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Between 1990 and 2000, nonfederol timberland orem in wegem Washington declined by 5%, in tontrml to a 3% reduciion for the 1980-90 period. Most 
of this reduction is attributed to the conversion of timberland io ofher lond uses, especially urban and other developed uses. In areas such os the Puget Sound 
region, population densities hove more than doubled over the lmt 40 yeon. Further expansion in urban and developed areas is expected, with timberland o 
mojor source for development. We project an 8% reduction over 30 yeon in fwertlond area in western Washington. At the m e  time, urbon rind oiher developed 
areas ore projected to roughly double, driven by increuses in and personal income levels. Increased demand for land for residential and other 
developed uses puts upwurd pressure on lond volues, increasing opportunity cast of retaining lond in forests and raising the question of what will become of 
some forests and aaotiated farest resources, such m woter and wildlife, if forest owners find if too costly to rnmoje the forest. 
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T he rate of reduction in timberland area in western Washing- 
ton accelerated between the last two forest survey remea- 
surement periods, based on periodic surveys by the Forest 

Inventory and Analysis (FIA) unit of the USDA Forest Service, 
Pacific Northwest Research Station (Gray et al. 2005). Between 
1990 and 2000, timberland area on nonnational forestland declined 
by 5%, in contrast to a 3% reduction for the 1980-90 period. Most 
of the recent decline is attributed to the conversion of timberland to 
nonforest land uses, especially shifiing to urban and developed uses. 
Western Washington has some of the most productive timberland 
in the world as well as extraordinary forest and aquatic ecosystems 
and other valuable forest benefits. Macroeconomic and demo- 
graphic influences pose a threat to the ability of forests to produce a 
broad array of ecosystem goods and services on a long-term basis, 
including public goods where market imperfections (e.g., social val- 
ues exceed private values) can cause some forest benefits to be un- 
dersupplied (Kline et al. 2004). 

Forestland conversion, in the face of increasing opportunity costs 
of keeping remaining land in forests, along with associated forest 
parcelization and fragmentation, is a persistent issue for managers 
and policymakers. For example, a recent position statement con- 
cerning loss of forestland by the Society of American Foresters 
(2004) lists ecological effects (e.g., water quality and wildlife habi- 
tat) and socioeconomic effects (e.g., expanding urban-forest inter- 
face, reduced forest recreation opportunities, reduced long-term 
timber production possibilities, and loss of open space). We exam- 
ine dynamics of land-use changes among major uses, focusing on 
transitions into and out of forestland. We quantify patterns inland- 
use transitions in western Washington over a recent 15-year period 
and construct a Markov projection model that represents all the 
multidirectional land-use changes among all the mutually exclusive 

land-use categories. To provide information for planning and man- 
agement purposes, we project the area of forestland and urban and 
other developed areas, and then examine a range of potential out- 
comes by comparing with disaggregated projections from broad- 
scale models based explicitly on key socioeconomic drivers such as 
population and personal income levels that affect land values. 

Study Area and Methods 
Study Setting 

Our study area is western Washington, the 19 counties west of 
the crest of the Cascade Range (Figure 1). Forestland covers three- 
quarters of the region (Gray et al. 2005). Approximately one-half of 
the forestland is privately owned, with the remainder about split 
between National Forest ownership and other public owners (e.g., 
Washington Department of Natural Resources). Land-use changes 
occur most frequently on private lands, driven significantly by 
changes in population and personal income (e.g., Alig et al. [2004] 
and Cho et al. [2005]) and Washington is the most populous State 
in the Pacific Northwest. The State has 5.9 million people (Figure 
2), with 4.6 million people (78%) in western Washington. The 
largest city, Seattle, has 563,376 residents, about 10% of the state's 
population. Approximately 3.5 million people (59% of state resi- 
dents) live within 10 mi of coastline (including Pacific Ocean and 
Sounds). [ l]  The statewide population grew by 1 million individuals 
(21%) between 1990 and 2000, with similar statewide population 
increases of around 20% each decade since 1960 (Washington State 
Office of Financial Management 2005). Net migration has been a 
significant hctor in western Washington's population growth in 
recent decades. Between 1990 and 2000, the average annual net 
migration into western Washington was approximately 52,000 
individual+32,000 of those individuals were net migrants into the 
North Puget Sound Region (NPSR) that includes the counties of 
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Figure 1. Housi density in weJtwn Washington by census Mock group. (Doh sources USDC Census Bureau [U)051 and Washington State Deporhnent 
d ~mn-onT20031.) 

