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ABSTRACT i One of the largest changes in US forest type 
areas over the last haif-century has involved pine types in the 
South. The area of planted pine has increased more than 10- 
foid since 1950, mostly on private lands. Private landowners 
have responded to market incentives and government prc- 
grams, including subsidized afforestation on margrnal agricul- 
tural iand. Timber harvest is a crucral drsrurbance affecting 
planted pine area, as other forest types are converted to 
planted pine after harvest. Conversely, however, many har- 

vestea p " ~ -  piar~atrons revert to cther forest +]pes, rnalrly abe 
tc passwe ragsreraiion oenaticr on nor;!nrci;istrai orriare tim- 
beriafids 'He vodel 'arc2 Jse and land cover ckanges as a 
basis for prqecting fiitiire cPai.ges in planremme area, :G ard 
poiicy anal\rsrs coccerneci \r~lth rnitigatrcn activities for glcba~ 
climate cha~ge. Project~cns are prepared tn two stages. Pro- 
jected iana use changes include defores"ition due to pres- 
sures to cisve!op rural iand as the human popuiation expands, 
~ h r c h  is a larcer area rhan that ccnverted from other rural 
lacds jag., agrrculture) to forestry. In the second stage, transi- 
tions among forest rypes are projected on land allocated to 
forestry. 'We consider refcres~ation, rnfluences of timber har- 
vest, and natural succession and disturbance processes. 
Baseline projections indicate a net increase of about 5 6 mri- 
lrcn ha in planted pine area in the South over the next 50 
years, with a notable increase in sequestered carbon. Addi- 
tional opportun~ties to expand pine plantatron area warrant 
study of landowner behavior to aid in design~ng more effective 
incent~ves for inducing land use and land cover changes to 
help mitigate climste change and attain other goais. 

A prominent form of global environrneiztal change 
is land use and land cover change, and a related change 
in US forest area in the 20th centusy involved southern 
pine in the South. The US South had less than one 
million hectares of planted pine before 1950, and since 
then more than 10 million ha of pine plantations have 
been established on  previously nonforested lands or 
con~erted from other forest types. Economic, social, 
and biophysical factors were involved in the changes, 
influencing landowner behavior. Policy-makers are 
considering options that i n c l ~ ~ d e  increasing the alloca- 
tion of the land base growing pine trees in order to 
increase carbon sequestration in forests. This study pro- 
vides research findings that could lzelp thein choose 
among policy options. 

Many opportunities exist to increxe forest gro.tvth 
on the sizable US tiniberland base, mans of which 
would increase carboil stores ie.g.. Hair and others 
1996, i'asie~ich and -Uig 199iii. Tree planting has hem 
bt~ggestecl !iumerous times '1s ,i itel ~LI-ateq-v iol- i~icretls- 

ing terrestrial carbon stores (e.g., Sedjo 1989, Mo~rlton 
and &chards 1990, Hair and otlzers 1996. Adams and 
others 1999). Birdsey and others (2000) indicate that 
afforestation, incl~rdilzg pine plan tings, can 130 tentially 
provide the most additional forest carbon sequestration 
in the United States over the next 10-30 years. 

Understanding the role of driving forces in past 
changes iiz planted pine area and using scieiztific stud- 
ies as a basis for projecting Eut~ire changes is important 
when establishing 3 baseline for global climate change 
mitigation programs. The baseline call be viewed as 
"business as usual," in contrast to policy departures that 
address global climate change. Understanding forces 
already in place is essential for determining the likely 
baseline projection of i'uture plai~ted pine area. Histor- 
icai trends provide helpfill guidance in anticipating 
hot9 drivers srrch as ti~nber haniesting, agricultrrral pro- 
ctrrctivim, anct populatlcln growril lvill al-fecr x e a  of tree 
plantat~ons, and 110%~ iucil ~ocroecotlumic i-actoi.s inter- 
dct ~ v i ~ i l  rUld I11a-i' 11llp:XCt ~3lli?l~~jil1ile1lt~ ~orlci i t i~~ls .  Fol' 
zsa~nple, eco~iol-nic ,tcn~~laes in the i-ol-ebt ,mc l  ;tgncrri- 
tur;tl wc-tor ~ntlrrence tile L~mount  of plancecl pilie ~ n c I  
i eititec! lalid rise3 ~ n s l  ianci zovexs. Tlzese ci~*u,r~nics iieecl 
r o ix (-onsrcie~.eti hen tr;.,l-m~~I~ttl~g Incentix (3 ',rnc-i ~ssrs- 
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tance programs to encotisage additional tree plantings 
designed to reduce carbon dioxide in the atmosphere. 

The South also enjoys a cost advantage in that south- 
ern pine seedlings (e.g., loblolly and slash pine) need 
only be grown in nurseries for one year before they are 
ready for field planting. Currently, high-qualiy, genet- 
ically improved southern pines are available in the 
South for about US$35-iSO per thousand seedlings. In 
contrast, conifer seedlings in the North (white pine, 
red pine, and spruces) and West (Douglas fir, pon- 
derosa pine) cost L'SS150-300 per thousand in the late 
1990s. They must be grown for two to three years and 
may hase to be transplanted within the nursery (Moul- 
ton 1999). The South's relatively flat terrain is more 
amenable to mechanical planting (and harvesting) 
techniques, which also results in lower planting costs 
than in areas such as the Pacific Northwest. 

The behavior of private timberland owners has led 
to the substantial expansion of pine plantation area in 
the US South. Private timberlands comprise around 
90% of timberland in the South, based on a recent 
regionwide set of forest statistics compiled for 1997 
(Smith and others 2001). Across the South, a propor- 
tionately larger amount of forest industry (FI) timber- 
land (39%) is planted compared to nonindustrial pri- 
vate forest (NIPF) timberland (10%). Planted pine is 
the dominant forest type on forest industry timber- 
lands. The forest industry owned over half of the 12 
million ha of planted pine located in the US South in 
1997, although NIPF owners possess about four times 
more timberland in total. 

The economic potential for more tree planting is 
significant, especially on NIPF lands (Mig and others 
1999) where 90% of NIPF timberland is currently not 
planted. The economic attractiveness of tree planting 
in the South was enhanced by reduced timber harvests 
on public lands concentrated in the West. Private own- 
ers have responded to signals in southern timber mar- 
kets, where the amount of timber harvest is now greater 
than for any other country (Wear and Creis "2022). 

Expansion of plantation area in the United States is 
consistent with broad trends in other key timber-grow- 
ing regrons of the world, where plantations increasingly 
are the source of industrial wood and fiber. Planted 
forests are projected to provide a majorini of the CS 
sofnvood cirnber I~arsest by 2050. although plantations 
will occupv less than one quarter of the US timberland 
base i&ig arid others 20023). Plantations in rnaiiv cases 
offer timber s~ippIv advantages of location, accessibilitv, 
operabilitv, wood tvpe, and wood qualitv. The vast ma- 
jontv of tree plantinq on priva~e timberland consists of 
sofntlood species, inainlv because sofnvoods have lo13g 
fibers that are desirable in paperrnakzn~ j~nd rhev pro- 

duce larger volumes of higher-valtte sawtimber in Less 
time relative to hardwoods. Hardwood and softtvood 
species grow at different rates and sequester differenr 
amounts of carbon. Tbus, the choice of species mix 
over time is another potential tool in meeting certain 
carbon storage targets. 

