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Forest carbon stocks and trends have been compiled from FIA data for every Forest Service region and national forest from
1990 to 2013.

: total forest carbon by
, region, rounded to the
I nearest teragram (Tg),
1 for 2013
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FUNDAMENTAL DISCIPLINES

CARBON CYCLING THROUGH WOOD
PRODUCTS: THE ROLE OF
WOOD AND PAPER PRODUCTS IN
CARBON SEQUESTRATION

KENNETH E. SKOG '
GERALDINE A. NICHOLSON

ABSTRACT
This study provides historical esti and p of U.S. carbon sequestered
in wood and paper products and P them to | d in U.S. forests.

There are large pools of carbon in forests, in wood and paper products in use, and in
dumps and landfills. The size of lhese carbon pools is increasing. Since 1910, an

d 2.7 Pg (petagr x 10 metric tons) of carbon have accumulated and
currently reside in wood and paper products in use and in dumps and landfills, including
net imports. This is notable compared with the current inventory of carbon in forest trees
(13.8 Pg) and forest soils (24.7 Pg). On a yearly basis, net sequestration of carbon in U.S.
wood and paper products (additions including net imports, minus emissions from decay
and buming each year) is projected to increase from 61 Tg/year in 1990 to 74 Tglyear
by 2040, while net additions (sequestration) in forests is projected to decrease from 274
to 161 Tgfyear. Net seq is g in products and landfills because of an

in wood ption and a d in decay in landfills compared with
phased-out dumps. If the total projected amount of products required is regarded as fixed,
the net carbon sequestration in products and Iandﬁlls can be increased by 1) shifting
product mix to a greater proportion of lign d which decay less in
landfills, 2) increasing product recycling; 3) increasing produm use-life; and 4) increas-
ing landfill CH; burning in place of fossil fuels.

Reseamh into reducing global carb-  CO: emissions can also be offset, to a

on emissions and increasing carbon se-
questration has been spurred by recogni-
tion that increasing levels of CO; in the
atmosphere will affect the global climate.
The main nonhuman sources of atmos-
pheric CO, are animal respiration and

degree, by accumulation in carbon sinks
such as plant biomass and oceans. It is
therefore prudent to focus research efforts
both on increasing carbon in sinks and
reducing carbon emissions. To this end, at

the United Nations Conference on Envi-
ronment and Development in 1992, the
United States joined other nations in sign-
ing the Framework Convention on Cli-
mate Change, an international agreement
10 address the problems of global climate
change. To implement the agreement, the
President developed the Climate Change
Action Plan (3), which set the ob,ecme of
g US. h gas

10 1990 levels by the year 2000. The plan
set a goal to hold down growth of US.
carbon emissions by 100 Tg' between
1990 and 2000 (3). The 1997 Kyoto Con-
ference of the Parties to the United Na-
tions Framework Convention would, if
ratified by the U.S. Senate, commit the
U.S. to reducing carbon emissions to 7
percent less than the 1990 level (14). In
1992, US wood consumption was 19 x
10° i or 147 Tg carbon (5).

In 1990, US. CO; emissions were
1,367 Tg carbon equivalent (3). Wood
and paper products play an important
role in mitigating these emissions by se-
questering carbon, which helps to miti-
gate carbon buildup in the atmosphere.
There are currently large pools of carbon

decay of bi (16). H L in-
creases in atmospheric levels are atirib-
uted mainly to fossil fuel burning and
deforestation. While efforts to hold down

of CO, conti: 1 n

Cahmscmmd)mndmmmﬂg).
which is x 10° metric tons, or petagrams (Pg),
which is x 10" metric toes. There is 1 Tg of carbon

-I_\Ollﬂ'ﬂ.’o{woodor‘”xlo'bmdf«luf
soft-wood lumber.
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Sequestration of carbon in harvested
wood products for the United States

Kenneth E. Skog”