Figure 2. Washi State population, forest area, and per capita forest 
area, 1900-2000ab sources: USDC Census Bureau 120011 and Smith et 
al. [20041.) 

King (with Seattle), Skagit, Snohomish, and Whatcom Washing- 
ton State Office of Financial Management 2005). The highest 
household incomes are concentrated around the Seattle to Olympia 
corridor and around Vancouver in Clark County just north of Port- 
land, Oregon, areas ofwestern Washington that have had relatively 
large expansions in developed areas in recent decades. 

The percentage of western Washington that is developed is 6%. 
The percentage of developed land (1 8%) within the NPSR is much 
higher, reflecting the influence of the Seattle metropolitan area. 
Land supply for housing in the NPSR is squeezed between the Puget 
Sound to the west and the Cascade Mountains to the east, which are 
dominated by public land. Development has spread in a north- 
south corridor. Housing density is higher than average along the 
entire length of Interstate 5 (Figure 1). High housing densities and 
development "inland" from Interstate 5 generally are associated 
with major transportation routes. Such areas near these major roads 
experienced increased development when western Washington had 
a 52% increase in area of urban and other developed land benveen 
1982 and 1997, with 40% of that increase between 1992 and 1997 

(USDA Natural Resources Conservation Service [NRCS] 2000). 
Nonfederal forestland area was reduced by 313,000 ac or 4% be- 
tween 1982 and 1997. 

Estimation of Land-Use Transition Probabilities and 
Comparison of Land Values 

The FIA survey reported a net reduction in timberland area 
(Gray et al. 2005), and we examined data from the USDA NRCS's 
~a t ibna l  Resource Inventory (NRI; 2000) to quantify pathways of 
changes among major land-use classes.[2] Using the NRI data, we 
estimated periodic transitions among seven land coverluse 
classes-forestland, cropland, pastureland, rangeland, urban and 
developed uses, Conservation Reserve Program land, and miscda- 
neous uses-to determine the major sinks for forestland that was 
converted to other uses and sources of any new foresdand.[3] The 
NRI land coverluse data were collected every 5 years on the same 
samples of land fiom 1982 to 1997. We used these periodic data to 
estimate what percentage of forestland tends to stay in forest over a 
specified time period and the percentages of forestland transitioning 
to the other six NRI land coverluse classes. 

A first-order Markov model (e.g., Alig and Wyant [1985]) was 
used to represent the land coverluse change data for several reasons. 
First, land coverluse change is not unidirectional and a given parcel 
of land may change from one category of land wverluse to any of the 
other six. In our Markovian analysis, we use matrices that represent 
all the multidirectional land coverluse changes among all the mutu- 
ally exclusive land coverluse categories. With the seven land 
coverluse categories, there are 42 possible different land covertuse 
changes for each discrete time period, which are incorporated into a 
49-cell transition matrix (with seven on-the-diagonal "no-change" 
cells). Relatively low or zero probabilities reflect that some land 
covertuse changes are not likely, such as transitions out of the urban 
and developed category. We used the NRI-based percentages in a 



Markov model of land covertuse to simulate transitions among dif- 
ferent major land coverluses over a 30-year projection period for 
both western Washington and the NPSR 

We compared the relative size of urban versus forestry net returns 
to provide broad indicators of relative rankings of land uses within 
an economic hierarchy of land use. Land has a current market value 
equal to the net present value of expected benefits in excess of costs. 
Increased demand for residential and other uses of developed land in 
some areas has outweighed those for timberland in recent decades. If 
conversion of forestland to development is influenced significantly 
in many cases by location, this could mean that private forest use 
may be pushed more toward hinterlands at an increasing distance 
fiom metropolitan areas. Forestland values reflect current as well as 
anticipated uses of land. Forestland prices anticipate hture devel- 
opment dose to urbanizing areas. Urban returns were estimated as 
the median value of a recently developed I-ac parcel used for a 
single-family home, less the d u e  of structures (Lubowski et al. 
2006). Net returns per acre from forestry were estimated by the net 
present d u e  of weighted sawtimber revenues from di&rent forest 
types, where a series of timber harvests occur at an economically 
optimal (Faustman) rotation for a 5% interest rate. 

