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Abstract 

Growing hunian populatiolls inevitably load to the conversion of some forestlands to more intensive dcvcloped uses. 
Resulting landscape changes can influence long-term timber production possibilities, and affect the quantity and quality of 
wildlife habitat, outdoor recreation and open spaces that contribute to people's quality of life. Anticipating the potential effects 
of forestland developrnent can be important to fonnulating management arid policy strategies that balance the multiple demands 
of society regarding land for development. resorirce production, and environmental protection. Previous research conducted in 
western Oregon has: 1 ) exarnined factors related to historical forestland development and projected fuhire development; and 2) 
examined effects of forestland development on private forest management and investment activities. 1% briefly rcvicw these 
previous research efforts, and combine their resulting datta and models to examine whar projected forestland development might 
inean for private forestry in western Oregon over the next 50 years. The analysis draws together a broad body of recent research 
focused on western Oregon, to provide a context for discussing forestland development issties and their rnanagement and policy 
implications fbr the U.S. and abroad. 
C 2005 Elscvier B.V. All rights reserved. 
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1. Introduction and second homes, for example), and other socio- 
economic factors inevitably lead to greater demands 

Forest managers and policymakers increasingly are for residential, commercial, and industrial building 
involved with the interdependency of socioeconomic sites, and the conversion of some forestlands to 
trends and changing forest landscapes. In our market- developed uses. Resulting landscape changes can 
based economy, increasing human populations and effect changes in forest goods and setliiccs that arc 
incomes, people's life-style choices (household sizcs valued by society, including long-tcr~n timber pro- 

duction, wildlife habitat, recreation, and open spaces 
that contribttte to people's quality of life. Cuncnt 
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relationships behveen socioeconomic trends and land- 
scape change, to balance the changing demands of 
society regarding land for development, resource 
production, and environmental protection. Part of that 
process will involve arlticipating the effects of forest- 
land development on forest managerrtent and resulting 
landscape conditions. 

Forestland development has been a persistent issue 
for managers and policymakers in western Oregoi~, 
where forests comprise 80% of the land area (Azun~a 
et al., 2002a) and the population has grown by 73% 
since 1970 (Ofikce of Economic Analysis. 1997). 
A'ttl~ough southern states are providing a larger share 
of U.S. timber harvests-64% in 2001 compared to 
47% in 1976 (Smith et al,, 2004Fthe Pacific North- 
west (Oregon and Washington) remains a major 
tirnber-producing region, with annual timber produc- 
tion averaging 50 million m3 for the past decade 
(T-Iaynes, 2003). Pacific Northwest forests also are 
home to scveral threatened and endangered species, 
including spotted owls (Stri.~ occidentalis caurii~a), 
marbled Mumelets (Bmclzyramphus marmorahrs), 
and coho salmon (0;)rtcorlzyrzchus kisutcl?), as well as 
several other species of recreational value to hunters 
and anglers. Oregon is known for its outdoor 
amenities and Oregonians often cite natural beauty 
and recreation opportunities as the attributes they 
most value about living in the state (Oregon Business 
C'c~trneil, 1993). Maintaining these chamcteristics in 
western Oregon could be a chal lenge-its population, 
concentrated largely in the Will- Valley extend- 
ing from Portland to Eugene, is expected to grow by 
another 43% by 2040 (Ofiice of Economic Anatysis, 
f 997). 

Previous research conducted in western Oregon 
has: 1) examined factors related to historical forest- 
land development and projected fUture development; 
and 2) examined forestland developrnent eRects on 
private forest management activities. This existing 
research provides a unique opport.unity to exanline 
what projected trends in population and forestland 
developme~lt imply about the future of private forestry 
in western Oregon, a region known worldwide for its 
productive forests. We combine data and models from 
these previous studies to examine what projected 
forestlartd development might inean for private 
forest~y in westem Oregon over the next 50 years. 
We use an existing empirical model to project 

forestlald development throug1.t 2054. These projec- 
tions are co~nbined with existing empirical models 
describing forest stocking, precotnmercial thinning, 
and posthanfest replanting, to evaluate the degree to 
which private forestry might be affected by develop- 
ment in Euture years. The analysis combines extensive 
recent research focused on western Oregon, to provide 
a context for discussing the tnanagernent and policy 
implications of forestland de~ielopmcnt for the U.S. 
and abroad. 