Lathough the area of pine plantations has increased 
substantially in the southern Ty'nited States, only about 
14% of the total southern timberland is currently cov- 
ered by pine plantations. The region's timberland area 
is still dominated by hardwood forest types (Smith and 
others 2001). More than half of the region's timberland 
has hardwood cover. Using the broad forest cover types 
surveyed by the USDA Forest Service's Forest Inventory 
and Analysis (FL4) unit, the upland hardwood tvpe 
covers the most area (e.g., oak-hickory) , followed by 
planted pine, natural pine, lowland hardwoods (e.g., 
elm-ash-cottonwood) , and oak-pine forest types. 

Methods 

Projections of area changes for planted pine are 
accomplished in two stages: ( I )  projections of land use 
changes, such as a shift from agriculture to forestry 
(where land use is defined as the purpose to which land 
is put by humans), and (2) projection of forest cover 
types, including planted pine, on land allocated to 
forestry use (where forest cover is the observed biophys- 
ical cover on forestland). The projection system is 
based on biophysical, ecologicai, and economic crite- 
ria, and includes detail on forest ownership classes. In 
the next two sections, we discuss methods used to 
project land use changes, and then to model forest type 
transitions. 

Projecting Land Use Changes 

For the South, land use projections were drawn from 
econometric studies of regonal land use changes in- 
volving forestry (e.g., Ahn and others 2002). Economet- 
ric studies use statistical techniques to test economic 
hypotheses and develop empirical relationships be- 
tween revealed landowner beha%lor, such as afforesta- 
tion, and explanatory variables such as government 
programs, timber prices, agricultural prices. 2nd costs 
of different land management options i e.g., -Uig 1986). 
In the case of Iand use modeling, the basic ~tpproach is 
to estimate the statistical relationship benveen the area 
of land in aiternati~e uses (forest, cropland, etc.: , ~ n d  
key determinants influenciny land use decisions f e.g., 
net economic returns to land in different uses). 2s 
depicted genericlillv in equation 1 iL%hn and others 
";3002). 
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One key variable is popirlation. because anticipated 
population grrim-ttl is expected to place increasing con- 
version pressure on existing forests and farmland iXig 
and others 2003). Demands for Iand in residential, 
commercial, and ixidustrial uses increase the value of 
land in these ~rrban and developed uses relative to the 
value of land in forest or farm use, possibly leading to 
deforestation. Economic returns or proxies srtch as 
population are used in regional models of private Iand 
use change based on land rent theov i&ig 19861, 
where owners are assumed to make decisions that max- 
imize economic measures of land use. These assump- 
tions have generallv been corroborated by empirical 
tests. Other factors are incorporated in these models, 
including differences in behavior by tyTe of ownership 
(e.g., industrial versus iionindustrial ownerships), other 
owner characteristics, and impacts of government pol- 
icies, such as subsidy programs for afforestation. 

F, = f (popu L~tion, i?zco?ne, forest retzsrn, 

where i is the private ownership class and i = 1, 2, or 3. 
Separate equations are estimated for rwo subre- 

gions-the Southeast and South Central subregions- 
which are also used in linked Resources Planning Act 
IRPA) models such as the one providing projected 
timber prices (Adams and Haynes 1996, USDA Forest 
Service 2003). The two subregions have marked differ- 
ences in land base suitability for uses such as forestry 
and agriculture, and differing pressures from an ex- 
panding human population. Tlie Southeast consists of 
the Atlantic Coast states from Virginia south to Florida, 
and they have higher human population densities on 
average than the eight South Central states (Mabama, 
Arkansas, Kentucky, Louisanna, Mississippi. Oklahoma, 
Tenessee, and Texas). As with animals and trees, peo- 
ple are not distribtrtecl randomly on the southern land- 
scape. About half of the US population lives within 
coastal areas (80.5 km from an oceanj, and tliis holds 
true for the South, especiaIlv in fast growing southeast- 
ern states such as Florida ('L'SDC National Oceanic and 
A%tmospheric Administration 1999). Florida's growth in 
hurnan poprtlation is part of the South's above-average 
growth compared to the national average over the last 
decade. The Southeast also has other fast growing areas 
such as rile rltlanta rnetriipr~lital~ area, rvitb coiisider- 
~ b l e  conve~-siov~ of forests to urban and deteloped trses. 
which For carbon accounting can essentiail-c- be vie~~vecl 
as permanen[ I-ed~rct~ttus. The Sotit11 Crntr-a1 reyion rs 
inore rural and is the likeiv location of most of ,inv 
filtut.e 11e2 iilc1-e35e~ 111 r1rxll3erIa1ici i3ecatlse or net yailzs 
h-om land escllanq-e\ \vitli .lqric~tIttii-e 'e.q.. UI:~ ,111ci 

others 2002, TZrear and Creis 20r321. Con.i.erseip, the 
SoutheasLst is expected to experience relatively fast pop- 
~rlation growth and has had larger red~ictions in tim- 
berland area during the past decade. 

Three major private otvnerships-forest indust? 
(corporate owners with wood processing facilities), mis- 
ceiianeous corporate (corporate owners t;tithout wood 
processing facilities), and other private owners-are 
c~xrrently identified in regional data sets. Distinguishing 
forest omership classes is important because forest 
management emphases and intensities can vary by own- 
ership. For example, the class of rniscelIaneous corpo- 
rate owners includes timber investment management 
organizations that tend to manage their timberland 
more intensively for timber production than the other 
private class and, on average, have a higher percentage 
of planted pine (Zinkhan 1993). However, one compli- 
cation of modeling is a shorter time series of data on 
miscellaneous corporate ownership compared to tradi- 
tional classes such as forest industry. We used a time 
series from 1952 to 1997 to identie deteminants of 
land use changes for forest industry and the nonindus- 
trial private class (Alig and others 2003). We then sep- 
arated out the miscellaneous corporate o~mership from 
the nonindustrial private forest class using data avail- 
able from the USDA Forest Service (1988) and Smith 
and others (200 1).  

In contrast to tlie emergence of the miscellaneous 
corporate class, the farmer class has become less impor- 
tant over time. Alig (1986) earlier used f a m  forest as 
one of six forest ownership/land use classes, but the 
area in that class has notably declined over the last 
several decades due to occupational shifts, land sales, 
and other factors. The farmer class in this study is part 
of the other private class, which also contains other 
individuals. 

