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There is no doubt that forests affect the
n a t i on a l — a nd global—carbon bu d g e t s .
Forest loss, gain, or changes in manag e-
m e nt lead to significant gains and losses
in carbon stocks and atmospheric levels
of carbon dioxide. While there is ag r e e-
m e nt that forests are important to car-
b on balances, there has been mu ch dis-
c u s s i on, indeed cont ro v e r s y, over the
p o t e ntial role of forest manag e m e nt and
c on s e r v a t i on in reducing net US emis-
s i ons of carbon dioxide. Concerns hav e
ranged from fears that the US will offset
all of its emissions through forestry and
forest con s e r v a t i on, to fears that a credit
system, called for by some ind u s t r y
g roups, might lead to very sho r t - t e r m
a nd highly uncertain “gains” crediting
“ bu s i n e s s - a s - u s ua l .” Further, ch a r a c t e r i-
z a t i ons of the accuracy and certainty of
a c c ou nting for changes in carbon stock s
gained or lost from forestry and forest
c on s e r v a t i on have often been misleading.

This report is int e nded to describe the
range of potential forest con s e r v a t i on
a nd manag e m e nt activities on private
forests that can lead to net increases in
c a r b on stocks. It identifies and illu s t r a t e s
causes of forest carbon loss, outlines the
p r i nciples and mechanisms for forest
a c c ou nting on a practical level, and pro-
poses potential options for reversing
existing trends toward forest loss
t h rough market mechanisms to create
changes to bu s i n e s s - a s - u s ual. It further
explores how market systems can pre-
v e nt forestland loss and  increase forest
age, benefiting many biodiversity int e r-
ests. The focus of this report is on private
forests, as they make up the majority of
US forests and are the ones most at risk
f rom loss and conv e r s i on; ho w e v e r, many
of the principles concerning forest man-
ag e m e nt apply equally to public forests.

I nt ro d u c t i on
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The United States has a highly significant
opportunity to reduce its net emissions of
c a r b on dioxide (CO2) through actions on

private forests in three areas:

4Reducing forest loss
4I ncreasing reforestation of former forests
4I ncreasing forest ag e

A c t i ons in these three areas could permanent l y
i ncrease US carbon stocks by millions of ton s
a n nually at a cost per ton equ i v a l e nt to the
lower end of the range of mitigation costs.

Forest Extent and Carbon Retention
Forests occupy on e - t h i rd of the US land mass

(747 million acres), with private ownership on
almost two-thirds of that area (424 million
acres). Private forests are the most pro d u c t i v e —
a nd threatened—forests in the cou nt r y. Th e i r
state of carbon accumu l a t i on or release has a
major impact on the US carbon balance. Wh e n
forests accumulate and hold carbon (sequ e s t r a-
t i on), they cont r i bute to lowering emission s
overall, acting as carbon “sinks” or reservoirs.
When forests are disturbed through harvest or
c onv e r s i on to other land uses, they release car-
b on, adding to emissions overall. From the net
a t m o s pheric carbon balance, a molecule of CO2

removed from the atmosphere is equ i v a l e nt to
not releasing a molecule of CO2 to the atmos-
phere. Whether these forests accumulate and
hold carbon, release carbon, or are lost ent i r e l y
as carbon sinks will be a major determinant in
how qu i ckly and cost effectively the US can
meet its goals to reduce carbon emissions. 

C u r r e nt l y, the US cou nts on forests to help
reduce its net total emissions; for example,
forests sequestered 310 million metric tons of
c a r b on (MMT CE) in 1999. However, this
a m ou nt was less than the prior year and cont i n-
ued a decline in stores from the past five years.
When forests store less carbon, they are releasing

more. The two major causes of decline in stores
of forest carbon are forest conv e r s i on and loss
a nd the increase of harvest versus the amou nt of
g rowth on private forest land s .

Forest cover in the US has declined by on e - t h i rd
to one-half its extent since European settlem e nt .
While there has been considerable re-growth of
US forests since the early to mid-1900s, especially
in the Northeast and Southeast, the US is never-
theless currently losing forests at an inc r e a s i n g
rate, with lost acreage in the five years from 1992
to 1997 estimated to be twice as great as in the 10
preceding years, 1982-1992. Further, land in for-
est use is projected to cont i nue to decline as
c o m p e t i t i on for land for development cont i nu e s
to increase. As forests are lost, particularly older
forests, so too are carbon reservoirs, as older
forests accumulate and store more carbon than
younger on e s .

In addition to forests lost to development ,
i ncreases in timber harvests outstripped the
a m ou nt of tree growth on private forests in the
1980s and 1990s, extending a trend from the
1960s. As a result, the US is beginning to lose
more carbon in private forests than it is accumu-
lating, especially in faster growing softwoods and
the most productive forest reg i ons of the cou n-
t r y, the Pacific Northwest and Sou t h e a s t .
Overall, the US lost 11.5 million acres of existing
forest between 1982 and 1997, and the av e r ag e
age of forests on private lands declined in this
period as well. The results include diminished
forest habitat and watershed values as well as
decreased carbon stocks. Since 1990, the US has
stored less forest carbon each year. That trend is
p rojected to cont i nue to 2020 through the loss
a nd unsustainable harvest of private forests.

Increasing Carbon Stores
While the total amou nt of forest carbon stor-

age is declining, especially on private lands, it is
not irreversible. The US has the opportunity to

Executive Summary
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i ncrease net forest carbon stores on private
forests significantly by addressing the causes of
these trends and enc ou r aging landowners to
alter prevailing bu s i n e s s - a s - u s ual practices
t h rough changes in manag e m e nt actions con s i s-
t e nt with increasing carbon stores. These action s
i nclude preventing forest loss by conserving cur-
r e nt forestland, reforesting former forest areas,
a nd increasing av e r age forest ages. With such
a c t i ons, forest carbon stores could increase in the
US by hu ndreds of millions of tons during the
next several decades and play a significant role in
diminishing net US emissions of CO2. 

These changes in manag e m e nt depend on the
d e v e l o p m e nt of a new market for forest carbon
s e qu e s t r a t i on services. Va lue added to stand i n g
timber in the form of carbon credits, if suffi-
c i e ntly valued, could enc ou r age private forest
owners to make the manag e m e nt decisions that
w ould reduce CO2 e m i s s i ons and increase carbon
stores. To be an effective economic inc e ntive, the
price of carbon needs to be at least $20/ton C
( $ 5 . 4 5 / t on CO2). This enables carbon to pro v i d e
some inc r e m e ntal value to landowners, resulting
in either retent i on of land for forest or retent i on
of trees during harvest. At prices of $100/ton C
( $ 2 7 . 2 5 / t on CO2) and greater, the value of carbon
a l one begins to pay landowners to hold land and
i ncrease forest age, competing directly with
returns from development and short ro t a t i on
timber harvest. However, carbon values are like-
ly to have the most significant impact when used
to pay for partial interests: keeping the land in
timber pro d u c t i on, but changing forest manag e-
m e nt and paying part of the cost to keep land
f rom conv e r s i on. In most cases of high develop-
m e nt or very high timber values, carbon valu e s
must be at least $150/ton C ($40.87/ton CO2) to
be competitive.

To create this marketplace, the US needs to
establish some essential infrastructure. This inclu d e s :

4Formally identifying carbon rights
4Developing a stand a rdized carbon accou nt-

ing system that includes both credits and
debits and adjusts appropriately for risk

4Establishing a credible registry at the federal
a nd state levels

A c c ou nting for forest carbon should follow
the same principles, such as additionality (credit-
ing above bu s i n e s s - a s - u s ual), permanence, and
accuracy levels, established for other carbon
e m i s s i ons sectors, such as energy and transporta-
t i on. Stand a rd accou nting rules for a forest car-
b on market mu s t :

4I nclude both debits and credits
4D i s c ou nt appropriately for risk
4D i s c ou nt for less-than-permanent stores
4R e quire accuracy to the same level as for

other emissions sectors

I ncreasing net and permanent forest carbon
s e qu e s t r a t i on while decreasing forest carbon
e m i s s i ons is cl e a rly a meaningful piece of the set
of actions that the US needs to pursue to reduce
global warming. With a transparent and credible
a c c ou nting system, a ro bust market for lon g -
term and verifiable US forest carbon credits
w ould yield a significant new revenue base for
private forest landowners and lower the cost of
p e r m a n e nt emissions reductions for carbon pro-
ducers. It would also lead to substantial benefits
for biodiversity, watershed values, open space
p ro t e c t i on, and long-term, sustainable domestic
timber supplies. A carbon market would pro m o t e
r e s t o r a t i on of forest timber inv e ntories, and there-
fore carbon, on private forests in the US, leading to
more sustainable forest economies overall.

CarbonReport-#2  10.16.00  12/4/2000  2:30 PM  Page 2



3

ising atmospheric levels of carbon dioxide
( C O2) are agreed to be a sou rce of signifi-
c a nt concern as a cause of global warm-

ing (IPCC 1995). CO2 is the target of most efforts
to reduce greenhouse gases; though it does no t
h ave the greatest global warming potential of
the greenhouse gases, it is emitted in the greatest
qua nt i t y. Thus, reducing net emissions of CO2 t o
the atmosphere is the goal of both national and
i nt e r n a t i onal efforts to mitigate or avoid global
warming. Achieving net reductions of CO2 c a n
be done both by reducing direct emissions and
by increasing the amou nt of CO2 removed fro m
the atmosphere through pho t o s y nthesis and
stored in plant biomass for the long term
( s e qu e s t r a t i on). A ton of carbon dioxide
removed permanently from the atmosph e r e

t h rough sequ e s t r a t i on is equ i v a l e nt to prevent-
ing a ton of carbon dioxide emission s .

The forest sector is the second - l a rgest s o u rce o f
C O2 e m i s s i ons globally; it is also the most
e x p a ndable long-term s i n k for CO2 ( D i x on et al.
1994). Forest-based carbon emissions are larg e l y
due to forest loss, such as through conv e r s i on to
agriculture or development, and to harvest.
While forests can recover from harvest l o s s e s ,
c onv e r s i on of forest land to other uses eliminates
c u r r e nt stocks and future stores permanent l y. With
unsustainable manag e m e nt, such as when harvest
exceeds growth and forests are degraded, forest car-
b on stocks never fully recover.

As part of the implement a t i on of the 1992
United Nations Framework Conv e nt i on on
Climate Change, more than 160 nations ag r e e d

TheRoleof Forests 
in the Carbon Budget of the United States

Over view

R

Older forests, especially those never harvested or cleared for agriculture, hold great stocks of carbon.  Conserving them helps
balance the US carbon budget. These older forests also have irreplaceable biodiverisity, habitat and watershed values.
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that the risks of global warming warranted con-
certed int e r n a t i onal action. In response, they
developed the Kyoto Protocol in December 1997.
This document provides int e r n a t i onal guidanc e
a nd a framework for actions to reduce global
warming. As of September 2000, 84 cou ntries had
signed the Protocol. The second article of the
P rotocol ack nowledges the importance of forest
ecosystems both as sou rces of CO2 e m i s s i ons and
as a critical means to reduce CO2 e m i s s i on s
t h rough maintaining and increasing sequ e s t r a t i on :

A r t i cle 2
1. Each Pa r t y. . . s h a l l :
(a) Implement and/or further elaborate

policies and measures in accord a nce with its
n a t i onal circ u m s t a nces, such as:
... (ii) Pro t e c t i on and enhanc e m e nt of sinks
a nd reservoirs of greenhouse gases not con-
t rolled by the Montreal Protocol...; pro m o-
t i on of sustainable forest manag e m e nt prac-
tices, afforestation and reforestation. 
(UNFCCC 1997)

While discussions cont i nue as to how ind i v i d-

ual nations will choose to proceed with imple-
m e nting the Protocol and what degree of effort
s hould be placed on any single means of emis-
s i ons reduction, there is strong ag r e e m e nt, espe-
cially in the United States, that forests have a ro l e
to play (IPCC 2000; US Department of State 2000).

The 747 million acres of forestlands in the
United States are some of the most productive in
the world for biomass (Barbour and Billings
1998). The 424 million acres of forest in private
ownership are the most productive forests in the
US, producing the greatest amou nt of timber-
a nd having the capacity to store the greatest
a m ou nt of carbon-in the cou nt r y. Pa r a d o x i c a l l y,
these private forests are increasingly at risk of con-
v e r s i on and deg r a d a t i on (USDA 2000; Best and
Way burn 2000). Nationwide, harvest of private
forests has been increasing relative to growth for
the past four decades. Loss and deg r a d a t i on of these
forests means greater forest carbon emission s ,
a l ong with the loss and diminu t i on of any future
p o t e ntial to increase critical carbon stocks. 

On av e r age, the US lost 1.275 million acres of
forest each year during the last 15 years (USDA
1999). In 1998, the National Research Cou nc i l
p rojected that the US will lose another 20 mil-
l i on forested acres by 2020. The Southeast and
Northwest, the nation ’s most productive forestland
areas, lead the cou ntry in forest loss. Although mi l-
l i ons of acres of pasture and crop land, primarily
in the Southeast, were planted to trees sinc e
1985, these areas will take many years to begin to
a c c u mulate significant amou nts of carbon and
decades more to replace the forest carbon that
has been lost (USDA 2000). 

With these cond i t i ons, the US faces both a
challenge and an opportunity to manage its for-
est carbon stocks for the future. It can either
enable a cont i nua t i on of bu s i n e s s - a s - u s ual, with
c onc o m i t a nt declines in carbon stocks, or
e nc ou r age a broad portfolio of forest con s e r v a-
t i on and manag e m e nt activities to enhance for-
est carbon sequ e s t r a t i on, increasing lon g - t e r m
forest carbon stocks. 

D e f o restation from increasing development in forests acro s s
the United States causes the loss of existing carbon stocks, as
well as any potential future stocks.  Pre l i m i n a ry data from the
most recent NRCS National Resources Inventory shows that
the US lost forests to development at twice the rate in the peri-
od 1992-1997 as it had in the prior ten years.
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Forest carbon accou nting differs from other,
non - l a nd-based sectors, as forests both
s e quester and emit carbon. Whereas a ton

not emitted, for example, through con s e r v a t i on ,
is simply not emitted, a ton sequestered, for
example, in an afforestation project, can later be
re-released on harvest. The goal in the forestry
s e c t o r, therefore, goes beyond achieving “carbon
n e u t r a l ,” a state of zero emissions, wh i ch other
e m i s s i ons sectors may target. The forest sector
can achieve a target of “carbon neg a t i v e .”
A chieving carbon negative results in forest car-
b on stores that last millennia—and even lon g e r.
Forest carbon accou nting thus must inclu d e
both accumu l a t i on in, and release fro m ,
forests—that is, both credits and debits accou nt-
i n g — a nd it needs to include both annual and
l ong-term accou nting over a period of at least
100 years—the time frame recommended by the
K yoto Protocol. 

As with other emissions sectors accuracy in
a c c ou nting for forest carbon varies depending on
scale: global, national, and project or site-based.
The larger the area considered, the greater the
u nc e r t a i nties. Global-level accou nting for forest
c a r b on change or flux is the most unc e r t a i n .
N a t i onal-level accou nting is significantly more
accurate. Project-level accou nting accuracy is in
the same range as for other emissions sectors in the
US. Project-level accou nting for sequ e s t r a t i on and
release of forest carbon can be achieved with 90% to
95% accuracy (Brown 1995). The following section s
i d e ntify how accurate project-level accou nting up
to landscape scales can be accomplished.

What to Count and How to Count It
Forests store carbon in virtually all their

c o m p on e nts: soils, litter (forest floor), and
u nd e r s t o r y, as well as trees (Figure 1) (Turner et
al. 1995 a and b). Forest carbon is both org a n i c
( f rom biomass) and ino rganic (mineral carbon —
c a r b onates). Organic carbon material varies
widely in its stability, from being easily released
to the atmosphere (labile carbon) to not easily
released (stable carbon). Forest-soil carbon is a
l a rge, stable pool, accou nting for some 50% of
total forest carbon and changing very slowly
over hu ndreds of years (Kimmins 1997). For time
frames of 100 years and less, forest accou nt i n g

5 0 %

6 %

1 0 %

1 %

3 3 %

CARBON POOLS BY SECTOR

Figure 1

A c c ou nting Princ i p l e s

Myths &Realities

Tr e e s

U nd e r s t o r y

Woody Debris

Forest floor

S o i l

Stable C

Labile C

Source: Turner et al. 1995 a.

Soil carbon is relatively stable with
minor change happening over time.
It accounts for half of total forest car-
bon. Only 10% of labile carbon is in
soil organic matter.

CarbonReport-#2  10.16.00  12/4/2000  2:31 PM  Page 5



can ignore this pool and focus on changes to
more labile forest carbon compon e nt s .

The vast majority of forest carbon accumu l a-
t i on is from pho t o s y nthesis by trees, with und e r-
story veg e t a t i on accou nting for less than 5%
(Kimmins 1997). Accumu l a t i on of carbon
t h rough tree growth and the release of carbon
f rom timber harvest, including from decay of
dead material or from burning in post harvest
site manag e m e nt, therefore, constitute the pri-
mary accou nting focal points. (Figure 2) Harvest
causes a decrease of forest carbon, as forest car-
b on is transferred from the site to the forest
p roducts “pool” and is released from decay i n g
stumps and slash (branches, tops and leaf litter),
f rom soil, and from burning the site in p r e p a r a-
t ion for re-forestation. When trees are harvested,
i ncreased exposure of soils increases the release of
c a r b on from litter and soil (Harmon et al. 1990).
For example, in the period 1972-1991, post-harvest-
related carbon release from decay of slash, litter,
a nd soil in Wa s h i n g t on and Oreg on alone is esti-
mated at 11.8 million tons/year (Cohen et al. 1996).

S t a nding live trees accou nt for 64% of forest
labile carbon, with roughly half of that carbon in
the bole (main tree trunk) and the remainder in
roots, bark, branches, and leaves or needles
( Turner et al. 1995 a and b). Tree-bole volume is
measured in stand a rd accepted metho d o l o g i e s ,
with stand a rd extrapolations for volumes of
root, branch and other carbon (Birdsey 1996).
The efficiency of the harvesting and milling
determines how mu ch of the harvested bole1

e nds up in forest products. Estimates vary, bu t
roughly between 20% and 33% of labile forest car-
b on ends up in forest products (Birdsey 1996;
S kog and Nicho l s on 1998; Harmon et al. 1996a).
Up to 40% of this carbon is stored over the lon g
term in such products as saw timber and furni-
ture, lasting for 20 to more than 100 years. Th e
r e m a i nder is stored for the short term in such

p roducts as paper, lasting five years or less.
H o w e v e r, the decay rates for these products are
unpredictable at best, as paper, for example, may
be landfilled and remain undisturbed for decades
or it may be burned and released immediately.
Given these variations, forest products may be
best treated as a whole, rather than divided int o
s hort- and long-term stores. When taken as a
whole, the av e r age estimate of the decay rate for
all forest products combined is 2%/year (Figure
3) (Harmon et al. 1996a).

Taking the high end of this range, if a harvest
affects 100 units of carbon, on av e r age 35 units of
c a r b on remain on site and 65 units leave with
the harvest. After manufacturing, ho w e v e r, 32.5
units of that carbon remain in a forest pro d u c t ,

This figure illustrates the
“fate“ of carbon in a
Douglas fir forest managed
on 40-year rotations. After
h a rvest, dead material
decays and releases carbon
to the atmosphere for
a p p roximately 40 years.
Thus while new carbon is
absorbed in trees (bole, root, branches) carbon emis-
sions outweigh accumulations until after 20 years.

