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Executive	Summary	
	

Background	
Provisions	of	Section	2709	of	the	Food,	
Conservation,	and	Energy	Act	of	2008	direct	the	
U.S.	Department	of	Agriculture	(USDA)	to	prepare	
technical	guidelines	and	science‐based	methods	to	
measure	environmental	service	benefits	from	
conservation	and	land	management	activities,	
initially	focused	on	carbon.	The	methods	contained	
in	this	document	address	greenhouse	gas	(GHG)	
emissions	and	removals	from	agricultural	and	
forestry	activities.	

Through	the	development	of	this	report,	USDA	has	
prepared	two	primary	products:	

1. A	comprehensive	review	of	techniques	
currently	in	use	for	estimating	GHG	emissions	
and	removals	from	agricultural	and	forestry	
activities;	and	

2. A	technical	report	outlining	the	preferred	
science‐based	approach	and	specific	methods	
for	estimating	GHG	emissions	at	the	farm	or	
forest	scale	(i.e.,	this	document).	

Purpose	of	the	Report	
The	objective	for	this	report	is	to	create	a	standard	set	of	GHG	estimation	methods	for	use	by	USDA,	
landowners,	and	other	stakeholders	to	assist	them	in	evaluating	the	GHG	impacts	of	their	
management	decisions.	The	methods	presented	in	the	report	address	GHG	emissions	and	carbon	
sequestration	for	the	entire	entity	or	operation	and	also	provide	the	opportunity	to	assess	
individual	practices	or	management	decisions.	Therefore,	ease	of	use	is	critical.	

A	co‐objective	is	to	demonstrate	capacity	within	USDA,	establishing	a	standardized,	consensus	set	
of	methods	that	become	the	scientific	basis	for	entity‐scale	estimation	of	the	GHG	impacts	of	
landowner	management	decisions.	Therefore,	scientific	rigor	and	transparency	are	also	critical.	

Uses	of	the	Report	and	Methods:

 Estimating	increases	and	
decreases	in	GHG	emissions	and	
carbon	sequestration	resulting	
from	current	and	future	
conservation	programs	and	
practices;	

 Providing	methods	suitable	for	
GHG	inventory	efforts	at	the	entity,	
farm,	or	forest	scale,	with	possible	
implications	for	regional	and	
national	scale	assessments	as	well;	
and	

 Estimating	increases	and	
decreases	in	GHG	emissions	and	
carbon	sequestration	associated	
with	changes	in	land	management.	
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Because	the	report	is	intended	as	a	means	of	evaluating	management	practices	across	the	full	scope	
of	the	farm,	ranch,	and	forest	management	system,	the	methods	in	the	report	need	to	be	as	
comprehensive	as	possible.	Research	and	data	gaps	exist	that	result	in	some	management	practices	
not	being	accounted	for	or	are	reflected	in	higher	levels	of	estimate	uncertainty.	Completeness	is	
important,	though,	and	the	report	attempts	to	identify	the	most	significant	research	gaps	and	data	
needs.		

This	report	will	be	used	within	USDA	and	by	farmers,	ranchers,	and	forest	landowners,	and	will	be	
made	publicly	available.	These	methods	are	designed	to:	

1. Provide	a	scientific	basis	for	methods	that	can	be	used	by	landowners	and	managers,	USDA,	
and	other	stakeholders	to	estimate	changes	in	GHG	emissions	and	removals	at	the	local	
entity	scale;	

2. Create	a	standard	set	of	GHG	quantification	guidelines	and	methods	for	use	by	stakeholders;	

3. Quantify	all	significant	emissions	and	removals	associated	with	specific	source	categories;	

4. Quantify	emissions	from	land‐use	change	and	carbon	sequestration	from	land	management	
practices	and	technologies;	and	

5. Support	the	development	of	entity‐,	farm‐,	or	forest‐scale	GHG	inventories	that	will	facilitate	
the	participation	of	landowners	in	public	and	private	environmental	market	registries	and	
reporting	systems.	

The	report	also	serves	as	input	into	the	development	of	a	USDA	GHG	Estimation	Tool.	The	report	
and	the	methods	are	not	intended	as	an	addition	to	or	replacement	of	any	current	Federal	GHG	
reporting	systems	or	requirements.	

Process	for	the	Development	of	the	Report	
This	report	was	developed	by	three	author	teams	(i.e.,	working	groups)	under	the	direction	of	one	
lead	author	for	each	team	(plus	one	co‐lead	author	for	the	forestry	chapter).	The	lead	authors	were	
chosen	based	on	their	experience	with	GHG	inventories	and	accounting	methodologies	and	their	
professional	research	experience.	With	input	from	each	lead	author,	USDA	chose	8	to12	working	
group	members	per	team	to	write	the	report.	These	working	group	members	each	had	different	
backgrounds	that	fit	with	the	anticipated	content	of	the	document	and	also	had	experience	with	
GHG	accounting	and/or	field	research	that	was	unique	and	addressed	one	or	more	of	the	niche	
methods	that	were	essential	for	ensuring	the	comprehensiveness	of	the	methods	for	each	sector.	
The	author	teams	were	provided	with	a	preliminary	outline	of	their	chapters	and	with	two	
background	reports	developed	as	part	of	the	project.	One	background	report	was	an	analysis	of	the	
scientific	literature	related	to	rates	of	carbon	sequestration	or	emissions	reduction	resulting	from	
various	management	practices	and	technologies	(Denef	et	al.,	2011).	The	other	report	was	a	
compilation	of	all	of	the	available	tools,	protocols,	and	models,	with	basic	information	on	each	one	
(Denef	et	al.,	2012).	

The	methods	were	developed	according	to	several	criteria	in	order	to	maximize	their	usefulness.	In	
particular,	the	methods	must:	

1. Stand	on	their	own,	independent	of	any	other	accounting	system,	yet	maintain	consistency	
with	other	accounting	systems	to	the	maximum	extent	possible;	

2. Be	scalable	for	use	at	entity‐scale	sites	across	the	United	States,	with	applicability	at	county	
and/or	State	levels	as	well;	

3. Facilitate	use	by	USDA	in	assessing	the	performance	of	conservation	programs;	
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4. Provide	a	broad	framework	to	assess	management	practices	to	evaluate	the	GHG	aspect	of	
production	sustainability;	

5. Maintain	maximum	applicability	for	use	in	environmental	markets,	including	possible	
future	Federal,	State,	or	local	GHG	offsets	initiatives;	

6. Be	scientifically	vetted	through	USDA,	U.S.	Government	and	academic	expert	review,	and	
public	comment;	

7. Provide	reliable,	real,	and	verifiable	estimates	of	onsite	GHG	emissions,	carbon	storage,	and	
carbon	sequestration	(the	methods	will	be	designed	so	that	over	time	they	can	be	applied	to	
quantify	onsite	GHG	reductions	and	increases	in	carbon	storage	due	to	conservation	and	
land	management	activities);	and	

8. Provide	a	basis	for	consistency	in	estimation	and	transparency	in	reporting.	

Development	of	the	report	has	been	iterative	as	various	drafts	of	the	document	have	been	put	
through	several	review	stages,	including	a	USDA	intra‐agency	technical	review,	a	Federal	
interagency	technical	review,	a	scientific	expert	review,	and	a	public	comment	period.	

Overview	of	Recommended	GHG	Estimation	Methods	in	the	Report	
This	section	provides	an	overview	of	the	current	estimation	methods	or	approaches	an	entity	could	
use	to	estimate	GHG	emissions	and	sinks	on	his	or	her	property.	This	overview	is	followed	by	a	
summary	of	each	sector’s	proposed	methodologies	for	entity	GHG	estimations.	

There	are	several	approaches	that	a	farmer,	rancher,	or	forest	landowner	can	use	to	estimate	GHG	
emissions	at	an	entity	scale,	and	each	approach	gives	varying	accuracy	and	precision.	The	most	
accurate	way	of	estimating	emissions	is	through	direct	measurement,	which	often	requires	
expensive	equipment	or	techniques	that	are	not	feasible	for	a	single	landowner	or	manager.	On	the	
other	hand,	lookup	tables	and	estimation	equations	alone	often	do	not	adequately	represent	local	
variability	or	local	conditions.	This	report	attempts	to	delineate	methods	that	balance	user‐
friendliness,	data	requirements,	and	scientific	rigor	in	a	way	that	is	transparent	and	justified.	