Drivers in specific land use equations vary by owner- 
ship class (hlig and others 2003). Other private timber- 
Iand tends to be rtffected most by population changes 
and often comprise a high percentage of timberland 
close to urban areas. Forest industry and miscellaneous 
corporate owners tend overall to be more interested in 
il-.lvestmenrs in timber production, which are affected 
hy timber prices and costs. 

=ireas of land uses are complied from area-frame 
su1-ves.s of inttivid~ra1 Iand allocation decisioi~s. Forest 
area equations are estimated as part tlf a svstern of 
eqt~arioiis ro capture interactions among Iand rises on a 
fixed land base. Their lero \urn seIationsllips dictate. 
i i ~ r  example. tilat if' ~igricuitrrral lrtncl area clecre;tsed bv 
!nose than rile illcrease 111 forest ,ll-ezr in ,I time per~od. 
iIien tirh;til otlle~- iail~i 'rrea haci to increase. 



Table 3. Treqds r, area cf pine .;lar;:ations on prlbate tim&srianas n US SCL~:~, 1952-1 997 (tk~usaild ha) and 
perceritage charges 

Subregion time period Forest in dust^ Other private Total private 

Southeast 
1952 
1997 
Change 1952-1997 
5% of forest area in 1952 
5% of forest area in 1997 

South Central 
1952 
1997 
Change 1952-1997 
5% of forest area in 1952 
% of forest area in 1997 

Parameter estimates in the land use models are used 
to project major land use areas by decade. Projections 
of land use areas are based upon external projections of 
independent variables, drawing upon a common set of 
macroeconomic assumptions used in the 2000 RPA 
Assessment (USDA Forest Service 2001), including 
population and personal income projections. The W14 
Assessment documents current resource conditions 
and trends, and projects future trends (e.g., TjSDA 
Forest Service 2001) to establish benchmarks and fu- 
ture milestones for long-term performance indicators. 
The RPA Assessment utilizes 50 years of historical data 
as a basis for projections 50 years into the future. The 
RPA ,bsessment draws upon more than 70,000 perrna- 
nent data plots of forest conditions across the United 
States maintained by Forest Inventory and Analysis 
units of the USDA Forest Service (2003). 

Forestry price projections are from the 2000 RPA 
Assessment (e.g., Adams 2002, USDA Forest Service 
2003) and involve an iterative modeling process with 
other forest sector models. Iterative runs involve pass- 
ing back and forth projections of related variables be- 
tween models such as Iand use changes and timber 
price projections until a satisfactor)l convergence is at- 
tained. Constraints are also applied in the land use 
models based on analysis of historical rates of change, 
expert opinion, and outside review to preclude illogical 
or unreasonable area trends for projected Iand uses/' 
ownerships, Regionrvide land use  rends are typically 
not quicklv changed or reversed, given the slow rate of 
change of macro forces at work, capital iimications of 
owners, and che inertial nature of most land manage- 
ment. 

Prcjecring Changes Forest Type Areas 

The second stage of projecting planted pine xerr 
insoives :nodelin? for-est npe trallsltlons io capture 

area exchanges with other forest cover types. We used 
three sets of inputs to project forest cover type transi- 
tions for the TjS South: ( I )  original state or  distribution 
of forest type areas, segregated by owner and subre- 
gion; (2) probability of application of three disturbance 
categories; and ( 3 )  conditional transition probabilities 
for a forest q e ' s  destination in response to receiving 
one of the three types of disturbance. The conditional 
forest type transition probabilities are multiplied by the 
disturbance probabilities and the initial area in a par- 
ticular forest type for an ownership (equation 2). In 
equation 2, we show the example of the planted pine 
type, illustrating area gains and losses linked to other 
forest cover types. 

where PP is the area of planted pine for ownership i at 
time t + 1, i is the ownership (i = 1, 2, o r  3) ,  j is the 
forest type in the South (j = 1,. , 5 ) ,  k is the type of 
disturbance ( k  = 1, 2, or 3), L) is the probability of 
disturbance type k for ownership i at time 1, f;T is the 
conditional forest type transition matrix, and FC is the 
vector of areas of forest cover type at time t. 

In each time step, timberland gain and Ioss vectors 
are used to adjust forest type areas to reflect increments 
or decrements in area from the first phase of projecting 
Iand use changes. The vectors are based on historical 
probabilities from forest surveys of gains or losses of 
timberland by forest Npe and ownership (Table 2) .  The 
forest tvpe gain vector describes the allocation of forest 
wpes among timberland that is gained from 11or-i-tin?- 
berland Iand uses. The forest nFe Ioss vector describes 
the 3llocation offorest opes among timberland that are 
lost to non-timberland land uses. W%en timberland tvas 
gained. it was most likely to be planted pine In the 
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Tack 2. Pro~or";,crs 3 i  pri\~z:e tii-beriacc; pined or 
7 isst by fores~ t ; ,o~ ciier a r/;i?- cerrieascrewert per;oc, by 

ownership US South" 

O\\*nership class and 
forest ype Ga~ns  Losses 

Forest Inclusw~ 
Planted plne 
Natriral pine 
upland hard~~vood 
Other 

Miscellaneot~s corporate 
Planted pine 

Natrrral pine 
Upland hardwood 
Other 

Other private 
Planted pine 
Namral pine 
Cpland harcl~vood 
Other 

"Pro-portio~ls are from periodic forest sunreys and sum to one for an 
owner across forest types. 

Southeast and upland hardwood in the South Central 
(Table 2). Upland hardwood and natural pine were the 
most probable forest types to be lost when land was 
deforested. 

Transition probabilities in the forest type transition 
matrices are conditional upon three sets of disturbanc- 
es: no harvest, partial harvest, and final I~arvest (Table 
3) .  Probabilities of forest type transition in response to 
each type of disturbance reflect natural successioi~al 
forces interacting with human-caused activities. The 
disturbance probabilities and forest type transition ma- 
trices represent the major processes afXecting forest 
composition and structure and are a further refine- 
ment of the il1arkov chain method described by Mig 
and Wyant (1985). Each of these vectors and ~natrices 
were calculated from tirne series of forest survey daca 
consisting of remeasured plots (e.g., Sheffield and 
Thompson 1997) and were calculated separately for tlie 
Solntheast and South Central subregions and each pri- 
vate ownership category. 

The dist~~rbance probabilities represent the likeli- 
hood that a disturbance will occur in 3 given time 
period. The final tlanrest ~robabiliq vector represents 
the proportion of ,trea of ,i given forest t-r"pe in ivhich all 
rnercilalttabie crees .t\illl he I~anrested in a \ear. The 
pasrial prctbabriinr tlai-i*est vector t-epresents che pi-opor- 
Lron of 'ire2 of LL g1se11 forest npe tiitit ~sill be partiai1-r. 
halt-estecl 112 ,L \ear. The ir~-!~;tx-vese cateqot-s captures 
c hanqes clue to srrccessioil. i~arrtral distni-hance. 2nd 
i~onlia~r,est  Ilrrman disnri-harlce prixesses. 