6

Years Since Initial Harvest

FOREST CARBON FLUX AFTER HARV E S T

3 5 0

3 0 0

2 5 0

2 0 0

1 5 0

1 0 0

5 0

0
0 4 0 8 0 1 2 0 1 6 0 2 0 0

Figure 2

1 During harvest, parts of the bole are left behind such as
the stump, top, and imperfect sections. The harvested
bole is the bole minus these section s .

Bole C
Root C
F o l i ag e / B r a nch C
Soil C
Dead C
To t a l

S o u rce: Harmon et al. 1996c.
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where it decays slowly over time. The other half
becomes volatile or is burned in processing. (In
fact, some of the material is burned for fuel or as
part of chemical processing and may offset other
fuel sou rces, though this is arg uable.) Of the 35
units of carbon that remained in the forest,
more than 30 are lost in subsequ e nt site-prepara-
t i on fires and increased decay over time.
R oughly 5% of the original 100 carbon units
remain in the forest over time (Harmon et al.
1996 a). Thus, nearly two-thirds of forest carbon
in a harvest is released as emissions over time.

Changes in forest carbon stocks from forest
g rowth, harvest, and decay can therefore be
a c c ou nted for through the inv e ntory of trees
with the application of stand a rd algorithms to
i nclude root, branch litter, and decay pools
( B i rdsey 1996). On commercial forestlands in the
US, tree inv e ntory is typically done with 90-95%
a c c u r a c y. Document a t i on and data on the domi-

n a nt forest types and tree species in the US are
well developed and widely available. Multi-bil-
l i on-dollar industries rely on the accuracy of
these inv e ntories and the US government has
i nvested substantial sums in updating and main-
taining those data. Unlike many other forest
r eg i ons worl dwide, data and infrastructure to
accurately track and verify forest carbon flux by
p roject site and, inc r e a s i n g l y, at the nation a l
scale, exist in the US. 

As noted, the mechanics of forest carbon
a c c ou nting are relatively straightforward, onc e
the basic data of tree growth and decay are col-
lected. However, natural disturbances, such as
pests, wildfires, storms, or disease, can alter
forests outside of human int e nt i ons, making
some carbon outcomes unpredictable. Further,
the short-term and sometimes unpredictable
nature of human decision-making that can serve
to increase carbon removal, such as altering the

LABILE FOREST CARBON: GROWTH, HARV E S T, DECAY

When forests are disturbed by harvest, 32.5% of the carbon is released to the atmosphere within 5 years. This
i n c reases to 62.5% over time as the majority of the 35% of carbon initially retained on site (in stumps, roots, and
coarse woody debris) is released through decay. 32.5% of carbon is transferred to the forest products pool, where
2% of this carbon is released per year through decay.

F o rest Carbon H a rvest Disturbance Carbon Tr a n s f e r s

32.5 % C released to 
a t m o s phere within 5 yrs

32.5 % C in forest 
p roducts. On av e r ag e ,
2% lost/yr to decay

35% C initially retained
on site

C to Emmision s

C to Pro d u c t s

C Left On Site

16% C in coarse woody debris
10% C in organic soil matter

74% Live C
in trees and

s h r u b s}
S o u rces: Harmon et al. 1996 c; Tu rner et al.1995 a and b.

Figure 3

P ho t o s y nt h e s i s
a nd carbon uptake
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l a nd use on a parcel that had been slated to
remain in forest or accelerating harvest, creates
the need for some risk discou nting in forest car-
b on accou nting. Such factors mandate that a set
of stand a rd accou nting principles, a “Generally
Accepted Accou nting Practices” (GAAP) for for-
est carbon, be developed to enable a same-scale
c o m p a r i s on of the durability and quality of car-
b on ton n age stored both within the forest sector
a nd across other emissions sectors. 

S u ch a GAAP should be constructed arou nd
three fund a m e ntal precepts: 

4A c c ou nting includes both accumu l a t i on
a nd decay over time

4A c c ou nting unc e r t a i nty is within the same
range as for other emissions sectors 

4A c c ou nting is adjusted for risk ag a i n s t
s hort-term release, re-release, or unant i c i-
pated release over time to ensure net gains
a nd comparability with other sectors

Accounting for Accumulation and Release
When analyzing forest carbon sequ e s t r a t i on ,

two critical points must be kept in mind :

1. Forests release significant amou nts of CO2

when they are disturbed, 
2. Forests cont i nue to emit carbon fro m
d e c ay well after the initial disturbance 

D i s t u r b a nces include the activities involved in
harvesting, pest and disease outbreaks, and wild-
fires. Each of these disturbances causes both ini-
tial and long-term carbon release, with amou nt s
relative to the type of disturbance; ho w e v e r, the
impact of harvest far outweighs those of any nat-
ural disaster (Figure 4).

These carbon releases are derived both fro m
v o l a t i l i z a t i on and decay of dead veg e t a t i on / b i o-
mass carbon and from decomposition and decay
of soil carbon. Harvest disturbance causes both
initial and long-term carbon releases. Initially
s i t e - p r e p a r a t i on fires release slash, some woody
debris, fine litter and some organic soil carbon ;
root and coarse woody debris, and other soil
o rganic carbon decay for up to several decades.
Over time, harvest effects the release of over 60%
of the labile carbon .

Pest and disease outbreaks slow growth, and
therefore carbon accumu l a t i on. If mortality
results, they can also lead to increased decay.
Wildfires increase carbon release as well as decay
over time, but leave substantial standing live and
dead biomass carbon in the forest. On av e r ag e ,
forest fires release roughly 10-20% of the carbon
that harvest does in an old-growth stand and 5-
10% of that in a second - g rowth stand .

A c c ou nting must therefore include accumu-
l a t i ons in new biomass; transfers to forest pro d-
ucts, litter, and organic soil pools; and release or
e m i s s i on to the atmosphere over time.

Risk-Adjusted Forest Carbon Accounting
Risk to the accuracy or certainty of forest

a c c ou nt i n g - outside of that in the inv e nt o r y -
occurs in two main areas: 

2 5 0

2 0 0

1 5 0

1 0 0

5 0

0

EFFECTS OF HARVEST AND FIRE 
ON FOREST CARBON

Original Store

After Fire

After Harvest

Though impacts of fire are notable in many re s p e c t s ,
their impact on forest carbon is significantly less than
that of harv e s t .

1 9 3
1 8 2

8 2
6 4 6 1 . 2

2 1

Old Gro w t h S e c ond Gro w t h

S o u rce: Harmon et al. 1996 c; Harmon, Personal Communication 2000.

Figure 4
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4Natural risks of fires, pests, etc.
4Human risk of plans and actions ch a n g i n g

over time

These risks can be accou nted for or discou nt e d
to ensure comparability with other sectors.

In addition, there are other factors that affect
all sectors: establishing baselines; “leakag e ,” or
the risk of simply shifting carbon emissions fro m
one area to another; the risks of re-release or
i ncreased emissions at later dates; or factors
unpredicted at the time a project is started. As
these unc e r t a i nties affect all emissions sectors,
s t a nd a rdized means must be developed to deal
with them uniformly. As with accuracy at the
i nv e ntory level, forest accou nting can and
s hould be held to similar unc e r t a i nty levels, or
d i s c ou nted to those levels, as described below.

Natural Risks

Natural risks include natural disasters: fires,
c a t a s t ro phic storms, pests, and disease. The natu-
ral risks involved all release carbon, either direct-
ly or through reduced growth. As such, they
h ave historically been tracked by the timber
i ndustry to accou nt for risks to their timber
i nv e nt o r y, wh i ch is effectively a surrogate for a
c a r b on inv e nt o r y.

H i s t o r i c a l l y, this risk of loss to inv e ntory is
less than 1% over time, but this does not trans-
late to a loss of 1% per year of timber inv e nt o r y.
Some investors may adjust projected forest earn-
ings downwards by some fraction of this 1% fac-
tor over time. As forest earnings are based on
g rowth and harvest, this risk factor can reason-
ably be translated to carbon credits and debits.
Within a market system where estimated carbon
credits and debits become the basis for trading in
e m i s s i ons, one can revise pro j e c t i ons of carbon
a c c u mu l a t i ons over time downward by some
f r a c t i on of 1%. Perhaps more reasonably and
a c c u r a t e l y, one would require annual accou nt-
ing to verify actual stores and require diversified
pools of “insurance carbon” to ensure actual car-

b on gains are achieved. Maintaining such a gua r-
a nteed pool of carbon might be done in a fashion
similar to what the Federal Deposit Insuranc e
C o r p o r a t i on (FDIC) requires of banks, with forest-
l a nd owners depositing some measure of “carbon
credits” with the government as insuranc e .

Human Risk

A nother risk in forest sector accou nting is
human: people shortening the time to harvest
after a project has occurred, re-releasing carbon
a c c u mulated and credited by a project for wh i ch
credits were traded. This risk can be dealt with
t h rough discou nting non - p e r m a n e nt pro j e c t s
credit as well as by permanently entering forests
i nto a trading system. Such a trading system will
r e quire the development of a national or poten-
tially state-based carbon reg i s t r y. The reg i s t r y
w ould ensure the quality and stand a rd i z a t i on of
these credits, as well as ensuring that there is no
d ouble cou nting of credits.

Forest species can be very long-lived. Many
tree species live hu ndreds and even thou s a nds of
years, making forests the longest-term and most
e x p a ndable of terrestrial carbon reservoirs. Ye t
these ecological time frames are largely inc o m-
patible with human economic and political time
frames, wh i ch typically range from weeks to sev-
eral years. The Kyoto Protocol identifies the
av e r age 100-year cycling time of carbon as the
desired time frame in wh i ch to operate. Thu s ,
forest carbon projects need to have a longer time
frame than other sectors to accou nt for the
p o t e ntial of re-release of carbon from forest har-
vest or conv e r s i on over time. Discou nting pro-
jects from a hu ndred-year or permanent dura-
t i on can be combined with annual credit and
debit accou nting. This would effectively enc ou r-
age longer-term projects with more durable car-
b on gains, as full annual credit would be given to
p rojects that store carbon for 100 or more years,
with pro p o r t i onal credits, or discou nted credits,
given to shorter-term stores.
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Creating Carbon Stores: Myths and Realities
There are several pervasive myths about ho w

forests should be managed to create the “best”
c a r b on stores. These illustrate the importance of
a stand a rdized forest carbon accou nting system
as, depending on how the accou nting is don e ,
d i f f e r e nt manag e m e nt systems will be put int o
place. Major myths include: 

4Younger trees (preferably plant a t i ons) are
better than older forests as carbon stores
because young trees grow faster, wh e r e a s
older forests are decadent .

4The US has lost and gained roughly the
same number of acres of “forestland” over
the last few decades and so is not losing for-
est carbon .

4Harvest does not have a negative effect on
forest carbon because most of the carbon is
transferred to products, creating a net
i ncrease in overall forest carbon .

Forest age: Are younger or older forests
b e t t e r ?

The arg u m e nt that younger forests’ rapid
g rowth increases carbon stores most qu i ck l y
posits that the best way to increase forest carbon
is to increase tree planting and the extent of
young plant a t i ons. This arg u m e nt neglects the
fact that existing older forests typically have a
greater impact on total forest carbon than
young forests of the same acreage. 

While a high rate of sequ e s t r a t i on is impor-
t a nt, the total amou nt of carbon sequ e s t e r e d
(absorbed and stored) is equa l l y, if not more,
i m p o r t a nt in terms of annual carbon bu d g e t s .
Thus, an acre of Douglas-fir forest at sixty years
c ontains roughly 125-150 tons of carbon and
a c c u mulates carbon at 2.2 ton s / y e a r, while the
same acre at only 10 years may contain rou g h l y
50 tons of carbon and accumulate carbon at
roughly 1.4 tons per year. An old-growth forest
of more than 500 years may contain more than
1,000 tons of carbon/acre, and accumulate at

a b out a qua r t e r - t on / y e a r. All three forests are
v a luable to maintain. Replacing the 60-year-old
forest or the old-growth forest with a ten-year-
old one, ho w e v e r, would not result in a net gain
of carbon despite the more rapid growth of the
young trees; in fact, it would produce a signifi-
c a nt net loss. Whether the practice is harvesting
older hardwood forests in the Southeast for ch i p
a nd replacing them with pine plant a t i ons, or
harvesting older conifer forests in the Northwest
a nd replacing them with sho r t - ro t a t i on plant a-
t i ons, a net negative carbon balance is created
that takes many decades, or more, to rectify.

Forest extent: Are we losing forest carbon? 
The amou nt of land in forests significant l y

i n f lu e nces total forest carbon stocks, but, as
noted, the age of forests on that land is the more

Years Since Initial Harvest

FOREST CARBON DURING TIMBER HARV E S T S

4 0 0

3 0 0

2 0 0

1 0 0

0
- 2 5 0 2 5 5 0 7 5 1 0 0 1 2 5 1 5 0

Figure 5

E x t e nded Rotation
40 yr. Rotation s
80 yr. Rotation s

To replenish carbon stock fully after harvest, the fore s t
must grow to the same age as it was at harv e s t .
Repeated harvest diminishes overall stocks, as demon-
strated by these 40-year rotations on Douglas fir.

S o u rce: Harmon et al. 1996 c.
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d e t e r m i n a nt factor in carbon storage. A com-
m on myth is that US forest carbon stores hav e
remained con s t a nt because forest extent has
remained relatively con s t a nt over the past sever-
al decades: while some forests are lost to conv e r-
s i on, particularly in the Northwest and Sou t h e a s t ,
other areas of aband oned or marginal cro p l a nd ,
p r i m a rily in the Southeast, are planted as
r e p l a c e m e nt forest. This “con s t a ncy” equa t e s
older forests lost to conv e r s i on with forests
added from re-forestation and afforestation. 

H o w e v e r, these young plant a t i on forests hav e
n egligible carbon stocks initially. Although they
g row at a fast rate after establishment, they
s e quester only small amou nts of carbon com-
pared to the carbon lost when standing forests
are converted to urban or agricultural land. It
will take many decades for the new forests to
a c c u mulate substantial stores of carbon. As a
result, the net carbon balance in the cou ntry is
n egative even though “forest area” remains rela-
tively con s t a nt .

M a ny of the marginal crop lands being con-
verted to young plant a t i ons were originally
f o r e s t l a nds. They are considered marg i n a l
because, depending on the profitability of a tree
c rop or an agricultural crop, they swing back
a nd forth from forest to agricultural land use.
Thus, one strategy to increase net carbon in this
arena is to enc ou r age the long-term retent i on of
these lands as forestlands, making them lon g -
term or permanent carbon sinks. A recent study
by the University of Michigan demonstrated that
forests store roughly 220% more carbon than the
a m ou nt of carbon released from the same land
in annual crops (Long 2000). 

Forest products: Are we increasing net
c a r b o n ?

Harvest results in the transfer of a portion of
forest carbon to the forest products pool, as well
as other pools and the atmosphere (Figure 3).
Because several hu ndred years are required to
replenish the carbon lost in the harvest of an

o l d - g rowth forest and decades are needed to
replenish carbon in younger forests (Figure 5),
net carbon gain from wood product carbon stor-
age does not occur unless on-site forest carbon is
allowed to fully recover. Moreover, repeated
s hort ro t a t i ons cause net declines in forest pro-
d u c t i v i t y, requiring greater time periods to
a chieve equ i v a l e nt carbon stocks. One 90-year
ro t a t i on stores more carbon than three 30-year
ro t a t i ons, both in the forest and in forest pro d-
ucts (Kershaw et al. 1993), due to the on - s i t e
d e c ay of forest carbon after harvest, wh i ch can
c ont i nue for more than three decades. Wo o d
p roducts carbon can, therefore add to total car-
b on stocks, but only if the on-site forest carbon
lost to increased decay is fully replenished.

Increasing Forest Carbon
A strategy to increase the amou nt of carbon

in managed landscapes is to substant i a l l y
i ncrease the av e r age age of the forest stand. Th i s
can be done by lengthening the time between
r eg e n e r a t i on harvests (the ro t a t i on period) or by
retaining older trees through successive harvests
(variable retent i on). One way of implement i n g
s u ch a strategy would be to delay harvest unt i l
s t a nds achieve what is called “culmination of
mean annual inc r e m e nt (m.a.i.)”-the point at
wh i ch the av e r age yearly growth inc r e m e nt
r e a ches its maximum. Mean annual gro w t h
i ncreases prior to culmination and gradua l l y
d e clines thereafter. 

Allowing forest stands to grow until they
r e a ch culmination of m.a.i. would greatly
i ncrease the carbon stores in managed forest
l a ndscapes as well as provide for greater wood
p ro d u c t i on. Currently most private forests are
harvested well before culmination of m.a.i. using
ro t a t i ons driven by economic models based on
d i s c ou nted present net worth. By utilizing ro t a-
t i ons based on culmination of m.a.i., the carbon
stores in managed forests could be more than
d oubled in productive forest reg i ons such as the
Pacific Northwest and Southeast. 
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A nother strategy that achieves the same end
is to have greater retent i on within stands at har-
vest, leaving 15-35% of merch a ntable inv e nt o r y
on site until the next harvest, then retaining 15-
35% of inv e ntory until the following harvest, ad
infinitum. This effectively increases the av e r ag e
s t a nd age and leaves carbon on site over time. It
also has the advant age in many cases of inc r e a s-
ing growth in the remaining stand, thereby
accelerating accumu l a t i on of volume of timber
as well as carbon. Finally this appro a ch also
results in retaining essential habitat through suc-
cessive harvests. One particularly useful compo-
n e nt of variable retent i on is to retain permanent
buffer strips in sensitive habitats. 

Examining these myths about forests and car-
b on illustrates the need for a portfolio appro a ch
to managing forests to increase net carbon stores.

This appro a ch includes three main elements: 

1 . M a i ntaining existing carbon stores, especially
where they have high ecological significanc e
2. Increasing av e r age stocks of carbon per
acre through increased retent i on and / o r
m a n aging to culmination of mean annua l
i nc r e m e nt
3. Reforesting/afforesting and maintaining 
more land in appropriate ecological/ag r i c u l-
tural cond i t i ons for future increases in
s e qu e s t r a t i on

E a ch of these strategies operates at different
time frames, as illustrated in Figure 6, with syn-
e rgistic effect. This figure demonstrates the valu e
of growing and retaining older forests as recent l y
verified by Dr. Ernst-Detlef Schulze in the jou r-
nal Science. (Schulze 2000).

1 2

Creating a Carbon Right 

Akey assumption behind the creation of a 
c a r b on market is that there is an actual com-

modity called a carbon credit and that everyon e
k nows what it is. However, this is not ent i r e l y
cl e a r. For example, in the section on accou nt i n g ,
we discuss the difference between a long-term or
p e r m a n e nt ton of carbon and a short-term on e .
A c c ou nting rules can level the playing field and
create a system to equate tons of differing qua l i-
ties. However, there is ano t h e r, quite fund a m e n-
tal element to creating carbon credits, wh i ch is that
one must have the legal basis for that credit. One
needs to have a carbon right in order to derive cred-
its from that right. That right would be the means
by wh i ch one can create credits, as a right is the
“ i n h e r e nt privilege or interest wh i ch is recognized
a nd protected by the power of law”(Gilbert Law
D i c t i on a r y, 1994). Defining that right is essential, as
forest carbon is embodied in real and personal pro p-
erty: trees, forest products, and soils. 

