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Abstract. Forests of the United States and Russia can play a positive role in reducing the extent of 
global warming caused by greenhouse gases, especially carbon dioxide. To determine the extent of 
carbon sequestration, physical, ecological, economic, and social issues need to be considered, includ- 
ing different forest management objectives across major forest ownership groups. Private timberlands 
in the U.S. Pacific Northwest are relatively young, well stocked, and sequestering carbon at relatively 
high rates. Forests in northwestern Russia are generally less productive than those in the Northwestern 
U.S. but cover extensive areas. A large increase in carbon storage per hectare in live tree biomass 
is projected on National Forest timberlands in the U.S. Pacific Northwest for all selected scenarios, 
with an increase of between 157-175 Mg by 2050 and a near doubling of 1970s levels. On private 
timberlands in the Pacific Northwest, average carbon in live tree biomass per hectare has been declin- 
ing historically but began to level off near 65 Mg in 2000; projected levels by 2050 are roughly what 
they were in 1970 at approximately 80 Mg. In the St. Petersburg region, average carbon stores were 
similar to those on private lands in the Pacific Northwest: 57 Mg per hectare in 2000 and ranging from 
40 to 64 Mg by 2050. Although the projected futures reflect a broad range of policy options, larger 
differences in projected carbon stores result from the starting conditions determined by ownership, 
regional environmental conditions, and past changes in forest management. However, an important 
change of forest management objective, such as the end of all timber harvest on National Forests in 
the Pacific Northwest or complete elimination of mature timber in the St. Petersburg region, can lead 
to substantial change in carbon stores over the next 50 years. 

1. Introduction 

The United Nations Framework Convention on Climate Change and its Kyoto 
Protocol indicate the intent of some members of the international community to 
address the problem of climate change by managing the processes of global C 
cycling. The future success of this first-ever attempt by humans to manage their 
global environment requires comprehensive understanding of human interaction 
with terrestrial ecosystems. An example is land-use and land cover changes that are 
among the major driving forces that determine the transition of forest stands, land- 
scapes, and regions from carbon (C) sinks to sources and back (e.g., Kurz and Apps, 
1999, Houghton et al., 1999; Caspersen et al., 2000). Historical changes in land- 
use were identified as the dominant factor governing the rate of C accumulation in 
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the eastern United States, with tree growth enhancement contributing far less than 
previously reported (Caspersen et al., 2000). Natural factors and socio-economic 
processes interact in diverse ways and complicate the analysis of causes and con- 
sequences of land use and land cover change (LULCC). Projecting the effects of 
social and economic processes on C stores in terrestrial ecosystems remains a key 
research challenge and subject of ongoing scientific debate. In fact, a priority of 
the U.S. Global Change Research Program is to improve scientific understanding 
of how humans cause changes in the earth system (U.S. Global Change Program, 
2000). 

Rates and causes of LULCC and associated changes in C stocks vary by region 
and forest ownership group (e.g., U.S. National Forests) and change over time. For 
example, changes in forest disturbances caused the transition of Canadian forests 
from a net sink of C in 1980's to a small net source (-0.068 Gt C yr-l) by the 
early 1990s (Kurz and Apps, 1999). Recent Food and Agriculture Organization 
(FAO) statistics on 55 countries in the temperate and boreal zone indicate a general 
increase in live tree biomass of 0.88 Gt C yr-l (UN-ECEIFAO, 2000). The C sink 
in live woody vegetation was on the order of 10% of the fossil fuel C02  emissions 
in the United States and in western Europe, and was higher in the 1990s than in the 
1980s. These relatively high sequestration rates are not a result of active policies 
aimed at climate mitigation, but a consequence of general trends in LULCC. In many 
regions, large C losses in the past (Houghton et al., 1999; Kurz and Apps, 1999) have 
created opportunities for C sequestration in the present. Since the mid 20th century, 
forest area has been increasing in some regions of the boreal and temperate zones, 
partly because agricultural yields have improved and partly because the profitability 
of marginal agriculture has declined (Waggoner 1994; Alig et al., 2003; Kauppi 
et al., 2001). 