-3 forest t!pe transition matrix is a it;ite/fate matrix 
t11ac represens the probabiiit). of a given forest type 
(state: becoming a different forest type or remaining 
the same in a subsequent tirne period ifate), condi- 
tional on a f nal hal~est ,  a partial harvest. or no hamest. 
To calctrlate these matrices, the areas of each stateifate 
comhinarion were obtained horn regional forest inven- 
tory data with the stare forest ppes as rows and the fate 
forest types as columns. For example, one of tlie ele- 
ments of the final harvest area matrix for the other 
private ownership category in the South represents the 
area of natural pine (state or  row) that converted to 
planted pine (fate or column] following a final harvest 
in a remeaslrremeilt period (Table 3). These area ma- 
trices were coilverted into probabiliv matrices by divid- 
ing each element by the row/state total, i.e., the total 
area of that forest type in the earlier time periocl. 

In addition to the forest inventory based matrices, 
data from surveys conducted by the American Forest 
and Paper Association (A.F&PL4 1999) and Moffi~1.t and 
otllers (1998) were used in making projections for the 
forest industi>~ and nonindustrial private owners, re- 
spectively. These survey results were combined with 
inventory-based data to make projections. In particular, 
based on expert opinion and review meetings, final 
harvest matrices from the surveys were combined wit11 
inventory-based matrices ~ l s i i ~ g  relative weights of 
60140 and 50/iSO for the surveys by AF&PL2 and Moffat 
and others, respectively. All other matrices and vectors 
were based on forest inventory data. 

Forest type transition matrices for the no-llarvest 
case showed relatively low annual probabilities that any 
gven forest type would transition to a different forest 
tvpe across all ownerships and subregions. On average, 
it takes over 100 years for a forest to transition to 
another forest type in the absence of a han7est. Oak- 
pine had the highest annual probabilitv (6%) of tran- 
sitioning to another forest type. On forest industry 
lands, planted pine was the most common forest type to 
which oak-pine transitioned, while oak-pine on miscel- 
laneous corporate and other private timberlands most 
comrnonly transitioned to natural pine and upland 
hardwood. These transitions are a result of oak-pine 
being a relatively unstable forest type, and slight 
changes in stand stocking can result in reclassification 
of the forest type. The r n e c l ~ a ~ ~ i s ~ ~ l s  for these changes 
inclride \llccession ie.g., hard-rvoods replacing pines on 
,L site? ,rncl ilumau i11temefttion. such ,IS chernicai ~ p -  
plictttions lo conci-ol tegeracion i e.g., ha1-cirvood contruf 
in pine pfantatlo-tls) . 

The prol3abrIin of .I ii3rest I-i.pe tmnsincitr tbllo~iing Li 

p'u-tial ilar~esr varies I I Y  forest ~7 pe , r ~ l t i  hubreqion. Litiv- 
I,lnti il;~r-cl.ricic>tl I-tas rllt. ii~ghest ,111d oak-prne h'w [he 



Taoie 3,  2is;rIbulior of propcc~cr~s cf fcres: Types aecr ciis:~irbance 'treatmeor,, by disturbarce class for prwaxe 
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Planted Xatural Cpiand Lowland 
Disturbance Forest type pine pine Oak-pine hardwood hardwood Nonstocked 
- 

It'o harvest 
Planted 

pine 
Natural 
pine 

Oak-pine 
Upland 

hardwood 
Lowland 

hardwood 
Xonstocked 

Final 
hanresr 

Planted 
pine 

Natural 
pine 

Oak-pine 
Upland 

hardwood 
Lowland 

hardwood 
Nonstocked 

Partial 
harvest 

Planted 
pine 

Natural 
pine 

Oak-pine 
Upland 

hardwood 
Lowland 

hardwood 
Nonstocked 

Sources are represented by the coiumn on the left, and destinations a 

lowest probability of remaining the same forest types 
following a partial harvest. The oak-pine forest type 
tends to transition to the upland hardwood forest type, 
while the other forest types tend to transition to oak- 
pine. Probabilities of transitions to other forest type 
following partial harvests of planted pine and natural 
pine are higher in the South Central subregion than in 
the Southeast. 

Forest type transition probabilities for a final harvest 
vary significantly by forest type, ownership, and subre- 
gion (Table 3) iAig and Mryant 19851. The Ioxvest 
probabilities for a forest type remaining in the same 
forest type after a final haniest are for natural pine. On 
axperage, about one fifth of the area of natural pine that 
is final hanested remains in natural pine across all 
pi-i~ate ownerships. The highest probabilities of forest 

types remaining in the same forest type following final 
harvests are for lowland hardwood and planted pine. 
Planted pine and upland hardwood are the most com- 
mon fates for transitions of forest types d te r  final har- 
vest. As for regional and ownership influences, the 
probability that planted pine would remain in planted 
pine following a final harvest is much higher in the 
Southeast and for forest industry and miscellaneous 
corporate owners. The forest q e  transition matrices 
from -WScPA4. 11999) and Moffat and others (1998) 
show similar trends to the inventory based rnatnces, 
with the exception that the ,W&P,% and Moffat and 
others' matrices show higher retention of planted pine 
and higher transition rates to planted pine. 

Given the importance of harvests in forest type tran- 
sitions. feedback loops in our projections included in- 
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Figure 1. Historical trends (1952-1997) 
and projected (1997-2050) pine plantation 

i 
--------? 

Observed Projected I 
I 1 Forest industry -+- - 0- I-A 

area in the South, by private ownership. 1940 1960 1980 2000 2020 2040 2060 

corporating disturbance probabilities and market price 
signals from the national timber supply model that 
projects timber prices (Xdams and Haynes 1996). We 
adjusted projections of planted pine area at certain 
time steps if subsequent projections for southern tim- 
ber prices were significantly higher than used in the 
original model run. We drew upon receiit elasticity 
estimates from the tree planting st~tdy by Nine and 
others (2002), which give the percentage change in 
planted pine area for a corresponding percentage 
change in southern timber prices. The response is in- 
elastic in that the change in planted pine area is less 
than the corresponding percentage change in southern 
timber prices. This is true partly because private owners 
may alter use of other non-land inputs (e.g., fertilizer) 
in response to timber price changes. 

Baseline Projections of Planted Pine Areas 

Projections of forest type areas from 199'7 through 
2050 varied by forest type, ownership, and subregion. 
Planted pine area is generally projected to increase 
across private ownership groups and subregions. The 
largest increases in pfanted pine are projected for the 
Iargev South Central subregiot~. Witl-rin the South Cen- 
tral 5ubrelgiot1, most of the planted pine will be gained 
(111 forest indrrstn? Irulds. 

The RPA st~~civ projects .ul increase itf rougrilhlv 6 
million Ila 111 s o~~rhe rn  pine piantat~ons Itv 11050 i Fiqrre 
1 ) .  Tile ,tretl oi pine pla~ltatrons I-espc,ticls over tlrne to 
~~-ojectecl dolnest~c rinlher Ilanrest jetreis ,lnd prices ,111ti. 