Developing a carbon right presents a nu m b e r

of challenges and issues to con s i d e r. First there is
the qu e s t i on of whether the right is a real or per-
s onal property right. Standing trees may be con s i d-
ered as either real or personal pro p e r t y, depend i n g
on the state in wh i ch the property is located.
H o w e v e r, once cut, trees become personal pro p e r t y,
as they have left the “real property” status wh e n
they are removed from the land. Soil, and by impli-
c a t i on soil carbon, would likely be considered real
p ro p e r t y. The treatment of carbon as either real or
p e r s onal property has significant tax implications. If
c a r b on credits are to be treated as a commodity,
then likely they would be best classified as person a l
p ro p e r t y. This would potentially create access to
a d d i t i onal tax benefits for growing a carbon cro p .

Other issues that arise inclu d e :

4At what point does a carbon right become creat-
ed? One might assume that this is when it becomes
measurable and has a certain durability. For exam-
ple, understory veg e t a t i on in forests includes grasses
a nd annual plants that will fix carbon but release it
in short order as they die and decay. Thus on e
might restrict carbon credits in forests to trees and
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o rganic soil carbon, or simply trees.

4Who takes credit for the carbon in wood pro d-
ucts? When the products leave the forest, the
e ntity that “created” the credit, i.e. the land o w n-
e r, no longer cont rols the fate of that wood
p roduct. Thus, can they ensure the carbon still
exists and has not been released? It might be ini-
tially incorporated in a building that then is
burned in a fire, or it could last for many, many
years. If the credit, and right, leave with the
p roduct, who is responsible for accou nting for its
d e c ay over time? One also needs to ensure that
there is not double or triple sale of carbon cred-
its in products: one as the tree is grown, ano t h e r
for the product itself, or another for the pro d u c t
as it changes hands yet again. One might arg u e
that it was simpler not to cou nt forest pro d u c t s
c a r b on, though in an ideal construct one wou l d
a c c ou nt for their benefits over time.

4If a carbon right is real pro p e r t y, this cou l d
create con s t i t u t i onal issues, as it leads to the
p o t e ntial for new “takings” claims. The desirabil-
ity of creating this potential is dubious. An

e x a m i n a t i on of these qu e s t i ons suggests that a
c a r b on market will require the development of
an insurance system to provide for stability and
g ua r a ntees. As suggested earlier in this report,
one might consider a role for the federal or state
g o v e r n m e nt in this reg a rd in creating something
similar to the Federal Deposit Insuranc e
C o r p o r a t i on for banking carbon. 

4In selling carbon credits, one retains the car-
b on right, but the value of that right is then
diminished by the amou nt of the value of the
credit, and this must be reflected as an enc u m-
b r a nce on the title to the property from wh i ch
the carbon credits were sold. Further, in To r t
l aw, when a credit is sold apart from the right
itself, it would be a personal property interest that
the buyer acquires. The owner of the und e rl y i n g
right then has a new duty not to interfere with the
credit. For example, if a landowner sold carbon
credits associated with creating an older forest, the
other rights of the new owner that are associated
with the carbon may be affected, such as the right
to harvest or otherwise manage the f o r e s t .
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Figure 6

R E L ATIVE CARBON GAINS FROM REFORESTATION, FOREST MANAGEMENT, AND CONSERVAT I O N

C a r b on Gains

R e f o r e s t r a t i on

E x t e nded Rotation

C on s e r v a t i on

In this example of Douglas fir, over a 50 year 
period, carbon gains are almost doubled by extending
the rotation of a 40 year old stand to 90 years, or
by saving a 200 year old forest from conversion,o v e r
those gained by planting a new stand.  However,
for many forests, carbon management will entail all
t h ree strategies: re f o restation of harvested or form e r
f o rest areas, extending forest age, and saving 
remnant old gro w t h .

1 4 3 . 5

2 7 6 . 0 7 2 9 1 . 2 4
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Implicit in the discussion of the need for car-
b on sequ e s t r a t i on is that there are cont i nu i n g
n egative con s e qu e nces for not maintaining and
even increasing carbon stores. Namely, if more
C O2 c ont i nues to be added to the atmosph e r e ,
there will be a cont i nuing risk of further, direct
global effects on the biosphere, the ecosystems
within it, and human welfare. One aspect of the
c on s e qu e nces of forest manag e m e nt practices to
i ncrease carbon retent i on are the effects on for-
est biodiversity. These can be direct, physical and
physiological effects on organisms, or more
complex, indirect effects that operate throu g h
ecosystem and biosphere feedbacks. These ind i-
rect pathways can then further influ e nce carbon
dynamics negatively or positively (Myers 1992). 

Most studies of direct effects of forest prac-
tices on carbon emissions and biodiversity hav e
been done in the tropics. Here both areal loss of
t ropical forests and deg r a d a t i on of remaining
areas through burning and other impacts hav e
resulted in widespread species extinc t i on (Myers
1989, FAO 1993) and deterioration in ecosystem
health (Groom and Shumaker 1993).

In temperate reg i ons, forest manag e m e nt
that affects carbon dynamics can also hav e
s t rong effects on ecosystem health and biodiver-
s i t y. Manag e m e nt strategies that restore total
forest area and increase mean forest stand ag e
a nd tree sizes in order to increase carbon stores
h ave parallel beneficial effects on biodiversity
a nd forest ecosystem func t i oning. The qu e s t i on
of whether greater species diversity per se in a

particular community enhances ecosystem func-
t i oning directly has not been answered unequ i v-
ocally and is the subject of a great deal of cur-
r e nt research. However, at a larger landscape or
r eg i onal scale, maintaining the full range of bio-
diversity helps to assure that the system has the
variety and abu nd a nce of compon e nts needed
for long-term persistence and productivity in the
face of an uncertain future env i ron m e nt .
U l t i m a t e l y, if long-term stability is enhanced on
a landscape, all of these direct and ind i r e c t
effects can also enhance reductions in carbon
e m i s s i ons, cont r i buting to further climatic sta-
bility and more sustainable, long-term forest
p roductivity (Figure 7). 

I ncreasing forest area improves biodiversity
a nd also benefits the pattern of forests on the
l a ndscape. Restoring forest area increases the
total amou nt of habitat for organisms. Inc r e a s i n g
forest area can also reduce landscape frag m e nt a-
t i on, thus affecting biodiversity directly by
e n h a ncing the habitat quality of the forest
(Franklin and Forman 1987, Saunders et al. 1991).
Also, larger forests provide connectivity with
reserve areas, wh i ch can enhance the overall
f u nc t i onal value of the landscape for larg e ,
b road-ranging species that typically have ho m e
ranges larger than most feasible reserves
(Grumbine 1990, Mladenoff et al. 1997). Th e s e
s t r a t egies can be particularly important on pri-
vate forests that occur amidst public forest land s ,
as they improve habitat con n e c t i v i t y. 

At the stand scale, managing for greater car-

Ecological Implication s

IN F L U E N C E O F CA R B O N SE QU E S T R AT I O N
O N BI O D I V E R S I T Y A N D EC O S Y S T E M FU N C T I O N
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b on sequ e s t r a t i on would result in forests of
greater mean age overall, thus a more diverse
d i s t r i bu t i on of stand ages and greater structural
d i v e r s i t y. Such stands would contain more com-
plex, multiple canopy layers, trees of larg e r
stature, and more coarse woody debris on the
forest floor. There would also be opportunities
for longer successional sequ e nces and therefore a
better balance of reg i onal tree species diversity.
By helping maintain a more diverse distribu t i on
of habitat, such stand-level changes would also
benefit biodiversity at a variety of habitat and
m i c rohabitat scales. Maintaining a range of com-
munities and forest age classes across land s c a p e s ,
a nd their spatial relationships, can be ano t h e r
w ay that long-term diversity and pro d u c t i v i t y
persist. Natural, diverse landscapes often hav e
repeating juxtapositions of different habitats.
( M l a d e noff et al. 1993) 

The relationships of adjacent commu n i t i e s
can be important for forest reg e n e r a t i on as well
as for animal species with multiple habitat needs.
The health of ecosystem services is also
e n h a nced by such changes, such as movement
a nd retent i on of water, reduction of ero s i on
p o t e ntial, and retent i on and availability of nu t r i-
e nts. The landscape and stand-level ch a n g e s

w ould also reduce forest edge contrast and
m i c ro m e t e o rological effects that influ e nce the
u nderstory forest env i ron m e nt, affecting ani-
mals, micro - o rganisms, and tree reg e n e r a t i on
(Chen et al. 1992, Wilcove et al. 1986). 

These direct benefits to biodiversity and
ecosystem func t i on may feed into lon g e r - t e r m
a nd indirect effects. For example, forests that are
more complex and diverse in age and habitat
structure have greater capacity to buffer ag a i n s t
changing climate and may afford better pro t e c-
t i on against changing disturbance regimes, such
as wind, fire, insects, and disease. More rapid cl i-
mate change itself will be a growing back g rou nd
“ d i s t u r b a nc e ,” since it may occur faster than
species can adapt to changing cond i t i ons or
migrate. Enhanced forest area and reduced frag-
m e nt a t i on can best allow species movement
u nder such cond i t i ons (Peters and Lovejoy 1992). 

S i m i l a rl y, diverse, healthy, func t i oning forests
are likely to be best able to respond to cont i nu e d
forest harvesting under such potential env i ron-
m e ntal changes, as they are more resilient. Th e
net result can be enhanced biodiversity and
ecosystem services, more stable climate, and
more sustainable forest productivity on ou r
l a ndscapes in the long term. 

Figure 7

MANAGING FORESTS FOR GREATER CARBON STOCKS

• Increases Forest Area
• Decreases Frag m e nt a t i on
• Increases Tree Age, Size and Diameter
• Increases Coarse Woody Debris

F orest NOT Managed for Carbon Result In:
• Decreased Biodiversiity
• Decreased Ecosystem Health, diversity and 

R e s i l i e nc e
• Decreased Carbon Stability
• Increased Carbon Emission s

F orests Managed for Carbon Result In:
• Increased Biodiversity
• Increased Ecosystem Health, Diversity and 

R e s i l i e nc e
• Increased Carbon Stability
• Decreased Carbon Emission s
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f the nine forest service reg i ons ident i-
fied by the US Forest Service (USFS),
f our are most important in terms of

p o t e ntial gains and losses in US forest carbon
stores: the Northeast, Southeast, Midwest /Lake
states and Pacific Northwest reg i ons. The forests
in these reg i ons contain the majority of private
forest lands, are the most productive, most
i ntensively managed, and most threatened by
c onv e r s i on (Best and Way burn 2000). Thus, their
c a r b on fate is a major determinant in nation a l
forest carbon flux. Of these four reg i ons, the
S outheast and Pacific Northwest have the great-
est forest productivity and ability to increase car-
b on stores. These two reg i ons are particularl y
i m p o r t a nt in tracking overall carbon flu x .

Three factors are significant in tracking forest
c a r b on: 

4The amou nt of area in forest (forestland
e x t e nt )

4Av e r age forest age 
4The balance of harvest to gro w t h

Forestland Extent and Forest 
Carbon Reservoirs

Forests are the most significant, expand a b l e
l ong-term future carbon reservoirs or sinks in
the US. While the Northeast and Midw e s t / L a k e
states reg i ons have gained some 1.5 million acres
of forestland, the Pacific Northwest and
S outheast combined have lost 3.2 million acres,
mainly to development. The USFS projects that
this pressure for development will inc r e a s e ,
affecting the afforestation of cro p l a nds as well

a nd leading to an accelerated decline in forest
e x t e nt (Alig 2000). D e c reasing fo restland losses would
s u b s t a n t i a l ly decrease US fo rest-based carbon emissions and
i n c rease net store s. 

Re cent Tr ends
in U.S. Private Forest Carbon

1 2 0

1 0 0

8 0

6 0

4 0

2 0

0

REGIONAL COMPARISON 
OF FOREST PRODUCTIVITY

The two most productive forest regions of the United
States are in the Northwest and Southeast. These
have the greatest capacity to increase forest carbon
s t o res in the short term and maintain them. These two
regions are experiencing a net loss of forest land (see
F i g u re 9). Maintaining stocks in the Northeast and
Midwest where forests have re g rown over the past
decades is equally import a n t .

N E S E M W N W

S o u rce: Powell et al. 1992.

Figure 8

N or t h e a s t=Maine, New Hampshire, New Yo rk, and Ve r m ont

S ou t h e a s t=Florida, Georgia, N. Carolina, S. Carolina, and Vi rg i n i a

M i dwe s t= M i chigan, Minnesota, and Wiscon s i n

N or t h we s t= O r eg on and Wa s h i n g t on

O
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At an av e r age carbon stock of 35 tons per
acre, the 1982-1997 loss of 1.7 million acres of
existing forests in Oreg on, Wa s h i n g t on, Georg i a ,
Florida, Vi rginia and the Carolinas alone meant
the release of at least 60 million metric tons of
c a r b on, as well as the loss of additional potent i a l
stores from the forests’ diminished capacity to
store carbon. 

The US Forest Service is projecting the loss of
a nother 20 million acres of timberl a nd by 2050.
C onserving these lands would prevent release of
700 million tons of carbon and 19 billion tons of
c a r b on dioxide, not to ment i on the loss of future

stores. Increasing forest age could result in a
d oubling of carbon stocks in the major forest
areas over the next 25 to 50 years. 

There has been a significant focus on reforest-
ing, but in many states this has not been success-
ful. Oreg on, a highly productive forest state,
estimates that some 775,000 acres of former forest
remain in unforested cond i t i on (Cathcart 2000). 

R e f o r e s t a t i on and afforestation have substan-
tial long-term potential, especially in the Sou t h e a s t
a nd in Midwest agricultural areas. The Con s e r v a t i on
Reserve Program has demonstrated the appeal
a nd effectiveness of tree planting in Midw e s t
areas for net carbon and other ecological gains. 

Combining these efforts of conservation, stew a r d s h i p, and
re fo restation could cl e a r ly increase net long-term US carbon
s t o cks by hundreds of millions of tons by 2050.

Forest Age and Carbon Stores
The longer a forest is allowed to grow prior

to harvest or the greater the av e r age age of a
s t a nding forest, the greater the carbon stores, as
older forests accumulate and store more carbon
than younger forests. There is a declining av e r-
age age of forests on private lands, cont i nuing a
l ong-term trend since settlement, when virg i n
forests began to be harvested. This is especially
the case on private lands, exacerbated by the
need to generate economic returns on sho r t e r
a nd shorter cycles. For example, in the Pa c i f i c
Northwest, the av e r age age of harvest of com-
m e rcial species has declined from 80 to 40 years
during just 20 years (Haynes 1995). As illu s t r a t e d
in Figure 10, this trend is projected to lead to a
decrease of more than 100 million metric tons of
c a r b on stores between 1990 and 2010, based on
the loss of older age classes and gain in you n g e r
age classes of forest. 

Th e re is a significant opportunity to rev e rse this trend in
carbon stocks by extending ro t a t i o n s, retaining trees thro u g h
one or more harvests, and rebuilding older age classes of 
fo rest on the landscape. 

The estimates of forest age recorded in tradi-
t i onal gro w t h - a nd-yield tables for commerc i a l
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TRENDS IN PRIVATE FORESTLAND 
GAIN AND LOSS
( 1 9 8 2 - 1 9 9 7 )

N or t h e a s t=Maine, New Hampshire, New Yo rk, and Ve r m ont

S ou t h e a s t=Florida, Georgia, N. Carolina, S. Carolina, and Vi rg i n i a

M i dwe s t= M i chigan, Minnesota, and Wiscon s i n

N or t h we s t= O r eg on and Wa s h i n g t on

Figure 9

Between 1982 and 1997, the Southeast and
N o rthwest experienced losses of forestland while
the Northeast and Midwest experienced slight
gains. The net loss of forestland between 1982
and 1997 is 1,695,000 acre s .

S o u rce: USDA 1997.
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- 4 9 8

- 2 7 0 7
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CarbonReport-#2  10.16.00  12/4/2000  2:31 PM  Page 17



1 8

forests can be a useful surrogate for estimating
c a r b on volume. The Forestry Inv e ntory Analysis,
or FIA, also gathers data on the growing stock
v o lume. This, in turn, is translatable to stand i n g
c a r b on. Table 1 illustrates changes in stand i n g
v o lume of carbon in the main forest reg i ons; it
highlights overall declines in carbon in the
S outheast, Northwest, and Lake States and
i ncreases in the Northeast. 

Sustainability of Management, 
Harvest and Growth

When more biomass is accumulated throu g h
the growth of forests than removed in harvest, a
net gain of carbon occurs. When more harvest
occurs than growth, a net decrease occurs.
Overall, private forests in the US are experienc-
ing an increase of harvest compared to gro w t h ,
despite cont i nuing reforestation of the Northeast
s i nce the early 1900s and an increase in growth in the Southeast, especially in hardwoods. Th i s

t r e nd is expected to cont i nue, as illustrated in
Tables 1 and 2. Hardwood harvest is projected to
accelerate while harvest of softwoods declines as
softwood inv e ntories are depleted (Haynes 1995).
In the four major forest reg i ons primarily con-
sidered here, there is a net excess of harvest over
g rowth in three reg i ons, with greater gro w t h
than harvest only in the Northeast. The US has an
opportunity to alter these business-as-usual tre n d s, decre a s e
harvest over the next decades, and rebuild carbon and timber
i n v e n t o r i e s.

Table 1 illustrating growth versus harvest by
r eg i on in 1996, shows that removal of forest car-
b on exceeds growth of forest carbon by a net 7.5
m i l l i on tons, not including loss of carbon fro m
d e c ay or transfer to the products pool. As ind i-
cated above, roughly 60% of labile forest carbon
is released over time due to increased decay.
With these factors included, more than 50 mil-
l i on tons of carbon were released to the atmos-
phere in that year alone. By allowing growth to ex c e e d
harvest, this trend could be substantially altere d .

