) (0.29) (0.26) (0.21) (0.20) (0.33) (0.35) (0.36) (0.41) (0.41)
Forest Fires - - - - - - - - -

CH,

N.O - - - - - - - - - - - -
MO from Settlement Soils .23 Q.22 0.2t Q.23 Q.23 0.26 0.28 0.24 0.2z 0.25 a.27 Q.30
Agricuttural Soil Carbon Flux (3.46) (3.95) (3.36) (2.12) (4.65) (3.00) (5.05) (3.72) (4.38) (5.14) (7.51) (7.04)

Total (65.38)  (65.56)  (64.79) (s9.24) (61.29) (59.07)  (60.61) (59.25) (59.74)  (s0.21)  (62.37)  (61.69)
* Note that parentheses indicate net sequestration

Step (10) Export Data

The final step is to export the summary data. Exporting data allows the estimates from
each module to be combined later by the Synthesis Module to produce a comprehensive
GHG inventory for the state.

To access the “Export Data” button, return

to the control worksheet and scroll down to Note: the resulting export file should not be
the bottom (9). Click on the “Export Data” modified. The export file contains a summary

’ . worksheet that allows users to view the results, as well as
bUtt_On and a message box will open that a separate data worksheet with an unformatted version of
reminds the user to make sure all steps of the results. The second worksheet, the data worksheet,
the module have been completed. If you contains the information t_hat is exported to the Synthesis
make any changes to the LULUCF module Tool. Users may not modify that worksheet.

. Adding/removing rows, moving data, or making other
later, you will then need to re-export the modifications jeopardize the ability of the Synthesis

results. Module to accurately analyze the data.

Clicking “"OK"” prompts you to save the file.
The file is already named, so you only need to choose a convenient place to save the file.
After the file is saved, a message box will appear indicating that the data was successfully
exported.

While completing the modules, you are encouraged to save each completed module; doing
so will enable you to easily make changes without re-running it entirely.
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Following data export, the module may be reset and run for an additional state.
Alternatively, you may run the remaining modules of the SIT to obtain a comprehensive
profile of emissions for your state.

1.4 UNCERTAINTY

In the upper right-hand corner of the summary worksheet is a button: “"Review discussion of
uncertainty associated with these results.” By clicking on this button, you are taken to a
worksheet that discusses the uncertainty surrounding the activity data and emission factors,
and how the uncertainty estimates for this source category affect the uncertainty of the
emission estimates for your state.
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