Forests of the United States and Russia play a major role in the exchange of 
greenhouse gases, especially carbon dioxide (C02) between the land and the at- 
mosphere. Such forests are part of northern boreal and temperate forests that cover 
about 1.8 billion ha, primarily in North America, Europe, and Russia. These forests 
contain most of the world's supply of softwood timber and are potentially a signifi- 
cant C sink. Increased C sequestration by trees, other forest ecosystem components, 
and wood products can partially ameliorate increasing atmospheric C02 output, 
providing time for other control measures to be brought into place (Kauppi et al., 
2001). In addition, there are multiple auxiliary benefits as measures designed to in- 
crease C sequestration can be consistent with forest conservation objectives, such 
as improved water quality, enhanced species habitat and biodiversity, and amenity 
improvement (Kauppi et al., 2001 ). 

Much of the landscape in the U.S. Pacific Northwest and northwestern Russia 
is currently in a "regrowth phase, with younger forest stands having substantial 
growth potential. A key question is how C stocks in the two forest regions and across 
forest ownerships may vary under different policy scenarios. Projections provide 
value in charting the future to provide ideas to policy maker$ about effects of land 
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management on U.S. and Russian forests, carbon, and related goods and services. 
We examine scenarios of forest sector development and compare the resulting 
change of C stores in forest biomass in the Pacific Northwest U.S. and northwestern 
Russia. The scenarios are based on policies that are not directly formulated to 
address global warming. Forest resources and forest management can vary markedly 
across forest ownerships, including the likelihood and timing of timber harvests, 
and thereby influence future trajectories of aggregate forest C storage (Alig, 2003). 

2. Past Studies of Regional Forest Carbon 

Previous work offers a general framework to aid in analyzing the natural and human 
interactions with forest C systems. Four major components identified in modeling 
studies include: (1) land base changes, (2) tree growth, (3) timber harvest, and 
(4) investment in intermediate forestry practices between tree establishment and 
harvest, such as forest fertilization and precommercial thinning (Alig et al., 1984). 
The potential for changes in these components varies notably by public (e.g., USDA 
Forest Service National Forests) versus private forest ownership and the role of 
private forest owners was the primary focus of research in the United States. In 
Russia, the ownership of forest lands has been federal and is expected to remain 
federal in the near future (Kukuev et al., 1997), but market forces are playing an 
increasing role in land and forest management. 

The first component, how land is allocated among different uses and cover types, 
is a reflection of socioeconomic forces that motivate human settlement and the land 
management decisions of private landowners. In addition to existing forest resource 
endowments differing by ownership, land management practices can also differ no- 
tably by ownership. Afforestation, deforestation, and reforestation are major land 
base management decisions that influence forest C stocks and flux (Alig, 2003), and 
their application can vary significantly across public, private industrial, and non- 
industrial private owners. Therefore, owner objectives and land use decisions can 
have significant implications across a regional landscape with mixed ownerships. 

For the second component, tree growth typically has received the most 
mitigation-related attention by foresters and in the literature. For example, Birdsey 
et al. (2001) summarized how the amount of carbon stored in forests via tree growth 
can be affected by forest management and can change through the adoption of land 
management practices that allow more land in forest cover, incorporation of more 
plant materials into forest soils, and changes in forest age structure. McCarl et al. 
(2000) considered tree growth options and included the ability to alter the intensity 
of forest management (e.g., rotation age) among owners and regions. 

For the third component, drivers of timber harvest differ notably by ownership 
class. Private timber harvest is influenced by stumpage prices, interest rates, initial 
timber inventory, and exogenous nonforest income (Adams and Haynes, 1996). 
Private timber harvest in the United States over the next two decades will be strongly 
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influenced by current timber inventory characteristics, particularly the limited areas 
and timber volumes in older merchantable age classes in most regions. Changes 
in owners can result in a shift in owner objectives and a change in likelihood of 
timber harvest. Timber harvest is typically the most frequent disturbance on private 
timberland and can lead to significant changes in land cover (Alig and Butler, 
2004). On federal lands in the United States, timber harvests are often set in public 
planning processes. For example, in the U.S. Pacific Northwest, planning objectives 
have shifted from ones based primarily on even-flow levels of timber harvests to 
ones that are aimed at providing a broader set of goods and services, including 
protection of wildlife habitat in late-successional forest reserves. 

The fourth component, forest investment, is a critical element in the long-term 
modeling of U.S. forest resources, and is also important in forest C analyses. Invest- 
ments in enhanced forest regeneration practices or intermediate stand treatments 
(e.g ., fertilization) affect growth and influence intertemporal decisions about harvest 
timing. For example, U.S. private timberlands have considerable potential for ad- 
ditional wood production and more C sequestration under intensified management 
(Alig et al., 1997), however, the requisite levels of aggregate private investment 
would be well beyond those observed in recent years. 