2. A national context for examinitlg forestland 
development 

Regionally for Oregon and Washington, forestland 
area declined by 1.1 inillion hectares (ha) (5%) from 
1952 to 2002 (Stnit11 ct al., 2004), and thesc changes 
rcflect national trends. For the U.S., three million ha 
of forestland were converted to other uses from 1952 
to 2002. Although some converted forestlar~d is 
cleared for cropland, pasture, and rangc, the most 
common end use is developn~ent (United States 
Departmex~t of Agriculture Natural Resources Con- 
servation Service [LISEIA NRC'S], 2000). Most forest- 
land developtnent occurs on land owned by 
notlindustrial private forest (NIPF) owners. MIPF 
owners control the most U.S. timberland-58% (1 18 
rniI1ion ha) of the total-and in the Pacific Northwest 
often own land that is critical to thrcatcncd and 
endangered species, such as lowlands or riparian areas 
(Bettingcr and Alig, 1996). Forestland devclopmcnt 
brings more people living in closer proximity to 
remaining forestlands. Population densities on forest- 
land have not been regularly tracked over time until 
recent work of Hrtnlrner et al. (2004) for the north 
central U.S. Based on nationwide rural-urban con- 
tinuum classes defined by Hutter and. flcale ( 19%3), 
13'34 of U.S. forestland now is located in major 
metropolitai~ counties and 17% in intermediate and 
srnall metro pot it at^ counties and large towns, togetkcr 
comprising 30(?/0 of all U.S. forestland (S111it2l ck i t l . ,  

2004, p. 47). 
The issues that forestland development raise for 

managers and policymakers can be broadly defined 
as: 1) supply-side issues-how development affects 
the supply of market and nonmarket forest goods and 
services; and 2) demand-side issues-how develop- 
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ment changes society's demands for forest goods and 
services. Supply-side concerns largely focus on how 
development might reduce commercial timber pro- 
duction (Barlow et al., 1998; Wear et al., 1999). These 
effects are thought to result from a reduced timberland 
base and diseconomies imposed by parcelization that 
breaks up large forest parcels into smaller parcels for 
development (Mclimood and Zhang, 2001), conflicts 
with ctontin~ber producing ncighbors, and wildfire 
risks in forest-urban settings (USDA Forest Sewice, 
1995). Other supply-side concerns focus on devel- 
opment's role in landscape change-direct habitat loss, 
forest fragmentation, and changes in forest structure 
caused by changing forest management (Munn et af,, 
2002), which can affect the ecological, aesthetic, and 
recreation services provided by forests. 

Dumand-side concerns largely focus on potential 
changes in society's demands and attitudes regarding 
&rests and their managelnent. Increasing urbanization 
of the U.S. population, coupled with gradual develop- 
ment and crowding of remaining forest landscapes, 
conceivably increases people's marginal utility for the 
ever more scarce opens spaces that provide recreation 
and environmental amenities and enhance quality of 
life. These changes can result in shifting demands for 
normarket forest goods and services, and political 
pressure in favor of greater regulation of forestry 
practices (Egan and LuloK 2000). DeC;ostcr (2000, 
p. 3) suggests that inany of the problc~ns development 
may create for forestry-higher land prices, higher 
taxes, greater regulationextend far in advance of 
actual development, raising the oppoaunity costs of 
rural land uses in favor of development. 

Contemporary forestland developinent concerns 
are sirnilar to those cited in the U.S. since the 1970s 
about farmland developxnent-that development cre- 
ates disecononlies for remaining family farms, 
through parcelization, cotlflicts with nonfarming 
ncighbors, higher per acre production costs, higher 
land prices, and higher opportuniv costs (Sorensen ct 
al., 1997). Those concerns were bolstered by public 
desire to protect rural environmental amenities unique 
to farmlands (Gardner. 1977) and led to numerous 
public efforts to save farmland where it was declining, 
Since then, population and urban growth throughout 
the U.S. has made loss of rural lands a nationwide 
rather than regional land-use policy issue as exempli- 
fied, for example, by the federal famland presewatio~l 

program (NRf S, 19%) and the smart-growth move- 
ment (Young, 1995). That forest policy concerns nou3 
echo the traditional themes of fanniand loss suggests 
the degree to which development has encroached on 
forest landscapes in recent years, adding to long-' 
standing concems about faanland development. 