Projectkg Futnre Nonfeded Forestland Area 
We projected the area of nonfederal forestland (as well as the 

other major land coverluses) in western Washington and the NPSR 
to 2027 (two 15-year periods fiom 1997) using the Markovian 
transition probabilities constructed from the coreset of NRI data for 
western Washington and the NPSR. The 1997 NRI estimates of 
acreage in seven land coversluses or initial states served as the pro- 
jection starting points.[4] 

Then, we examined possible outcomes based on (1) use o f N N  as 
compared with FIA historical data and (2) consideration of the 
influence of socioeconomic variables on hture forest area. In the 
first case, we compared our projections based on NRI data analyses 
to those if the trend in forest area based on FIA survey findings (Gray 
et al. 2005) was extrapolated for 30 years. In the second case, we 
disaggregated projections from earlier land-use models that incor- 
porated socioeconomic drivers such as population and personal in- 
come levels. We obtained such projections for western Washington 
and the NPSR from a national-level model (dig and Planting 
2004) and from the Western Washington Timber Supply Study 
(Adams et al. 1994). Alig and Plantinga (2004) used an economic 
model of revealed behavior to project land use nationally to the year 
2030, with population and personal income levels as key determi- 
nants of changes in land use. [5] From this national-level model, we 
extracted the land-use projections for counties within western 
Washington and the NPSR. We then did likewise with forest area 
projections from the Western Washington Timber Supply Study 
(Adams et al. 1994, Parks and Murray 1994), which were based on 
physical attributes of the land resource, stumpage values, agriculture 
returns, and changes in population. 

Projecting Future Urban and Developed Areas 
We examined potential outcomes involving urban area projec- 

tions for western Washington and the NPSR by following the gen- 
eral approach in projecting forestland areas, except that there are no 
FIA data on developed areas that we could extrapolate when looking 
at a range of potential outcomes. Instead, we compared our urban 
and developed area projections, based on the Markovian transition 

Table 1. Lond cover/use transition probabilities for western 
Washington (1 5-yr period). 

Crop Pasture F o m  Urban Other 

Crop 68.9% 14.4% 0.4% 10.4% 6.0% To1337 
Pasture 8.2% 74.7% 2.2% 
Form 0.0% 0.4% 95.596 I::: i::: landcOverluse 
Urban 0.0% 0.0% 0.0% 100.0% 0.0% 1 
Other 0.0% 0.0% 0.0% 3.5% 96.5% 

From 1982 land coverluse 4 

Besed on the 1982 and 1997 NRI &n. 

matrices described previously, to urban and other developed area 
projections from four other studies. We investigated one potential 
outcome associated with socioeconomic factors by disaggregating 
the developed area projections from the same national-level eco- 
nomic model by Alig and Plantinga (2004) used in the forestland 
area projections. Then, we examined three other potential outcomes 
for developed land area by drawing on national-level studies that 
focused on developed land: Alig et al. (2004), Nowak and Walton 
(2005), and Theobald (2005). 

In the first national-level study, Alig et al. (2004) projected de- 
veloped areas (based on NRI data) using an econometric model - 
incorporating population density, per capita income, proximity to 
metropolitan areas, and the d u e  of agricultural products. In the 
second study, Nowak and Walton (2005) projected future urban 
areas based on recent national-level urban area growth races (from 
USDC Census Bureau data) that varied depending on urban area 
size. Last, Theobald (2005) constructed a simulation model ofhous- 
ing unit density using USDC Census Bureau data, incorporating 
county-level population projections, number of housing units per 
1,000 people, recent housing density growth rates, and travel time 
to the nearest urban core. 

Results 
Land Use Transition Probabilities 

Land in western Washington that was forested in 1982 generally 
remained as forest in 1997, according to NRI data. There was a 
95.5% probability that forestland in 1982 remained forested in 
1997 (Table 1). When forestland did transition to some other land 
use, forestland was most likely to transition to urban and built-up 
uses. There was a 3.1% probability that forestland in 198.2 would 
transition to urban and built-up uses by 1997. In contrast, the 
probability of transition from cropland to urban and built-up land 
during the same period was 10.4%. Pastureland (2.2%) and crop- 
land (0.4%) were the only land coversluses that had a likelihood of 
transitioning to forestland during the 15-year period. 

As expected, there was a 100% probability that land dassified as 
urban and built-up in 1982 remained urban and built-up in  1997 in 
western Washington (Table 1). In addition, there was a positive 
probability of land transitioning to urban and built-up land from 
each of the other land coverluse classes in western Washington. 
Pasture had the greatest probability (12.1%) of transitioning to 
urban and built-up land during the 1982-97 period (Table 1). 