The	following	approaches	were	considered	for	these	guidelines:	

 Basic	estimation	equations	(cf.,	IPCC	[Intergovernmental	Panel	on	Climate	Change]	Tier	
1)—involve	combinations	of	activity	data1	with	parameters	and	default	emission	factors.2	
Any	default	parameters	or	default	emission	factors	(e.g.,	lookup	tables)	are	provided	in	the	
text,	or	if	substantial	in	length,	in	an	accompanying	compendium	of	data.	

 Models	(cf.,	IPCC	Tier	3)—use	combinations	of	activity	data	with	parameters	and	default	
emission	factors.	The	inputs	for	these	models	can	be	ancillary	data3	(e.g.,	temperature,	
precipitation,	elevation,	and	soil	nutrient	levels	that	may	be	pulled	from	an	underlying	
source),	biological	variables	(e.g.,	plant	diversity)	or	site‐specific	data	(e.g.,	number	of	acres,	

																																																													

1	Activity	data	is	defined	as	data	on	the	magnitude	of	human	activity	resulting	in	emissions	or	removals	taking	
place	during	a	given	period	of	time	(IPCC,	1997).	
2	Emission	factor	is	defined	as	a	coefficient	that	quantifies	the	emissions	or	removals	of	a	gas	per	unit	of	
activity.	Emission	factors	are	often	based	on	a	sample	of	measurement	data,	averaged	to	develop	a	
representative	rate	of	emission	for	a	given	activity	level	under	a	given	set	of	operating	conditions	(IPCC,	
2006).	
3	Ancillary	data	is	defined	as	additional	data	necessary	to	support	the	selection	of	activity	data	and	emission	
factors	for	the	estimation	and	characterization	of	emissions.	Data	on	soil,	crop	or	animal	types,	tree	species,	
operating	conditions,	and	geographical	location	are	examples	of	ancillary	data.	
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number	of	animals).	The	accuracy	of	the	models	is	dependent	on	the	robustness	of	the	
model	and	the	accuracy	of	the	inputs.	

 Field	measurements—actual	measurements	that	a	farmer	or	landowner	would	need	to	take
to	more	accurately	estimate	the	properties	of	the	soil,	forest,	or	farm	or	to	estimate	actual
emissions.	Measuring	actual	emissions	on	the	land	requires	special	equipment	that
monitors	the	flow	of	gases	from	the	source	into	the	atmosphere.	This	equipment	is	not
readily	available	to	most	entities,	so	field	measurements	are	more	often	incorporated	into
other	methods	described	in	this	section	to	create	a	hybrid	approach.	A	field	measurement
such	as	a	sample	mean	tree	diameter	could	be	incorporated	into	other	models	or	equations
to	give	a	more	accurate	input.

 Inference	(cf.,	IPCC	Tier	2)—uses	State,	regional,	or	national	emissions/sequestration
factors	that	approximate	emissions/sequestration	per	unit	of	the	input.	The	input	data	is
then	multiplied	by	this	factor	to	determine	the	total	onsite	emissions.	This	factor	can	have
varying	degrees	of	accuracy	and	often	does	not	capture	the	mitigation	practices	on	the	farm
or	the	unique	soil	conditions,	climate,	livestock	diet,	livestock	genetics,	or	any	farm‐specific
characteristics,	although	they	can	be	developed	with	specific	soil	types,	livestock	categories,
or	climactic	regions.

 Hybrid	estimation	approach	(cf.,	IPCC	Tier	2	or	IPPC	Tier	3)—an	approach	that	uses	a
combination	of	the	approaches	described	above.	The	approach	often	uses	field
measurements	or	models	to	generate	inputs	used	for	an	inference‐based	approach	to
improve	the	accuracy	of	the	estimate.

The	types	of	approaches	that	the	authors	recommended	in	this	report	include	basic	estimation	
equations	with	default	emission	factors	(cf.,	IPCC	Tier	1);	geography‐,	crop‐,	livestock‐,	technology‐,	
or	practice‐specific	emission	factors	(cf.,	IPCC	Tier	2);	and	modified	IPCC/empirical	and/or	process‐
based	modeling	(cf.,	IPCC	Tier	2	or	IPCC	Tier	3).4	Table	ES‐1	categorizes	the	sources	of	emissions	
with	the	types	of	approaches	that	are	recommended	in	this	report.	

Table	ES‐2	summarizes	the	sources	of	agricultural	and	forestry	GHG	emissions	and	removals	
discussed	in	this	report,	the	recommended	method	for	estimating	emissions	and	removals	for	each	
source	category,	and	the	reference(s)	used	for	the	development	of	the	method.	

4	A	tier	represents	a	level	of	methodological	complexity.	Usually	three	tiers	are	provided.	Tier	1	is	the	basic	
method,	Tier	2	intermediate,	and	Tier	3	most	demanding	in	terms	of	complexity	and	data	requirements.	Tiers	
2	and	3	are	sometimes	referred	to	as	higher	tier	methods	and	are	generally	considered	to	be	more	accurate	
(IPCC,	2006).	
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Table	ES‐1:	Summary	of	the	Sources	of	Emissions	and	Types	of	Approaches	in	this	Report	

Source	
Basic	Estimation	

Equation	
(cf.,	IPCC	Tier	1)	

Inference	
(cf.,	IPCC	Tier	2)	

Modified	IPCC	or	
Empirical	Model	

(cf.,	IPCC	Tier	2	or	
IPPC	Tier	3)	

Processed‐Based	
Model	

(cf.,	IPPC	Tier	3)	

Cr
op
la
n
d
s/
G
ra
zi
n
g	
La
n
d
s	

 Direct	N2O
Emissions	from
Drainage	of
Organic	Soils

 CH4	Emissions
from	Rice
Cultivation

 CO2	from	Urea
Fertilizer
Application

 Soil	Organic	Carbon
Stocks	for	Organic
Soils

 CO2	from	Liming
 N2O	Emissions	from
Rice	Cultivation

 Non‐CO2	Emissions
from	Biomass
Burning

 Indirect	N2O
Emissions

 Biomass	Carbon
Stock	Changes

 CH4	Uptake	by	Soils
 Direct	N2O
Emissions	from
Mineral	Soils

 Soil	Organic	Carbon
Stocks	for	Mineral
Soils

W
et
‐

la
n
d
s	 —	 — —  Biomass	Carbon

 Soil	C,	N2O,	and	CH4

A
n
im
al
	P
ro
d
u
ct
io
n
5
	

 Enteric	CH4	from
Swine

 Enteric	CH4	from
Other	Animals
(Goats,	American
Bison)

 CH4	from	Poultry
Housing

 CH4 from	Dairy
Cattle,	Beef	Cattle,
and	Swine	Housing

 CH4	and	N2O	from
Aerobic	Lagoons

 CH4	and	N2O	from
Temporary	Stack	and
Long‐Term	Stockpile

 CH4	and	N2O	from
Composting

 Enteric CH4 from
Dairy	Cattle,	Sheep,
Beef	Cow‐Calf,
Bulls,	Stockers,
Feedlot	Cattle

 CH4	from	Manure
from	Barn	Floors	–
Dairy	Cattle

 N2O	from	Dairy
Cattle,	Beef	Cattle,
Swine,	and	Poultry
Housing

 CH4	and	N2O	from
Anaerobic	Lagoon,
Runoff	Holding
Pond,	Storage
Tanks

 CH4	and	N2O	from
Combined	Aerobic
Treatment	Systems

 CH4	from
Anaerobic	Digester

—

Fo
re
st
ry
	 —	 —  Establishing,	Re‐

establishing,	and
Clearing	Forest

 Harvested	Wood

 Forest	Carbon
Accounting

 Forest	Management
 Urban	Forests

5	Ammonia	(NH3),	as	an	important	precursor	to	GHGs,	is	included	in	the	animal	production	systems	
discussion	where	necessary,	but	is	not	of	primary	focus.	If	readers	are	interested	in	more	technical	
information,	methods	for	estimating	NH3	emissions	can	be	found	in	Appendix	5‐C.	
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Source	
Basic	Estimation	

Equation	
(cf.,	IPCC	Tier	1)	

Inference	
(cf.,	IPCC	Tier	2)	

Modified	IPCC	or	
Empirical	Model	

(cf.,	IPCC	Tier	2	or	
IPPC	Tier	3)	

Processed‐Based	
Model	

(cf.,	IPPC	Tier	3)	

Products  Natural
Disturbance—
Wildfire	and
Prescribed	Fire

La
n
d
‐u
se
	C
h
an
ge
	  Annual	Change	in

Carbon	Stocks	in
Dead	Wood	and
Litter	Due	to
Land	Conversion

 Change	in	Soil
Organic	Carbon
Stocks	for	Mineral
Soils

— — —

Organization	of	the	Report	
The	report	is	largely	organized	by	sector,	with	each	chapter	providing	an	overview	of	management	
practices	and	resulting	GHG	emissions	and	removals.	For	each	sector,	background	and	information	
on	management	practices	are	presented	first,	followed	by	the	detailed	methods	proposed	for	
estimating	emissions	and	removals	for	those	practices.	