Figure 10

TRENDS IN FOREST CARBON STORES:
THE NORTHWEST WEST REGION

F rom 1990 to 2010, the Northwest West Region
( We s t e rn Oregon and Washington) is expected to lose
m o re than 97.4 million tons of carbon under business-

as-usual management.
S o u rce: Haynes et al., 1995.
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C l e a rcutting is common silviculture in many forest re g i o n s .
Ty p i c a l l y, harvested sites are then burned to remove slash and
competing brush.  Often the soils are then cultivated prior to
planting, releasing more carbon. With increasingly short ro t a-
tions, this silviculture results in substantially reduced carbon
stocks which do not recover by the next harv e s t .
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Table 2

N ATIONAL TRENDS IN GROWTH 
AND HARVEST ON PRIVATE FORESTS

a . Total Private Owners: Softwoods

A n nu al A n nu al G row t h /
G row t h H a r ve s t H a r ve s t

( b i l l i ons cubic feet) ( r at i o )

1 9 5 3 5 . 3 6 . 3 0 . 8 4
1 9 6 3 6 . 6 5 . 3 1 . 2 5
1 9 7 7 8 . 8 7 . 1 1 . 2 4
1 9 8 7 8 . 3 8 . 4 0 . 9 9
1 9 9 2 8 8 . 6 0 . 9 3
1 9 9 7 8 . 2 9 . 2 0 . 8 9
2 0 1 0 1 0 . 5 8 . 8 1 . 1 9
2 0 2 0 1 1 9 . 9 1 . 1 1

b . Total Private Owners: Hard w o o d s

A n nu al A n nu al G row t h /
G row t h H a r ve s t H a r ve s t

( b i l l i ons cubic feet) ( r at i o )

1 9 5 3 5 . 3 3 . 8 1 . 3 7
1 9 6 3 6 4 . 1 1 . 4 7
1 9 7 7 7 . 9 3 . 9 2 . 0 3
1 9 8 7 7 . 9 4 . 7 1 . 6 8
1 9 9 2 8 . 3 4 . 8 1 . 7 2
1 9 9 7 8 . 5 5 . 8 1 . 4 5
2 0 1 0 8 . 1 7 . 7 1 . 0 6
2 0 2 0 7 . 8 8 . 1 0 . 9 6

c . Total Private Owners:
H a rdwoods and Softwoods

A n nu al A n nu al G row t h /
G row t h H a r ve s t H a r ve s t

( b i l l i ons cubic feet) ( r at i o )

1 9 5 3 1 0 . 6 1 0 . 1 1 . 0 5
1 9 6 3 1 2 . 6 9 . 4 1 . 3 4
1 9 7 7 1 6 . 7 1 1 1 . 5 2
1 9 8 7 1 6 . 2 1 3 . 1 1 . 2 3
1 9 9 2 1 6 . 3 1 3 . 4 1 . 2 2
1 9 9 7 1 6 . 7 1 5 1 . 1 1
2 0 1 0 1 8 . 6 1 6 . 5 1 . 1 3
2 0 2 0 1 8 . 8 1 8 1 . 0 4

BY REGION (TONS C) 1996

H a rvest data sources: FIA Website data (http://srsfia.usfs.msstate.edu/rpa/tpo/)
and 1997 RPA data Growth data sources: Powell et al, 1992 (GTR-RM-234) and
Draft 1997 RPA

GROWTH VERSUS HARV E S T

N o rt h e a s t
G row t h H a r ve s t Tons Gained

S o f t w o o d 3 , 6 6 1 , 2 5 1 4 , 5 2 5 , 9 2 6
H a rdw o o d 1 7 , 5 8 8 , 4 3 4 1 4 , 4 2 8 , 9 0 6
To t a l 2 1 , 2 4 9 , 6 8 5 1 8 , 9 5 4 , 8 3 2 2 , 2 9 4 , 8 5 3

S o u t h e a s t
G row t h H a r ve s t Tons Lost

S o f t w o o d 2 1 , 7 0 7 , 2 3 0 2 6 , 1 0 2 , 4 5 4
H a rdw o o d 1 6 , 9 7 6 , 8 5 1 1 8 , 5 9 7 , 5 9 9
To t a l 3 8 , 6 8 4 , 0 8 1 4 4 , 7 0 0 , 0 5 3 - 6 , 0 1 5 , 9 7 2

M i d w e s t
G row t h H a r ve s t Tons Lost

S o f t w o o d 1 , 8 7 2 , 3 4 9 1 , 5 6 3 , 0 6 6
H a rdw o o d 1 3 , 4 3 0 , 4 4 4 1 4 , 7 5 0 , 7 5 1
To t a l 1 5 , 3 0 2 , 7 9 3 1 6 , 3 1 3 , 8 1 7 - 1 , 0 1 1 , 0 2 4

N o rt h w e s t
G row t h H a r ve s t Tons Lost

S o f t w o o d 6 , 4 1 6 , 3 7 1 9 , 6 5 0 , 1 2 7
H a rdw o o d 1 , 0 8 0 , 2 4 4 6 4 7 , 0 5 4
To t a l 7 , 4 9 6 , 6 1 5 1 0 , 2 9 7 , 1 8 1 - 2 , 8 0 0 , 5 6 6

N or t h e a s t=Maine, New Hampshire, New Yo rk, and Ve r m ont

S ou t h e a s t=Florida, Georgia, N. Carolina, S. Carolina, and Vi rg i n i a

M i dwe s t= M i chigan, Minnesota, and Wiscon s i n

N or t h we s t= O r eg on and Wa s h i n g t on

In 1996, more carbon was released into the atmos-
p h e re through harvest than was accumulated.

Table 1

The U.S. overall has been increasing its har-
vest, as compared to growth of timber on 
private lands, since 1977. This is projected to
continue. Where softwoods have been harv e s t-
ed in excess of growth for over 15 years,
h a rdwoods harvest is now increasing. This
leads to creating and maintaining younger
f o rests, and lower carbon stocks nationwide.

S o u rce: USDA 2000.
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Ecological Setting 
The temperate rain forests of the Pa c i f i c

Northwest-western Wa s h i n g t on and Oreg on and
northwestern California-have the ability to accumu-
late immense stocks of carbon; in fact, old-gro w t h
forests in this reg i on1 h ave the greatest carbon accu-
mu l a t i ons of any ecosystem on Earth. These record
capacities for carbon accumu l a t i on relate to several
i m p o r t a nt variables, including the following:

4L ong-lived conifers capable of cont i nu e d
g ro w t h

4L a rge amou nts of decay - r e s i s t a nt litter
4E nv i ron m e ntal cond i t i ons favoring high

tree pro d u c t i v i t y

4I n f r e qu e nt natural disturbanc e s

Forests in western Wa s h i n g t on, Oreg on, and
California are composed primarily of very lon g -
lived conifers, such as Douglas fir (Pseudotsuga men-
z i e s i i ), Hemlock (Tsuga hetero p hy l l a ), Western Cedar
( Thuja plicata), and Coast Redwood (Sequoia semper-
v i re n s ). Many of these species cont i nue to grow in
diameter and volume throu g hout their lives
a nd, most unu s ua l l y, even in height for two cen-
turies or more. These tree species typically rep-
r e s e nt the largest and longest-lived represent a-
tives of their genera (Franklin and Dyrness 1973).
M a ny of these tree species also produce larg e
a m ou nts of decay - r e s i s t a nt litter, including larg e
boles, when they die. As a con s e qu e nce, the

primeval forests contain large amou nts of dead as
well as live organic matter. 

M a ny of these Pacific Northwest forest sites
are highly productive because of env i ron m e nt a l
c ond i t i ons favorable to the evergreen trees.
M u ch of the annual pho t o s y nthetic pro d u c t i on
a c t ually occurs outside of the summer gro w i n g
s e a s on, during the spring, fall and even the rela-
tively warm, wet winter months. As a result,
positive net carbon balances-meaning significant
uptake of carbon from the atmosphere-are ch a r-
acteristic of these forests. Cont i nued net carbon
s e qu e s t r a t i on appears to persist to mu ch older
ages (e.g., 500-year-old stands) than originally
believed; maximum organic matter accumu l a-
t i ons may not occur in these forests until stand
ages of 800 years or more. 

Major wildfires and windstorms are the most
u s ual natural disturbances, but they appear to
occur at long intervals, allowing forests lon g
periods for recovery. For example, fire-return
i ntervals for major natural fires av e r age 400 to
500 years in western Wa s h i n g t on and 100 to 150
years in central western Oreg on. Furthermore,
while such disturbances kill many trees, they do
not consume or remove mu ch of the org a n i c
m a t t e r, so most of the carbon stocks are subject
to very slow release by decay pro c e s s e s .
C on s e qu e nt l y, natural disturbances, unlike
clear-cut harvests that claim to mimic such dis-
t u r b a nce, almost never draw carbon stocks to the
low levels enc ou ntered following forest harvest.

CA R B O N SE QU E S T R AT I O N OP P O RT U N I T I E S O N
PR I VAT E LA N D S I N T H E PAC I F I C NO RT H W E S T

Regional Impl icat i on s

1 The record is held by the Sequoia sempervirens, a tem-
perate rainforest species in northern California.

CarbonReport-#2  10.16.00  12/4/2000  2:31 PM  Page 20



H i s t o r y
An estimated 65% of the forests of the Pa c i f i c

Northwest were dominantly old-growth and
mature forests at the time of European settle-
m e nt. By 1800, these forests probably av e r ag e d
a b out 300 years of age. 

The most productive forest lands are fou nd at
lower elevations in western Wa s h i n g t on and
O r eg on and northwestern California. Most of
them were acquired by private ind i v i d uals and
c o r p o r a t i ons in the late 19th and early 20th cen-
turies through a variety of processes, inclu d i n g
g o v e r n m e nt land grants to subsidize railroad and
road con s t r u c t i on, homesteading, purchase, and
fraud. The federal gove r n m e nt reserved signifi-
c a nt forest lands as Forest Reserves that become the
N a t i onal Forests; ho w e v e r, these were the less pro-
ductive mou nt a i nous lands. 

Major logging of the virgin forests began late
in the 19th century and was largely completed
on private timberl a nds by 1975. Logging of feder-
al timberl a nds began somewhat later and peaked
between 1970 and 1990. It is estimated that log-
ging of virgin forests in the Pacific Northwest
between 1890 and 1990 released 1.6-1.9  billion
t ons of carbon to the atmosphere, even though the
majority of the logged areas were reforested
( H a r m on et al. 1990). To provide a global perspec-
tive, harvesting in Pacific Northwest forests, wh i ch
c onstitute about 0.25% of the global forests, has
c ont r i buted nearly 1.5% of the total global car-
b on flux to the atmosphere that is ascribed to
r e c e nt land use ch a n g e s .

The second and, in many cases, the third
c ycle of forest harvest is und e r w ay on private
forest lands within the Pacific Northwest.
C a r b on levels in these stands are far below the
levels that were fou nd in natural forest stand s ,
even of the same age, and are only a fraction of
what the stands can actually sequ e s t e r. Th e s e
low carbon levels are a con s e qu e nce of the fol-
lowing action s :
4r e p l a c e m e nt of large old trees with mu ch

smaller young trees

4 e l i m i n a t i on of dead organic matter
4s hortened cutting cycl e s

Cutting cycles (ro t a t i on age) on private forest
l a nds are typically very short (35 to 60 years)
because they are based on economic criteria cal-
culated on present net value rather than biologi-
cal criteria, such as culmination of mean annua l
i nc r e m e nt (m.a.i.). Con s e qu e nt l y, private forests
are cut long before annual volume gro w t h — a nd
c a r b on accumu l a t i on—culminates. Non - l i v i n g
o rganic material has also been drastically
reduced in private Pacific Northwest forests. Th i s
is due to several factors, including the accelerat-
ed decay of organic materials on logged sites
resulting from increased temperatures and frag-
m e nt a t i on, active removal or burning of
residues, and elimination of replacement sou rc e s
of debris. As noted in this report, such collateral

Old growth forests of the Pacific coast, such as these coastal re d w o o d s ,
hold massive amounts of carbon, exceeding 1,000 tons/acre. Replacing
these carbon stocks with young forests would re q u i re thousands of years
of re g ro w t h .
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c a r b on losses from logged and intensively manag e d
sites are rarely considered in carbon balance work. 

Recent Trends
Tr e nds in private forestland area and timber

v o lumes have not been positive during recent
decades. Table 3 indicates results from 1952 to 1992. 

The private timberl a nd2 base declined at the
rate of about 0.5%/year between 1952 and 1992.
This trend is particularly critical in western
Wa s h i n g t on and Oreg on and results from rapid
i ncreases in population and urbanization, espe-
cially along the I-5 corridor. Based on recent
rates of conv e r s i on, another 1.8 million acres
( n e a rly 16%) of private forest lands in western
O r eg on and Wa s h i n g t on are projected to be lost
to conv e r s i on in the next 50 years. The conv e r-
s i on of forest lands to other uses is a response to
a variety of pressures: economic—the opportu-
nity for large monetary returns; social—the
a nt ag onism of neighbors toward forest harvest-
ing, especially by cl e a rcutting; and, potent i a l l y,
r egulatory—the increasingly restrictive reg u l a-
tory env i ron m e nt associated with wildlife and
fisheries issues. 

Harvest pressures on private forest lands hav e
also increased and are evident in declines of
s t a nding stocks and av e r age stand age. Wh i l e
some older data show an upturn in timber vol-

ume, they do not reflect major changes in the
r eg i on from greatly reduced harvests on federal
l a nds and increased regulatory pressures.
R e d u c t i ons of more than 80% in federal timber
harvest levels in the 1990s (after an unprecedent-
ed increase in harvests in the 1980s) pro d u c e d
dramatic increases in stumpage values, pro v i d i n g
major inc e ntives for harvest on private land s .
The effect of this situa t i on, as reflected in more
r e c e nt statistics (see USDA 2000 and Tables 1 and
2 of this report), has been accelerated harvest of
timber on all private forestland ownerships,
reducing the av e r age timber volume and carbon
s t o ck levels on these lands. Data from western
O r eg on show significant reductions in av e r ag e
per-acre growing stock volume and live carbon
t on n age in the decade ending in 1995. 

R e d u c t i ons in per-acre carbon stocks on pri-
vate lands is probably mu ch greater than sug-
gested by inv e ntory statistics, wh i ch con s i d e r
only live carbon, as discussed earlier in this
report. Levels of non-living organic matter hav e
also been reduced by intense harvesting and site
p r e p a r a t i on practices that have inc r e a s e d
removals and accelerated decomposition of
o rganic residues. 

Potential for Increasing Carbon Storage
The potential for increased carbon storage in

Pacific Northwest forests is immense. Th e s e
forests have a huge capacity for carbon storag e ,
wh i ch they have not begun to reach. 

The reg i onal capacity of forests to sequ e s t e r
a d d i t i onal carbon can be illustrated by a simple
example. These forests could easily recover half
or more of the carbon released during the 20th
c e ntury (Harmon et al. 1990) by modifying forest
practices throu g hout the reg i on. If the reg i onal for-
est were managed so as to recover half of the
reduced carbon (76 tons/acre) on about half of the
forest land base (12,350,000 acres) the total addition-
al carbon sequestered would be 9.4 million ton s .
B i o l o g i c a l l y, this could easily be accomplished in
three to five decades. Federal forest manag e m e nt

Table 3 

AREA AND TIMBER VOLUMES FOR PRIVAT E
TIMBERLAND IN WESTERN OREGON AND
WASHINGTON (1952 AND 1992)

2 2

Survey Year A r e a Vo lu m e
( y e a r ) ( t hou s a nds of acres) ( m i l l i ons of cubic feet)

1 9 5 2 2 1 , 9 7 9 5 5 , 8 0 2
1 9 6 2 2 1 , 1 3 2 5 1 , 8 5 7
1 9 7 7 1 9 , 7 4 2 4 6 , 0 5 1
1 9 8 7 1 8 , 2 6 7 4 7 , 5 7 2
1 9 9 2 1 7 , 5 6 1 4 9 , 0 5 5

2 Ti m b e rl a nd is a cl a s s i f i c a t i on of highly productive forestland .
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policies are already cont r i buting significantly to this
goal with the extensive series of forest reserves
established in the Northwest Forest Plan. Tens of
t hou s a nds of acres of cutover federal forest land are
being managed for restoration of late-succes-
s i onal forest cond i t i ons and, coinc i d e nt a l l y,
mu ch higher levels of carbon stocks (Tu ch m a n n
et al. 1996). 

M a i ntaining and increasing carbon stocks in
Pacific Northwest forests, as nationwide, can uti-
lize a variety of measures, inclu d i n g :

4M a i ntaining the existing forest land base
4Adding land to the forest land base
4Retaining more carbon at harvest
4Lengthening ro t a t i on periods

Keeping and Adding to the Private Forest
Land Base

Private forest landowners will need financ i a l
i nc e ntives to retain existing forest land base as
well as add to that base through reforestation
a nd afforestation. Creation of an active carbon
m a rket could be a major financial opportunity
for landowners interested in retaining and man-
aging their forest lands, as discussed earlier in
this report. 

As noted earl i e r, we are currently losing
a b out 0.5 % of the private forest land base each
y e a r. This level of forest land loss is potent i a l l y
adding about 2.2 million tons of carbon per year
to the atmosphere, assuming that each acre lost
c u r r e ntly stores about 100 tons of labile carbon
per acre. This significant leakage might be
reduced dramatically through a carbon mark e t .

Retention Harvesting
R e t e nt i on of additional carbon at time of

r eg e n e r a t i on harvest is a practice that signific a nt-
ly increases av e r age stand carbon levels. Va r i a b l e
r e t e nt i on harvesting tech n i ques are being substi-
tuted for traditional cl e a rcutting practices on pub-
lic and private forestlands throu g hout the reg i on .
U nder variable retent i on harvesting, significant
structural elements, such as large live trees, snag s ,

a nd logs, are left behind to become a part of the
next stand (Franklin et al. 1996). 

C a l c u l a t i ons of carbon cont r i bu t i ons fro m
structural retent i on are straightforward. Th e y
can be approximated by simply multiplying the
level of structural retent i on that is being speci-
fied, such as retent i on of 15% of the basal area of
live trees, by the carbon cont e nt of those partic-
ular structures. Under current private land
m a n ag e m e nt practices of cl e a rcutting in a 35-40
year ro t a t i on, with 10% retent i on (current mini-
mal practices on Weyerhaeuser Company ’s BC
Coastal Division, for example) the addition a l
c a r b on maintained on site would be about 9
t ons/acre on an av e r age site (Way burn and
R i ch a rds 1999). 

R e t e nt i on harvest practices have nu m e rou s
a d d i t i onal ecological benefits beyond addition a l
c a r b on sequ e s t r a t i on. These include “lifeboating”
a broad array of organisms on cutover areas and
structurally enriching the subsequ e nt forest stands. 

Lengthening Rotations 
S i g n i f i c a nt lengthening of ro t a t i ons could be

a very effective change in practice on private
l a nds to increase sequ e s t r a t i on of carbon in
Pacific Northwest forests. The potential effects of
l onger ro t a t i ons on carbon stocks can be easily
i l lustrated using data provided by Birdsey (1996).
These data show per-acre tree carbon stocks in
an age sequ e nce of fully stocked stands of
D ouglas fir forests grown following cl e a rc u t t i n g
of high-site lands. 

We assume a traditional current ro t a t i on ag e
of 35 years; stands at that age would have 140,000
lbs/acre (70 tons/acre) of tree carbon. Inc r e a s i n g
ro t a t i on age to 60 and 70 years, respectively, pro-
duces the following increases in carbon :

R o t at i on Age Tree C Stock s I n c rease in C Stock s
60 years 333,000 lbs/acre 97t/acre (217 Mt/ha)
70 years 389,000 lbs/acre 125 t/acre (280 Mt/ha)

Assuming that these increased ro t a t i on ag e s
are achieved on only 50% of the private land base
of 5.8 million acres of western Wa s h i n g t on and
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The “Great North Woods” states of Maine,
New Hampshire, Ve r m ont and New Yo rk are
a m ong the most heavily forested states nation a l-
l y. They contain about 43 million acres of forest-
l a nd, with about 4 million acres each in Ve r m ont
a nd New Hampshire, and about 16.5 million and
17.5 million acres in New Yo rk and Maine,
r e s p e c t i v e l y. Maine and New Hampshire are
e x p e r i e ncing a small loss of total forestland ;
Ve r m ont and New Yo rk are experiencing an even
smaller net gain in forestland. The av e r age pri-
vate forested acre in Ve r m ont, New Hampshire,
Maine, and New Yo rk contains between 20 and 30
t ons of live carbon (see Table 4). 

The av e r age age of stands across the reg i on is
between 50 and 80 years; in Maine, the av e r age is
62. Most of the reg i on, outside the spruce-fir for-
est, is covered by mixed hardwood and con i f e r
forests of relatively recent origin. Con s i s t e nt
with the reg i on ’s relatively early settlement by
E u ropean-derived people, conv e r s i on of its
forests to agriculture, grazing, and logging for
fuel and forest products greatly reduced forest
area through the 17th, 18th and 19th cent u r i e s .