Forestland in the NPSR region was less likely to remain forested 
between 1982 and 1997 than forestland in western Washington in 
general. Within the NPSR, there was a 93.1% probability that for- 
estland in 1982 would remain forested in 1997 (Table 2). Similar to 
the general pattern in western Washington, if forestland within the 
NPSR transitioned during the period, it was most likely to become 
urban and built-up. During the 15-year period, the probability of 
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Figure 3. Variation in price of undeveloped land parcels in relation to 
distance n lnterstaie 5 and size of parcel, hhomish County, Washington. 
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Year forestland transitioning to urban and built-up was 5.6%. Similar to 
all ofwestern Washington, NPSR pastureland was the major source 
of land tran~itionin~ t i  forest use (2.0%). Pastureland and cropland 

Figure 5. P r a j e d  forerrland area (1997, 100%) over 30 30 in the 
within the NPSR were the land uses most likely to transition to NPSR wih hkwian model (Mnslm mwim) and poiec- 
urban and built-up land during the 1982-97 period, 16.7 and tions. 
9.8%, respectively (Table 2). 

Land Value Dierences between Forest Use and Developed 
Uses 

For 38 counties in the Pacific Northwest west of the crest of the 
Cascade Range, including the 19 counties in western Washington, 
per acre values are $1,438 in forest use and $165,947 in urban use. 
In looking at influence of parcel size (using l-ac size for parcels for 
single-family homes), land values per acre for 1- to 5-ac tracts are 
more than 40 times higher than for tracts larger than 100 ac in 
Snohomish County, Washington.[6] This influences the competi- 
tive position of forestry versus developed uses in interface areas such 
as urbanizing locations, tending to push forestry further out from 
metropolitan areas. 

Location of parcels near major transportation routes also can 
affect land values. Figure 3 indicates that undeveloped parcels closer 
to Interstate 5 in Snohomish County, Washington, tend to have 
higher prices than those parcels more distant, in addition to the 
upward pressure on parcel price as size of the parcel becomes smaller. 
For example, the highest land prices for undeveloped parcels (more 
than $400,0001ac) are those for such parcels within 5 mi of Inter- 
state 5 and in the parcel size class of less than 1 ac. 

from pastureland and cropland to forestland, this was not enough to 
offset the transition of forestland to urban and developed uses. Sev- 
enty percent of the forestland area that is projected to transition 
from forest to another land coverluse is expected to ultimately be- 
come urban and built-up land. Approximately 20% of transitioning 
forestland is expected to become rural infrastructure land or other 
miscellaneous land uses. Most of the remainder of transitioning 
forestland (9%) is projected to become pastureland. 

We project the NPSR forestland area to decrease by 13% be- 
tween 1997 and 2027 (Figure 5), based on Markovian simulations 
using the NRI-based transition probabilities. We project that 80% 
of forestland transitioning to another use in the NPSR becomes 
urban and built-up land-a greater percentage than for western 
Washington in general. Approximately 15% of transitioning forest- 
land is projected to become rural infrastructure or other miscella- 
neous land uses, with the remainder of transitioning forestland pro- 
jected to become pastureland. 

Based on the diiaggregated results obtained from the economic 
model of Mi and Plantinga (2004), forestland area in western Wash- 
ington is projected to decrease 13% between 1997 and 2025 (Figure4). 
For the NPSR, the projections with the economic model by Alig and 
Plantinga (2004) indicate a 22% reduction in forestland area between 
1997 and 2025 (Figure 5). Using resul~ from the model used originally 
in the Western Washi ion  Timber Supply Study (Adams et al. 1994), 
forestland area in western Washington is projected to decline by 4% 
between 1997 and 2025 (Figure 4). Using the same approach, a 7% 

Forestland Area Projections 
We project an 8% reduction in forestland area in western Wash- 

ington from 1997 to 2027 (Figure 4), based on simulations using 
the land-use transition probabilities that we estimated from the NRI 
data. Although some fbrestland was gained as result of transition 
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reduction in foresrland area is projected fbr the NPSR over the same 
period (Figure 5). 

Urban and Developed Area Projections 
We project urban and developed areas of western Washington to 

increase substantially over the next several decades (Figure 6), based 
on our core set of NRI transition probabilities used in the Mark- 
ovian model. Our projections indicate a substantial expansion in 
developed area, similar to outcomes obtained by disaggregating re- 
sults from the national-level economic models of Alig et al. (2004) 
and Alig and Plantinga (2004). AU three projections indicate that 
urban and built-up area may approximately double between 1997 
and the middle of decade 2020. . 