3. Building density and forestry data far western 
Oregon 

Forestland development concerns among managers 
and policymakers in western Oregon center on 
maintaining tiinber production and habitat by lirniting 
parcelization and firagmentation of forest landscapes 
(Azui~~a et a]., 2002h). To examine these issues. the 
Oregon Department of Forestry and the USDA Forest 
Service's Forest Inventoly and Analysis (FIA) pro- 
gram gathered detailed land-use data depicting build- 
ing densities on private land in western Oregon in 
1974, 1982, and 1994 (Azrrmza et al.. 2002b). The data 
consist of photo point observations of building 
counts-number of buildings of any size or type within 
32- and 259-ha circles surrouilding pin pricks on 
aerial photograplis-on nonfederal land for the 19 
counties in Oregon west of the crest of the Cascade 
Mountain Ranges. A portion of the observations were 
located to coincide with existing FfA field plots 
(Azuma et al,, 2002a) so that building density data 
could be merged with historical FIA field plot data 
describing forest conditions and inanagen~ent. 
Together, the data can be used to examine the degree 
to which forestry activities might vary by building 
densities over the time period spanned by the data. 

The spatiat distribution of buildings across forest 
and agricultural lands in western Oregon suggests that 
developlnent historically has affected forestlands at 
relatively low-densities of below 25 buildings per 
square kilornetcr fkm) (Fig. 1). This is likely due, in 
part, to the steep slopes and poor road access that 
characterize much of the forestland in the region, as 
wet1 as the greater distance forestlands are from major 
cities of the Wiilamette Valley relative to agriculturaf 
lands. From 1974 to 1994, forestland comprising 0 to 
6 buildings per square kilometer decreased from 97O4 
to 93% of total forestland, while forestland compris- 
ing building densities of 7 to 25 buildi~igs per square 
kilometer increased fiorn 3% to 6% and forestland 
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Fig. I .  Wstern Oregon land uses and building densities, 1994. 

comprising building densities greater than 25 build- computation. Technical details regarding the model 
ings per square kilometer increased fi-om <0.5% to and projections are reported in Klinl: (2003). The 
1%. Previous research has used the building density building density pro.jections show how future devel- 
and forestry data to: 1) create negative binomial opment might be distributed across forest landscapes 
nlodels describing changes in building densities and if past developme~lt rates and patterns continue. 
project future building densities; and 2) estimate Projected future development for western Oregon 
empirical models that test for potential negative suggests relatively low to tnoderate growth in urban 
correlations between building densities and forest lands, largely at the expense of agricultural lands (Fig. 
stocking, precornmercial thinning, harvesting, and 2). Major private land uses in 1994 included 2.9 
postharvest replanting. We build upon this work by million ha of forestland, 786,000 ha of agricultural 
entering projected future building densities into the land, and 3 14,000 ha of mixed forest and agricultural 
estimated forest stocking, precommercial thinning, land, totaling four million ha of rclativcly undevel- 
harvesting, and postharvest replanting models, to oped rural land (Az~ana et al., 2002b). Building 
examine how much these activities might be reduced density projections suggest that by 2024, 7 1 :000 ha of 
in the future by continued forestland development. that rural land (about 2%) will be developed to urban 

uses comprising greater than 259 buildings per square 
kilometer (Kline, 2003, Table 4). Most developmelit 

4. Future forestland development (46,000 ha) is projected to occur on agricultural lands. 
By 2054, projections suggest another 142.000 ha of 

Building density data (Azurna et al., 2002b) were 
used to estimate a negative binomial model describing 
changes in building counts within 32-ha circles fi-om 1 BY4 21124 2054 

"+- 

?'- '". 
/"-- - . 

1 974 to 1994, as a function of prevailing development \ , /' 
i 

/ i. ', 
pressures, existing building densities, slope, elevation, , iJ't ; #' 

13% and land-use zoning. Development pressures were 
i I 

represented in the model using a gravity index t 

describing the location of land relative to cities of 
varying sizes, as a proxy for commuting opportunities 2% 
offered by land in different locations. The models 
were used to project future building densities based on 

Forest i] Mixed Agriculture Urban 

projected populations (Office of EcXXlomic Analysis, Fig. 2. Projected composition of prikatz forest and farnlland i i i  

1997) for cities includcd in the gravity indcx western Oregon, 1994 t~ 2054 (Klinc. X O ~ )  
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1994 2024 2054 
Year 

Buildings types of forestlands differently. dqerlding on its 
per sq. krn. timber and ownership characteristics. In percentage 
a 0-6 terns, forestland developinent likely will affect the 

7-12 most productive timberlands to a lesser degree than 
13-18 
19-25 

less productive other forestland. About 94% of 

mNonforest fore"1ands in western Oregon are classified as 
timberland-capable of anntially growing at least 1.4 
in3 per ha of industrial wood-while 6% arc classified 

Fig. 3. Timberland by projected building density class, western 
Oregon, 1994 to 2054. 

rural land (3%) will be developed, again coinprising 
n~ostly (96,000 ha) agricultural lands. Projections 
strggest that by 2054, just over 1% of the 1994 
forestland base will be developed; 18% for agricul- 
tural. Although projections suggest that a relatively 
significant amount of forestland will be developed- 
15,000 ha by 2024, another 28,000 ha by 2054-these 
changes are less significant in percentage terms, 
reducing forestland froin 73% to 72% of the private 
rural land base, relative to the decline in agricultural 
lands from 19% to 16% (Fig. 2). 