<tlsc> i-efIects effects trori~ ~~rterrlai~urlai niarkers, ~LICI I  &is 
.l%iilq iinports that ,ti'iie~t 131-IC~S tot.. wtithe:-n r1lnlj7er. 

The RPRP1 Assessment initially projects an increase in 
softwood prices, but subsequent composite price 
growth (combined sawtimber and pulpwood) is nega- 
tive. Softwood timber prices in the RPA projection are 
the net result of stable sawtimber prices after 2010 and 
declining pulpwood prices. 

Pr~lpwood prices are influenced by the RPA pro- 
jection of abundant softwood pulpwood-size material 
in the South after 2010. The net effect is a softwood 
price drop after 2010, which thereby somewhat 
dampens incentives for establishing more pine plan- 
tations. This contributes to srnaller future additions 
to pine plantation area compared to the first several 
decades. Lower price projections in the later decades 
make pine plantations financially less attractive, and 
less agricultural land and area of other forest types 
are converted to plantations. In those decades, pro- 
jected expansion in pine plantation area would out- 
pace projected changes in timber demand, and tirn- 
ber prices would drop. 

The RPA models capture interregional effects of 
price changes as well as price feedbacks each period. 
The South Central subregion is the likely location of 
any future increases in timberland, because of net gains 
from land exchanges with agriculture (e.g., Ahn and 
others 20021, while future reductions in timberland 
area would be concentrated in the Atlantic Coast states. 
Tile South Central subregion Itas mare &a11 twice the 
land aretr itt- the Sorrtheast and more potential fol- 
expa~lsioli in pine piantrrr;ion area. More than trvo 

ti7ircis of- the trrt~rre addition to piantation .Ire2 is px-0- 
jected to be in rile So~~r l l  Central ~ b r e g i o ~ ~ .  Act~zal 
ftlnu,e orrrcomes '11-e likely ro be sensitive t o  relative 
ecnncjmic i-etrrrr~s for !i>restr-s versus agricr11tu1-e in the 
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region, which will be influenced by the timber price 
projections described above. 

Changes in planted pine area due to land use 
changes include some deforestatiori due to the growing 
human population in the South. Urbanization will con- 
tinue to consume forest and agricultural land as the 
region's population increases by more than 40 million 
people. Private timberland area in the South is pro- 
jected to decline by about 2% by 2050. &sing timber 
prices, on the other hand, will push some agricultural 
land toward forest uses. The resulting net loss in south- 
ern private timberland area is projected to be roughly 
1.6 million ha. '4s much as 6.5 million ha of agricultural 
land could be forested by the year 2050. 

Linkages Among Area Changes for Forest Cover 

Types 

Changes over the projection period also reflect link- 
ages among forest types with respect to timber demand. 
The proportion of hardwood fiber used in pulp and 
paper-making in the South has increased notably in 
recent decades, but continued expansion in southern 
hardwood harvests on the large NIPF ownership is pro- 
jected to lead to harvest in excess of growth, and there- 
fore to declining hardwood timber inventories after 
2010 (Adams 2002). This may cause processors to use 
more plentiful softvoods in later decades, given the 
increase in supply due to expanded plantation area. 

At the scale of the entire US South, projected direc- 
tions of change for the areas of other forest types are 
the reverse for pine plantations: a decrease for each of 
the natural pine, oak-pine, upland hardwoods, and 
lowland hardwoods types. The projected decline in 
upland hardwood area is larger than that for lowland 
hardwood types and represents a divergence from the 
longer-term historical trend, Gpland hardwoods would 
be converted to other forest types or to other land uses. 

Major trends in forest type areas in the South over 
the past 30 years are, for the most part, projected to 
continue over the next 50 years. These trends include 
an increasing area of planted pine; however, one diver- 
gence from the past is a projected reduction in the area 
of upland hardwoods in the South. Even with such 
projected changes, hardwoods triill continue to domi- 
nate the forested landscape of the South. Hardwood 
forests in 2050 are projected to cover about half of the 
southern private timberland base, twice the amount of 
planted pine in the region. 

lnfiuence of Timber Harvest 

-1 kev variable in the projection of planted pine area 
is future crrnber hanest. In forest ecosvstemc. ilurnan 
nct~wties represent the most frequent disturbances in 

most US forests ;e.g., X i g  and others 2009;. Forest 
management emphases and intensities vary by lami- 
owner objectives, forest type, and location. However, 
no table sirnilarit:Les are evident across otvnerships and 
subregions for final harvest of planted pine. On aver- 
age, about 2."; of pine plantations were final har- 
vested or clear-cut over the sample remeasurement pe- 
riod, corresponding roughly to about a 37-year 
rotation. The annual final harvest probabiliries were 
within 0.2% for all owner-subregion combinations, ex- 
cept the Southeast other private probabiliv that was 
about one third smaller than the others. 

Final harvest and partial hanrest probabilities varied 
across ownerships and subregions. In both subregions, 
the forest industry and miscellaneous corporate owner- 
ships had the highest harvest probabilities, correspond- 
ing to the shortest timber rotations, averaged across all 
forest types. They were followed by the other private 
timberland owners. 

By forest type, the highest final harvest probabilities 
were generally observed for natural pine, followed by 
planted pine. The lowest annual final harvest probabil- 
ities were for hardwood types. Within hardwood types, 
the lowest (less than 1%) was for lowland hardwoods in 
the South Central subregion. 

Partial harvests were more common in the South 
Central than in the Southeast. In the South Central 
subregion, the other private owners partially harvested 
2.9% of their land per year while the forest industry and 
miscellaneous corporate owners partially harvested 
about 2.4% of their timberland per year. In the South- 
east, the other private owners partially harvested 0.8% 
of their timberland per year and the miscellaneous 
corporate and forest industry owners partially harvested 
0.7% and 0.676, respectively. 

h e r i c a ' s  appetite for timber will continue to grow 
with a larger population and more economic activity 
(Adarns 2002). Projections are for the South to increase 
its level of timber harvest, as well as its share of the 
nation's total, as timber harvests have dropped signifi- 
cantly in the other key timber-producing region, the 
Pacific Northwest (Figure 2). Between the early 1960s 
and the late 1990s, the South's share of total L'S timber 
removals grew from about 46% to nearly 64% (Smith 
and others 2001). Changing forest product market and 
policy conditions in recent years have been associated 
with marked intensification of timber managernent on 
some pri-vate lal-ids in [he Cnited States and with Jn 
increasing share of total harsest being derived from 
pri.i.ate lands. Between 1986 and 1996, the share of- GS 
sofnvood timber hal-iiesrs frorn pubiic forests dropped 
bv more than half. fi-om 26% LO 12%. \l$Tith tile clecline 
in CS public timber hal~est-cortcentrnted i n  i i ~ e  
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Annual timber removals over tirne i~~creaserd il;vescmeiit. bv 2030 that iiould i:?creasc to 
E?r3C%. A similar hut less aggressibe pattern is projected 
for NIPF owners, where higher forms of managemellt 
comprise about 25% of the planted pine area in 1993 
and 49% by 2030. Timber harvests lead to regeneration 
opportunities, at nbich time shifts in timber manage- 
ment are most efr'ective. Tfirts: the RPiZ assessment 
projects planted pine growth to increase on average by 
98% for industlv owners and bv 94% for NIPF owners 
by 2050. 