Comparatively, the next group of projections by Theobald 
(2005) and Nowak and Walton (2005) is restricted to urban area 
coverage. Results from those two models indicate increases of 
60-70% in urban area by 2025 for western Washington.[7] 

The range of projection outcomes for increases in urban and 
built-up area in the NPSRis similar in magnitude to that for western 
Washington in general. For the broader coverage case of urban and 
built-up area, the range in projected percentage increases is between 
190 and 240% (from the respective study's starting point; Figure 7). 
The largest increase in urban and developed area is projected by the 
Alig et al. (2004) model (Figure 71, which also includes rural 
built-up areas. Large lot sizes associated with rural residential areas 
occur more frequently in rural areas than urban areas, with land in 
rural areas generally less expensive than in urban areas, which may 

account for larger lot size in rural areas. Projections of increases in 
the urban area component by Theobald's (2005) and Nowak and 
Walton's (2005) models are nearly identical at around 60%. 

Discussion 
Commonalities for the alternative projections indude the impor- 

tance of an expanding populauon as a key socioeconomic driver of 
an increasing area of developed uses and reduced forestland area. 
Broadly, population increases boost demand for land as home sites, 
roads, parks, airports, schools, commercial and industrial space, 
other developed uses, and open space to satisfy the demands of 
urbanized areas. The population increase arises both inside and 
outside the state because natural amenities and job opportunities 
influence migration patterns of some individuals to ruralareas (e.g., 
McGranahan [1999]). Between 1995 and 2000, Washington was 
the destination for the largest outflow of people moving fiom four 
states: Oregon, Idaho, Alaska, and Montana. Increases in personal 
income also fuel demands for developed land, with the counties 
experiencing the highest rate of development being those with the 
largest per capita income levels in western Washington. Further 
substantial urbanization and other development in western Wash- 
ington is likely in the face of the projected population and income 
levels, with some coming from forestland. The growth in urban and 
built-up area under the alternative projections continues to exceed . , 
that for population, as an approximately 50% increase in western 
Washington's population by 2030 is projected to contribute to a 
more than do;bing of urban and built-up area. Although Wash- 
ington is expected to have above-average population growth, be- 
tween 1982 and 1997 the Pacific Northwest region added area for 
each additional resident that was below that for other fast-growing 
regions such as the South (Alig et al. 2004). How Washington's 
population is distributed across space will be affected by the use of 
urban growth boundaries that identify boundaries for expected new 
urban development (Washington State Department of Commu- 
nity, Trade, and Economic Development 2003). 

The largest amount of developed area is projected with a model 
that gives more weight to more recent observations on land-use 
changes. The Alig and Plantinga (2004) model uses data fiom the 
1992 to 1997 NRI remeasurement period, resulting in projections 
of a 13% reduction in private forestland area in western Washington 
over 30 years. The 13% reduction is similar to a 15% reduction that 
would result if the FLA. decadal rate of reduction due to land-use 
changes, based also on 1990s data, was simply extrapolated for 30 
yearsr~hen NRI land-use data are used from the longer time period 
of 1982 to 1997, an 8% reduction is projected. The model based on 
the 1992-97 data reflects more strongly the higher level of economic 
activity in the 1990s, including stock marker advances that boosted 
overall personal income levels. The FIA data (Gray et al. 2005) also 
showed an acceleration in timberland area reduction in the 1990s 
compared to the 1980s, including for the NPSR that has forested 
watersheds projected to experience increased housing development 
on more than 20% of a watershed's area (Stein et al. 2005). In 
particular, the watershed projected to undergo a "high level" of 
housing density increase is located within the NPSR in Whatcom 
and Skagit Counties. 

Substantial shifting of rural lands to developed uses is projected 
to continue and, broadly speaking, prospective returns to forestry 
enterprises generally are not significant deterrents to some land de- 
velopment (Parks and Murray 1994, Alig et al. 2004). Lubowski 



(2002) indicated that increases in urban areas were largely unaf- 
fected by changes in net returns to nonurban uses, such as agricul- 
ture. This is consistent with the large differentials between land 
values for dweloped uses in contrast to those in forest use noted in 
this study, including the important influence of location, e.g., prox- 
imity to interstate highways and Seattle. Haynes (2005) suggests 
that in the past forestland owners in the region have relied on sus- 
tained upward changes in timber prices to provide incentives to 
increase the extent of umber management prices, but that such 
owners now face a future of relatively stable timber prices, raising 
questions about whether market incentives will be sufficient to pro- 
mote sustainable forest management. If markets are not likely to 
promote conservation offorestland, Cho et al. (2005) point out that 
forestry zoning rends to reduce fbrestland loss but it shifts develop- 
ment to farmland. Conversely, agricultural zoning shifts develop- 
ment from farmland to forestland. This finding points to the im- 
portance of considering all land uses when deliberating policies and 
recognizing interconnections between forest and agricultural land 
uses on the fixed land base. The possibility of spillovers between 
regions with different land-use zoning or regulations is reflected in 
the case of Clark County, Washington, in which its growth in part 
has been fueled by many people who commute to work in Portland, 
Oregon, while living in Washington. 