Building density projections do indicate additional 
devcloprnent of forest and agricultural lands at 
relatively low densities below urban use thresholds. 
Of the tbur inillion ha of forest and agricrlltural lands 
reported for 1994 (Azuma et al.. 2002b), over 2% 
comprised building densities of greater than 25 
buildings per square kilometer. Projections suggest 
this will increase to 4% by 2024 and to 8% by 2054 
(Kline, 2003). These nuinbers do not count low- 
density development below 25 buildings per square 
kilometer. Twenty-five buildings per square kilometer 
roughly is consistent with an average forest parcel size 
of four ha per building (house), which in Oregon is the 
inini~num parcel size eligible for preferential assess- 
ment as forestland for property tax purposes (Oregon 
Depa1"cmunl of Revenue. 2998). Because Oregon no 
longer views land below the 4-ha parcel size as forest 
for tax purposes, from a policy perspective we 
consider it as nonforest. 

4.2. Fzltt~re development by timberland and o~vnersh@ 
charactei*i.~tir.s 

Brtilding density projectioils computed for FIA 
field plots suggest that development is likeIy to affect 

as other forestland (Azuma ct al., 2002a). In 1994, 
nearly all timberland (94%) comprised building 
densities of 6 buildings per square kilometer or less 
(Fig. 3). Projections suggest that significant propor- 
tions of timberland will still comprise such low 
building densities in the fiiture-89% in 2024 and 
83% in 2054. Building densities on other forestland 
were relatively higher in 1994-86% comprised 6 
buildings per squarc kilometer or less-and projections 
suggest that the proportion will decrease rather 
siglzificantly, to 73% by 2024 and 60% by 2054. 

Although land classified as other forestland repre- 
sents a relatively small proportion of thc ibrestland 
base, it likely will bear a greater share of future 
forestland developn~ent. One possible reason for this 
is that other forestlands tend to be characterized by 
oak savannah, common along the edges of the 
Willamette Valley, where most development in west- 
em Oregon is expected to occur. Timberlands tend to 
be located more distant from the Valley. on steeper 
slopes, in less accessible arcas of the Coast and 
Cascade Rangcs. which limits their econotnic poten- 
tial for most developed uses. Greater earning potential 
from timber production and limited accessibility to 
growing cities of the LVillamette Valley are two factors 
that counter development pressures on timberlands in 
western Oregon now and in the hhlre. 

Buildings 
per sq. km. 
El 0-6 
0 7 - 1 2  
3 13-18 
a 19-25 

Nonforest 

1994 2024 2051 
Y car 

Fig. 4. Ir~dustrial private forestland by praecad building dcnslty 
class, western Clregon, 1994 to 2054. 
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Future forestland development also is more likely 
to affect NPF-owned lands than industrial forest- 
lands. Industrial forestlands are owned by companies 
growing timber for industrial uses including those 
with and without wood processing facilities; NTPF 
lands are owned by farmers, Native A~nerican groups, 
and other private owners (Azuma et al., 2002a). 
Building density data for FIA field plots suggest that 
in 1994 almost all illdustrial forestlands (98%) 
con~prised building densities of 6 buildings per square 
kiIometer or less (Fig. 4). Building density projections 
suggest that industrial forestlands will continue to 
comprise such low building densities in the future- 
97% in the 2024 and 9376 by 2054. NIPF lands, on 
the other hand, already comprised higher building 
densities in 1994, with 83% having 6 buildings per 
square kilometer or less (Fig. S), and projections 
suggesting that the proportion will decline to 68% by 
2024 and 55% by 2054. Projections suggcst that by 
2054, 14% of NIPF land reported in 1994 will 
comprise greater than 25 buildings per square kilo- 
meter, while less than 1% of industrial forestland will 
comprise such densities. 