 Chapter	1	provides	an	overview	of	the	report,	report	objectives,	contents	of	the	report,	and
uses	and	limitations	of	the	report.

 Chapter	2	describes	the	linkages	and	cross‐cutting	issues	relating	to	sector‐specific	and
entity‐scale	estimation	of	GHG	emissions	and	removals.

 Chapter	3	describes	the	GHG	emissions	from	crop	and	grazing	land	systems.	The	chapter
presents	methods	for	estimating	the	influence	of	land	use	and	management	practices	on
GHG	emissions	(and	removals)	in	crop	and	grazing	land	systems.	Methods	are	described	for
estimating	biomass	and	soil	carbon	stocks	changes,	direct	and	indirect	soil	nitrous	oxide
(N2O)	emissions,	methane	(CH4)	and	N2O	emissions	from	wetland	rice,	CH4	uptake	in	soils,
carbon	dioxide	(CO2)	emissions	or	removals	from	liming,	non‐CO2	GHG	emissions	from
biomass	burning,	and	CO2	emissions	from	urea	fertilizer	application.

 Chapter	4	provides	guidance	for	estimation	of	carbon	stock	changes	and	CH4	and	N2O
emissions	from	actively	managed	wetlands.

 Chapter	5	describes	on‐farm	GHG	emissions	from	the	production	of	livestock	and	manure
management.	The	chapter	presents	GHG	estimation	methods	appropriate	to	the	production
of	each	common	livestock	sector	(beef,	dairy,	sheep,	swine,	and	poultry),	with	methods
related	to	manure	management	combined	for	all	livestock	types.

 Chapter	6	provides	guidance	on	estimating	carbon	sequestration	and	GHG	emissions	from
managed	forest	systems.	The	chapter	is	organized	to	provide	an	overview	of	the	elements	of
forest	carbon	accounting,	including	definitions	of	the	key	carbon	pools	and	basic	methods
for	their	estimation.
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 Chapter	7	provides	guidance	on	estimating	the	net	GHG	emissions	and	removals	resulting
from	changes	between	land	types—i.e.,	conversions	into	and	out	of	cropland,	wetland,
grazing	land,	or	forest	land—at	the	entity	scale.

 Chapter	8	presents	the	approach	for	accounting	for	the	uncertainty	in	the	estimated	net
emissions	based	on	the	methods	presented	in	this	report.	A	Monte	Carlo	approach	was
selected	as	the	method	for	estimating	the	uncertainty	around	the	outputs	from	the
methodologies	in	this	report	as	it	is	currently	the	most	comprehensive,	sound	method
available	to	assess	the	uncertainty	at	the	entity	scale.

Summary	
In	developing	this	report,	the	authors	have	sought	to	outline	the	most	state‐of‐the	art	and	suitable	
science‐based	approaches	and	specific	methods	for	estimating	farm‐	or	forest‐scale	GHG	emissions	
(see	Table	ES‐2).	In	some	cases,	the	proposed	methods	have	not	previously	been	applied	in	
specifically	the	way	that	is	proposed.	For	example,	the	forestry	systems	chapter	describes	the	
integration	of	the	Forest	Vegetation	Simulator	(FVS)	within	other	estimation	tools	for	forest	carbon	
accounting.	This	application	of	FVS,	while	technically	sound,	will	require	additional	effort	to	
implement.	In	other	cases,	the	authors	have	proposed	new	methods	that	build	on	or	enhance	
previously	used	methods.	For	example,	a	new	hybrid	approach	is	proposed	for	estimating	direct	
soil	N2O	emissions	from	mineral	soils	on	croplands	and	grazing	lands.	The	hybrid	approach	uses	
models	to	derive	expected	emission	rates	at	the	typical	fertilization	rate	for	the	major	soil	textures,	
weather	patterns,	and	crop	rotation	systems	in	each	USDA	Land	Resource	Region	and	uses	a	meta‐
analysis	of	empirical	studies	to	develop	emission	scaling	factors	for	cropland	and	grazing	land	
systems.	The	method	also	applies	practice‐based	scaling	factors	derived	from	a	meta‐analysis	of	the	
most	recent	data.	This	hybrid	approach	is	the	result	of	a	workshop	held	in	February	2012	that	
convened	experts	on	N2O	emissions	from	croplands	in	order	to	develop	estimation	methods	that	
were	inclusive	and	best	met	the	objectives	of	USDA.	

In	addition	to	proposing	science‐based	methods,	the	authors	also	acknowledge	that	for	certain	
practices	and	technologies,	adequate	data	do	not	currently	exist	to	accurately	estimate	GHG	
emissions	and/or	carbon	sequestration.	In	each	sector	chapter,	the	authors	have	included	a	
discussion	of	research	gaps	or	priority	areas	for	future	data	collection	that	are	important	in	order	to	
improve	the	completeness	and	accuracy	of	the	estimation	methods	put	forth	in	this	report.	
Estimation	of	GHG	emissions	from	managed	wetland	systems	is	a	good	example.	While	a	method	is	
put	forward	that	reflects	the	best	currently	available	science,	the	authors	state	in	Section	4.3	that	
the	methods	for	these	lands	are	not	as	well	developed	as	for	other	sectors.	Later	in	that	same	
section	there	is	text	discussing	the	considerable	limitations	to	estimating	GHG	fluxes	from	these	
systems	and	the	large	levels	of	uncertainty	around	flux	estimates.	In	Section	4.4,	the	authors	outline	
a	significant	list	of	research	and	data	priorities	that	would	help	to	refine	and	strengthen	the	
estimation	methods.	

In	the	continual	effort	to	advance	the	science	and	improve	the	understanding	of	these	complex	and	
dynamic	systems,	this	report	provides	the	foundation	for	entity‐level	tools	to	quantify	the	GHG	
benefits	from	conservation	and	land	management	activities.	The	report	also	identifies	priorities	for	
future	effort	in	order	to	broaden	the	scope	of	entity‐scale	GHG	flux	estimation	and	reduce	
estimation	uncertainties.	
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nt
ly
	

ex
is
t	f
or
	th
is
	s
ou
rc
e;
	h
en
ce
,	t
hi
s	
is
	a
	

ne
w
ly
	d
ev
el
op
ed
	m
et
ho
d.
	

So
il	
Ca
rb
on
,	

N
2O
,	a
nd
	C
H
4	i
n	

W
et
la
nd
s	

T
he
	D
eN
it
ri
fic
at
io
n‐

D
eC
om

po
si
ti
on
	(
D
N
D
C)
	

pr
oc
es
s‐
ba
se
d	

bi
og
eo
ch
em

ic
al
	m
od
el
	is
	th
e	

m
et
ho
d	
us
ed
	fo
r	
es
ti
m
at
in
g	

so
il	
ca
rb
on
,	N

2O
,	a
nd
	C
H
4	

em
is
si
on
s	
fr
om

	w
et
la
nd
s.
		

V
eg
et
at
io
n	
m
an
ag
em

en
t,	
w
at
er
	

m
an
ag
em

en
t	r
eg
im
e,
	s
oi
l	

m
an
ag
em

en
t,	
fe
rt
ili
za
ti
on
	

pr
ac
ti
ce
s,
	a
nd
	la
nd
‐u
se
	h
is
to
ry
.		

Pr
oc
es
s	
ba
se
d	
m
od
el
	is
	u
se
d;
	

he
nc
e,
	n
o	
em

is
si
on
s	
fa
ct
or
s	

ar
e	
us
ed
	in
	th
is
	m
et
ho
d.
		

