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Landowner behakior is a major determinant of land u\e and land cover changes. an 
important conilideration for policy anatykts collcerned with giobai change. Study of 
landowner behavior aid5 in de\ignlng more effective incentives lor inducing land u\e 
and land cover changes to help rn~tigate ciirntrte change by reduc~ng net greenhouse 
ga\ emitsions. Afforestation, deforestation, rel'clrestation, and tirnher harvest are the 
most frequent land rilanagernent pr-dctice\ that influence forest carbon stocks and flux. 
Re\earch \tudies provide estimate4 of how private landowner\ reipond to market signal\ 
and government program\ and how they alter land management. For example, landowners 
have tended to retain iub\idi/ed affcjre\ted stands well beyond program life in the Lnited 
States, sugge\tlng that sinrilar prograrns h r  climate change mitigation could re\ult in 
high rates of retention. 'At the same time, policy makers need to he awan that unintended 
consecjuences of policies can lead to signiiicttntly different outcomes than envitiuned. 
lncltrding leakage possibilitre\. 
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I Introduction 
Forest eco\y\tem\ \tore about half of all terse\- 
trial carbon (IPCC 20001, and human activitiei, 
\ignificantly alter \and use and hre\ t  cover and 
;affect the circul:ttion of carbon and its diitribu- 
tion in terre\trial ecoclyttems. LMillion\ of fi>re\t 
and agricuit~~ral land owners in the Lnited States 
and other countries are key players in hou the 
world's land base is currently utilized and how 
it might be used to increase carbon seque\tration 
and help addrets global climate change (GCC). 
For example. about two-thirds of carbon stored 
on U.S. ti~nberland is on private lands, and these 
private lands offer substantial opportunities for 
more storage (Birdsey st al. 2000). Whether that 
potential is realized will depend partially on 
motivations of' landowners and their response 
to market signals and other incentives such as 
financial and technical assistance programs. 
This synthesis of research findings about land- 
owner behavior provides insights into possible 
responses to market signals and incentives that 
may prompt landowners to undertake additional 
carbon sequestration activities. 

Land use, land use change, and forestry have 
received increasing attention in global climate 
change analyses over the last decade (e.g., IPCC 
2000). Experts in forestry, biology, ecology, eco- 
nomics, and related subjects have increasingly 
investigated human activities that alter land use 
and land cover. Factors that influence adaptation 
and the net terrestrial uptake of carbon include 
the direct effects of land use and land-use change 
(e.g., deforestation and agricultural abandonment 
and regrowth) and the response of terrestrial eco- 
systems to COz fer-tilization, nutrient deposition, 
climatic variation, and disturbance (e.g., timber 
harvest, fires. wind-throws, and major droughts). 
Direct mitigation strategies include reducing 
carbon emissions from forests by: reducing the 
conversion of forests to farmland and other uses, 
ii.e., reducing deforestation), setting aside exist- 
ing forests from harvest. and reducing biornasi 
burning. Other strategies for increasing carbon 
build-up in forests are converting marginal agri- 
cultural land to forest\ (carbon plantations, forest 
product plantations, short-rotation woody crops, 
or joint product plantations). and enhancing forest 
management (e.g.. Hoen and Solberg 1994). Other 

5trtitegiei include itubstituting wood product., for 
more energj-intenhibe products (Shog et al. 1996: 
Shog and Ntchol\on 1998). Reiearcb finding., can 
inform decision-tnakers about CCC adaptation 
and mitigation po\\ibilities, kvliiile recogni~ing 
dynamic interaction\ anlong climate, ecological. 
and socio-economic \ystems ;and attendant effect., 
on agriculture. forestry. and natural retources. 