R e f o r e s t a t i on after these lows is still pro c e e d i n g ,
as the forestland increases in New Yo rk and
Ve r m ont illu s t r a t e .

These mixed-species forests are also mixed-
age forests, although most forested acres are
dominated by trees arising over a fairly sho r t
time, in forest terms. Vast areas are dominated
by trees that began to grow after the aband on-
m e nt of plowing and grazing in the first half of
the 1900s, and the av e r age age of the dominant
trees in these areas is therefore from 50 to 90
years. Many aband oned, formerly plowed fields
in the reg i on support relatively pure stands of
Eastern white pine. Because of their purity and
relatively even spacing, these are often mistaken
for plant a t i ons, or, if the trees seem larg e
e nough, for “virgin” forests. In terms of carbon
s t o r age, these white pine stands accumulate larg-
er amou nts of carbon per acre than do mixed
species stands; thus, though there are fewer total
acres of white pine, their carbon cont r i bu t i on s
are significant. 

These are “young” forests, as the “virg i n ”
s t a nds enc ou ntered at European settlement were

O r eg on, the additional sequestered carbon in
Pacific Northwest forests would be 1.4 billion
t ons and 1.8 billion tons with increased ro t a t i on s
of 25 and 35 years, respectively. These values are
very close to the levels of carbon released to the
a t m o s phere by forest harvest in the Pa c i f i c
Northwest during the entire 20th century and
c ould be achieved within 40 to 60 years after adop-
t i on of the new ro t a t i on periods. 

Lengthened ro t a t i ons, as variable retent i on ,
w ould address many other important ecological
a nd social goals as well as additional carbon
s e qu e s t r a t i on. Wood yields from forested land-
scapes would actually be increased; a smaller
p e rc e nt age of the landscape would be harvested

a n nually; and significant impro v e m e nts in the
hy d rologic and geomorphic behavior of water-
sheds, as well as in the health and pro d u c t i v i t y
of aquatic ecosystems, would almost certainly
o c c u r, in addition to benefits for habitat and bio-
d i v e r s i t y. Finally, as in the Southeast, the aesthetics
of the private forest landscape would impro v e .

The Pacific Northwest forests have the poten-
tial to provide a very large carbon sink, thu s
helping to reduce US emissions overall. With an
i nc e ntive program derived from carbon credits,
private forest landowners could alter manag e-
m e nt tech n i ques in ways that would not on l y
s e quester significantly more carbon, but wou l d
i m p rove the health of the ecosystem overall.

CA R B O N I N T H E GR E AT NO RT H WO O D S: 
TR E N D S A N D IM P L I CAT I O N S
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in the 150- to 250-year range. The predominant l y
glacial soils of the reg i on are considered poor in
agricultural terms, but they are cl e a rly capable
of supporting dense stands of healthy trees. Left
u ndisturbed, these forests will cont i nue to gro w
a nd develop for many years and cont i nue to
s e quester more carbon in the structure of the
trees and in and on the soil.

E c onomic and social forces in the Northeast
h ave created these new forests. If trends that
dominated the reg i on for the last 50 years con-
t i nue, forestland area will grow or remain
roughly con s t a nt, and tree volume and carbon
c ont e nt will cont i nue to increase with av e r ag e
age for at least another 50 to 100 years.

There are three forces that could intervene in
the projected increase in volume of carbon: land
use conv e r s i on, harvest, and natural risks of fire,
disease and insects. The determination of
whether these forces will exert large or small
i n f lu e nces is critical to projecting the future of
this carbon reservoir.

Land Use
The decrease in relative profitability of ag r i-

culture was the major reason for the reforesta-
t i on of this reg i on. It is highly unlikely that a
new wave of land clearing for agriculture will
occur in the Northeast. The greatest land use
threat to this carbon reservoir today is conv e r-
s i on to small residential and commercial pro p e r-
ties through forest “parc e l i z a t i on” and “frag-
m e nt a t i on .” As long as conv e r s i on to resident i a l
a nd commercial real estate remains a more pro f-
itable use of forestland, it will occur at a faster or
slower pace, depending on the reg i on ’s and
n a t i on ’s econo my. Conv e r s i on to building lots
does not in itself decrease carbon storage or for-
est growth per unit of forest area immediately.
H o w e v e r, some complete clearing occurs for
roads and buildings even with the creation of
s e questered forest dwellings on relatively larg e
lots. A typical scenario for a forested pro p e r t y,
perhaps all or a portion of a farm a century or
two (or even three) old might be:

1. A timber sale that removes all or nearl y
all merch a ntable pulpwood and saw t i m b e r
2. Subdivision into lots con s i s t e nt with a
z oning minimum (sometimes 5 to 6 acres,
but often smaller)
3. The sale of lots and con s t r u c t i on of hou s e s
a nd roads over a 5- to 10-year period
4. Further development (lawns, pastures,
p onds, etc.) of the subdivided property over
a nother decade

E a ch transition results in a loss of stored car-
b on and in a loss of carbon storage capacity. Even
the subdivision itself (step 2) results in a loss of

Table 4

TRENDS IN NEW ENGLAND CARBON
STOCKS (1952-1992)

a . G rowing Stock Volume of Private
Ti m b e r l a n d (x1,000,000 cu ft.)

M E N H N Y V T
1 9 9 2 2 3 , 4 7 6 , 8 3 3 1 9 , 2 4 3 6 , 0 9 5
1 9 8 7 2 1 , 6 1 7 6 , 3 3 9 1 8 , 1 8 9 5 , 2 3 0
1 9 7 7 2 2 , 1 8 3 5 , 9 0 0 1 2 , 1 6 7 4 , 5 4 7
1 9 6 2 1 8 , 3 7 6 4 , 0 4 3 1 0 , 6 8 9 3 , 3 4 7
1 9 5 2 1 5 , 2 7 5 3 , 1 2 9 9 , 6 6 2 3 , 1 4 5

S o u rce; Forest Resources of the United States, 1992 (GTR-RM-234)

b . Live Forest Carbon per Acre ( t o n s)
M E N H N Y V T

1 9 9 2 2 0 . 8 8 2 6 . 4 5 2 1 . 9 6 2 4 . 8 5
1 9 8 7 1 8 . 9 6 2 4 . 7 3 2 0 . 8 8 2 2 . 4 4
1 9 7 7 1 9 . 4 3 2 1 . 7 7 1 4 . 0 5 1 8 . 1 9
1 9 6 2 1 6 . 0 5 1 4 . 4 8 1 4 . 2 4 1 3 . 7 6
1 9 5 2 1 3 . 5 7 1 1 . 2 3 1 4 . 5 7 1 4 . 2 0

S o u rce: Birdsey (1992) and Forest re s o u rces of the United States, 1992 
( G T R - R M - 2 3 4 )

c . Live Forest Carbon (million tons)
M E N H N Y V T

1 9 9 2 3 4 3 . 6 6 1 0 7 . 0 5 3 2 4 . 0 1 9 8 . 3 8
1 9 8 7 3 1 6 . 2 9 9 9 . 3 0 3 0 4 . 5 5 8 4 . 4 7
1 9 7 7 3 1 7 . 1 1 8 9 . 5 1 2 0 2 . 6 1 7 2 . 9 2
1 9 6 2 2 6 6 . 0 7 6 1 . 4 1 1 7 8 . 2 7 5 3 . 4 1
1 9 5 2 2 2 2 . 9 7 4 6 . 4 4 1 6 1 . 1 2 5 0 . 4 1

S o u rce: Tu rner et al (1993) and Powell et al (1992) (GTR-RM-234)
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New Hampshire may best illustrate the need
for concern about the future of the

Northeastern forest carbon reservoir and sequ e s-
t r a t i on capacity. Of the four states included in the
“Northeast” here, New Hampshire experienc e d
the most dramatic reforestation as ag r i c u l t u r e
d e clined. Its young forests spread over its mag n i f i-
c e nt hills and mou ntains support a stunning new
a r r ay of wildlife, tourists, retirees, and econo m i c
activities. It is a splendid example of a place wh e r e
letting trees gro w, growing trees on purpose, and
benefiting from them in many ways are easy to
explain and apparent to most. Most of its forests
are privately owned, though the White Mou nt a i n
N a t i onal Forest occupies more than 10 perc e nt of
the state. Its forests, with an av e r age age of 58
years and about 33 tons of carbon contained in
live trees per acre, form an excellent carbon reser-
voir and sequ e s t r a t i on system. Its predominant l y
young forests are just coming into their maxi-
mum sequ e s t r a t i on years and can be managed for
a wide variety of purposes because of their varied
species composition, age and size of trees, and
e x t e nt. Most of the state has an excellent road sys-
tem that facilitates tourism, forest pro t e c t i on, and
forest product extraction .

Given this picture, one would think that in
New Hampshire, if any where, "natural" forests
c ould be left to themselves to sequester carbon
a nd provide other benefits. A series of reports,
most pro m i n e ntly from the Society for the
P ro t e c t i on of New Hampshire Forests (SPNHF),
make it clear that complacency on this point is
out of place. Consider the following excerpt:

A l t hough forest conv e r s i on is probably the
greatest threat to the New Hampshire forest
c a r b on system, others loom. The effects of acid
rain on forests was first seriously researched and
reported at the Hubbard Bro ok Experiment a l
Forest in New Hampshire. It is likely that air
p o l lu t i on now substantially reduces New
Hampshire's forest carbon sequ e s t r a t i on capaci-
t y, although specific estimates have not been
made. As parc e l i z a t i on and frag m e nt a t i on
accelerate, so will unwise "pre-conv e r s i on "
timber harvests that draw down the carbon
reservoir a nd reduce sequ e s t r a t i on capacity. As
air pollut i on and high grading harvests reduce
forest health and pho t o s y nthetic capacity, the
l i k e l i hood of catastro phic forest losses to
insects and disease inc r e a s e s .

C onv e r s i on alone is predicted to reduce
f o r e s t l a nd in New Hampshire by 372,462 acres
between 1997 and 2020. Using today's nu m-
bers, that results in the loss of more than 12
m i l l i on tons of carbon storage in this relative-
ly small state. Because converted forests can't
g ro w, the long-term loss will be mu ch larg e r.

Society may or may not take action to
m a i ntain the health and extent of New
Hampshire's forests. But it seems clear that
unless action is taken, a substantial forest car-
b on reservoir will be lost or deg r a d e d .

Loss, parc e l i z a t i on and frag m e nt a t i on of the for-
est land base have been identified as problems for 
forest industry and many other users of the New
Hampshire forest. For the first time in many decades,
the forest cover in New Hampshire has declined. Th i s
has implications for wildlife habitat, surface water
qua l i t y, drinking water qua l i t y, recreation, tou r i s m ,
a nd forest manag e m e nt. Forestland was being con-
verted to development at a rate of about 13,000
acres per year between 1982 and 1992 [13,000 acres
e quals about 430,000 tons of carbon in trees alon e ] .
Between 1983 and 1994, 44% of the white pine

New Hampshire: Threats to Forest Carbon

removals and 53% of red oak removals in New
Hampshire occurred on land being converted fro m
forestry to another use.

In a study of forest cover frag m e nt a t i on in sou t h-
eastern New Hampshire and no r t h e a s t e r n
M a s s a chusetts, 49% of the New Hampshire towns
were fou nd to have experienced a moderate to major
i ncrease in forest cover frag m e nt a t i on between 1973
a nd 1988. Also of concern is forest parc e l i z a t i on - t h e
d i v i s i on of forested ownerships into smaller and
smaller parcels with lower volumes. Lower volu m e s
affect the profitability of the harvest" and lower the
c a r b on reservoir. (SPNHF, 2000)
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capacity in that it makes manag e-
m e nt and pro t e c t i on of the forest
h a rder and more expensive per
unit area. Clearl y, land use con-
v e r s i on of this kind is a threat to
c a r b on storage in the forests of the
Northeast and will cont i nue to be
u ntil there is an inc e ntive for for-
est owners to keep their forests
g rowing in relatively large block s .
As illustrated by New Hampshire,
the threat of forest conv e r s i on is
real and inc r e a s i n g .

Harvest Types and Pressures
Wo rld wood use is rising, and

the Northeast has millions of acres
of valuable timber. As prices for
timber rise, harvest rates are likely
to increase. If the harvesting is don e
in ecologically sou nd ways, the
forests of the Northeast can become
both secure carbon reservoirs and
e n h a nced creators of aesthetic and
e c onomic value. If mu ch of the har-
vesting is done poorl y, both the car-
b on reservoir and carbon storag e
m e chanism are threatened.

Fewer than on e - t h i rd of the
private forest owners in the
Northeast have a manag e m e nt plan for their
l a nd. Fewer still use the services of a pro f e s s i on a l
forester when they harvest trees. These habits
h ave pro f ou nd implications for the future of car-
b on storage in the reg i on. The most common
k i nd of harvest remains the removal of the
l a rgest and most valuable trees in one operation .
This minimizes cost per unit of wood volu m e
removed and may maximize return at a single
harvest time. It is also often destructive of the
future value of the forest for wood pro d u c t i on
a nd may reduce the overall value of the pro p e r t y,
even when the receipts from the harvest are
i ncluded in the calculation of value. 

For the mixed forests of the reg i on, this sort

of harvest has a potentially disastrous effect on
c a r b on storage. Usually the remaining trees are
not capable of rapid response to the new gro w-
ing space afforded them by the harvest, but are
nu m e rous enough to slow or prevent natural
r eg e n e r a t i on of new trees of the species that will
most qu i ckly restore carbon storage capacity.
Thus, this sort of harvest can diminish the carbon
s t o r age capacity of the forest for many years. 

This need not be the result. Mixed forests of
this kind can be managed to enhance carbon
s t o r age and timber value simu l t a n e ou s l y,
t h rough the use of ind i v i d ual tree, group selec-
t i on, and patch cutting (small cl e a rcuts). By
c onc e ntrating growth on the larg e r, more vigor-

R e f o restation after harvest is essential to re s t o re carbon stocks. Reforestation of
f o rmer forests, such as in the old fields of the Southeast and Northwest, will
build significant new carbon re s e rv o i r s .
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ous trees, and by removing less vigorous trees
that nevertheless occupy space in the forest, both
c a r b on storage and value are increased. Forest own-
ers will practice this sort of manag e m e nt to the
d egree that it is available and attractive financ i a l l y
a nd otherwise. Societal transfer pay m e nts to own-
ers to compensate them for the carbon their forests
store, for example, would be a powerful, positive
i nc e ntive to conservative manag e m e nt .

Fire, Air Pollution, Disease and Insects
The forests of the Northeast have been called

“the asbestos forests,” meaning that they are hard
to burn. Fire season tends to be in spring and fall,
before and after green leaves are present on the
a n nually deciduous trees in the forest. Wint e r ’s
s now fireproofs the understory and most places do
not have enough conifers with evergreen leaves to
carry a “crown” fire that burns through the who l e
f o r e s t ’s vertical profile. Similarl y, in summer, the
green leaves, turgid with water, carry fire poorl y. So
c a t a s t ro phic fires that release major amou nts of
stored carbon are not expected. 

H o w e v e r, the extensive, in places almost
u n b roken, forests of the Northeast are artifacts
of the 20th cent u r y, giving us less than a hu n-
dred years of experience with such forests. At the
same time, human occupancy and use of these
forests have increased dramatically. People start
most forest fires in this reg i on. Mix in the warm-
ing and drying that may occur as part of global
climate change and the probability of cata-
s t ro phic fire in the Northeast could qu i ck l y
exceed the current perc e p t i on .

Acid deposition, commonly called “acid ra i n ,”
is still a serious threat to Northeastern forests. Soils
acidified by acid rain may develop levels of iron and
a lu m i num that can decrease forest health. Th e
i ncreased availability of nitrogen by acid rain and
some other forms of air pollu t i on can increase sus-

ceptibility to insect and disease damage. Acid rain
a nd other forms of air pollu t i on thus can decrease
c a r b on storage by Northeastern forests, and may
now be doing so on a fairly grand scale. 

Pests can also slow tree growth and, if seriou s
e nough, cause mortality. The 20th century had
three catastro phic insect outbreaks in Northeast
forests: the spruce bu dworm, the gypsy moth,
a nd the wooly adelgid, two of them exotic,
wh i ch caused losses in forest health and thu s
c a r b on storage capacity. Diseases such as sho e-
string root rot (native) and ch e s t nut blight and
D u t ch elm disease (exotic) have also caused
major problems. As human numbers, travel, and
transport increase, so does the rate of int ro d u c-
t i on of new organisms, some of them harmful.
Because of proximity to large human popula-
t i ons and centers of int e r n a t i onal commerc e ,
Northeast forests are probably particularly vul-
nerable to new and old insects and patho g e n s .
There are only two defenses that ultimately m a t-
ter: knowledge and the intrinsic health of forests.
We seem to spend little time or money on either,
c u r r e nt l y, perhaps particularly in the Northeast.

The Larger Picture
Some argue that we should replace relatively

s l o w - g rowing forests such as those of the
Northeast with “fast-growing plant a t i on s .” Th i s
w ould be extremely short-sighted. Not on l y
w ould significant amou nts of carbon be lost in
the process, but it would also take more than a
hu ndred years, at the current rate of inc r e m e n-
tal establishment, for plant a t i ons of, say, fast-
g rowing tropical trees to replace the carbon
reservoir and storage capacity of the Northeastern
forests. A parallel and sensible course of action, and
one that will prove socially viable, is to work hard e r
to mitigate the threats to the Northeastern forest
outlined above. 

2 8
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SO U T H E A S T E R N FO R E S T S A N D TH E I R CA R B O N FU T U R E S

The so-called “Southern Pinery” of the
S outheastern United States is one of the most
i m p o r t a nt timber-producing landscapes in the
w o rld and one of the cou nt r y ’s most important
c a r b on reservoirs. In the century preceding the
Civil War (1750-1850s), this reg i on was extensive-
ly deforested for agriculture. In the century that
followed, mu ch of this land was aband oned fro m
agricultural use and reforested naturally.
A b a nd oned old-fields went through succession
i nto pine and then hardwood forests. Th i s
r eg i on-wide reforestation produced a major
“ c a r b on sink,” as growing forests absorbed car-
b on dioxide to produce biomass and replenished
soil carbon stores depleted by historic abu s i v e
farming practices. Despite its significant poten-
tial to increase future carbon stores, the
S outheastern forests contain some of the most
threatened carbon stores in the cou nt r y. Th e s e
threats could be ameliorated or reversed in the
c ontext of a workable market for carbon storag e .

Total carbon storage on this land s c a p e
d e p e nds on the balance between the carbon
taken up in growing forests and depletion of car-
b on stores when those forests are harvested. Th e
trajectory of carbon uptake by a forest during its
life is complex, but suffice it to say that older
forests store more carbon than younger forests.
To d ay, the carbon balance of this reg i on is larg e-
ly regulated by two forces: harvest and conv e r-
s i on. Harvest cutting practices on lands manag e d
to produce wood fiber cause loss of substant i a l
c a r b on; these practices are likely to increase, par-
t i c u l a rly on hardwood forests. The permanent
c onv e r s i on of forested land to other uses, partic-
u l a rly urban development, causes not only car-
b on releases, or emissions, but also the loss of
future carbon sequ e s t r a t i on. 