T
hi
s	
m
et
ho
d	
le
ve
ra
ge
s	
th
e	
D
N
D
C	

m
od
el
	to
	s
im
ul
at
e	
so
il	
ca
rb
on
,	N

2O
,	

an
d	
CH

4	e
m
is
si
on
s	
fr
om

	w
et
la
nd
s	
on
	

a	
se
as
on
al
	ti
m
es
ca
le
.		
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4	So
u
rc
e	

M
et
h
od
ol
og
y	
A
p
p
ro
ac
h
	

P
ot
en
ti
al
	M
an
ag
em

en
t	

P
ra
ct
ic
es
	

So
u
rc
e	
of
	E
m
is
si
on
	F
ac
to
rs

Im
p
ro
ve
m
en
ts
	C
om

p
ar
ed
	to
	

O
th
er
	G
re
en
h
ou
se
	G
as
	

M
et
h
od
ol
og
ie
s	

A
n
im
al
	P
ro
d
u
ct
io
n
	S
ys
te
m
s	

En
te
ri
c	
Fe
rm

en
ta
ti
on
	

M
at
ur
e	
D
ai
ry
	

Co
w
s	

M
it
s3
	e
qu
at
io
n	
de
ve
lo
pe
d	

by
	M
ill
s	
et
	a
l.	
(2
00
3)
	a
nd
	

fu
rt
he
r	
ut
ili
ze
d	
by
	

D
ai
ry
G
EM

	(
R
ot
z	
et
	a
l.,
	

20
11
).	
M
it
s3
	e
qu
at
io
n	
is
	

ba
se
d	
pr
im
ar
ily
	o
n	

m
et
ab
ol
iz
ab
le
	e
ne
rg
y	

in
ta
ke
.	D
ry
	m
at
te
r	
in
ta
ke
	

(D
M
I)
,	s
ta
rc
h,
	a
ci
d	

de
te
rg
en
t	f
ib
er
,	c
ru
de
	

pr
ot
ei
n,
	a
nd
	to
ta
l	d
ig
es
ti
bl
e	

nu
tr
ie
nt
s	
pr
ov
id
e	
th
e	
in
pu
ts
	

fo
r	
th
e	
eq
ua
ti
on
.	

D
ie
ta
ry
	c
ha
ng
es
:	i
nc
re
as
in
g	
D
M
I,	

us
in
g	
fib
ro
us
	c
on
ce
nt
ra
te
	r
at
he
r	

th
an
	s
ta
rc
h	
co
nc
en
tr
at
e,
	fe
ed
in
g	

ra
pi
dl
y	
de
gr
ad
ed
	s
ta
rc
h	
(s
uc
h	
as
	

ba
rl
ey
),
	a
nd
	a
dd
it
io
n	
of
	d
ie
ta
ry
	

fa
t.	

A
ct
iv
it
y	
ch
an
ge
s:
	c
on
fin
in
g	

cu
rr
en
tl
y	
gr
az
in
g	
an
im
al
s,
	fe
w
er
	

w
or
k	
ho
ur
s	
pe
r	
da
y,
	fe
w
er
	d
ay
s	

on
	fe
ed
	p
ri
or
	to
	s
la
ug
ht
er
.	

Em
is
si
on
	fa
ct
or
s	
ca
lc
ul
at
ed
	

w
it
h	
ap
pr
oa
ch
	d
ev
el
op
ed
	b
y	

M
ill
s	
et
	a
l.	
(2
00
3)
	a
nd
	R
ot
z	
et
	

al
.	(
20
11
).	

U
se
	o
f	t
he
	D
ai
ry
G
EM

/M
it
s3
	e
qu
at
io
n	

is
	r
ec
om

m
en
de
d	
ov
er
	th
e	
IP
CC
	T
ie
r	

2	
eq
ua
ti
on
	(
20
06
)	
be
ca
us
e	
it
	h
as
	

pr
ov
en
	to
	b
e	
m
or
e	
ac
cu
ra
te
,	i
n	

ge
ne
ra
l,	
fo
r	
da
ir
y	
co
w
s.
	

B
ee
f	C
ow

‐C
al
f	

an
d	
B
ul
ls
	

IP
CC
	T
ie
r	
2	
ap
pr
oa
ch
	

(2
00
6)
.	T
he
	c
al
cu
la
ti
on
	

co
ns
id
er
s	
w
ei
gh
t,	
w
ei
gh
t	

ga
in
,	m

at
ur
e	
w
ei
gh
t,	

pr
eg
na
nc
y,
	la
ct
at
io
n,
	o
th
er
	

ac
ti
vi
ty
	(
gr
az
in
g,
	c
on
fin
ed
,	

da
ily
	w
or
k)
,	a
nd
	th
e	
en
er
gy
	

co
nt
en
t	o
f	t
he
	a
ni
m
al
s'
	

di
et
s.
	

D
ie
ta
ry
	c
ha
ng
es
:i
nc
re
as
in
g	
D
M
I,	

us
in
g	
fib
ro
us
	c
on
ce
nt
ra
te
	r
at
he
r	

th
an
	s
ta
rc
h	
co
nc
en
tr
at
e,
	fe
ed
in
g	

ra
pi
dl
y	
de
gr
ad
ed
	s
ta
rc
h	
(s
uc
h	
as
	

ba
rl
ey
),
	a
nd
	a
dd
it
io
n	
of
	d
ie
ta
ry
	

fa
t.	

A
ct
iv
it
y	
ch
an
ge
s:
	c
on
fin
in
g	

cu
rr
en
tl
y	
gr
az
in
g	
an
im
al
s,
	fe
w
er
	

w
or
k	
ho
ur
s	
pe
r	
da
y.
	

Em
is
si
on
	fa
ct
or
s	
ar
e	

de
te
rm
in
ed
	w
it
h	
th
e	
IP
CC
	

T
ie
r	
2	
eq
ua
ti
on
	(
20
06
).	

M
et
ha
ne
	c
on
ve
rs
io
n	
fa
ct
or
	

(Y
m
)	
ba
se
d	
on
	a
ni
m
al
‐s
pe
ci
fic
	

gu
id
an
ce
	in
	U
.S
.	E
PA
	(
20
13
).	

T
he
	e
qu
at
io
ns
	u
ti
liz
ed
	a
re
	th
e	
sa
m
e	

as
	e
xi
st
in
g	
in
ve
nt
or
y	
m
et
ho
ds
;	

ho
w
ev
er
,	t
he
	m
et
ho
ds
	u
ti
liz
e	
fa
rm
‐

sp
ec
ifi
c	
fe
ed
	ty
pe
s	
an
d	
ut
ili
ze
	

m
on
th
ly
,	r
at
he
r	
th
an
	a
nn
ua
l,	
le
ve
l	

da
ta
	(
i.e
.,	
ac
co
un
t	f
or
	s
ea
so
na
l	

va
ri
at
io
n	
in
	fo
ra
ge
	q
ua
lit
y)
.	

St
oc
ke
rs
	

IP
CC
	T
ie
r	
2	
ap
pr
oa
ch
	

(2
00
6)
.	T
he
	c
al
cu
la
ti
on
	

co
ns
id
er
s	
w
ei
gh
t,	
w
ei
gh
t	

ga
in
,	m

at
ur
e	
w
ei
gh
t,	

pr
eg
na
nc
y,
	la
ct
at
io
n,
	o
th
er
	

ac
ti
vi
ty
	(
gr
az
in
g,
	c
on
fin
ed
,	

da
ily
	w
or
k)
,	a
nd
	th
e	
en
er
gy
	

co
nt
en
t	o
f	t
he
	a
ni
m
al
s'
	

di
et
s.
	

D
ie
ta
ry
	c
ha
ng
es
:i
nc
re
as
in
g	
D
M
I,	

us
in
g	
fib
ro
us
	c
on
ce
nt
ra
te
	r
at
he
r	

th
an
	s
ta
rc
h	
co
nc
en
tr
at
e,
	fe
ed
in
g	

ra
pi
dl
y	
de
gr
ad
ed
	s
ta
rc
h	
(s
uc
h	
as
	

ba
rl
ey
),
	a
nd
	a
dd
it
io
n	
of
	d
ie
ta
ry
	

fa
t.	
	

A
ct
iv
it
y	
ch
an
ge
s:
	c
on
fin
in
g	

cu
rr
en
tl
y	
gr
az
in
g	
an
im
al
s,
	fe
w
er
	

w
or
k	
ho
ur
s	
pe
r	
da
y,
	fe
w
er
	d
ay
s	

on
	fe
ed
	p
ri
or
	to
	s
la
ug
ht
er
.	