Research in the U.S. and Europe suggests that 
NlPF owners are motivated by aesthetics, recreation, 
and other nontimber objectives in addition to timber 
production (Newman and Wear, 1993; Kuttluvainex~ et 
al., 1996). Nontiinber objectives have been found 
among NIPF owners in western Oregon, and arc 
correlated with lower harvest rates and willingness to 
forego harvesting to improve wildlife habitat (Kline ct 
al., 2000). NIPF owner characteristics imply that 
future forestland development concentrated mostly on 
NLPF lands will somewhat limit any adverse effects 
for timber production in western Oregon, because 
cot-t~mercially productive industrial lands will remain 

1000" / /  Buildings 
per sq. km, 
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GI?-12 

13-18 
B 19-25 
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Year 

Fig. 5. Non-indristriai private forestland by projected building 
density class, western Oregon, I994 to 2054. 

relatively unafkcted. However, because many NIPF 
owners' nontimber objectives include ecological 
protection, fkture development could affect those 
forestlands whose owners may be most willing to 
pursue ecological protection or enhancement efforts. 

5. Effects of forestland development on private 
forestry 

Building counts within 259-ha circles (A~tima et 
al., 2002b) and forestry data for FIA field plots for 
1974 to 1994 w-ere used to exa~nine the potential 
effects of forestland development on the forest 
management and investme~lt of private forestland 
owners in western Oregon (KIinc et al., 2004). 
Empirical models were created describing forest 
stocking, precornmercial thinning, harvesting, and 
tree planting following harvest, as functions of stand 
and site characteristics, ownership, and building 
densities. Results suggest that when there is standing 
merchai~table timber, private forest owners in western 
Oregon have tended to harvest that timber-the 
likelihood of harvest has not varied with increasing 
building densities. Results, however, also suggest that 
investment in forest management, as represented by 
precornmercial thinning, and replanting following 
harvest, docs appear to diminish as building densities 
increase. The results support the ge~lcral conclitsion 
that forestland development is correlated with reduced 
forest management and investment on private forest- 
lands in western Oregon fkom 1974 to 1994. 

To examine what projected forestland development 
might mean for private forestry in the fbture, the forest 
stocking, precornmercial tt~inning, and posthawest 
replanting models were used to compute future basal 
areas, and the likelihood of precotnmercial thinning 
and postharvest replanting, based on projected build- 
ing density values estin~ated for 1994, 2024, and 2054 
(Kline, 2003). All independent variable values 
included in each empirical model were held constant, 
with the exceptions being those variables that arc 
themselves functions of building detlsity. To the 
extent that the FIA field plots on which the ~nodels 
were based represent private forestland in western 
Oregon, the projections suggest the degree to which 
forest stocking, and precomrnerciaf thinning and 
postharvest replamlting rates estimated for 1994, would 
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b e  reduced by projected forestland development in 
future years. Results, however, would vary if fitture 
forestland development difiers substantially from that 
projected. 

5.1. Fbre.st stocking 

Percent 
reduction 

13 If-1% 
CS 2-3% 
tl,3?/0 

Nontbresr 

Generalized least squares regression was used to 
estimate an empirical model describing average basal 
area per acre (a proxy for stocking) as a function of 
stand age, site index, NIPF ownership, and building 
density (Kline et al., 2004, Table 2). Building 
densities were found to have a negative effect on 
basal areas (P<0.  lo), though the magnihide of that 
effect was relatively small. For example, on average, a 
NfPF even-aged conifer stand, aged 35 years and 
having a site index of 100, will have a basal area of 
22.9 m2/ha if located in an area having zero buildings 
per square kilometer, but 2 1.3 m2/ha if located in an 
area having 25 buildings per square kilometer (Fig. 6). 
Predicted values of the basal area models show how 
average basal areas computed for FIA field plots 
rnight vary by building density, after accounting for 
stand and site characteristics. 

The basal area model for conifer and hardwood 
stands (Kline et al., 2004, Table 2, colu~nn 2) was 
used to compute basal areas for FIA field plots, based 
on pro.jected building densities for 1994, 2024, and 
2054 (Kiinc, 2003). The resulting predicted basal area 
values show how increasing building densities pro- 
jected for 2024 and 2054 would reduce basal area 
values below their estimated 1994 levels, holding 
other factors constant. Predictions suggest that only a 
relatively snlall proportion of field plots would exhibit 
reduced basal areas owing to increased building 
densities (Fig. 7). Less than 3% of field plots would 

Buildings per square kilometer 

Fig. 6. Building density and basal area on private forestland. Note: 
For even-aged conifer stand, aged 35 years, site index - 100 (Kline 
ct al., 2Otf4). 