Projected softwood growth continues to rise, pro- 
L;; 

0 1 I 1 I pelled by increasing timber mallagement intensity. The 

Figure 2. 
US South 
ers 2001 j. 

Trends in annual timber harvest vollzmes for the 
and Pacific Northwest, 19'70-1997 (Smith and 0th- 

West-beginning in the early 1990s, and gwen the 
limited potential for expansion of private harvest in the 
West, southern timber supplies may be of even greater 
importance in meeting future demand growth. than 
expected in past studies. 

With the ovenuhelming importance of private own- 
ership, the South has greater potential than other re- 
gions for expanding timber growth thro~lgh intensified 
management. Private owners have a huge impact on 
the state of America's forests, especially in the South, as 
58% of America's forests and 88% in the South are 
privately owned, either by individuals, corporations, or 
other groups (Smith and others 2001). Private timber 
harvesting is a function of: stumpage price, interest 
rate, initial timber inventory, and exogenous nonforest 
income (e.g., noiicommodity benefits derive frorn stock 
of timber) (ildarns and Haynes 1996). The RPA Assess- 
ment projects that the annual harvest from US forests 
will rise by 23% by. 2050, due to expanding harvest on 
private timberlands. The largest portion of the increase 
is projected to come from sof&soods, and the contin- 
ued expansion in softwood harvest results in an in- 
crease in annual softwood removals of 64 million cubic 
meters between 2000 and 2040 (Adarns 2002). 
X larger share of timber harvest is projected to come 

from piantatlons over the next several decades, increas- 
ing frorn about 20% currentlv to more than 53% bv 
3cj.50. In addition to an expclnded x e a  of ptantations, 
tlrrrber vieid per hectare ivill increase '1s priwte orvners 
i i~iit  iartcls to more intensive managerneilt reqirnes. 
Tirnber ~rowrii  rc l i I  Increase under I~igilel- vieiciing re- 
yrnes, iuch ,is tl-rc~se iliciicnted 1~ land mana9exne:it 
\u:-i-e:s I,IF&P,1 l!)C39. \loifat 'uld ochers f !lYS). .it rhc 
%[;it L of [lie ~ S O J ~ C ~ I O I I S .  217- of iild~isfi?"~ pl,~utecl -jctltie 
htat r:xes l i v r e  ~111dc:- I I I ~ ~ I - I ~ ~ L ~ ~ ~ S I E X ~  lnc~ilGtqe~nelit. l \ r i ~ l l  

increase in growth results in rising softwood inventory. 
Horuever, sofnvood removals exceed growth after 20 10 
in the RP14 assessment, but some of this is due to growth 
not being measured in small trees associated with 
young plantations. 

Alternative Projection: Climate Change 

Policy analvsts exploring climate change mitigation 
strategies are interested in the potential for expanding 
the pine plantation area beyond the baseline and dis- 
covering what incentives would motivate landowners to 
produce different expansion increments. To investigate 
the potential size of such increments above the baseliiie 
projections described above, we compared baseline 
projections for the US Sout l~ with those from a linked 
model of the forest and agricult~iral sectors (Forest and 
Agricult~iral Sector Plodel) (Adams and others 1996, 
X ig  and others 1998). Projections of planted pine area 
by the Forest and Agricultural Sector >lode1 are based 
on the assumption that owners will pursue economic 
optimization goals and reflect decisions on optimal 
forest rnanagemeizt investment and land use options 
relative to agricultural alternatives. Comparing projec- 
tions based on revealed behavior as in the baseline 
projections versus optimization projections is impor- 
tant, especially for the nonindustrial private forest own- 
ers because they own 49% of the timberland base in the 
United States and represent a diversity of land use and 
management objectives. 

The baseline projection is for about 3.7 million 
more hectares of  pine plantations in the South by 2040. 
reflecting a continuation of recent behavioral tenden- 
cies bv nonindustl-ial private owners. Projections bv the 
t,~3tlrnizntiort model ;ire more &an four cimes '1s high. 
>~~ggestiiiq that >ouchern prilate t~lnberlancis have con- 
siderable bioloqrcai ~ n c i  ccouoinic potential fol- ~nten-  
siiiecl i'ol-es~ ina~~aqernenc. Ocher studies I1at.e also 
po~nteci to '1 ciollsitierahie x c a  111 :he South xvith bio- 
!oqc:~i .tiici econolriic ~ ~ o r e n i ~ a i  tot- co~lve~-ston to pine 
pi,~n~c?t~oils 01- oillei iiire:l\lfieci Lor-est inanaqenre~it 
i e.2.. L'SDi4 For esr 5t.i-1 rcr i!jXS. I rc lb~e~ I C ~  ,LIIC~ 4liq 
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1996;. The optimization model accounts for timber 
price feedbacks, and with i s  intertemporal optimiza- 
tion framervork, the projections include adjustments in 
timber harvests and plantation establishment over time 
to maximize the objecrjve funcrion. 

Xo incentives associated with global change mitiga- 
tion are built into either the baseline or optimal pro- 
jections. The large increment between the baseline and 
optimal level of pine plantations reflects forest invest- 
ment opport~~nities based solely on financial timber 
returns. 

Potential effects of global climate change on the US 
forest sector, including impacts on forest carbon inven- 
tories, may include adaptation and modifications of 
grottith and geographic distribution of forests. Nig and 
others (2002b) examined global change scenarios from 
the Xational Climate Change Assessment (US Forest 
Sector Team 20001, based on a combination of global 
circulation (Canadian and Hadley) and ecological pro- 
cess (CENTURY, Terrestrial Ecosystem Model) models 
(Irland and others 2001, US Forest Sector Team 2000). 
The analvses used an equilibrium climate scenario 
based on transient Canadian and transient Wadley sce- 
narios, with a baseline scenario using average climate 
for the 1961-1990 period. The climate change scenario 
was the average of the projected climate for 2070 to 
2100. Results include an overall increase in forest pro- 
ductivity in the United States, leading to an increase in 
long-term timber inventory (Irland and others 2001). 

With more forest inventory, timber harvests in most 
scenarios rise over the next 100 years, lowering timber 
prices and reducing the area of planted pine in the 
South ( d i g  and others 2002b). Areas of planted pine in 
the South are projected to be smaller in future decades 
with climate change, as the Iower timber prices some- 
what dampen incentives for establishment of pine plan- 
tations. Other adjustments or adaptations related to 
market-based incentives include interregional mipa- 
tion of timber production, substitution in. tirnber con- 
sump tion, altered forest stand management (e.g., 
change in timber rotation length), salvage of dead or 
dying trees, shifts in planting stock, and changes in 
fertilization and thinning regimes. 