Abstract
The Intergovernmental Panel on Climate Change (IPCC) provides guidelines for countries to report greenhouse gas removals
by sinks and emissions from sources. These guidelines allow use of several accounting approaches when reporting the contri-
bution of harvested wood products (HWP) under the United Nations Framework Convention on Climate Change. Using exten-
sions of methods suggested by the IPCC and a software model called WOODCARB II in Microsoft Excel®, this paper presents

estimates of the U.S. HWP contribution to annual greenh

als in the agriculture, forestry, land use, and land use

change sector. In 2005, the contribution to removals was 30 Tg (million metric tons) C (carbon) and 31 Tg C for the Production
and Atmospheric Flow Approaches, respectively, and 44 Tg C for the Stock Change Approach. This range is 17 to 25 percent of
C removals by forests, or would offset 42 percent to 61 percent of residential natural gas C emissions in 2005. The contribution
has declined under the Production and Atmospheric Flow Approaches since 1990 and has increased under the Stock Change
Approach. The Stock Change estimate has increased because it explicitly includes C inii ing net imports of wood and paper
products. The contribution estimates were validated by adjusting the half-life of products in use in order to match independent
estimates of carbon in housing in 2001 and annual wood and paper discards to solid-waste dlsposal sncs (SWDS) dunng 1990
to 2001. Estimates of methane emissions from wood and paper in landfills were also checked of
total landfill methane emissions. A Monte-Carlo simulation used to assess the effect of uncenamr) in mpms suggests the 90
percent confidence interval for removal contribution estimates under the three approaches is within —23% to +19%.

Harvcsicd wood products (HWP) are any product from
wood including lumber, panels, paper, and papcrboard as
well as wood used for fuel.' There are at least two settings
where estimates of additions to carbon stored in HWP or
emissions associated with HWP may aid in making decisions
about the role of HWP in greenhouse gas emissions from
sources and removals by sinks and in managing HWP to in-
fluence greenh gas and sinks. The first is
national level reporting by countries under the UN Frame-
work Convention on Climate Change (UNFCCC). Under the
UNFCCC, countries report annually on greenhouse gas emis-
sions and changes insinks. This information is intended to aid
in inter 1 and any agr about man-
aging greenh issions and sinks. Thcsccond scmng
is within-country rcponmg by that I
and provide wood for products or reporting by entities that
produce wood products. This information is intended to aid

national disc and about ging green-
house gas emissions and sinks within a country. This paper
focuses on providing national level method and of

carbon sinks and emissions associated with HWP.

! The fate of wood carbon that is harvested but left on harvest sites is accounted for
with the forest and with HWP,

Annual additions of carbon to stocks of HWP are estimated
to be substantial worldwide in comparison to annual net ad-
ditions to forests (Winjum et al. 1998, UNFCCC 2003), but
estimates are uncertain (Skog et al. 2004). This paper presents
revised methods and estimates of annual U.S. carbon addi-
tions to HWP sinks for annual reports of greenhouse gas emis-
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Article No. 10475,
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Objectives of the Study

PINEMAP

1. How ex-situ carbon storage is affected by changing climate across
southern United States?

2. How ex-situ carbon storage is influenced by site indices in the
presence of changing climate?

3. What the inherent opportunities and risks related with ex-situ
carbon storage?
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. Simulations Period
Site Index 60 (Jan 2016 to Jan 2090) Total Rows of Data: 332100

Simulations Period
(Jan 2016 to Jan 2090)

Site Index 80 Simulations Period
(Jan 2016 to Jan 2090)

Baseline Site Index 70

. , _ Simulations Period
Site Index 60 20 Different Climate Models (Jan 2016 to Jan 2090)
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Box Plot of Sequestered Carbon for 20 Different Climate Models
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Mean (with standard error) of Sequestered Carbon for 20 Climate Models

Sequestered C @ RCP 4.5, SI1 70 Sequestered C @ RCP 4.5, SI 80

Sequestered C @ RCP 4.5, SI 60

80

80

80

70

70

70

[ ]
L]
L]
»
[ ]
.
L ]
[ ]
L}
L]
L]
.
.
.
[
.
]
2 8 8 R
ey/d S
[ ]
L]
L]
L]
[ ]
[ ]
L]
L]
L]
L]
[ ]
L]
[ ]
L ]
L]
L
L]
[ ]
L]
[ ]
L]
[ ]
L]
L]
L]
L]
[ ]
L]
L]
L]
.
[ ]
LY
O
.
2 8 8 8
ey/d S
L]
L]
L]
L]
o
L ]
L]
L]
L]
L J
L]
L]
o
.
L]
L]
L]
L]
L]
3 8 88 R