Year 

Fig. 7. Estimated reduction in 1994 basal area based on projected 
forestland developtnmt, western Oregon, I 994 to 2054. 

exhibit basal area reductions of 2 to 3% by 2024, and 
only 7% would exhibit such reductions by 2054. By 
2054, only 1% of field plots would exhibit basal area 
reductions of greater than 3%. Meanwhile, by 2024, 
2% of field plots would be developed to nonforest 
uses (attain building densities greater than 25 build- 
ings per square kilometer); 5% by 2054. The 
relatively sinall et'fect that increasing building den- 
sities would have on basal areas suggests that by the 
time forest stocking is reduced by forestland devclop- 
ment, that land likely will have already developed to a 
nonforest use. Thus, outright conversion may warrant 
greater concern than the relatively tnodest effects that 
future forestland development is likely to have in 
reducing forest stocking in western Oregon. 

Probit models were estimated describing the like- 
lihood that FIA field plots were precomn~ercially 
thinned between the 1974 and 1984 inventol-ies and 
between the 1984 and 1994 inventories, as a function 
of basal area, site index, sfope, road access, NIPF 
ownership, and building density (Klinc et al.. 2004, 
Table 3). As with the forest stocking models, building 
densities were found to have I? negatihe effect 
( P ~ 0 . 0 5 )  on preco~nmercial thinning likelihood. On 
average, a NIPF stand with a basal area of 16 m'iha, a 
site index of 100, and 30% slope will have a 7% 
likelihood of being recently precontmercially thinned 
at any given FIA illventory if located in an area 
comprising zero buildings per square kilometer (Fig. 
8). The same forest stand located in an area compris- 
ing 25 buildings per square kilometer will have almost 
no (0%) likelihood of being recently precot-ncnercialiy 
thinned. The preco~nmercial thinning model estimated 



ment in precomtnercial thinning prior to forestlatid's 
outright conversion to nonforest uses. 

I 
Probit models were estimated describing the like- 

0 5 10 15 20 2 5 lihood that FIA field plots that had been hawcsted 
Buildings per square kilometer between successive FIA irlvcntories had becn 

Fig 8. Building density and preconlmcrcial thinning likelihood on the later as a of 
forestland, Note: For basal area- 16 rnz/ha, site posthawest basal area, site index. slope, road access, 

index- 100, slope=30% (KIine et aI., 2004). NIIDF ownership, and buildir~g density (Klinc ct al., 
2004, Table 5). Building densities were found to have 

for even-aged forest stands (Kline ct al., 2004, Table 
3, column 3) was used to compute the likelihood that 
FIA field plots included in the model would be 
precomrnercially thinned, based on projected building 
densities for 1994, 2024, and 2054 (Kline, 2003). 

Predicted values suggest that in 1994 a third (34%) 
of FIA field plots had a greater than 10% likelihood of 
having been recently preco~nmercially thinned, a third 
(32%) had a likelihood of 3 to lo%, and a third (32%) 
had a likelihood of less than 3% (Fig. 9). Predictions 
suggest that by 2024, precommercial thinning like- 
1; hood will decline: 3 1 % of plots will have a greater 
than 10% likelihood of being precommercially 
thinned, 35% will have a likelihood of 3 to 1096, 
and 32% will have a likelihood of less than 3%. By 
2054, precommercial thinning likelihood will decline 
further: 28% of plots will have a greater than 10% 
likelihood, 32% will have a likelihood of 3 to 1096, 
and 25% will have a likelihood of less than 3%. 
Meanwhile, by 2024,2% of FIA field plots will have 
been developed to nonforest uses; 5% by 2054. The 
predictions suggest that forestland development could 
lead to a moderate decline in private owners' invest- 

a negative effect ( P  < 0.10) on postharvest replanting 
likelihood for recently harvested field plots. On 
average, a NlPF stand with a postharvest basal area 
of 9 m2/ha, a site index of 100, and 30% slope was 
found to have a 50% likelihood of having been 
planted by the FIA inventory following a harvcst if 
located in an area cornprisitlg zero br~ildings pcr 
square kilometer (Fig. 10). The same forest stand 
located in an area comp~ising 25 buildings per square 
kilometer was Sound to have a 28% likelihood of' 
having been replanted. The postharvest replailting 
model (Kline et al., 2004, Table 5, column 1) was 
used to compute the likelihood that recently harvested 
FIA field plots worild be replanted, based on projected 
building densities for 1994, 2024, and 2053 (Kline, 
2003). 