Alternative Projection: Biomass Strategres 

Other strategies for increasing carbon build-up in 
forests are short-rotation woody crops (e.g., -Uig and 
others %001)). In ;~dciit~onal to traditional tree planting, 
researchers haye also investigated costs and benefits of 
shor-t-rotation afforestation. Potential impacts of short- 
rotation ~voociy crops ie.3.. hvbrid poplar1 appear to be 
Iarpe relative to the land area invoived because of re!- 
ativel~ 'il~gh amounts ( ~ f  fiber prodrrced per hectare. 

_-Vthough the total t-S area allocated to intensive, short- 
rotation woody crops is prqjected to be a modest por- 
tion of the whole agricultural land base jLj;iig and oth- 
ers 20003, expanded supply of short-rotation crops 
could reduce traditional forest piantarion area in the 
L'nited States and lead to lower forestland values. In 
turn, however, Iower forestland values could prompt 
more forestland to be converted for agricultural pro- 
duction to meet expanding world demands for food 
and fiber. 

Other options are afforestation to produce biomass 
for energy production on a large-scale renewable basis: 
which could aid in reducing greenhouse gas emissions. 
McCarl and others (2000) found that the economic 
attractiveness of biomass energy depends in a key way 
upon the success of research in developing improved 
production methods without substantial increases in 
production costs, in addition to costs of alternative 
fuels. 

Environmental Management implications 

Determining the effects of land use and land cover 
changes on environmental conditions depends on ~ m -  
derstanding past and current land use and land cover 
practices and projections of future land use and land 
cover. The projections are affected by population size 
and distribution, economic development, technology, 
human institutions, and other factors. Projections of 
changes in land use and land cover inform environ- 
mental decision-making, given the linkage with 
changes in the climate, carbon cycle, and various eco- 
systems. Our projections of less GS forestland and more 
developed land form a baseline projection against 
which policy designers can evaluate US forest carbon 
policy alternatives, such as expanded tree planting. 

Environmental impacts of expanded tree planting 
could have a range of positive and negative effects. For 
example, secondary benefits or cobenefits of convert- 
ing agricultural land to forests via tree planting may be 
as great as the costs in some cases. Secondary benefits 
can include reductions in soil erosion and sediment 
loading, nitrogen runoff and loss, hunting improve- 
ments, improvements in biodiversity, and other non- 
consumption benefits. This could lead to forestry as a 
no-regrets strategy. 

Forests produce multiple goods and services. and 
climate change strategies involving tree planting can 
affect biodiversitv ~ n d  other en\-ironmentai elements. 
One example is neotropical birds, manv species of 
which Are declining in rturnbers. The resrrits of Mat- 
thews a i d  others r 2002) show that assessment of the 
bioiog~c~;~I consequences of ~Eorestation for carbon se- 
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questration must consider both current land cover and 
the distributional patterns of iltrganisms as -rvell as the 
policy's conversion goal. 

Institutions for managing and storing carboll have 
increasingly been discilssed but no national institution 
along these tines exists currently in the Cnited States. 
The 2002 Farm Bill did authorize a multimiIlion dollar 
forestry program, the Forest Land Enhancement Pro- 
gram, to assist NTPF landowners. The objectives include 
increasing and enhancing carbon sequestration oppor- 
ttlnities. Within our marke t-based economy, efficient 
forest carbon management programs would have some 
key variables: geographic scope, subset of forestry prac- 
tices and suitable land for each practice, treatment 
costs and land costs for each practice, and the annual 
carbon yield for each practice in a specific geographic 
area. The accomplishments of any terrestrial carbon 
program would be evaluated against a baseline, includ- 
ing the key component of pine plantations that we 
examined in this paper. Even in the absence of any 
incentives or explicit programs to encourage carbon 
sequestration, the nation is sequestering carbon in its 
forests. About two thirds of the carbon stored on US 
timberland is on private lands (Birdsey and others 
2000). NIPF lands offer substantial opportunities, in- 
cluding, potentially, millions of hectares of new pine 
plantations on marGg;lnal agricultural land. 

Policy-makers need to consider the landowner be- 
havioral aspect and how that may affect actual costs of 
climate change mitigation practices in our human- 
dominated ecosysterns. For example, what incentives 
will be required to motivate landowners to get involved 
and to stay involved in forestry practices such as affor- 
estation that sequester carbon. Evidence from studies 
of landowners' tendencies to plant trees can aid in 
guiding mitigation strategies, in that upfront costs such 
as for site preparation and tree planting tend to over- 
shadow the more time-distant revenues from timber 
harvests (e-g., Lee and others 1992, Kline and others 
2002). Thus, cost subsidy programs may be effective in 
enticing additional tree planting by nonindustrial land- 
owners. For example, US landowners responded signif- 
icantly to past government programs for tree planting 
(Lee and others 1992, mine and others 2002). A spike 
in the amount of tree planting in the late 1950slearlv 
1960s rvas prompted by a policv to reduce excess agri- 
cultural capacity ihlig and others 1980'1 and a spike in 
the tatter haif nf the 1980s was due to srihsidized tree 
planting for environmental goals i t1  the Conse~vaticltl 
Resenre PI-ogram ie-g., reduce soil erosion J [Plan tinga 
and others 2001). The Ct>nsenration Resenre Program 
\hifteci ,lltout 16 rniilictrt ha of US cropland to ,liter-na- 

:ive cover crops iPLtultinqa dnci others 200 i l . l'tihether 

other aspects of forest management. such 3s rotation 
age, can be influenced via similar subsidies is open to 
question. 

One question about landower beha$tior is whether 
capital substit~rtion affects the net afforestation area. 
Lee and others (1992) indicated that such substitution 
did not appear sigrlificant in the US South. That is, 
private owners were not substituting significant 
amounts of public capital for their own private capital. 
If they were, then the net effect wor~ld be less tree 
planting, which would have important implications for 
any government programs designed to expand the 
amount of tree planting for objectives such as increased 
carbon sequestration. A recent study of tree planting by 
Kline and others (2002) for the same region found 
some evidence of capital substitution. 

The relationship between timber harvests and pine 
plantation areas used in our baseline projections of 
planted pine area is consistent with that found by Kline 
and others (2002). As a basis for projection, NIPF tree 
planting is projected by Kline and others (2002) to 
decline gradually in the absence of a significant gov- 
ernment cost-sharing program, such as the Conserva- 
tion Reserve Program. Industry tree planting is pro- 
jected to rise gradually with more timber harvest, in line 
with recent timber harvest trends in the US South. Tree 
planting by industry tends to be more sensitive to prices 
of forest products compared to the NIPF case. In the 
2000 RPAilssessment, the forest industry is projected to 
add about half of the 5.7 million ha increment in 
planted pine area in the South, although the rate of 
increase slows appreciably after real prices of timber fall 
after 2010. In contrast, timber prices are projected to 
continue to rise through 2040 in the Southern Forest 
Resource Assessment (Wear and Creis 2002), and this 
results in about 3.2 million ha of pine plantations more 
than in the RPA Assessment projection. The additional 
pine plantations tie back to the land use projections, as 
higher timber prices are projected to shift about 3 
million ha more of agricultural land to be afforested. 