Cutting cycles in Southeastern forests are
highly variable, depending on site pro d u c t i v i t y
a nd particular manag e m e nt goals. Overall, ho w-
e v e r, economics and tech nology have resulted in
e v e r - s horter ro t a t i ons. Where pines are grown for
paper pulp, ro t a t i ons may be as short as 12 years;
for saw timber, ro t a t i ons may be as short as 20 to 30
years. Carbon markets could provide new and spe-
cific economic inc e ntives to lengthen these ro t a-
t i ons, wh i ch would result in older forests and
greater carbon storage on av e r age over this reg i on .

P e r m a n e nt deforestation from urban conv e r-
s i on is increasingly important in the
S outheastern carbon budget. Beginning in the
late 1970s, a century of reg i onal reforestation
b egan to reverse. For example, in the last two
decades, North Carolina has witnessed a 3%
r e d u c t i on in forested land, largely due to urban
d e v e l o p m e nt. Much of this acreage might hav e
remained in forest if the economic inc e ntives of
a volu ntary forest carbon market program were
in place to provide increased economic value to
l a nd with intact forests and a mark e t - b a s e d
m e chanism to help manage urban spraw l .

Public and large industrial ownership
a c c ou nts for less than 10% of forested land in the
S outheast. Since most ownerships are small
(<200 acres) and managed for a variety of goals,
a volu ntary market and inc e ntive-based pro g r a m
makes a great deal of sense in this reg i on. Such a
p rogram should set clear operational stand a rd s
for manag e m e nt that will enc ou r age practices
that increase carbon stores in the reg i on. Th e
result will be not only the very real and tangible
f avorable impacts on our atmospheric carbon
budget, but also the retent i on of forests that
support a more diverse biota and aesthetically
beautiful land s c a p e s .
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I n t r o d u c t i o n
Forest growth is one of the few tech no l o g i e s

available for actually taking carbon dioxide ou t
of the atmosphere; forest loss and harvest are
some of the largest sou rces of emissions to the
a t m o s phere. These facts are recognized in
A r t i cles 2, 3.3 and 3.4 of the Kyoto pro t o c o l .

H o w e v e r, in the absence of economic inc e n-
tives, forest landowners are unlikely to take the
a c t i ons needed to unleash the power of forest
m a n ag e m e nt to achieve the socially desirable
e nd of greater carbon stores. How would the
availability of carbon credits-a pay m e nt for the
c a r b on-fixing and storing services of forests-
i nduce both profit-maximizing forest land o w n-
ers and those for whom timber revenue is no t
the driving force of their manag e m e nt and own-
ership to increase the amou nt of carbon held in
forests? As we have seen earlier in this report,
i ncrease in carbon stocks occurs in two main ways: 

4i ncreasing the av e r age age and stocking of
trees per acre

4m a i ntaining and increasing the amou nt of
l a nd in forests

The first can be done in three ways: 1) by
lengthening the period of time before the trees
are cut (the ro t a t i on age), and leaving trees
between harvests, thereby increasing the av e r ag e
s t a nding volume of trees throu g hout all man-
ag e m e nt periods; 2) by preventing conv e r s i on ,
a nd 3) by reforesting/afforesting former forests
a nd marginal cro p l a nds. Furthermore, thou g h

not additional stores, forest products do serve to
m a i ntain carbon stocks. Forest biomass used for
e n e rgy that offsets fossil-fuel con s u m p t i on is
a no t h e r, though less easily accou nted for, way
that forests can help reduce the accumu l a t i on of
c a r b on dioxide in the atmosphere. 

Overview of Carbon Flows in a Production
Forest from an Economic Perspective 

To und e r s t a nd the economic impacts of car-
b on credits on forestland owners, let us con s i d e r
the case where trees are planted on ‘bare
g rou nd’- reforestation of current agricultural or
pastoral land (as is fou nd through mu ch of the
S outheast) where the above-grou nd stock of car-
b on is low. Depending on the nature of the soil,
the initial site preparation might release some
c a r b on from the below-grou nd inv e ntory (wh i ch
m ay be large in grasslands). As the trees gro w,
c a r b on is fixed into plant tissues and the amou nt
of carbon in the planted area increases. The rate
a nd amou nt of increase (in tons/acre/yr) is ini-
tially small, as the trees are small and have few
l e aves or needles. The rate accelerates as the
trees grow older, though the annual amou nt
fixed remains small for a number of years. After
c u l m i n a t i on of mean annual inc r e m e nt, the rate
a nd net annual amou nt of carbon fixed slows.

At the time of harvest, carbon is released in
several ways. First, even in the most efficient
harvesting systems of the most uniform wood,
some of the stem of the tree will be left in the
woods to decompose, that is, to release its car-

TH E IM PAC T O F CA R B O N CR E D I T S O N FO R E S T
MA NAG E M E N T DE C I S I O N S A N D FO R E S T L A N D VA L U E S

E conomic Implication s
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b on, along with that of tops, limbs, roots, leav e s
a nd needles of the tree as well. Second, some of
the carbon is removed from the site to be trans-
formed into products (see Accou nting Princ i p l e s ,
e a rlier in this report). In some cases, some of the
tree will be used for energ y, potentially offsetting
fossil-fuel con s u m p t i on. For example, in most
modern chemical pulp mills the lignin residue
f rom pulp manufacture is burned for energ y.

The amou nt of carbon in each of these flows
d e p e nds a great deal on the specific kind of forest
in qu e s t i on. Harvest of highly regulated and
m a n aged plant a t i ons tend to be more “efficient ,”
removing and processing more of the trees; “ n a t-
ural forest manag e m e nt” with older “defective”
trees may leave more material on site after harvest. 

General Economic Impacts on 
Forest Landowners if Carbon Services
are Valuable

If carbon in the atmosphere is causing
d a m age via global warming, then the ser-
vices that trees provide in removing it f ro m
the atmosphere should be socially valu-
able. Forest owners should be credited for
this carbon fixation and storage service,
a nd those credits would surely affect their
m a n ag e m e nt of the land and indeed the
a m ou nt of land they would keep in forests.
H o w e v e r, to be con s i s t e nt and fair, if and
when owners cut their trees, they shou l d
p ay a tax on the amou nt of carbon
released. The pay m e nt for carbon services
will increase the value of the land and
make it more desirable to keep the trees
g rowing longer or keep more trees overall.
The tax on the carbon released will offset
some of the increased land value, but will
further induce landowners to keep trees
g rowing. With this simple logic we can
examine the impact of carbon credits on
forest manag e m e nt decisions and the price
of forest land .

First, a note about steady-state carbon

reserves. Steady state reserves can be created
when a landowner permanently increases the
net amou nt of carbon on forest land. This is
d one by increasing the av e r age amou nt of stand-
ing volume in the forest, for example, by mov-
ing a forest with 5000 board feet per acre to on e
with an av e r age of 25,000 board feet to the acre,
or by reforesting an old field and maintaining a
c ont i nu ous tree crop. In the first instance, a
l a ndowner would allow the forest to increase in
age and volume and in future harvest, alway s
l e ave some standing inv e ntory (perhaps 25%), as
with variable retent i on. In these cases, retent i on
might be along sensitive areas such as streams as
well as throu g hout the forest, providing habitat
a nd structure. 

Variable retention silviculture is perhaps the most effective strategy
for maintaining higher carbon stocks than would otherwise occur, while also
allowing harvest of timber.  Such an approach enables economic production on
private forests and greater carbon gains, while also resulting in gre a t l y
i m p roved habitat values.
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In the second case, the owner would plant ,
e a ch year, an area of land until the final harvest
age of the first plant a t i ons is reached. For exam-
ple, if the planned ro t a t i on is 20 years they might
p l a nt one acre each year for 20 years and then
start harvesting one acre a year and replant i n g
e a ch year. Taking into accou nt that frequ e nt
ro t a t i ons diminish the productivity of the site
a nd that decay (carbon release) cont i nues to
occur after harvest, future ro t a t i ons would need
to be extended several years out. However, with
planning, such a scheme could permanently fix
an amou nt of carbon equal to the stand i n g
i nv e ntory just before the first harvest. In each
case, the forest owner can take full credit for this
i nv e ntory without having to pay the “tax” dis-
cussed above. If, of course, the owner ever con-
verts the forest to houselots, for example, the
c a r b on tax would come due. This sort of sch e m e
does not change the analysis or the results pre-
s e nted below, it just changes the perspective-on e
of the values of maintaining the steady-state car-
b on reserve is avoiding the tax associated with
cutting it all down.

An Analytical Model for Evaluating the
Impact of Carbon Credits

The economics of including carbon in forest
m a n ag e m e nt are well understood. A recent
peer-reviewed paper by van Kooten, Binkley and
D e l c ourt (1995) in the American Journal of Agr i c u l t u r a l
E c o n o m i c s p rovides all the mathematical details, and
they will not be repeated here. Instead we pro v i d e
a description of how the model works and the
impact of including carbon credits and taxes in
forest manag e m e nt .

In this economic model, we focus solely on
the ro t a t i on length decision. We assume all
forestry is even age and clear-cutting is used. We
i g nore important features of the problem such as
the increasing value of trees as they grow older
for timber products. We simply compare the sit-
ua t i on when carbon credits are not av a i l a b l e

with one where they are. Analytically we make
this comparison by assuming that the “price” of
c a r b on is zero and compare this outcome with
the situa t i on where carbon is increasingly valua b l e .

A wealth-maximizing landowner will cho o s e
the ro t a t i on age to maximize the present valu e
of all future harvests, including the carbon va lu e .
M a t h e m a t i c a l l y, this problem can be written:

Max PV(T) = (PVc a r b on + PVt i m b e r)/ (1 - e- r T)
T

Wh e r e : PV(T)= present value associated 
with a ro t a t i on of T years
r = discou nt rate

The present value of the timber is

P Vt i m b e r = -C + P*V(t) e- r T

Wh e r e : C = the present value of all 
silvicultural costs for one ro t a t i on 
( p l a nting, fertilization, etc.)
P = price of timber
V(t) = volume of timber at age t

The present value of the carbon is a bit more
complicated. We assume that the amou nt of car-
b on fixed by the forest each year is pro p o r t i on a l
to the forest growth. While this is not precisely
correct, it captures enough of the realism of the
p roblem to be useful. We also assume that wh e n
the trees are cut, a fraction of the timber goes
i nto long-term storage and the remainder is sim-
ply released back to the atmosphere. We call the
f r a c t i on that goes into long-term storage the
“ p i ckling factor.” It should be noted that this
analysis assumes the only permanent stores are
created in forest products, wh i ch is not the case,
as forests in and of themselves can be permanent
stores. However, one can easily extrapolate the
results of this analysis to include the retent i on of
trees as part of the pickling factor, as described
b e l o w. With these assumptions, the present
v a lue of the carbon fixed in one ro t a t i on is
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T

P V c a r b on= PC aV’(t) e- r t dt - PCa( 1 -ß) V ( T ) e- r T

O
wh e r e PC = price of a carbon credit

a = amou nt of carbon fixed per m3 of 
t i m b e r
V’(t) = the growth rate of the forest
ß = the fraction of the final harvest 
that goes into long-term storage 

The first term of the equa t i on above accou nt s
for the carbon fixed during the ro t a t i on. This is,
in essence, a series of annual pay m e nts received
by the landowner for letting the trees gro w. Th e
s e c ond term reflects the carbon cost of cutting
the trees. Just as the landowner received a credit
for adding to carbon stores while the trees were
g rowing, they need to pay a tax for releasing car-
b on when they cut their trees.

The model includes some factors that are
well known to foresters—the volume and
g rowth-rate of trees, the price of timber, the dis-
c ou nt rate and even the amou nt of carbon in
e a ch cubic meter of wood. But some of the
numbers needed to solve this pro b l e m — s u ch as
the price of carbon and the amou nt of the har-
vest that will go into long-term storage—are no t
k now with precision. Hence we present results
with a range of these valu e s .

Results for Pacific Northwest and South
To illustrate the importance of carbon credits

for forest landowners, we examine two cases,
one of growing loblolly pine in the South, and a
s e c ond of growing Douglas-fir in the Pa c i f i c
Northwest. Both species are commerc i a l l y
i m p o r t a nt and both forest types harbor impor-
t a nt env i ron m e ntal values, especially in older
forests. In each case, the timber and carbon yield
tables are taken from stand a rd sou rces. We deter-
mine the ro t a t i on age and forestland value with
a variety of prices of timber, prices of carbon ,
c a r b on pickling factors, and discou nt rates. It is
useful to break the results up into three parts.
First, we discuss the impact of carbon credits on

the optimal ro t a t i on age, and therefore on the
e c onomics of holding older forests. Second, we
treat the impact of carbon credits on land mar-
kets, and therefore on the area of land that is apt
to be held in forests. Finally, we comment on the
impact of the pickling factor, whether lon g - t e r m
stores are in the forest or in pro d u c t s .

Availability of carbon credits may help
landowners preserve older forests

Tables 5 and 6 show the optimal ro t a t i on ag e
for the two forest types under a range of
a s s u m p t i ons about carbon and timber values. 

In the South today, timber sells for between
$50 and $260 per thou s a nd board feet (mbf) (the
lower value for pulpwood and the higher for saw
timber). Ti m b e rl a nd markets appear to be valu-
ing timber cash flows at about a 7-8% real dis-
c ou nt rate. At the higher end of this range of
timber values, carbon credits will not have mu ch
impact on the ro t a t i on age until the value of car-
b on gets fairly high (e.g. $100-150/ton carbon ,
$27.25- 40.87/ton carbon dioxide). However, for
p l a nt a t i ons grown primarily for fiber or pulp-
wood, even modest values of carbon will sub-
s t a ntially increase the optimal ro t a t i on age. In
the tables, the * indicates that it is optimal never
to cut the trees since the carbon so far ou t w e i g h s
the value of the timber. 

The situa t i on is somewhat different for the
Pacific Northwest, where the Douglas-fir forest
type naturally carries a longer ro t a t i on. Again, as
a point of comparison, Douglas-fir current l y
sells for about $250-400/mbf, and timberl a nd
m a rkets suggest that a discou nt rate of 8-10% is
a p p ropriate to use in this reg i on. At carbon
prices in the $100+ range, there is a major
impact on ro t a t i on ages. As timber prices cont i n-
ue to fall in the Pacific Northwest, the impact of
c a r b on credits will increase. However, at modest
c a r b on prices, the availability of carbon mark e t s
will not have a major impact on land o w n e r s ’
harvest decision s .

Note that these results apply reg a rdless of the
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initial cond i t i on of the forest. If a land o w n e r
c u r r e ntly holds a forest that is above these opti-
mal ro t a t i on ages, then it is profitable for them
to log it no w. If carbon credits are available, it
m ay be economic not to log it, or to log less of it,
by switching to variable retent i on. 

To see this, take the case of medium-site
D ouglas fir. Assume an 8% discou nt rate, that
timber is worth $200/mbf and that the pick l i n g
factor is 0.38. In the absence of carbon credits,
Table 6 shows that the optimal ro t a t i on age is 35
years. Therefore, a landowner with timber of this
age would want to log it immediately. Suppose
that a carbon credit program were implement e d
a nd that carbon were selling for $90/ton. Th e n
the optimal ro t a t i on age would be 49 years. Th e
owner would then want to hold their trees for at
least another 14 years before cutting them.
F u r t h e r, when the pickling rate includes carbon
on site, the carbon values provide an effective
i nc e ntive for variable retent i on, i.e. leaving up to
25% of the trees on site until the next harvest. 

The availability of the carbon revenues, com-
bined with the carbon tax on logging, provides a
material inc e ntive for landowners to grow their
trees to older ages before cutting them. If a
l a ndowner is holding trees for longer ro t a t i on s
than indicated in the base case here in ord e r, for
example, to enjoy the env i ron m e ntal amenities
associated with older forests, then the av a i l a b i l i-
ty of carbon credits reduces the opportunity cost
of this forest manag e m e nt. Further, if the
l a ndowner used variable retent i on to ensure per-
m a n e nt increased stocks of carbon in the forest
( i ncluding forest carbon in the pickling factor),
then the av e r age age of the forest would be fur-
ther significantly inc r e a s e d .

Carbon credits will keep more land 
in forest

Tables 7-10 show the inc r e m e ntal land valu e
associated with various levels of carbon valu e s
a nd pickling rates. As a point of reference, the
c u r r e nt value for Southern pine timberl a nd is
a b out $1000/acre, and for Douglas fir timberl a nd

in the Pacific Northwest is about $2200/acre
(based on timberl a nd values reported to the
N a t i onal Cou ncil of Real Estate Inv e s t m e nt
Fiduciaries-NCREIF). According to our analysis,
at current timber prices and an 8% discou nt rate,
the value of medium-site southern pine land
w ould be about 15% lower than that of high-site
l a nd. The value of medium-site Douglas fir land
w ould be about 40% lower than the value of
high-site land. Again, first consider the Sou t h
a nd then the Pacific Northwest.

In the South, even modest levels of carbon
v a lues increase land values by a material
a m ou nt. At high levels of carbon prices, the land
is worth more for carbon pro d u c t i on than for
timber pro d u c t i on. On a perc e nt age basis, the
impact of carbon credits on medium-site land is
greater than it is on high-site land as long as car-
b on values are small. As carbon values rise, the
impact increases on higher-site land s .

In the Pacific Northwest, the impact of car-
b on credits on land values is even larger than it is
in the South. Again, at modest carbon values the
impact is modest, but can be quite material at
high carbon values. As land carbon valu e s
i nclude the timber carbon, the variable retent i on
s t r a t egy and reforestation strategy again are
highlighted as economically desirable.

What are the likely impacts of carbon credits
on forest land use? In locations where the alter-
native use of the forest land is commercial or
r e s i d e ntial development, it will probably take
very high carbon values to have a meaningful
impact on land use conv e r s i on - d e v e l o p m e nt val-
ues are just too high relative to forestland val-
ues. However, in locations where the alternative
is a rural use, then carbon credits may have a sig-
n i f i c a nt impact on land use. For example, the
choice between row crops and timber plant a t i on
in the South or old fields and reforestation in
the Pacific Northwest might easily be weighed in
f avor of trees if even a modest valuing of carbon
occurred. In addition, even at more modest lev-
els, carbon values can cont r i bute significant new
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f u nds to help maintain forestlands in the face of
c onv e r s i on, nation w i d e .

Maximizing the impact of carbon credits
d e p e nds on effective utilization of harvested tim-
ber for energy or long-lived products. The pick-
ling rate has an impact on the outcome of the
analysis. This factor represents the amou nt of the
c a r b on not released at the time of timber harvest :
i.e. that remains in the forest, or that goes int o
l ong-term storage. Elsewhere in this report it is
a rgued that the pickling rate for products is
between 20% and 32.5%. This factor depends on
the nature of the forest being logged and the uti-
l i z a t i on of the wood. It is apt to be higher in
p l a nt a t i ons than in natural forests, for example,
s i nce the objective of plant a t i on manag e m e nt is
to increase the “economic yield” of the timber. It
is apt to be higher in situa t i ons where a larg e r
f r a c t i on of the timber harvested is utilized for
solid-wood products. It is very unlikely that the
f r a c t i on would ever reach 1.0 for forest pro d u c t s
a l one, since some carbon will inevitably be
released from the forest as a result of decay of
o rganic matter in the litter and soil. However,
t h rough increased efficiency of forest pro d u c t s
use and increased retent i on of permanent stores
in the forest, this rate could well be appro a ch e d .
For example, if a landowner shifted silviculture
to variable retent i on of 25% of their inv e nt o r y,
the pickling factor for products would inc r e a s e
by that amou nt, having a substantial impact on
total forest carbon values over time. 