In a synthe\i\ for non-economi\ti. I first \urn- 
marize finding\ from cltudiei, of historical trends 
in land use and land cotes affecting fitrestry that 
are relevant for GCG nnaly tes, representing 
actual revealed behavior by landowners. Land 
use is, primarily a socio-economic characteristtc . 
of a particular piece of land, describing for what 
purpose the land is being used and under what 
condition. Land cover describes primarily the 
biophysical characteristics of that same piece 
of land. The rationale of separating land use 
and land cover is that they are driven by di-fl-er- 
ent forces and separating them adds predictive 
understanding of land cover dynamics, important 
for any study of future climate change. I examine 
factors prompting behavior that leads to major 
disturbances such as afforestation, deforestation, 
reforestation, and timber harvest. Then, I examine 
studies that have used such fkctors in projections 
to inforin society about possible future scenarios 
for the forest sector. Next, I examine implication:, 
of such projections for the carbon situation, given 
the potential role that sequestered forest carbon 
may play in helping to mitigate climate change. 
Related environmental analyses follow, given 
that forests provide a wide range of benefits to , 
society, including food, fiber, shelter, watershed 
services, biodiversity, recreation, wildlife habitat. 
and aesthetic qualities, which may be impacted by 
GCC land use or land cover changes. 1 conclude " 

with a discussion of future direction5 and research 
needed for improvements in related analyses. 

2 Determinants of Land Use 
and Land Cover Changes 

Land use and land cover changes are receiving 
increasing attention by researchers and p o l i c ~  
analj sts concerned with global climate change. 
D~lring the period 1850-1 990, net cumulative 



global 601 errtitsionc, from land-t~re change are 
estimrrted to kitbe been t 24 Pg C ~whese  I peta- 
gram [Pgl = iOf i  gram). tsith ahout 87% from 
hre i t  area\ and about 13% from cultit ittitm of 
mid-latitude gra\c,landc, t Houghton I999). in 
term\ of total 6O1 reteared to the atmosphere 
world\vide from I989 to 1998. land use chai~ge 
iprimarilj deforetration) wa\ responsible for 
about 20% (IPCC 2000). Land u\e estimate\ 
before 1980 are le\\ preciie, and I m i l l  h c u \  on 
land L I S ~  and land uiie change ettlmater since the 
early 1980~. Land use changes and land cover 
changes i~laiolving disturbancec, are long-standing 
topics in fore\try and related fir-rdlngc, can inform 
more recent invertigations in the global climate 
change context. 

Major land use and land cover activities that 
affect forestry and forest carbon are afforestation, 
deforestation, reforestation, and timber harvest. 
The\e activities can be influenced by quite dif- 
ferent factors. For example, key determinant\ of 
defc~restation in the United States are change in 
population and personal income (Alig and Healy 
1987). 'in contrast. afforestation is often it passive 
activity, in which abandoned pasture land or crop- 
land gradually reverts to trees as plant succession 
forces are allowed to proceed withoirt interve~~tion 
(Alig and Wyant 1985). Next, I will examine land 
use and land cover activities in the United States 
where land, agricultural. and timber markets are 
well developed. The United States has had, and 
will continue to have a significant impact on 
global forests, and the impact of global forests 
on the United States is increasingly recognized 

e. 

(Brooks 1993, USDA Forest Service 2003). Such 
linkages are important when discussing forest- 
based carbon in a global context. 

2.1 Land Use Changes 

The size of the forestland base plays a critical role 
in determining the quantity and quality of outputs 
from the forests, such as amount of forest carbon. 
Acc~lrate evaluation of prospective forest policies 
i-equil-es an understanding of the underlying pat- 
terns of forest area change and estilnates of a poli- 
cy's impact on futur-e forest area. Thii includes 
analyzing components of furest area change. such 
as afforestation versus deforestation. 

With  more people populating the land$cape, 
the nun~ber of firrnlal iitudies of land uie cbangei 
increased significantly ~iround 1980. Modeling 
apprtlaches to intestigate C.S. land ~1\e changes 
in the giilbai change context hate bizen hued on 
earlier \tudie\ of pritate land Lt\e in the forestry 
and agricultural \ector\. bscatl\e about half of 
C.S. forests itre privately owned (Smith et al. 
3001). In the I-i~rekt sector, regional models of 
private land use change were de\,elopcd based 
on land rent theory (Alig 1986). where owners 
tend to ~naximize eccpnomic measures of land 
management. Other factors are incorporated in 
these models, including differences in behavior 
by typmf  ownership (e.g., industrial v\. nonin- 
dustrial private), other owner characteristics, and 
impacts of government policies, such as subsidy 
programs for afforestation (Alig et al. 1 990). 