Em
is
si
on
	fa
ct
or
s	
ar
e	

de
te
rm
in
ed
	w
it
h	
th
e	
IP
CC
	

T
ie
r	
2	
eq
ua
ti
on
	(
20
06
)	
on
	a
n	

en
ti
ty
‐b
y‐
en
ti
ty
	b
as
is
.	Y
m
	

ba
se
d	
on
	a
ni
m
al
‐s
pe
ci
fic
	

gu
id
an
ce
	in
	U
.S
.	E
PA
	(
20
13
).	

T
he
	e
qu
at
io
ns
	u
ti
liz
ed
	a
re
	th
e	
sa
m
e	

as
	e
xi
st
in
g	
in
ve
nt
or
y	
m
et
ho
ds
;	

ho
w
ev
er
,	t
he
	m
et
ho
ds
	u
ti
liz
e	
fa
rm
‐

sp
ec
ifi
c	
fe
ed
	ty
pe
s	
an
d	
ut
ili
ze
	

m
on
th
ly
,	r
at
he
r	
th
an
	a
nn
ua
l,	
le
ve
l	

da
ta
	(
i.e
.,	
ac
co
un
t	f
or
	s
ea
so
na
l	

va
ri
at
io
n	
in
	fo
ra
ge
	q
ua
lit
y)
.	
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So
u
rc
e	

M
et
h
od
ol
og
y	
A
p
p
ro
ac
h
	

P
ot
en
ti
al
	M
an
ag
em

en
t	

P
ra
ct
ic
es
	

So
u
rc
e	
of
	E
m
is
si
on
	F
ac
to
rs

Im
p
ro
ve
m
en
ts
	C
om

p
ar
ed
	to
	

O
th
er
	G
re
en
h
ou
se
	G
as
	

M
et
h
od
ol
og
ie
s	

Fe
ed
lo
t	C
at
tl
e	

IP
CC
	T
ie
r	
2	
ap
pr
oa
ch
	

(2
00
6)
.	T
he
	c
al
cu
la
ti
on
	

co
ns
id
er
s	
w
ei
gh
t,	
w
ei
gh
t	

ga
in
,	m

at
ur
e	
w
ei
gh
t,	

pr
eg
na
nc
y,
	la
ct
at
io
n,
	o
th
er
	

ac
ti
vi
ty
	(
gr
az
in
g,
	c
on
fin
ed
,	

da
ily
	w
or
k)
,	a
nd
	th
e	
en
er
gy
	

co
nt
en
t	o
f	t
he
	a
ni
m
al
s'
	

di
et
s.
	

D
ie
ta
ry
	c
ha
ng
es
:i
nc
re
as
in
g	
D
M
I,	

us
in
g	
fib
ro
us
	c
on
ce
nt
ra
te
	r
at
he
r	

th
an
	s
ta
rc
h	
co
nc
en
tr
at
e,
	fe
ed
in
g	

ra
pi
dl
y	
de
gr
ad
ed
	s
ta
rc
h	
(s
uc
h	
as
	

ba
rl
ey
),
	a
nd
	a
dd
it
io
n	
of
	d
ie
ta
ry
	

fa
t.	
	

A
ct
iv
it
y	
ch
an
ge
s:
	c
on
fin
in
g	

cu
rr
en
tl
y	
gr
az
in
g	
an
im
al
s,
	fe
w
er
	

w
or
k	
ho
ur
s	
pe
r	
da
y,
	fe
w
er
	d
ay
s	

on
	fe
ed
	p
ri
or
	to
	s
la
ug
ht
er
.	

Em
is
si
on
	fa
ct
or
s	
ar
e	

de
te
rm
in
ed
	w
it
h	
th
e	
IP
CC
	

T
ie
r	
2	
eq
ua
ti
on
	(
20
06
).	
Ym

	
ba
se
d	
on
	g
ui
da
nc
e	
de
ve
lo
pe
d	

by
	H
al
es
	(
20
12
).	

T
he
	c
al
cu
la
ti
on
	c
on
si
de
rs
	w
ei
gh
t,	

w
ei
gh
t	g
ai
n,
	m
at
ur
e	
w
ei
gh
t,	

pr
eg
na
nc
y,
	la
ct
at
io
n,
	o
th
er
	a
ct
iv
it
y	

(g
ra
zi
ng
,	c
on
fin
ed
,	d
ai
ly
	w
or
k)
,	a
nd
	

th
e	
en
er
gy
	c
on
te
nt
	o
f	t
he
	a
ni
m
al
s'
	

di
et
s.
	

Sh
ee
p	

H
ow

de
n	
eq
ua
ti
on
	(
H
ow

de
n	

et
	a
l.,
	1
99
4)
,	b
as
ed
	o
n	

di
et
ar
y	
D
M
I.	
	

D
ie
ta
ry
	c
ha
ng
es
,	b
ut
	n
o	
w
el
l‐

de
ve
lo
pe
d	
re
se
ar
ch
	d
ue
	to
	

di
ff
ic
ul
ty
	o
f	o
bt
ai
ni
ng
	a
cc
ur
at
e	

fe
ed
‐i
nt
ak
e	
es
ti
m
at
es
	fo
r	
gr
az
in
g	

sh
ee
p.
	

T
he
	e
qu
at
io
n	
fr
om

	H
ow

de
n	
et
	

al
.	(
19
94
)	
es
ti
m
at
es
	

em
is
si
on
s	
ba
se
d	
so
le
ly
	o
n	

D
M
I;	
he
nc
e,
	e
m
is
si
on
	fa
ct
or
s	

no
t	u
ti
liz
ed
.	

T
hi
s	
m
et
ho
d	
us
es
	a
ct
ua
l	m

on
th
ly
	

es
ti
m
at
es
	o
f	D
M
I,	
ra
th
er
	th
an
	h
ea
d	

co
un
t,	
as
	u
ti
liz
ed
	b
y	
th
e	
IP
CC
	T
ie
r	
1	

eq
ua
ti
on
	(
20
06
).	
	

Sw
in
e	

IP
CC
	T
ie
r	
1	
ap
pr
oa
ch
	

(2
00
6)
.	

N
on
e.
	

U
ti
liz
es
	IP
CC
	T
ie
r	
1	
em

is
si
on
	

fa
ct
or
	(
IP
CC
,	2
00
6)
.	

N
on
e.
	

O
th
er
	A
ni
m
al
s	

(G
oa
ts
,	

A
m
er
ic
an
	

B
is
on
)	

IP
CC
	T
ie
r	
1	
ap
pr
oa
ch
	fo
r	

A
m
er
ic
an
	b
is
on
	(
ba
se
d	
on
	

bu
ff
al
o,
	m
od
ifi
ed
	b
y	
av
er
ag
e	

an
im
al
	w
ei
gh
t)
	a
nd
	g
oa
ts
	

(I
PC
C,
	2
00
6)
.		

N
on
e.
	

U
ti
liz
es
	IP
CC
	T
ie
r	
1	
em

is
si
on
	

fa
ct
or
s(
IP
CC
,	2
00
6)
.	

N
on
e.
	

H
ou
si
n
g	

M
et
ha
ne
	

Em
is
si
on
s	
fr
om

	
M
an
ur
e	
on
	

B
ar
n	
Fl
oo
rs
	fo
r	

D
ai
ry
	C
at
tl
e	

D
ai
ry
G
EM

	(
a	
su
bs
et
	o
f	t
he
	

In
te
gr
at
ed
	F
ar
m
	S
ys
te
m
s	

M
od
el
)	
is
	u
se
d	
to
	e
st
im
at
e	

CH
4	e
m
is
si
on
s.
	

N
on
e.
		

Em
pi
ri
ca
l	r
el
at
io
ns
hi
p	
as
	

pr
ov
id
ed
	in
	C
hi
an
es
e	
et
	a
l.	

(C
hi
an
es
e	
et
	a
l.,
	2
00
9)
.		
	

U
ti
liz
es
	c
lim

at
e	
an
d	
en
ti
ty
	

ch
ar
ac
te
ri
st
ic
s.
	

M
et
ha
ne
	

Em
is
si
on
s	
fr
om

	
D
ai
ry
	C
at
tl
e,
	

B
ee
f	C
at
tl
e,
	a
nd
	

Sw
in
e	
H
ou
si
ng
		

IP
CC
	T
ie
r	
2	
ap
pr
oa
ch
.	

T
yp
e	
an
d	
du
ra
ti
on
	o
f	m

an
ur
e	

st
or
ag
e.
	

U
ti
liz
es
	a
	c
om

bi
na
ti
on
	o
f	I
PC
C	

an
d	
U
.S
.	E
PA
	In
ve
nt
or
y	

em
is
si
on
	fa
ct
or
s.
	