The pickling rate will also depend on the
rules adopted to accou nt for carbon in forests.
Some have argued that none of the carbon fixed
in forest products should be credited to forests
because of unc e r t a i nty over its fate and track i n g
its decay over time. Others argue that no t
a c c ou nting for such carbon storage und e r s t a t e s
the value of forests in helping solve the pro b l e m
of carbon dioxide accumu l a t i on in the atmos-
phere. Indeed, if one were to adopt a full
a c c ou nting, one might give additional carbon
credits to wood used in con s t r u c t i on and ind u s-

trial pro d u c t i on where it can be shown that it
displaced the use of high embodied-energy p ro d-
ucts such as concrete, bricks, steel and alu m i nu m .

R eg a rdless of these arg u m e nts, it is clear fro m
this analysis that the accou nting rules arou nd
forest products utilization will affect how carbon
credits influ e nce forest manag e m e nt and land
use. While not “new carbon” per se, pro d u c t s
r e p r e s e nt a significant transfer from carbon in
the forest to carbon in another long term store.
A c c ou nting for the carbon stored in pro d u c t s
t e nds to reduce the impact of carbon credits on
lengthening the optimal ro t a t i on (though this
analysis does not include the well-document e d
a d d i t i onal value of larger dimension saw - t i m b e r
that older forests provide). On the other hand ,
even with this notable exception, it also tends to
i ncrease the impact of carbon credits on land
v a lues. Hence, if the accou nting rules accept the
role of forest products in storing carbon, this
will tend to keep a great deal more land in forest
use and other economic forces may tend to
e nc ou r age longer ro t a t i ons on their own.
F u r t h e r, when one includes permanent l y
retained carbon in the forest as part of the pick-
ling factor, i.e. trees on site become a “pro d u c t ,”
it will tend to support significantly more variable
r e t e nt i on. This result suggests that variable
r e t e nt i on may be a better strategy for inc r e a s i n g
net carbon stocks per acre in the forest than
i ncreasing ro t a t i ons per se. 

The Opportunity Cost of Holding 
Trees to Older Ages

Table 11 provides an analysis of the annua l
r e v e nue from holding a timber stand ano t h e r
year and the annual opportunity cost. The case
modeled is high-site Douglas fir, with a timber
price of $363/mbf, a carbon price of $9/ton, a dis-
c ou nt rate of 8% and a pickling rate of .325.
Except for the timber volume and growth data,
all figures are in $/acre. This is the stand a rd opti-
mal ro t a t i on analysis used in forest manag e-
m e nt. The problem is to weight the annual rev-
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e nue from holding the stand another year ag a i n s t
its annual opportunity cost. In this case, the
a n nual revenue comes from the growth of the
trees (col. 4) plus the value of the carbon fixed
(col. 5). The cost of holding the stand is the fore-
g one interest income associated with cutting the
s t a nd and getting on e - y e a r ’s interest on the pro-
ceeds. In our case, the value of cutting the stand
e quals the value of the standing timber (col. 8)
p lus the bare-land value (col. 9) less the pay m e nt
of the carbon tax for all the carbon that is
released (col. 10). 

The final column shows the net value of ho l d-
ing the stand. In this case, the net value goes
f rom positive to negative at age 35, so that is the

e c onomically optimal ro t a t i on-the land o w n e r
starts losing money by holding the stand any
l onger at this point. Comparing the cost of ho l d-
ing the land for another year versus paying a car-
b on tax after harvest illustrates the impact of a
c a r b on value. In this instance, it extends the ro t a-
t i on age to 45 or 50, after wh i ch the value of the
timber sold cl e a rly outweighs the cost of the car-
b on tax, not cou nting the influ e nce of higher
prices for larger dimension wood. However,
when it includes timber retained in the forest
t h rough variable retent i on harvest as part of the
p i ckling factor, the additional carbon valu e
w ould likely offset the cost of holding 20-25% of
i nv e ntory on site as permanent stores.

Table 5

OPTIMAL ROTATION FOR MEDIUM-SITE LOBLOLLY PINE IN THE SOUTH

D i s cou nt rat e 4 % 8 % 1 2 %
Timber price [$/mbf] 0 1 5 5 2 5 9 3 6 3 0 1 5 5 2 5 9 3 6 3 0 1 5 5 2 5 9 3 6 3

E c onomic Rotation 
w/o Carbon 1 8 1 5 1 3

P i ckling rat e 0
C price [$/ton ] 5 * 1 8 1 8 1 8 * 1 5 1 5 1 5 * 1 3 1 3 1 3

1 0 * 1 9 1 8 1 8 * 1 5 1 5 1 5 * 1 4 1 3 1 3
2 0 * 1 9 1 9 1 8 * 1 6 1 5 1 5 * 1 4 1 4 1 4
4 0 * 2 1 1 9 1 9 * 1 7 1 6 1 5 * 1 5 1 5 1 4
1 0 0 * 2 7 2 2 2 1 * 2 8 1 9 1 7 * 2 9 1 7 1 5
1 5 0 * 6 1 2 5 2 3 * 1 3 7 2 5 2 0 * 1 3 6 2 4 1 8

P i ckling rat e 0 . 3 8
C price [$/ton ] 5 * 1 8 1 8 1 8 * 1 5 1 5 1 5 * 1 3 1 3 1 3

1 0 * 1 9 1 8 1 8 * 1 5 1 5 1 5 * 1 4 1 3 1 3
2 0 * 1 9 1 9 1 8 * 1 5 1 5 1 5 * 1 4 1 4 1 4
4 0 * 2 0 1 9 1 9 * 1 7 1 6 1 5 * 1 5 1 4 1 4
1 0 0 * 2 4 2 1 2 0 * 2 2 1 8 1 7 * 2 0 1 6 1 5
1 5 0 * 2 7 2 3 2 2 * 2 8 2 1 1 9 * 2 8 1 9 1 6

P i ckling rat e 1
C price [$/ton ] 5 3 0 1 8 1 8 1 8 3 4 1 5 1 5 1 5 4 1 1 3 1 3 1 3

1 0 3 0 1 8 1 8 1 8 3 4 1 5 1 5 1 5 4 1 1 4 1 3 1 3
2 0 3 0 1 9 1 9 1 8 3 4 1 5 1 5 1 5 4 1 1 4 1 4 1 3
4 0 3 0 2 0 1 9 1 9 3 4 1 6 1 6 1 5 4 1 1 5 1 4 1 4
1 0 0 3 0 2 2 2 1 2 0 3 4 1 9 1 7 1 6 4 1 1 6 1 5 1 5
1 5 0 3 0 2 3 2 1 2 1 3 4 2 0 1 8 1 7 4 1 1 8 1 6 1 5

* indicates that it is optimal never to cut
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Table 6

OPTIMAL ROTATION FOR MEDIUM-SITE DOUGLAS FIR IN THE PACIFIC NORT H W E S T

D i s cou nt rat e 4 % 8 % 1 2 %
Timber price [$/mbf] 0 2 5 9 3 6 3 5 1 8 0 2 5 9 3 6 3 5 1 8 0 2 5 9 3 6 3 5 1 8

E c onomic Rotation
w/o Carbon 4 3 3 2 2 6

P i ckling rat e 0
C price [$/ton ] 5 * 4 4 4 4 4 4 * 3 5 3 5 3 5 * 2 8 2 8 2 7

1 0 * 4 4 4 4 4 4 * 3 5 3 5 3 5 * 2 8 2 8 2 8
2 0 * 4 5 4 4 4 4 * 3 6 3 6 3 5 * 2 9 2 8 2 8
4 0 * 4 7 4 6 4 5 * 3 8 3 7 3 6 * 3 1 3 0 2 9
1 0 0 * 5 7 5 2 4 9 * 4 7 4 2 3 9 * 3 9 3 4 3 2
1 5 0 * 7 4 5 9 5 3 * 6 3 4 8 4 3 * 6 0 4 1 3 4

P i ckling rat e 0 . 3 8
C price [$/ton ] 5 * 4 4 4 4 4 4 * 3 5 3 5 3 5 * 2 8 2 8 2 7

1 0 * 4 4 4 4 4 4 * 3 5 3 5 3 5 * 2 8 2 8 2 8
2 0 * 4 5 4 4 4 4 * 3 6 3 6 3 5 * 2 9 2 8 2 8
4 0 * 4 7 4 6 4 5 * 3 8 3 7 3 6 * 3 0 2 9 2 9
1 0 0 * 5 4 5 1 4 8 * 4 4 4 1 3 9 * 3 6 3 3 3 1
1 5 0 * 6 2 5 5 5 1 * 5 1 4 4 4 2 * 4 4 3 7 3 4

P i ckling rat e 1
C price [$/ton ] 5 * 4 4 4 4 4 4 * 3 5 3 5 3 5 * 2 8 2 8 2 7

1 0 * 4 4 4 4 4 4 * 3 5 3 5 3 5 * 2 8 2 8 2 8
2 0 * 4 4 4 4 4 4 * 3 6 3 5 3 5 * 2 9 2 8 2 8
4 0 * 4 6 4 5 4 4 * 3 7 3 7 3 6 * 3 0 2 9 2 9
1 0 0 * 5 1 4 9 4 7 * 4 2 4 0 3 8 * 3 4 3 2 3 1
1 5 0 * 5 4 5 2 4 9 * 4 4 4 2 4 0 * 3 6 3 4 3 2

*indicates that it is optimal never to cut

Table 7

I N C R E M E N TAL LAND VALUE FOR HIGH-SITE LOBOLLY PINE IN THE US SOUTH 
(% increase over no - c a r b on case)

D i s cou nt rat e 4 % 8 % 1 2 %
Timber price [$/mbf] 1 5 5 2 5 9 3 6 3 1 5 5 2 5 9 3 6 3 1 5 5 2 5 9 3 6 3

P i ckling rat e 0
C price [$/ton ] 5 1 . 5 0 % 0 . 9 0 % 0 . 6 0 % 2 . 3 0 % 1 . 4 0 % 1 . 0 0 % 3 . 0 0 % 1 . 8 0 % 1 . 3 0 %

1 0 3 . 0 0 % 1 . 8 0 % 1 . 3 0 % 4 . 6 0 % 2 . 8 0 % 2 . 0 0 % 6 . 1 0 % 3 . 6 0 % 2 . 6 0 %
2 0 6 . 0 0 % 3 . 6 0 % 2 . 5 0 % 9 . 8 0 % 5 . 6 0 % 4 . 0 0 % 1 2 . 7 0 % 7 . 3 0 % 5 . 2 0 %
4 0 1 2 . 7 0 % 7 . 3 0 % 5 . 1 0 % 2 1 . 2 0 % 1 1 . 9 0 % 8 . 3 0 % 2 7 . 8 0 % 1 5 . 5 0 % 1 0 . 7 0 %
1 0 0 3 8 . 1 0 % 2 0 . 1 0 % 1 3 . 7 0 % 7 0 . 9 0 % 3 4 . 7 0 % 2 3 . 0 0 % 9 8 . 3 0 % 4 6 . 3 0 % 3 0 . 3 0 %
1 5 0 7 1 . 9 0 % 3 3 . 1 0 % 2 1 . 8 0 % 1 4 5 . 3 0 % 6 0 . 3 0 % 3 7 . 8 0 % 1 9 3 . 8 0 % 8 2 . 8 0 % 5 0 . 8 0 %

P i ckling rat e 0 . 3 8
C price [$/ton ] 5 3 . 2 0 % 1 . 9 0 % 1 . 3 0 % 4 . 0 0 % 2 . 4 0 % 1 . 7 0 % 4 . 7 0 % 2 . 8 0 % 2 . 0 0 %

1 0 6 . 4 0 % 3 . 8 0 % 2 . 7 0 % 8 . 0 0 % 4 . 8 0 % 3 . 4 0 % 9 . 5 0 % 5 . 7 0 % 4 . 1 0 %
2 0 1 2 . 7 0 % 7 . 6 0 % 5 . 4 0 % 1 6 . 5 0 % 9 . 7 0 % 6 . 9 0 % 1 9 . 4 0 % 1 1 . 3 0 % 8 . 1 0 %
4 0 2 6 . 0 0 % 1 5 . 4 0 % 1 0 . 9 0 % 3 4 . 3 0 % 2 0 . 0 0 % 1 4 . 1 0 % 4 0 . 8 0 % 2 3 . 6 0 % 1 6 . 5 0 %
1 0 0 6 8 . 9 0 % 3 9 . 8 0 % 2 8 . 0 0 % 9 5 . 8 0 % 5 3 . 4 0 % 3 6 . 9 0 % 1 1 7 . 7 0 % 6 4 . 2 0 % 4 4 . 0 0 %
1 5 0 1 0 7 . 9 0 % 6 1 . 4 0 % 4 2 . 8 0 % 1 5 6 . 8 0 % 8 4 . 7 0 % 5 7 . 8 0 % 1 9 7 . 7 0 % 1 0 3 . 5 0 % 6 9 . 6 0 %

P i ckling rat e 1
C price [$/ton ] 5 6 . 0 0 % 3 . 6 0 % 2 . 6 0 % 6 . 8 0 % 4 . 1 0 % 2 . 9 0 % 7 . 5 0 % 4 . 5 0 % 3 . 2 0 %

1 0 1 2 . 0 0 % 7 . 2 0 % 5 . 1 0 % 1 3 . 7 0 % 8 . 2 0 % 5 . 9 0 % 1 5 . 1 0 % 9 . 1 0 % 6 . 5 0 %
2 0 2 4 . 0 0 % 1 4 . 4 0 % 1 0 . 3 0 % 2 7 . 8 0 % 1 6 . 4 0 % 1 1 . 7 0 % 3 0 . 6 0 % 1 8 . 1 0 % 1 2 . 9 0 %
4 0 4 8 . 4 0 % 2 8 . 9 0 % 2 0 . 6 0 % 5 6 . 4 0 % 3 3 . 4 0 % 2 3 . 7 0 % 6 2 . 6 0 % 3 6 . 9 0 % 2 6 . 0 0 %
1 0 0 1 2 3 . 1 0 % 7 3 . 1 0 % 5 1 . 9 0 % 1 4 6 . 2 0 % 8 5 . 8 0 % 6 0 . 6 0 % 1 6 4 . 6 0 % 9 5 . 7 0 % 6 7 . 3 0 %
1 5 0 1 8 6 . 2 0 % 1 1 0 . 5 0 % 7 8 . 4 0 % 2 2 3 . 6 0 % 1 3 0 . 9 0 % 9 2 . 2 0 % 2 5 3 . 6 0 % 1 4 7 . 0 0 % 1 0 2 . 9 0 %

CarbonReport-#2  10.16.00  12/4/2000  2:32 PM  Page 37



at $155/mbf
at $259/mbf
at $363/mbf
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Table 8

I N C R E M E N TAL LAND VALUE FOR MEDIUM-SITE LOBOLLY PINE IN THE US SOUTH
(% increase over no - c a r b on case)

D i s cou nt rat e 4 % 8 % 1 2 %
Timber price [$/mbf] 1 5 5 2 5 9 3 6 3 1 5 5 2 5 9 3 6 3 1 5 5 2 5 9 3 6 3

P i ckling rat e 0
C price [$/ton ] 5 1 . 5 0 % 0 . 9 0 % 0 . 6 0 % 2 . 3 0 % 1 . 4 0 % 1 . 0 0 % 2 . 9 0 % 1 . 8 0 % 1 . 3 0 %

1 0 2 . 9 0 % 1 . 8 0 % 1 . 3 0 % 4 . 8 0 % 2 . 8 0 % 1 . 9 0 % 6 . 1 0 % 3 . 5 0 % 2 . 5 0 %
2 0 6 . 1 0 % 3 . 6 0 % 2 . 5 0 % 1 0 . 0 0 % 5 . 9 0 % 4 . 1 0 % 1 2 . 9 0 % 7 . 4 0 % 5 . 1 0 %
4 0 1 2 . 9 0 % 7 . 4 0 % 5 . 2 0 % 2 1 . 7 0 % 1 2 . 2 0 % 8 . 5 0 % 2 8 . 4 0 % 1 5 . 7 0 % 1 0 . 9 0 %
1 0 0 3 9 . 3 0 % 2 0 . 6 0 % 1 4 . 0 0 % 7 3 . 1 0 % 3 5 . 6 0 % 2 3 . 5 0 % 1 0 0 . 7 0 % 4 7 . 3 0 % 3 0 . 9 0 %
1 5 0 7 4 . 9 0 % 3 4 . 1 0 % 2 2 . 4 0 % 1 4 9 . 4 0 % 6 2 . 1 0 % 3 8 . 9 0 % 1 9 7 . 9 0 % 8 4 . 9 0 % 5 1 . 9 0 %

P i ckling rat e 0 . 3 8
C price [$/ton ] 5 3 . 2 0 % 1 . 9 0 % 1 . 4 0 % 4 . 0 0 % 2 . 4 0 % 1 . 7 0 % 4 . 6 0 % 2 . 8 0 % 2 . 0 0 %

1 0 6 . 3 0 % 3 . 8 0 % 2 . 7 0 % 8 . 2 0 % 4 . 8 0 % 3 . 4 0 % 9 . 4 0 % 5 . 6 0 % 4 . 0 0 %
2 0 1 2 . 9 0 % 7 . 6 0 % 5 . 4 0 % 1 6 . 7 0 % 9 . 9 0 % 7 . 0 0 % 1 9 . 6 0 % 1 1 . 5 0 % 8 . 0 0 %
4 0 2 6 . 3 0 % 1 5 . 5 0 % 1 1 . 0 0 % 3 4 . 9 0 % 2 0 . 3 0 % 1 4 . 3 0 % 4 1 . 2 0 % 2 3 . 7 0 % 1 6 . 7 0 %
1 0 0 6 9 . 8 0 % 4 0 . 3 0 % 2 8 . 3 0 % 9 7 . 5 0 % 5 4 . 3 0 % 3 7 . 6 0 % 1 1 9 . 7 0 % 6 5 . 2 0 % 4 4 . 5 0 %
1 5 0 1 0 9 . 7 0 % 6 2 . 2 0 % 4 3 . 4 0 % 1 6 0 . 1 0 % 8 6 . 2 0 % 5 8 . 6 0 % 2 0 1 . 4 0 % 1 0 5 . 1 0 % 7 0 . 5 0 %

P i ckling rat e 1
C price [$/ton ] 5 6 . 0 0 % 3 . 6 0 % 2 . 6 0 % 6 . 8 0 % 4 . 1 0 % 2 . 9 0 % 7 . 5 0 % 4 . 5 0 % 3 . 2 0 %

1 0 1 2 . 0 0 % 7 . 2 0 % 5 . 1 0 % 1 3 . 9 0 % 8 . 2 0 % 5 . 8 0 % 1 5 . 0 0 % 9 . 0 0 % 6 . 4 0 %
2 0 2 4 . 1 0 % 1 4 . 4 0 % 1 0 . 2 0 % 2 8 . 0 0 % 1 6 . 7 0 % 1 1 . 8 0 % 3 0 . 8 0 % 1 8 . 2 0 % 1 2 . 8 0 %
4 0 4 8 . 7 0 % 2 9 . 0 0 % 2 0 . 7 0 % 5 7 . 0 0 % 3 3 . 6 0 % 2 3 . 9 0 % 6 3 . 1 0 % 3 7 . 1 0 % 2 6 . 3 0 %
1 0 0 1 2 3 . 9 0 % 7 3 . 5 0 % 5 2 . 2 0 % 1 4 7 . 6 0 % 8 6 . 7 0 % 6 1 . 1 0 % 1 6 6 . 1 0 % 9 6 . 6 0 % 6 7 . 9 0 %
1 5 0 1 8 7 . 6 0 % 1 1 1 . 2 0 % 7 8 . 9 0 % 2 2 6 . 0 0 % 1 3 2 . 3 0 % 9 3 . 1 0 % 2 5 6 . 3 0 % 1 4 8 . 5 0 % 1 0 3 . 9 0 %