Conclusions 
Findings from periodic forest surveys and land-use change re- 

search are 

Long-term trends in forestland and timberland areas in western 
Washington are downward, with the region losing more than 
one-half million ac of timberland since 1980. Per capita amount 
of forestland in Washington is less than one-third of the 1940 
level. 
In recent years, a large majority of converted forestland in west- 
ern Washington has been dweloped versus shifted to agricul- 
ture. Population densities have more than doubled between 
1960 and 2000, and the area of developed land increased by 
52% between 1982 and 1997, while the much larger forestland 
area decreased by 4%. 
The probability that 1982 forestland would remain forested in 
1997 was 95.5%. Most forestland conversion has been on non- 
industrial private forestland, which often is important in ripar- 
ian zones. 
Between 1982 and 1997, the largest source of new forestland 
was pastureland, followed by cropland. At the same time, the 
piobability of conversion of forests to urban and developed uses 
was 3.1%, resulting in a net loss of forestland. 
Land values for dweloped uses can be 80 -1 00 times larger than 
that for forestland. Land values for undeveloped parcels tend to 
increase as distance decreases to Interstate 5 and as parcel size 
decreases. 
Washington's population is projected to increase by more than 
one-third over the next 25 years. The amount of developed area 
per new person in the region has increased over time, with urban 
and built-up area growing faster than the population. 
We project an 8% net reduction in forestland area in western 
Washington for the 30-year period between 1997 and 2027. At 
the same time, area of urban and developed area is projected to 
approximately double. Projections based on information from 
different studies and data sources (e.g., USDA's NRI, USDC 

Census) are reasonably consistent; however, length of historical 
data series does affect projection results because the 1990s ex- 
hibited more economic growth than the 1980s. 

Monitoring land-use changes, including the rural residential 
component, would aid in better understanding of hctors that affect 
land use, impact forest management, and increasingly complicate 
efforts to promote sustainability of some forest ecosystems. Periodic 
land base assessments could aid policymakers hced with permanent 
loss of forestland and how that might be altered with thoughtful 
land-use policies and economic incentives to own and manage for- 
estland (Society ofAmerican Foresters 2004). With more than 120 
million people projected to be added to the US population over the 
next 50 years, increased relative demand for land for developed uses 
is likely-to change the area of productive working forests and the 
provision of public goods by forests, such as open space and the 
environmental service of storing more terrestrial carbon to mitigate 
climate change. 

Endnotes 
[I] Based on geographic information sysrem analysis using Census Block group 

geographic centroids. 
121 Technical details on the NRI data are described in a longer report that can be 

obrained from the authors of this arricle and a summary of NRI survey methods 
and definitions are given also by Mig et al. (2004). 

[3] Only about 2% of private forestland in western Washington is not clasiied as 
timberland. Thus, in the a ~ d e  we use mtal timberland area as a reasonable 
approximation for forestland area when discussing alternative sets of projections. 

[4] No acrs within wesrern Washiion or the NPSR were classified as Conserva- 
tion Resetve Program (CRP) land or rangeland in either rhe 1982 or the 1997 
NRI data 

151 Theland-w model was applied in the 2005 Resources Planning Act Assessment 
and is a national-level econometric model (Iubowski 2002, Lubowski et al. 
2006). The model is based on private land-use decisions depending on antici- 
pared economic returns to alternative land uses, and Lubowski et d. (2006) 
provide information on model coeffiaenrs and elasticities. 

[6] We excluded residential land and commercial land, including any parcels thar 
had any value from improvemenu. The landvalue esrimates are based on the sale 
price from transactions in conrrast to values carried on rax assessment records. 

[7] Theobald (2005) excluded indusvid and commercial areas in the use of Census 
dam, and Nowak and Walton (2005) also used Census definitions of urban area. 
The other studies (e.g.,Aligand Manringa [20041) used NRI sunreyesirnates for 
the broader group of urban and builr-up areas. 
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