Predicted values suggest that for the 1993 survey, 
40% of recently harvested FIA field plots had a 
greater than 50% likelihood of being replanted, 26% 
had a likelihood of 25% to 50%, and 32% had a 
likelihood of less than 25% (Fig. I I) .  Predictions 
suggest relatively little change by 2024: 4174 will 
have a greater than 50% likelihood of being replanted. 

Likelihood 

f3 >1O0/o 
E l  3-10'4 
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Year 

Fig. 10 .  Building density and planting likelihood following harwst 
Fig. 9. Estimated precomtnercial thinning IikeIihood based on on private forestland. Note; For sbn,j: basal area-"$"ha, site 
projected forestland development, western Oregon, 1994 to 2054. index - 100, slope- 30?/0 (Kline d a]., 10114). 
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Fig. 1 1, Estimated planting likelihood following harvest based on 
projected forestland development, western Oregon, 1994 to 2054. 

25% will have a likelihood of 25% to 5094, and 31% 
will have a likelihood of less than 25%. Predicted 
replanting likelihood declines more significantly by 
2054: 23% of recently harvested plots will have a 
greatei- than 50?"6 likelihood of being replanted, 31% 
will have a likelihood of 25% to 5096, and 40% will 
have a likelihood of less than 25%. Meanwhile, by 
2024, 3'& of recently harvested field plots will 
develop to nonforest uses; 6% by 2054. The pre- 
dictions suggest that forestland development could 
restilt in moderate declines in private owners' invest- 
nlent in replanting following harvest in future years. 

6. Discussion 

Projected building densities and their potential 
effects on private forest mailagen~ent in western 
Oregon suggest that forestland development is likely 
to result in modest declines in forest stocking and 
precommercial thinning over the next 50 years, and 
greater declines in postharvest replanting. Coupled 
with the finding that harvest rates in western Oregon 
so far have been unaffected by increasillg develop- 
ment (Klinc et al., 2004), the results suggest that 
forestland developn~ent alone is unlikely to signifi- 
cantly reduce private tirnber prodtiction over the next 
50 years. This is due mainly to the relative geographic 
isolation of the most productive timber- and industry- 
owned lands from locations where future development 
is most likely to occur. Projections suggest that 
relatively less productive other forest and NIPF- 
owned lands, and agricultural lands will experience 
greater development, due largely to their closer 
proximity to cities and transportation corridors. 
Factors other than forestland development could play 

a greater role in future western Oregon tirnber 
production, including national and international mar- 
ket forces, continued shift of domestic timber pro- 
duction to the U.S. south, changing public attitudes 
about forestry, and greater regulation of forestry 
practices. 

Likely ccological effects of forestlartd developinent 
are less certain, largely because they have not been 
widely evaluated in the Pacific Northwest. Forestland 
devclopmellt certainly will have some adverse eco- 
logical consequences, as some forest habitat is lost. 
Accornpanying changes in landowners and their forest 
manageinent objectives could bring both positive and 
negative changes in habitat conditions, through 
changes in forest structure, species composition, and 
succession. These effects are likely to he more 
prevalent on oak savannah, which tends to cdgc the 
Willamette Valley in greater proximity to expanding 
urban areas than does coniferous forest. Also trnccr- 
tain are quality of life ef'fccts resulting from changes 
in forest recreation sites and environmcn tal amenities. 
Although a relatively small proportion of forestland is 
likely to be developed, greater development of forest 
landscapes could reduce recreational access and the 
aesthetic characteristics of remailling forests. Such 
changes are nzore likely on forestlands located closest 
to existing urban areas, where most future develop- 
rnent will take place and where those changes are 
likely to routinely affect the most pcople. 

Our analysis has focused on western Oregon 
because of the land-use and forestry data available 
there. Although our results may not apply directly to 
other forest regions, general conclusions do emerge. 
First, the effects of forestland development are 
influenced not just by rates and patterns of population 
growth and development, but by geography, econom- 
ics, inherent site productivity, and landowners, among 
other factors. Much of western Oregon's forestland is 
buffered from the effects of growth and dc.r.elopme11t 
by its geographic isolation, steep slopes, and poor 
accessibility. Second, forestland developlnent ef'iecrs 
and the attention they warrant fi-om managers and 
policymakers depend on the types of forestlands 
aEected. Economic and ecological characteristics vary 
across the landscape, resulting in a range of implica- 
tions that depend on the location and density at which 
developnlerlt occtlrs. Timber production effects in 
western Oregon are lninimized because the most 
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productive forestlands and ownerships happen to be 
the least likely to be developed. Lastly, mmagement 
and policy can influence only some of the factors 
involved in forestland development. Reduced prop- 
erty taxes and other financial incentives can help 
lower the opportunity costs of keeping Iand in forest. 
Cost-sharing and technical assistance for habitat 
enhancement and restoration can mitigate some 
ecological efkcts. Persistent, hotvever, are the pre- 
vailing economic forces that accompany population 
growth-increased demand for housing, commercial 
and industrial sites, and public infiastntcture-which 
exert strong pressures in land markets favoring 
development. 