1 8 0
1 6 0
1 4 0
1 2 0
1 0 0

8 0
6 0
4 0
2 0

0

*with a 8% discount rate and .38 pickling factor

0 5 0 1 0 0 1 5 0
C a r b on Price ($/ton )

Figure 11

I N C R E M E N TAL LAND VALUE FOR MEDIUM-SITE
L O B O L LY PINE IN THE SOUTH*
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Table 9
I N C R E M E N TAL LAND VALUE FOR HIGH-SITE DOUGLAS FIR IN THE PACIFIC NORT H W E S T
(% increase over no - c a r b on case)

D i s cou nt rat e 4 % 8 % 1 2 %
Timber price [$/mbf] 2 5 9 3 6 3 5 1 8 2 5 9 3 6 3 5 1 8 2 5 9 3 6 3 5 1 8

P i ckling rat e 0
C price [$/ton ] 5 1 . 7 0 % 1 . 2 0 % 0 . 9 0 % 2 . 4 0 % 1 . 7 0 % 1 . 2 0 % 2 . 9 0 % 2 . 1 0 % 1 . 4 0 %

1 0 3 . 4 0 % 2 . 4 0 % 1 . 7 0 % 4 . 9 0 % 3 . 5 0 % 2 . 4 0 % 5 . 8 0 % 4 . 1 0 % 2 . 9 0 %
2 0 7 . 0 0 % 5 . 0 0 % 3 . 4 0 % 1 0 . 0 0 % 7 . 0 0 % 4 . 9 0 % 1 2 . 0 0 % 8 . 4 0 % 5 . 8 0 %
4 0 1 4 . 7 0 % 1 0 . 2 0 % 7 . 0 0 % 2 1 . 3 0 % 1 4 . 7 0 % 1 0 . 0 0 % 2 5 . 7 0 % 1 7 . 6 0 % 1 2 . 0 0 %
1 0 0 4 3 . 4 0 % 2 8 . 6 0 % 1 8 . 9 0 % 6 5 . 0 0 % 4 2 . 1 0 % 2 7 . 5 0 % 7 9 . 5 0 % 5 1 . 2 0 % 3 3 . 2 0 %
1 5 0 7 6 . 1 0 % 4 7 . 5 0 % 3 0 . 3 0 % 1 1 6 . 6 0 % 7 1 . 4 0 % 4 4 . 8 0 % 1 4 2 . 9 0 % 8 7 . 4 0 % 5 4 . 4 0 %

P i ckling rat e 0 . 3 8

C price [$/ton ] 5 2 . 6 0 % 1 . 9 0 % 1 . 3 0 % 3 . 3 0 % 2 . 3 0 % 1 . 6 0 % 3 . 8 0 % 2 . 7 0 % 1 . 9 0 %
1 0 5 . 2 0 % 3 . 7 0 % 2 . 6 0 % 6 . 7 0 % 4 . 7 0 % 3 . 3 0 % 7 . 6 0 % 5 . 4 0 % 3 . 8 0 %
2 0 1 0 . 6 0 % 7 . 5 0 % 5 . 2 0 % 1 3 . 6 0 % 9 . 6 0 % 6 . 7 0 % 1 5 . 6 0 % 1 1 . 0 0 % 7 . 6 0 %
4 0 2 1 . 9 0 % 1 5 . 4 0 % 1 0 . 6 0 % 2 8 . 4 0 % 1 9 . 8 0 % 1 3 . 6 0 % 3 2 . 6 0 % 2 2 . 7 0 % 1 5 . 6 0 %
1 0 0 5 9 . 7 0 % 4 0 . 9 0 % 2 7 . 8 0 % 7 9 . 8 0 % 5 4 . 0 0 % 3 6 . 2 0 % 9 3 . 3 0 % 6 2 . 7 0 % 4 1 . 8 0 %
1 5 0 9 5 . 9 0 % 6 4 . 6 0 % 4 3 . 2 0 % 1 3 1 . 1 0 % 8 6 . 7 0 % 5 7 . 1 0 % 1 5 4 . 6 0 % 1 0 1 . 4 0 % 6 6 . 3 0 %

P i ckling rat e 1
C price [$/ton ] 5 4 . 1 0 % 2 . 9 0 % 2 . 1 0 % 4 . 8 0 % 3 . 4 0 % 2 . 4 0 % 5 . 3 0 % 3 . 8 0 % 2 . 7 0 %

1 0 8 . 3 0 % 5 . 9 0 % 4 . 1 0 % 9 . 7 0 % 6 . 9 0 % 4 . 8 0 % 1 0 . 6 0 % 7 . 6 0 % 5 . 3 0 %
2 0 1 6 . 7 0 % 1 1 . 9 0 % 8 . 3 0 % 1 9 . 6 0 % 1 3 . 9 0 % 9 . 7 0 % 2 1 . 6 0 % 1 5 . 3 0 % 1 0 . 6 0 %
4 0 3 3 . 9 0 % 2 4 . 0 0 % 1 6 . 7 0 % 4 0 . 2 0 % 2 8 . 3 0 % 1 9 . 6 0 % 4 4 . 5 0 % 3 1 . 2 0 % 2 1 . 6 0 %
1 0 0 8 8 . 0 0 % 6 1 . 8 0 % 4 2 . 6 0 % 1 0 6 . 6 0 % 7 4 . 2 0 % 5 0 . 9 0 % 1 1 9 . 0 0 % 8 2 . 5 0 % 5 6 . 3 0 %
1 5 0 1 3 5 . 3 0 % 9 4 . 6 0 % 6 5 . 0 0 % 1 6 5 . 8 0 % 1 1 4 . 9 0 % 7 8 . 2 0 % 1 8 6 . 3 0 % 1 2 8 . 4 0 % 8 7 . 0 0 %
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Table 10

I N C R E M E N TAL LAND VALUE FOR MEDIUM-SITE DOUGLAS FIR IN THE PACIFIC NORT H W E S T
(% increase over no - c a r b on case)

D i s cou nt rat e 4 % 8 % 1 2 %
Timber price [$/mbf] 2 5 9 3 6 3 5 1 8 2 5 9 3 6 3 5 1 8 2 5 9 3 6 3 5 1 8

P i ckling rat e 0
C price [$/ton ] 5 1 . 8 0 % 1 . 3 0 % 0 . 9 0 % 2 . 5 0 % 1 . 8 0 % 1 . 2 0 % 2 . 7 0 % 1 . 9 0 % 1 . 3 0 %

1 0 3 . 6 0 % 2 . 6 0 % 1 . 8 0 % 5 . 1 0 % 3 . 6 0 % 2 . 5 0 % 5 . 5 0 % 3 . 9 0 % 2 . 7 0 %
2 0 7 . 4 0 % 5 . 3 0 % 3 . 6 0 % 1 0 . 5 0 % 7 . 4 0 % 5 . 1 0 % 1 1 . 4 0 % 7 . 9 0 % 5 . 5 0 %
4 0 1 5 . 7 0 % 1 0 . 9 0 % 7 . 4 0 % 2 2 . 4 0 % 1 5 . 4 0 % 1 0 . 5 0 % 2 4 . 6 0 % 1 6 . 7 0 % 1 1 . 4 0 %
1 0 0 4 6 . 4 0 % 3 0 . 5 0 % 2 0 . 1 0 % 6 8 . 7 0 % 4 4 . 4 0 % 2 8 . 9 0 % 7 9 . 5 0 % 5 0 . 0 0 % 3 2 . 0 0 %
1 5 0 8 1 . 9 0 % 5 0 . 9 0 % 3 2 . 4 0 % 1 2 3 . 4 0 % 7 5 . 5 0 % 4 7 . 2 0 % 1 4 8 . 5 0 % 8 7 . 9 0 % 5 3 . 4 0 %

P i ckling rat e 0 . 3 8
C price [$/ton ] 5 2 . 7 0 % 1 . 9 0 % 1 . 4 0 % 3 . 4 0 % 2 . 4 0 % 1 . 7 0 % 3 . 6 0 % 2 . 5 0 % 1 . 7 0 %

1 0 5 . 4 0 % 3 . 9 0 % 2 . 7 0 % 6 . 9 0 % 4 . 9 0 % 3 . 4 0 % 7 . 3 0 % 5 . 2 0 % 3 . 6 0 %
2 0 1 1 . 1 0 % 7 . 8 0 % 5 . 4 0 % 1 4 . 1 0 % 9 . 9 0 % 6 . 9 0 % 1 5 . 0 0 % 1 0 . 5 0 % 7 . 3 0 %
4 0 2 2 . 8 0 % 1 6 . 0 0 % 1 1 . 1 0 % 2 9 . 5 0 % 2 0 . 6 0 % 1 4 . 1 0 % 3 1 . 5 0 % 2 1 . 8 0 % 1 5 . 0 0 %
1 0 0 6 2 . 5 0 % 4 2 . 8 0 % 2 9 . 0 0 % 8 3 . 2 0 % 5 6 . 2 0 % 3 7 . 6 0 % 9 2 . 4 0 % 6 1 . 3 0 % 4 0 . 5 0 %
1 5 0 1 0 0 . 9 0 % 6 7 . 7 0 % 4 5 . 2 0 % 1 3 7 . 1 0 % 9 0 . 4 0 % 5 9 . 4 0 % 1 5 6 . 4 0 % 1 0 0 . 8 0 % 6 4 . 9 0 %

P i ckling rat e 1
C price [$/ton ] 5 4 . 2 0 % 3 . 0 0 % 2 . 1 0 % 4 . 9 0 % 3 . 5 0 % 2 . 4 0 % 5 . 1 0 % 3 . 6 0 % 2 . 5 0 %

1 0 8 . 5 0 % 6 . 0 0 % 4 . 2 0 % 9 . 9 0 % 7 . 1 0 % 4 . 9 0 % 1 0 . 3 0 % 7 . 3 0 % 5 . 1 0 %
2 0 1 7 . 1 0 % 1 2 . 2 0 % 8 . 5 0 % 2 0 . 2 0 % 1 4 . 2 0 % 9 . 9 0 % 2 0 . 9 0 % 1 4 . 8 0 % 1 0 . 3 0 %
4 0 3 4 . 8 0 % 2 4 . 6 0 % 1 7 . 1 0 % 4 1 . 3 0 % 2 9 . 1 0 % 2 0 . 2 0 % 4 3 . 3 0 % 3 0 . 4 0 % 2 0 . 9 0 %
1 0 0 9 0 . 6 0 % 6 3 . 6 0 % 4 3 . 8 0 % 1 0 9 . 8 0 % 7 6 . 4 0 % 5 2 . 2 0 % 1 1 7 . 3 0 % 8 0 . 9 0 % 5 4 . 9 0 %
1 5 0 1 3 9 . 6 0 % 9 7 . 5 0 % 6 6 . 9 0 % 1 7 1 . 1 0 % 1 1 8 . 3 0 % 8 0 . 5 0 % 1 8 5 . 1 0 % 1 2 6 . 6 0 % 8 5 . 3 0 %

1 8 0
1 6 0
1 4 0
1 2 0
1 0 0

8 0
6 0
4 0
2 0

0
0 5 0 1 0 0 1 5 0

Figure 12

I N C R E M E N TAL LAND VALUE FOR MEDIUM-SITE
DOUGLAS FIR IN THE PACIFIC NORT H W E S T *

C a r b on Price ($/ton )

*with a 8% discount rate and .38 pickling factorat $259/mbf
at $363/mbf
at $518/mbf
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Table 11

O P P O RTUNITY COST ANALYSIS OF A HIGH-SITE DOUGLAS FIR STA N D

Value of Value of To t al To t al Value of Net Valu e
T i m b e r C a r b on A n nu al A n nu al S t a n d Value of C a r b on of Holding

A ge Vo lu m e G row t h G row t h F i x e d Valu e C o s t T i m b e r L a n d Ta x S t a n d

t v ( t ) v ' ( t ) P t * V ' P c * a * V ' TOTA L TOTA L P t * V ( t ) P I P c * a * ( 1 - B ) * ( V ( t ) Net Va lu e
( y e a r ) ( m b f / a c r e ) ( m b f / a c r e / y r ) ( $ / a c r e ) ( $ / a c r e ) ( $ / a c r e ) ( $ / a c r e ) ( $ / a c r e ) ( $ / a c r e ) ( $ / a c r e ) ( $ / a c r e )

5 0 0 0 0 0 3 1 0 3 8 9 0 - 3 1

1 0 0 0 9 0 9 3 2 7 3 8 9 0 - 2 2

1 5 1 3 6 7 6 3 7 9 4 3 1 5 6 3 8 9 5 3 6

2 0 5 6 1 5 1 9 5 7 2 0 2 9 0 7 6 5 3 8 9 1 3 1 1 1

2 5 1 4 6 2 3 3 1 3 1 1 3 2 4 1 8 5 1 9 8 4 3 8 9 6 6 1 3 9

3 0 2 7 5 2 9 4 0 4 1 4 4 1 8 3 2 1 3 7 4 5 3 8 9 1 2 4 9 7

3 5 4 3 4 3 3 4 6 3 1 6 4 7 9 4 8 7 5 8 9 6 3 8 9 1 9 6 - 8

4 0 6 0 9 3 8 4 9 6 1 7 5 1 3 6 7 2 8 2 8 6 3 8 9 2 7 5 - 1 5 9

4 5 7 9 4 3 8 5 0 9 1 7 5 2 6 8 6 6 1 0 7 9 7 3 8 9 3 5 8 - 3 4 0

5 0 9 8 2 3 8 5 0 8 1 7 5 2 6 1 0 6 3 1 3 3 4 4 3 8 9 4 4 3 - 5 3 8

5 5 1 1 6 7 3 8 4 9 9 1 7 5 1 6 1 2 5 9 1 5 8 6 8 3 8 9 5 2 6 - 7 4 3

6 0 1 3 4 8 3 5 4 8 4 1 7 5 0 0 1 4 4 9 1 8 3 3 3 3 8 9 6 0 8 - 9 4 9

6 5 1 5 2 4 3 3 4 6 5 1 6 4 8 1 1 6 3 3 2 0 7 1 6 3 8 9 6 8 7 - 1 1 5 2

7 0 1 6 9 2 3 3 4 4 5 1 5 4 6 1 1 8 1 0 2 3 0 0 3 3 8 9 7 6 3 - 1 3 5 0

7 5 1 8 5 3 3 1 4 2 5 1 5 4 3 9 1 9 7 9 2 5 1 8 9 3 8 9 8 3 6 - 1 5 4 0

8 0 2 0 0 7 2 9 4 0 4 1 4 4 1 8 2 1 4 0 2 7 2 7 1 3 8 9 9 0 5 - 1 7 2 3

8 5 2 1 5 3 2 9 3 8 4 1 3 3 9 7 2 2 9 4 2 9 2 5 0 3 8 9 9 7 0 - 1 8 8 4

9 0 2 2 9 1 2 7 3 6 4 1 3 3 7 7 2 4 3 9 3 1 1 3 0 3 8 9 1 0 3 3 - 2 0 6 2

9 5 2 4 2 2 2 5 3 4 6 1 2 3 5 8 2 5 7 7 3 2 9 1 4 3 8 9 1 0 9 2 - 2 2 1 9

1 0 0 2 5 4 7 2 5 3 2 8 1 1 3 3 9 2 7 0 8 3 4 6 0 7 3 8 9 1 1 4 8 - 2 3 6 9

Without carbon values, optimal economic rotation is at 35 years.  With carbon, it is extended to 50 to hold the
e n t i re stand.  After 50, carbon values, combined with price appreciation of larger dimension timber, likely both
extend rotations to some degree and pay for significant variable re t e n t i o n .
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As the US examines the suite of action s
that it can take to reduce its net carbon
e m i s s i ons, increasing forest carbon

s e qu e s t r a t i on and decreasing forest carbon emis-
s i ons cl e a rly warrant a place in the “carbon port-
f o l i o .” The US bu s i n e s s - a s - u s ual trends for car-
b on on private forests demonstrate inc r e a s i n g
forest emissions and increasing threats to future
c a r b on sequ e s t r a t i on. Private forests make up
the majority of forests nationwide, are the most
p roductive, the most managed, and the most
threatened. They have the largest impact, there-
fore, on US forest carbon stocks overall. The US
can make demonstrable changes to bu s i n e s s - a s -
u s ual trends to increase its net carbon stock s .

I ncreases in net carbon stocks are based on
i ncreasing the av e r age carbon stocks on private
forests. Such stocks are increased with older
forests and more la nd in forest. These stocks are
decreased with harvest (even when forest pro d u c t s
are calculated as a store) and conv e r s i on. To
i ncrease av e r age carbon stocks, three areas of action
s hould be pursued:

4P r e v e nting further forestland losses
t h rough increasing con s e r v a t i on of private
f o r e s t l a nd s

4I ncreasing reforestation of former forest
areas 

4I ncreasing the av e r age stock of carbon per
acre in the forest through increasing av e r-
age forest ages and variable retent i on har-
vesting over cl e a rcutting 

For such actions to occur, a forest carbon
m a rket must be developed that is based on stan-
d a rd accou nting rules. These rules mu s t :

4I nclude both debits and credits
4D i s c ou nt appropriately for risk
4D i s c ou nt for less-than-permanent stores
4R e quire accuracy to the same level as for

other emissions sectors

The science of tracking forest carbon ch a n g e s
on site is well developed in the US. Forest carbon

a c c ou nting at the project level at the same level
of certainty as other sectors is cl e a rly feasible. 

Forest carbon values provide a significant
p o t e ntial income for forestland owners.
D e p e nding on the price of carbon and compet-
ing values of timber or development, carbon val-
ues certainly provide an inc e ntive for land o w n-
ers to keep land in forest, reforest former forest
l a nds or marginal cro p l a nds, and change forest
m a n ag e m e nt through increasing retent i on fro m
harvest or extending ro t a t i ons. Each of these
a c t i ons provides carbon benefits over different
periods of time. Preventing forestland conv e r s i on
yields great carbon benefits immediately;
i ncreasing forest age and tree retent i on pro v i d e s
the greatest short and mid-term benefits, and
r e f o r e s t a t i on / a f f o r e s t a t i on provides benefits over
l onger periods of time. Until carbon values are
quite high, landowners are unlikely to manag e
for carbon only as compared to harvesting or
developing their land when timber and land val-
ues are also high. However, carbon is cl e a rl y
effective as an inc e ntive for landowners to
change forest manag e m e nt to increase forest ag e
t h rough retent i on or longer ro t a t i ons, and, in
cases of low or medium land value for develop-
m e nt, preserve forest and reforest. In cases of
high development value, carbon values may pro-
vide a significant portion of funding for an over-
all con s e r v a t i on appro a ch .

The ecological benefits of increasing forest
c a r b on stocks in these manners are many. Th e y
i nclude increasing forest biodiversity, resilienc e ,
a nd watershed values. High carbon forests are
generally more resistant to fire, disease, and
pests. They release less sediment as they are less
disturbed, yielding benefits for water quality as
well as fish and other aquatic life. Older native
forests that have more carbon provide essent i a l
habitat for many wildlife species, habitat that is
i ncreasingly rare on private lands. Greater area
in native forest also reduces frag m e nt a t i on, for a
net biodiversity benefit.
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