A question regarding afforestation practices and 
landowner incentives is how long forest practices may 
be retained by landowners, especially on tree plantings 
on former agricultural land. Earlier research indicates 
that owners tend to retain 3 large majority of govern- 
ment-sribsidized plantations rvell beyond the program 
date ie.g., Mig and others 1980). The plantations aiso 
generallv are well stocked with trees and are often 
regenerated back to forest. 

ticintended (b6equences of Policies 

Ef.fo1.t~ to increase I-rttes of tree planting to notably 
hryi1c.r rhan i r t  the past coriid letrd to rtnintended con- 
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sequences. For example, hlig and others (199%) exam- 
ined the market effects of targeted hwothetical tree 
planting on agricultural land, to see if ""leakage" with 
respect to policy aims was sipificant if the amount of 
tree planting was large enough. Their results indicate 
leakage via unintended (and ~ n r e ~ l a t e d )  adjustments 
in land use be~veen forest and agricultural sectors in 
response to a sequestration policy can be substantial. 
Leakage ma); result when market forces at relatively 
large scales include price changes in land markets that 
lead to less net tree planting than envisioned by pro- 
gram planners. filthough the area of forested Iand 
might increase initially under such a planned scenario, 
after one full forest rotation much of that land could be 
converted back to agriculture because of prevailing 
prices in Iand markets. 

Such countervailing land transfers could substan- 
tially blunt the originally intended effect of the policy. 
Land transfers between sectors must be assessed, since 
they can tend to mitigate the intended economic ben- 
efit effects of policy shzts. Policy design can affect the 
amount of leakage, but it is not clear to what extent 
some market-based leakage can be effectively coun- 
tered. 

Those designing any climate change policies need to 
consider how the interaction of natural and human 
systems may lead to changes outside the historical 
range of behavior. Land use and land cover changes 
can be a driver of environmental and climatic changes. 
For example, at a larger scale, land use change, such as 
farming or urban sprawl, has been reported as a major 
factor contributing to climate change (Cai and Kalnay 
2003). Until now, policy makers have focused mainly on 
how heat-trapping gases such as C 0 2  are contributing 
to global warming. However, Iand surface changes 
caused by humans may redistribute heat regionally and 
globally within the atmosphere and may actually have a 
significant impact on climate. Cai and Ralnay (2003) 
estimate that about half of US climate warming is due 
to land use changes. Both urbanization and the growth 
of industrial agriculture are responsible for more of the 
rise in temperature across the United States than pre- 
viously thought. 

Policy Coordination Opportunities 

Coordination of tree planting in climate change 
strategks can include rnrrltiple benefits, such as target- 
ing afforestation to reduce armospheric greenhouse 
gases, mitigate forest ii-apenration, enhance biodiver- 
sitv, and augment timber supp1ies. Location of any 
afforestation programs silo~lld be considered alongside 
programs to slow o r  arrest deforestation in some cases. 
For example. ux-t3anization has heen identified as the 

biggest threat facing southern US forests (Sew York 
Times 2001, Wear and Greis 2002). Major land use and 
land cover acti.r;ities that affect forestry and forest car- 
bon, such as afforestation and deforesation, can be 
influenced by quite different factors in the economy, 
which need to be considered in multiprong policy for- 
mulation, In addition, the question of who bears the 
costs and receives the benefits of tree planting brings 
up the issue of private versus social perspectives. The 
costs of tree planting and management are largely 
borne by private citizens in this country, while some of 
the benefits accrue to a broader group of people if tree 
planting helps to sequester carbon and address global 
warming. However,<global changes are likely to involve 
complex natural and human system responses, such 
that costs and benefits may vary spatially and temporally 
and could impact parts of the global population quite 
differently (Alig and others 2002b). 

Land use and land cover dynamics for both public 
and private forestland should be jointly assessed, given 
differences in average frequencies of timber harvest 
and other disturbances that affect carbon stores on the 
land and in products. Given the significant increase in 
private timber harvests, this had led to a general reduc- 
t i o ~  in private timber rotation lengths, while trees on 
public lands are tending to become older. Considering 
human activity in the forest in the framework of distur- 
bance ecology promotes understanding of how natural 
and human disturbances interact and how that mix 
differs by type of forest ownership. 

Policies should be developed with the multiple en- 
vironmental attributes in mind. Consideration of the 
inertia in the economy will also improve effectiveness, 
including such trends analyzed in the 2000 RPA Assess- 
ment: private lands in the eastern United States will be 
the main source of domestic timber, and pine planta- 
tions in South will be the largest source for future 
increases in softwood harvest (USDA Forest Service 
2003). Such extant trends in the national forest sector, 
along with opportunities to reduce carbon emissions 
and increase storage by wood substitution, recycling, 
and improved utilization (Skog and others 19961, will 
continue to impact climate change mitigation costs, 
types of forest resources, and biodiversity. Carbon stor- 
age and wood production can be joint products, par- 
ticularly if wood is placed in a long-tern use, adding to 
the environmental benefits of tree planting and pru- 
dent use of wood products. 

Given the global nature of the issue, many factors 
need to he considered when seeking the most cost- 
effective options for climate change mitigation. h mui- 
tisector view and multiregon perspective would help in 
identieens comparative advantages and effects on o p  
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portuniy costs. Other infomation that may be useful 
to policy-makers is estimated changes in population 
and incomes, ecosystem stewardship concerns, and de- 
sired levels of human welfare and quality of life. Adap- 
tation and mitigaeion could occur at the same time 
(Sohngen and Alig 2000). The scale of consideration is 
important in that adaptation may sometimes be more 
of a local response, while mitigation actions or policies 
may typically be formulated at Iarger spatial scales. 
Policy designers sho~tld recognize that human-influ- 
enced systems can change dramatically over time and 
can experience economy-wide perturbations (e.g., re- 
cession). 

With more people populating the landscape, the 
number of formal studies of land use and Iand cover 
changes increased significantly around 1980, with a 
marked increase in those investigating global climate 
change over the last decade. Study of revealed land- 
owner behavior has been important for better under- 
standing of both Iand use and land cover changes, with 
full consideration of biophysical, ecological, and socio- 
economic factors. Individual landowner behavior re- 
flects a very diverse population, and study at aggregate 
levels has aided in identiwng key determinants under- 
lying the large increase in pine plantation area over the 
last half century. Further research of landowner behav- 
ior should include responses to incentives, such as mar- 
ket prices and assistance programs and how character- 
istics of private owners (e.g., age) influence decisions 
about land uses and land covers. 
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