In past large-scale assessments, more attention has been devoted to modeling 
C storage on private versus public timberlands in the United States. Plantinga and 
Birdsey (1993) developed a forest C budget model to examine the effects of for- 
est management practices on C storage on private timberlands. They projected 
an increase in C storage on private timberlands by 2040, however, this increase 
was largely offset by C emissions resulting from harvesting. Adams et al. (1999) 
expanded the context to bring in the potential of private land exchanges with agri- 
culture, the influence of international trade, and direct consideration of the cost of 
sequestering carbon in private forests. 

A gap in the literature has been the potential role of U.S. federal timberlands 
in forest C sequestration. Changes in federal timber management appear to have 
increased the potential for increased C sequestration. However, the federal land 
management policies are directed at other objectives (e.g., protection of wildlife 
habitat), and a question is the compatibility with carbon-related goals. 

The research on the role of Russian forests in the C exchange with the atmosphere 
has focused largely on the extensive forests of Siberia and the shifting fire regimes 
that drive forest succession (Kasischke et al., 1999; Conard et al., 2002; Kasischke 
and Bruhwiler, 2002). Estimates based on national forest inventory data indicate a 
significant net sink between 1961 and 1998 (433 Tg C yr-l total, 155 Tg C yr-l in 
live forest biomass) (Shvidenko and Nilsson, 2003) and an increase in productivity 
of forests of 20-25%, primarily in the Western part of Russia (Alexeyev et al., 2004). 
To improve understanding of human interactions with terrestrial ecosystems and C 
fluxes and make realistic predictions, a more narrow regional focus is necessary. 
We chose the St. Petersburgl region because of data availability and previous work 
on examination of C dynamics (Treyfeld et al., 2003; Krankina et al., 2004a,b). 
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Two caveats should be stated: 

we examined live forest biomass only; because other C pools in forest ecosys- I 

tems and in forest products are not synchronized with live biomass (Harmon 
and Marks, 2002), a more comprehensive analysis may lead to somewhat 
different results. 
we did not consider the impact of fire. Fire is typically controlled and burned 
timber is salvaged on private lands in PNWW and in the St. Petersburg 
region; so that including fire is not going to change the results for these two 
categories. Fire plays a greater role on public lands in the PNWW and not all 
burned timber is salvaged, therefore, including the effect of fire could reduce 
the projected gain in C stores on public lands. 

3. Modeling 

We compare two forest regions with contrasting climate, productivity, land-use 
history, forest ownership, and with active ongoing changes in land management: 
the U.S. Pacific Northwest and the St. Petersburg region in northwestern Russia 
(Table I). In both regions, forests play a major role in land cover, in C stocks, and 
in regional economies (Harmon, 200 1 ; Krankina et al., 2004 a,b). A regional scale 
(several million ha) is appropriate for this study because prices are set in markets 
where wood products are traded across broad areas and many land-use policies and 
socio-economic processes are region-specific. Moreover, routine statistical and sur- 
vey data are collected and aggregated by administrative regions and this facilitates 
the integration of socio-economic and environmental drivers in a single analysis 
system. Examining historical trends can provide helpful guidance in identifying 
key factors that are likely to influence forest regeneration, timber harvest, and other 
changes in forest resource conditions in northwestern Russia and the U.S. Pacific 
Northwest in future years. 

3.1. STUDY REGIONS 

The U.S. PaciJic Northwest Westside (PNWW) is the U.S. timber supply region 
that includes the territory of western Washington and western Oregon between 
the Pacific Ocean and the crest of the Cascade Mountains (Figure 1, and Table I). 
Douglas-fir (Psuedotsuga menziesii (Mirb.) Franco) is the primary timber species 
and the dominant forest cover type on timberland in the region (Smith et al., 2001). 
The most productive sites are capable of yielding 14 cubic meters per ha per year 
of wood, and many other sites can yield at least 8 cubic meters. In the maritime 
zone of the PNWW region are some of the tallest trees in the world, and the 
most productive coniferous forests in the Northern Hemisphere. The Douglas-fir 
forest type is managed under a broad range of management regimes, from custodial 
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TABLE I 
Study areas. 

Pacific Northwest-West St. Petersburg region, Russia 

Latitude (") 

Elevation range (m a.s.1.) 