7. Nlanagement, policy, and research implicatians 

Rurttl land development in the U.S. accelerated in 
the 1990s compared to earlier decades and projec- 
tions indicate extensive new development through 
2025 (Riig et al., 2004). Many states legislatures 
have considered smart growth policies and other 
measures to address urban sprawl. Despite such 
efforts, a larger population spread across a fixed 
land base will result in higher population densities on 
many forest landscapes, How much should forest 
policymakers and managers worry about forestland 
development? On the one hand, forestland develop- 
ment does seem to have some effect in reducing 
commercial timber production on some forestlands. 
This could be a concern for long-run national timber 
supplies. On the other hand, forestland development 
could simply be the workings of eficient land 
markets, enabling land to move from forestry into 
other uses in greater demand. There remains. how- 
ever, the issue of what forestland development means 
for forest externalities-ecologkal benefits, environ- 
mental amenities, and outdoor recreation-that 
cnhance qtrality of life, 

In the late 1970s and early 1980s, national interest 
heightelled about the loss of farmland to development, 
and the perceived threat posed for national food 
security, agricultural viability; environmental amen- 
ities. and open space. These concerns culminated with 
the Xational Agricultural Lands Study (1981) doc- 
~itnenting rates of farmland loss and motivating the 
implelnentation of nurnerous state, and federal farm- 

land presen~ation programs, Several econolnists at the 
time questioned whether fjmland loss was a serious 
problem (Baden, 1984). Some noted that agricultural 
resources, such as productive soils, arguably are 
efficiently transacted in land markets, niaking public 
programs to protect them unnecessary ((3ardner:. 
1977). As externalities, however, preserving environ- 
mental amenities and open space is justified, because 
Iand markets typically do not provide suf'ficient 
quantities of these. Appropriate policy responses must 
be carefttlly crafted to focus on those objectives. 
Perhaps a similar analysis raised in the contest of 
forestry would help define appropriate policy and 
Inanagelnent responses to forestland development. 

Accompanying our national concerns abotit forest- 
land development is a need to examine the extent to 
which development is a real problem for .forests and 
people. Beyond documenting forestland development, 
we rnust consider what these changes mean for the full 
range of market and nonnlarket goods and services 
that forests provide, in light of our changing public 
attitudes and dcmands regarding forests. Although 
most timber and nontirnber forest products produced 
on private forests are priced and transacted in markets, 
ecological benefits, environmental amenities, and 
often recreation opportunities are not. They share 
public goods traits that may warrant greater attention 
from forest managers, policymakcrs. and reseal-chers 
than development effects on timber and other market- 
priced con~tnodities. 

We also must consider the role that public fbrest- 
lands play in providing many forest bcne"fis and 
influencing how private forestlands are mailaged. 
N P F  lands now are viewed as key complements to 
public lands in providing habitat for threatened and 
endangered species, as well as other environmental 
services. At the same time. reductions in federal 
timber harvests can increase market incentives for 
private forestland owners tto manage and harvest 
timber. For public Iand managers, more people located 
on forest lai~dscapes bring additional costs in manag- 
ing additional recreational use. Honles located in 
forests complicate managi~ig forests in fire-prone 
landscapes. Debate continues about the role that 
public forests should play in rural econoniic develop- 
ment based on traditional natural resource industries 
versus providing environmental arnetlities and open 
spaces that may spur other economic grovvtfi through 



recreation, tourism, and in-migration. The transition 
among western countries to more urban, postindus- 
trial, and global societies is resulting in the e~nerging 
importance of the role of forests in broader socio- 
economic and ecologicai systems (Kentledy et a]., 
2001). Just as 20 years ago concern about farmland 
loss called for resolving factors motivating public 
demand for preserving farmland to define appropriate 
l-zmlland policy, there now may be a need for similar 
efforts in forestry. This includes defining the public 
goods and services that forests provide, evaluating 
their relative values to society, and identifying 
appropriate policy and management responses for 
addressing emerging concerns, 
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