N
on
e.
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6	So
u
rc
e	

M
et
h
od
ol
og
y	
A
p
p
ro
ac
h
	

P
ot
en
ti
al
	M
an
ag
em

en
t	

P
ra
ct
ic
es
	

So
u
rc
e	
of
	E
m
is
si
on
	F
ac
to
rs

Im
p
ro
ve
m
en
ts
	C
om

p
ar
ed
	to
	

O
th
er
	G
re
en
h
ou
se
	G
as
	

M
et
h
od
ol
og
ie
s	

N
it
ro
us
	O
xi
de
	

Em
is
si
on
s	
fr
om

	
D
ai
ry
	C
at
tl
e,
	

B
ee
f	C
at
tl
e,
	

Sw
in
e,
	a
nd
	

Po
ul
tr
y	

H
ou
si
ng
	

IP
CC
	T
ie
r	
2	
ap
pr
oa
ch
,	u
si
ng
	

A
m
er
ic
an
	S
oc
ie
ty
	o
f	

A
gr
ic
ul
tu
ra
l	E
ng
in
ee
rs
	

(A
SA
E)
	e
qu
at
io
ns
	to
	

es
ti
m
at
e	
ni
tr
og
en
	e
xc
re
ti
on
	

an
d	
de
fa
ul
t	v
al
ue
s	
fo
r	

am
m
on
ia
	lo
ss
es
	to
	a
cc
ou
nt
	

fo
r	
ni
tr
og
en
	b
al
an
ce
.	

A
ni
m
al
	d
ie
ts
	a
nd
	ty
pe
	o
f	m

an
ur
e	

st
or
ag
e.
		

U
ti
liz
es
	IP
CC
	e
m
is
si
on
	fa
ct
or
s	

(I
PC
C,
	2
00
6)
	a
nd
	a
m
m
on
ia
	

lo
ss
es
	fr
om

	K
oe
ls
h	
an
d	

St
ow

el
l	(
20
05
).	
	

U
se
s	
ni
tr
og
en
	b
al
an
ce
	a
pp
ro
ac
h	
to
	

ad
ju
st
	n
it
ro
ge
n	
in
	h
ou
si
ng
	to
	

ac
co
un
t	f
or
	a
m
m
on
ia
	lo
ss
es
.	

M
et
ha
ne
	

Em
is
si
on
s	
fr
om

	
Po
ul
tr
y	

H
ou
si
ng
	

IP
CC
	T
ie
r	
1	
ap
pr
oa
ch
.	

N
on
e.
	

U
ti
liz
es
	IP
CC
	e
m
is
si
on
	fa
ct
or
s	

th
at
	v
ar
y	
by
	te
m
pe
ra
tu
re
	a
nd
	

w
he
th
er
	m
an
ur
e	
is
	m
an
ag
ed
	

as
	d
ry
	m
an
ur
e	
or
	a
s	
a	
liq
ui
d	

(I
PC
C,
	2
00
6)
.		

O
f	t
he
	m
od
el
s	
ev
al
ua
te
d	
fo
r	
po
ul
tr
y,
	

an
	e
st
im
at
e	
of
	c
on
fid
en
ce
	fo
r	
ou
tp
ut
	

w
as
	o
nl
y	
av
ai
la
bl
e	
fo
r	
th
e	
IP
CC
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is
si
on
s	
w
ou
ld
	r
es
ul
t	f
ro
m
	

th
e	
op
er
at
io
n	
of
	e
qu
ip
m
en
t.

N
ot
	a
pp
lic
ab
le
.	

N
ot
	a
pp
lic
ab
le
.	

N
ot
	a
pp
lic
ab
le
.	

Fo
re
st
ry
	

Fo
re
st
	C
ar
bo
n	
	

M
et
ho
ds
	in
cl
ud
e:
	(
1)
	F
V
S	

m
od
el
	w
it
h	
Fi
re
	a
nd
	F
ue
ls
	

Ex
te
ns
io
n	
m
od
ul
e	
(F
V
S‐

FF
E)
	w
it
h	
Je
nk
in
s	
et
	a
l.	

(2
00
3)
	a
llo
m
et
ri
c	

eq
ua
ti
on
s;
	a
nd
	(
2)
	d
ef
au
lt
	

lo
ok
	u
p	
ta
bl
es
.	

FV
S‐
FF
E	
m
od
el
s	
hu
nd
re
ds
	o
f	

m
an
ag
em

en
t	p
ra
ct
ic
es
	(
th
in
ni
ng
	

fr
om

	b
el
ow

/a
bo
ve
/e
ve
nl
y	

th
ro
ug
h	
a	
st
an
d,
	th
in
ni
ng
	w
it
h	

sp
ec
ie
s	
pr
ef
er
en
ce
,	c
on
di
ti
on
al
	

th
in
ni
ng
/p
la
nt
in
g/
	r
eg
en
er
at
io
n,
	

pi
lin
g	
of
	s
ur
fa
ce
	fu
el
s	
an
d	

pr
es
cr
ib
ed
	fi
re
s,
	s
al
va
ge
	

op
er
at
io
ns
,	m

as
ti
ca
ti
on
	

tr
ea
tm
en
ts
,	i
ns
ec
t/
di
se
as
e	

m
an
ag
em

en
t,	
et
c.
)	

A
llo
m
et
ri
c	
eq
ua
ti
on
s	
ar
e	
fr
om

	
Je
nk
in
s	
et
	a
l.	
(2
00
3)
;	d
ef
au
lt
	

lo
ok
	u
p	
ta
bl
es
	fr
om

	S
m
it
h	
et
	

al
.	(
20
06
).	

T
he
	m
et
ho
d	
al
lo
w
s	
la
rg
e	

la
nd
ow

ne
rs
	to
	e
st
im
at
e	
ba
se
	y
ea
r	

ca
rb
on
	s
to
ck
s	
fr
om

	fi
el
d	
su
rv
ey
s	
an
d	

re
pe
at
	th
e	
fie
ld
	s
ur
ve
y	
at
	

re
co
m
m
en
de
d	
in
te
rv
al
s	
(e
.g
.,	
5‐
ye
ar
,	

10
‐y
ea
r)
	d
ep
en
di
ng
	o
n	
th
e	

re
gi
on
/f
or
es
t	t
yp
e	
gr
ou
p.
	

Sm
al
l	l
an
do
w
ne
rs
	e
st
im
at
e	
ca
rb
on
	

st
oc
ks
	fr
om

	lo
ok
up
	ta
bl
es
	b
as
ed
	o
n	

U
SD
A
	F
or
es
t	I
nv
en
to
ry
	a
nd
	A
na
ly
si
s	

pr
og
ra
m
	d
at
a,
	w
hi
ch
	is
	c
om

pa
ra
bl
e	

to
	o
th
er
	G
H
G
	m
et
ho
do
lo
gi
es
	(
e.
g.
,	

Se
ct
io
n	
16
05
(b
)	
G
ui
da
nc
e)
.		
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1	

So
u
rc
e	

M
et
h
od
ol
og
y	
A
p
p
ro
ac
h
	

P
ot
en
ti
al
	M
an
ag
em

en
t	

P
ra
ct
ic
es
	

So
u
rc
e	
of
	E
m
is
si
on
	F
ac
to
rs

Im
p
ro
ve
m
en
ts
	C
om

p
ar
ed
	to
	

O
th
er
	G
re
en
h
ou
se
	G
as
	

M
et
h
od
ol
og
ie
s	

Es
ta
bl
is
hi
ng
,		

R
e‐
es
ta
bl
is
hi
ng
,	

an
d	
Cl
ea
ri
ng
	

Fo
re
st
	

IP
CC
	e
qu
at
io
ns
	d
ev
el
op
ed
	

by
	A
al
de
	e
t	a
l.	
(2
00
6)
;	w

it
h	

Je
nk
in
s	
et
	a
l.	
(2
00
3)
	

al
lo
m
et
ri
c	
eq
ua
ti
on
s.
	

Pl
an
ti
ng
	tr
ee
s	
on
	p
re
vi
ou
sl
y	

un
fo
re
st
ed
	la
nd
s;
	r
ep
la
nt
in
g	
tr
ee
s	

on
	p
re
vi
ou
sl
y	
fo
re
st
ed
	la
nd
s;
	a
nd
	

pe
rm
an
en
tl
y	
cl
ea
ri
ng
	tr
ee
s	
fr
om

	
fo
re
st
ed
	la
nd
s.
	