Mean annual t " (C) 

Annual precip. (mm) 

Dominant vegetation 

Total area (million ha) 

Forested area (million ha)' 

Mean growing stock (m3/ha) 

4 2 4 6  

0-4400 

2-10 

300-3500 

Moist temperate conifer forest 

14.0 

10.9~ 

230 

57-62 

0-250 

3 4  

600-800 

Southern taiga forest 

8.5 

4.7 

147 

Sources - Krankina et al. (2004a) and Smith et al. (2001) 
> 10% canopy closure in the PNWW, >30% relative stocking in the St, Petersburg region. 
National forest lands comprise 28% of this total; private forests comprise 53%. Other public 

lands (e.g., Bureau of Land Management) make up the remaining 19%. 

Figure 1 .  Western Washington and Western Oregon regions of the United States Pacific Northwest 
and the St. Petersburg Region of Russia. 
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management to plantings with genetically improved stock, precornmercial thinning, 
and fertilization resulting in substantial differences in growth by treatment (Alig 
and Butler, 2004; Haynes, 2003). The dominance of the Douglas-fir forest type and 
species in the region is a result of the species' high growth capacity, its adaptability 
to high-intensity management (e.g., its ability to reforest clearcuts), and the high 
economic value of its wood. 

The forests of the PNWW region are continually changing in response to har- 
vesting patterns and natural succession (Alig et al., 2000). The forest dynamics of 
the region are in a transitional stage, with some historical patterns being altered by 
current economic and social factors, such as ownership patterns, timber markets, 
forest management regulations, and changing management objectives. Although 
approximately two-thirds of the region's forest land is publicly owned, timber har- 
vests in the region currently come mainly from private timberlands. Timberlands 
are forestland that is not reserved from timber harvest and meets a productivity 
criterion, with about half of the region's timberland under private ownership. The 
Northwest Forest Plan in the early 1990s curtailed logging on federal land in Wash- 
ington and Oregon (Figure 2), whereas previously a large proportion of the timber 
harvested in the region came from national forests. The federal regulations under 
the Northwest Forest Plan promote protection of the northern spotted owl (Strix 
occidentals caurina) and other species deemed dependent upon late-successional 
forest habitat for parts of their life cycles. In total, timber harvest in the PNWW 
region has dropped from about 90 million cubic meters in 1980 to about 50 million 
in 2000 (Haynes, 2003). 

As the level of federal timber harvests decreased, the importance of timber 
harvested from private lands increased. In 1952, private forests contributed 60% 
of the total timber harvest, and that grew to about 90% by 2000 (Smith et al., 
2001). This has led to shorter timber rotations on private timberlands and more 
opportunities for converting between forest cover types (e.g., other softwoods type 
to Douglas-fir) at time of regeneration (Alig and Butler, 2004; Haynes, 2003). Such 
changes are influencing forest C storage levels in the region. 

Historically, in aggregate, PNWW timber inventory levels declined from 1952 
to 1997, especially for the two largest holders of inventory, forest industry and 
federal owners (Figure 3). The period of sharpest decline was between 1976 and 
1986, when federal timber harvests were at recent historical high levels. Since then, 
management of the Northwest's old-growth forests, mainly on federal lands, is one 
of America's most contentious natural resource issues. Old-growth forests can be 
defined in varying ways, but here we use the definition of forests with trees more 
than 250 years old, with big fallen logs, having large standing snags (dead trees), 
and with the potential to store a high amount of carbon (Harmon and Marks, 2002). 
With a mixed and multi-layered canopy broken by occasional light-filled gaps, trees 
may grow up to 100 meters high and over 2 meters in diameter. 

In 1991 the softwood growth/removal balance in the PNWW National Forests 
was 1.2. For every cubic foot of wood products removed, more than 1.2 cubic 
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Figure 2. Historic timber harvest for St. Petersburg and private and public ownerships in the Pacific 
Northwest Westside. PNWW: Sources - Washington Department of Natural Resources and the Ore- 
gon Oregon Department of Forestry. St. Petersburg: Final harvest on federal forest lands. Source - 
R.F. Treyfeld, personal communication based on data on file at the Northwestern Forest Inventory 
Enterprise. 
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Figure 3. Historic and future softwood timber inventories for the Pacific Northwest Westside. Inven- 
tory for the St. Petersburg Region of Russia is for the base case and includes all species. 






