10

10

10

9€ 2Us
SE AU
e QU
€€ 2US
€ 2us
TE 2Us
0€ 2us
67 2us
87 aus
LT2us
97 aus
SZ aus
vZaus
€7 2US
zTaus
TZ 2us
0z 2us
6T 2US
8T aus
LT2uS
9T 2Us
ST 2us
T 2us
€T 2
[T
TT 2
0T 2us
60 2US
80 2US
£072US
90 2US
S0 2US
0 2US
€0 2US
20 2us
T0 2us

9€ 2us
SE U
e ous
€€ 2US
€ 2us
1€ 2US
0€ 2uS
67 2US
87 2uUs
LT 2US
97 2us
ST ous
vZ ous
€7 2us
T 2us
TZ oUS
0z aus
61 2uS
81 2US
L172uS
9T 2us
ST 2uS
1 2us
€1 2US
T 2us
1T 2us
0T 2us
60 2US
80 2uS
£072US
90 2Us
S0 2US
0 2us
€0 9US
20 2us
10 2US

9€ 2us
SE 2US
vE 2US
€€ 2US
z€ 2us
1€ 2us
0€ 2us
62 2Us
87 2us
LT 2us
97 2us
ST aus
vZ 2us
€7 2US
T aus
17 2us
0Z 2us
6T 2us
8T 2us
LT 2us
9T 2us
ST 2us
vT 2us
€T 2Us
[T
T 2us
0T 2us
60 2US
80 2US
L0 2Us
90 2Us
S0 2US
0 2us
€0 2US
20 2us
102U

Sequestered C @ RCP 8.5, SI 80

80

Sequestered C @ RCP 8.5, SI 70

80

Sequestered C @ RCP 8.5, SI 60

80

70

70

70

L]
.
L]
-
»
-
-
L
.
.
L]
L ]
L ]
L ]
L]
L]
L]
°
L]
L}
L]
»
L]
L]
L]
L]
.
L
L]
L]
-
8 8 &8 8 R =8
ey/d S
L]
L]
L]
L ]
-
L]
L]
-
L]
L ]
L]
L ]
L]
L]
.
L]
L]
L]
L]
L]
L}
L
L]
L]
[ ]
.
L]
L]
L]
L]
L]
L]
L]
[ ]
»
L ]
8 8 & 8 R 8
ey/o S
L ]
L]
L]
L]
L ]
L J
L]
L]
[ ]
L]
L]
L]
L]
L
L]
L)
L]
o
L]
°
L]
o
L]
L]
L]
L]
L]
L]
°
L]
L ]
L]
L
L]
L]
L)
8 8 8 88 R =&
ey/d> 3

9€ 2us
SE oUS
v ouS
€€ OUS
Z€ oUs
1€ 2us
0€ 2us
67 2us
87 aus
LTS
9z aus
ST aus
vZ 2us
€7 2
T aus
17 2us
0Z 2us
6T 2us
8T aus
LT 2us
9T aus
ST aus
vT 2us
€T 2US
AR
1T 2us
0T aus
60 21
80 2US
L0 2Us
90 2us
S0 2US
0 2us
€0 2US
20 2us
10 2us

9€ 2US
SE 2US
vE 2us
€€ 2US
z€ 2us
1€ 2US
0€ 2us
627 2Us
87 2us
LT 2us
9z 2us
ST 2us
vZ 2us
€7 2US
TS
17 2us
0Z 2us
6T 2us
8T 2us
LT 2us
9T 2us
ST 2us
vT 2us
€T 2US
[AA5T
T 2us
0T 2us
60 2US
80 S
L0 2Us
90 2US
S0 2US
0 2uS
€0 2US
20 2us
10 2uS
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Mean (with standard error) of Sequestered Carbon for 20 Climate Models

Superimposed on Sequestered Carbon Obtained from Average Yields

Sequestered C @ RCP 4.5, 5170 Sequestered C @ RCP 4.5, SI1 830

Sequestered C @ RCP 4.5, S1 60
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Sites are arranged in the increasing order of average temperature from left to right.
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