A
llo
m
et
ri
c	
eq
ua
ti
on
s	
ar
e	
fr
om

	
Je
nk
in
s	
et
	a
l.	
(2
00
3)
	

T
hi
s	
m
et
ho
d	
al
lo
w
s	
la
rg
e	

la
nd
ow

ne
rs
	to
	e
st
im
at
e	
ba
se
	y
ea
r	

ca
rb
on
	s
to
ck
s	
fr
om

	fi
el
d	
su
rv
ey
s	
an
d	

re
pe
at
	th
e	
fie
ld
	s
ur
ve
y	
at
	

re
co
m
m
en
de
d	
in
te
rv
al
s	
(e
.g
.,	
5‐
ye
ar
,	

10
‐y
ea
r)
	d
ep
en
di
ng
	o
n	
th
e	

re
gi
on
/f
or
es
t	t
yp
e	
gr
ou
p.
	

T
he
	N
at
io
na
l	I
nv
en
to
ry
	R
ep
or
t	(
N
IR
)	

us
es
	a
	c
ar
bo
n	
st
oc
k	
ch
an
ge
	m
et
ho
d,
	

w
hi
ch
	e
xp
lic
it
ly
	in
cl
ud
es
	th
e	

es
ta
bl
is
hm

en
t,	
re
‐e
st
ab
lis
hm

en
t,	

an
d	
cl
ea
ri
ng
	o
f	f
or
es
ts
.	

Fo
re
st
	

M
an
ag
em

en
t	

M
et
ho
ds
	in
cl
ud
e:
	(
1)
	F
V
S‐

FF
E	
w
it
h	
Je
nk
in
s	
et
	a
l.	

(2
00
3)
	a
llo
m
et
ri
c	
eq
ua
ti
on
s	

an
d	
(2
)	
de
fa
ul
t	l
oo
ku
p	

ta
bl
es
	o
f	m

an
ag
em

en
t	

pr
ac
ti
ce
	s
ce
na
ri
os
.	

St
an
d	
de
ns
it
y	
m
an
ag
em

en
t;
	s
it
e	

pr
ep
ar
at
io
n	
te
ch
ni
qu
es
;	

ve
ge
ta
ti
on
	c
on
tr
ol
;	p
la
nt
in
g;
	

na
tu
ra
l	r
eg
en
er
at
io
n;
	

fe
rt
ili
za
ti
on
;	s
el
ec
ti
on
	o
f	r
ot
at
io
n	

le
ng
th
;	h
ar
ve
st
in
g	
an
d	
ut
ili
za
ti
on
	

te
ch
ni
qu
es
;	f
ir
e	
an
d	
fu
el
	lo
ad
	

m
an
ag
em

en
t;
	r
ed
uc
in
g	
ri
sk
	o
f	

em
is
si
on
s	
fr
om

	p
es
ts
	a
nd
	d
is
ea
se
;	

sh
or
t‐
ro
ta
ti
on
	w
oo
dy
	c
ro
ps
.	

D
ef
au
lt
	lo
ok
up
	ta
bl
es
	o
f	

ca
rb
on
	s
to
ck
s	
ov
er
	ti
m
e	
by
	

re
gi
on
,	f
or
es
t	t
yp
e	
ca
te
go
ri
es
,	

in
cl
ud
in
g	
sp
ec
ie
s	
gr
ou
p	
(e
.g
.,	

ha
rd
w
oo
d,
	s
of
tw
oo
d,
	m
ix
ed
);
	

re
ge
ne
ra
ti
on
	(
e.
g.
,	p
la
nt
ed
,	

na
tu
ra
lly
	r
eg
en
er
at
ed
);
	

m
an
ag
em

en
t	i
nt
en
si
ty
	(
e.
g.
,	

lo
w
,	m

od
er
at
e,
	h
ig
h,
	v
er
y	

hi
gh
)	
an
d	
si
te
	p
ro
du
ct
iv
it
y	

(e
.g
.,	
lo
w
,	h
ig
h)
,	t
o	
be
	

de
ve
lo
pe
d	
as
	a
	s
up
po
rt
in
g	

pr
od
uc
t	u
si
ng
	F
V
S.
	

T
hi
s	
m
et
ho
d	
pr
ov
id
es
	a
	c
on
si
st
en
t	

an
d	
co
m
pa
ra
bl
e	
se
t	o
f	c
ar
bo
n	
st
oc
ks
	

fo
r	
ea
ch
	r
eg
io
n,
	fo
re
st
	ty
pe
	g
ro
up
,	

m
an
ag
em

en
t	i
nt
en
si
ty
,	a
nd
	s
it
e	

pr
od
uc
ti
vi
ty
	o
ve
r	
ti
m
e,
	u
nd
er
	

m
an
ag
em

en
t	s
ce
na
ri
os
	c
om

m
on
	to
	

th
e	
fo
re
st
	ty
pe
s	
an
d	
m
an
ag
em

en
t	

in
te
ns
it
ie
s.
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2	So
u
rc
e	

M
et
h
od
ol
og
y	
A
p
p
ro
ac
h
	

P
ot
en
ti
al
	M
an
ag
em

en
t	

P
ra
ct
ic
es
	

So
u
rc
e	
of
	E
m
is
si
on
	F
ac
to
rs

Im
p
ro
ve
m
en
ts
	C
om

p
ar
ed
	to
	

O
th
er
	G
re
en
h
ou
se
	G
as
	

M
et
h
od
ol
og
ie
s	

H
ar
ve
st
ed
	

W
oo
d	
Pr
od
uc
ts
	U
.S
.‐s
pe
ci
fic
	h
ar
ve
st
ed
	

w
oo
d	
pr
od
uc
ts
	ta
bl
es
	

de
ve
lo
pe
d	
by
	S
ko
g	
(2
00
8)
,	

ta
ki
ng
	th
e	
es
ti
m
at
ed
	

av
er
ag
e	
am

ou
nt
	o
f	

ha
rv
es
te
d	
w
oo
d	
pr
od
uc
t	

ca
rb
on
	fr
om

	th
e	
cu
rr
en
t	

ye
ar
’s
	h
ar
ve
st
	th
at
	r
em

ai
ns
	

st
or
ed
	in
	e
nd
	u
se
s	
an
d	

la
nd
fil
ls
	o
ve
r	
th
e	
ne
xt
	1
00
	

ye
ar
s.
	

T
he
	a
pp
ro
ac
h	
m
od
el
s	
va
ri
ou
s	

m
an
ag
em

en
t	p
ra
ct
ic
es
	in
cl
ud
in
g	

th
e	
di
sp
os
it
io
n	
of
	e
ac
h	
pr
im
ar
y	

pr
od
uc
t	(
e.
g.
,	l
um

be
r,
	s
tr
uc
tu
ra
l	

pa
ne
ls
)	
to
	m
aj
or
	e
nd
	u
se
s	
(e
.g
.,	

pe
rc
en
ta
ge
	o
f	p
ro
du
ct
	g
oi
ng
	to
	

re
si
de
nt
ia
l	h
ou
si
ng
,	n
on
‐

re
si
de
nt
ia
l	h
ou
si
ng
,	

m
an
uf
ac
tu
ri
ng
	(
fu
rn
it
ur
e)
),	
an
d	

pe
rc
en
ta
ge
	g
oi
ng
	to
	e
xp
or
ts
;	w

it
h	

de
ca
y	
fu
nc
ti
on
s	
in
di
ca
ti
ng
	h
ow

	
qu
ic
kl
y	
pr
od
uc
ts
	g
o	
ou
t	o
f	u
se
	fo
r	

ea
ch
	e
nd
	u
se
;	f
ra
ct
io
n	
of
	m
at
er
ia
l	

go
in
g	
ou
t	o
f	u
se
	th
at
	g
oe
s	
to
	

la
nd
fil
ls
;	f
ra
ct
io
n	
of
	m
at
er
ia
l	i
n	

la
nd
fil
ls
	th
at
	d
oe
s	
no
t	d
ec
ay
,	a
nd
	

th
e	
de
ca
y	
ra
te
	fo
r	
m
at
er
ia
l	i
n	

la
nd
fil
ls
	th
at
	d
oe
s	
de
ca
y.
	

W
O
O
D
CA
R
B
	II
	m
od
el
	u
se
d	
to
	

es
ti
m
at
e	
an
nu
al
	c
ha
ng
e	
in
	

ca
rb
on
	s
to
re
d	
in
	p
ro
du
ct
s	
an
d	

la
nd
fil
ls
	(
Sk
og
,	2
00
8)
.	

Pr
ov
id
es
	a
	m
et
ho
d	
th
at
	is
	s
ui
ta
bl
e	
to
	

co
un
t	t
he
	a
ve
ra
ge
	a
m
ou
nt
	o
f	c
ar
bo
n	

st
or
ed
	in
	p
ro
du
ct
s	
in
	u
se
	a
nd
	in
	

la
nd
fil
ls
,	a
nd
	th
e	
un
de
rl
yi
ng
	m
od
el
	

is
	th
e	
sa
m
e	
us
ed
	fo
r	
th
e	
N
at
io
na
l	

In
ve
nt
or
y	
R
ep
or
t	(
N
IR
)	
(i
.e
.,	
	

T
he
	N
IR
	a
ls
o	
us
es
	W
O
O
D
CA
R
B
	II
	

m
od
el
	to
	e
st
im
at
e	
an
nu
al
	c
ha
ng
e	
in
	

ca
rb
on
	s
to
re
d	
in
	p
ro
du
ct
s	
an
d	

la
nd
fil
ls
).	
T
he
	h
ar
ve
st
ed
	w
oo
d	

pr
od
uc
t	t
ab
le
s	
(S
ko
g,
	2
00
8)
	p
ro
vi
de
	

an
nu
al
	v
al
ue
s	
fo
r	
ze
ro
	to
	1
0	
ye
ar
s	

af
te
r	
pr
od
uc
ti
on
	a
nd
	5
‐y
ea
r	

in
te
rv
al
s	
fo
r	
10
	to
	1
00
	y
ea
rs
	a
ft
er
	

pr
od
uc
ti
on
.	

U
rb
an
	F
or
es
ts
	

M
et
ho
ds
	in
cl
ud
e:
	(
1)
	F
ie
ld
	

D
at
a	
M
et
ho
d	
us
in
g	
i‐
T
re
e	

Ec
o	
(f
or
m
er
ly
	U
FO
R
E)
	

m
od
el
;	a
nd
	(
2)
	A
er
ia
l	

M
et
ho
d	
us
in
g	
i‐
T
re
e	
Ca
no
py
	

m
od
el
	w
it
h	
ae
ri
al
	tr
ee
	c
ov
er
	

es
ti
m
at
es
	a
nd
	lo
ok
	u
p	

ta
bl
es
.	

M
ai
nt
en
an
ce
	(
us
e	
of
	v
eh
ic
le
s,
	

ch
ai
n	
sa
w
s,
	e
tc
.)
	a
nd
	a
lt
er
in
g	

bu
ild
in
g	
en
er
gy
	u
se
	(
us
e	
of
	tr
ee
s	

fo
r	
sh
ad
in
g	
an
d	
w
in
d	
br
ea
ks
);
	

qu
an
ti
ta
ti
ve
	m
et
ho
ds
	fo
r	

es
ti
m
at
in
g	
em

is
si
on
s	
fr
om

	th
es
e	

m
an
ag
em

en
t	p
ra
ct
ic
es
	a
re
	

in
cl
ud
ed
	fo
r	
in
fo
rm
at
io
n	

pu
rp
os
es
	o
nl
y.
	

i‐
T
re
e	
Ec
o	
m
od
el
;	i
‐T
re
e	

Ca
no
py
	m
od
el
.	

T
hi
s	
m
et
ho
d	
pr
ov
id
es
	a
	r
an
ge
	o
f	

op
ti
on
s	
de
pe
nd
en
t	o
n	
th
e	
da
ta
	

av
ai
la
bi
lit
y	
of
	th
e	
en
ti
ti
es
'	u
rb
an
	

fo
re
st
	la
nd
.	

	 T
he
	N
IR
	u
se
s	
eq
ua
ti
on
s	
ba
se
d	
on
	

lo
ok
	u
p	
ta
bl
es
	a
nd
	a
ve
ra
ge
	tr
ee
	

ca
no
py
	v
al
ue
s.
	

N
at
ur
al
	

D
is
tu
rb
an
ce
—

W
ild
fir
e	
an
d	

Pr
es
cr
ib
ed
	F
ir
e	

M
et
ho
ds
	in
cl
ud
e:
	(
1)
	F
ir
st
	

O
rd
er
	F
ir
e	
Ef
fe
ct
s	
(F
O
FE
M
)	

m
od
el
	e
nt
er
in
g	
m
ea
su
re
d	

bi
om

as
s;
	a
nd
	(
2)
	F
O
FE
M
	

m
od
el
	u
si
ng
	d
ef
au
lt
	v
al
ue
s	

ge
ne
ra
te
d	
by
	v
eg
et
at
io
n	

ty
pe
.	

Fi
re
	a
nd
	fu
el
	lo
ad
	m
an
ag
em

en
t.	

FO
FE
M
	(
R
ei
nh
ar
dt
	e
t	a
l.,
	

19
97
).
	

T
hi
s	
m
et
ho
d	
pr
ov
id
es
	a
	r
an
ge
	o
f	

op
ti
on
s	
de
pe
nd
en
t	o
n	
th
e	
da
ta
	

av
ai
la
bi
lit
y	
of
	th
e	
en
ti
ti
es
'	d
is
tu
rb
ed
	

fo
re
st
	la
nd
.	T
he
	u
se
	o
f	a
	U
.S
.‐s
pe
ci
fic
	

fir
e	
an
d	
fu
el
	lo
ad
	m
an
ag
em

en
t	

m
od
el
	is
	a
n	
im
pr
ov
em

en
t	c
om

pa
re
d	

to
	th
e	
N
IR
,	w
hi
ch
	u
se
s	
eq
ua
ti
on
s	

ba
se
d	
on
	IP
CC
	(
20
06
).	
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3	

So
u
rc
e	

M
et
h
od
ol
og
y	
A
p
p
ro
ac
h
	

P
ot
en
ti
al
	M
an
ag
em

en
t	

P
ra
ct
ic
es
	

So
u
rc
e	
of
	E
m
is
si
on
	F
ac
to
rs

Im
p
ro
ve
m
en
ts
	C
om

p
ar
ed
	to
	

O
th
er
	G
re
en
h
ou
se
	G
as
	

M
et
h
od
ol
og
ie
s	

La
n
d
‐u
se
	C
h
an
ge
	

A
nn
ua
l	C
ha
ng
e	

in
	C
ar
bo
n	

St
oc
ks
	in
	D
ea
d	

W
oo
d	
an
d	

Li
tt
er
	D
ue
	to
	

La
nd
	

Co
nv
er
si
on
	

A
	b
as
ic
	e
st
im
at
io
n	
eq
ua
ti
on

(c
f.,
	IP
CC
	T
ie
r	
1)
	is
	u
se
d	
to
	

es
ti
m
at
e	
ch
an
ge
	in
	c
ar
bo
n	

st
oc
ks
	in
	d
ea
d	
w
oo
d	
an
d	

lit
te
r	
(A
al
de
	e
t	a
l.,
	2
00
6)
.	

La
nd
	c
on
ve
rs
io
n.
	

IP
CC
	2
00
6	
G
ui
de
lin
es
	(
A
al
de
	

et
	a
l.,
	2
00
6)
.	

U
se
s	
en
ti
ty
‐s
pe
ci
fic
	a
nn
ua
l	d
at
a	
as
	

in
pu
t	i
nt
o	
th
e	
eq
ua
ti
on
	a
nd
	is
	

co
ns
is
te
nt
	w
it
h	
IP
CC
	2
00
6	
gu
id
an
ce
.

Ch
an
ge
	in
	S
oi
l	

O
rg
an
ic
	

Ca
rb
on
	S
to
ck
s	

fo
r	
M
in
er
al
	

So
ils
	

T
he
	m
et
ho
do
lo
gi
es
	to
	

es
ti
m
at
e	
so
il	
ca
rb
on
	s
to
ck
	

ch
an
ge
s	
fo
r	
or
ga
ni
c	
so
ils
	

an
d	
m
in
er
al
	s
oi
ls
	a
re
	

ad
op
te
d	
fr
om

	IP
CC
	(
A
al
de
	e
t	

al
.,	
20
06
)	
an
d	
ar
e	
a	
ba
si
c	

es
ti
m
at
io
n	
eq
ua
ti
on
.	

La
nd
	c
on
ve
rs
io
n.
	

IP
CC
	2
00
6	
G
ui
de
lin
es
	(
A
al
de
	

et
	a
l.,
	2
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