Econometric studies of regional land-use 
changes Involving forestry in the United State\ 
were first based in the soilthern U.S.. which has 
most of the U.S. forest plantations. Econometric 
studies use statistical techniques to test economic 
hqpothescs and develop empirical relationships 
between revealed landowner behavior, such as 
afforestation, and explanatory variables such as 
government programs, timber prices, agriculturat 
prices, and costs of different land management 
options. The basic approach is to estimate the 
relationship between the area of land in alterna- 
tive uses (forest, cropland, etc.) and key deter- 
minants influencing land use decisions (e.g., net 
economic ret~irns to land in difYerent uses) (Ahn 
et al. 2000). Alig i 1986) estimated empirical rela- 
tionships between proportions of land in differ- 
ent use categories and socio-economic variables 
(e.g., population) and land characteristics in the 
southeastern U.S. 

With accumulation of more geogrliphically-ref- 
erenced land use data, modelers have been able 
to use spatial data to refine land use models (e.g., 
Kline and Alig 2001). The models are designed 
for long-range projecting of future proportions 
of land in different use categories. Anticipated 
population growth is expected to place increac,- 
ing conversion pressure on existing forests and 
-farmland as dernands for land in residential, com- 
mercial, and industrial uses increase the value of 
land in these tirban and developed uses relative to 
the value of land in forest or farm use. 
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fig, 1 .  Tree planting in the United State< by owner\hip, 1950-I "18 (wurce: No~~iton i 9993. 

Econoinetric land use models are effective tools 
for projecting forest area (Ahn et al. 2000). Land 
use models were used in policy ~Lrn~Ii~tions to 
investigate changes in afforestation involving 
altered assumptions for explanatory variables 
representing gokernment tncentiw e progratms. 
One example was invesdgating afirestation 
options in timber supply anail5ises (e,g., Allg 
1986, USDA Forest Service 1988). Later they 
\hiere applied to carbon studies, given that affor- 
estation of agricultural land can lead to large 
increases in carbon captLlre and ttorage by the 
treated area. In the GCC context, these model:, 
are particulariy useful for policy analysis because 
they explici tfy mea\ure Iandoii~ ner responses to 
deei\ion 1:ariables that can be affected by land 
uie. For example, Plantinga el al. ( 1999) exam- 
ined the effects sf afforestation vuksidies on Land 
use decisions by simulating increases in owner 
profits from forestrj. This provide\ cost estimates 
for sequestering carbon in forests. A caveat is that 
no changes occurred in the underlying structural 

relationship\, either during the hiitoricai! period 
analyzed or the projection period. The model 
structure is shaped by the policy environment and 
that can change over time. Statistical tests can be 
applied to test for changes In model pararnetera 
over time (Ahn et al. 2000). 

Evidence from studies of private la~~downsrs' 
tendencies to plant trees can aid in guidttlg mitiga- 
tion strategies. Birdscy et at. (2000) suggest that 
afforestation can potentially provide the most 
additional carbon sequestration in the United 
States over the next 110-30 years. Upfront costs 
of tree planting tend to overshadow the more 
time-distant revenues from timber harvests (e.g., 
Lee el a]. 1992. Kline et ttl. 20021, so that cost 
subsidy programs may be effective in enticing 
additional tree plandng by nonindustrial landou n- 
ers. For example, U.S. landowners responded sig- 
nificantly to past government programs for tree 
planting, as shown in Fig. I by the local spikes in 
tree planting over time (Lee el al. H 992. Kline et 
al. 2002). The spike in the amount of tree plant- 
ing in the late 1950siearly 1960s was prompted 
by a policy to reduce excess agricultural capacity 



(Alig et aI. 1980) and the \pike in the tatter half 
of the 1980s wac, due to \ub\idi~ed tree planting 
for environmental goal\ (e.g., reduce soil ero\ton) 
(Plantinga et af . 300 1 1. 

One yueation about landowner bchtttlilr is 
\v hether capital sub\titrition affcctr, the net affor- 
estation area. Lee ct 31. ( 1  992) indicated that iuch 
iub~titution did not appcar cignificant, That i5, 

private owners were not subatitilting iignlficant 
amounts of public capital for their oun private 

t capital. If they were. then the net effect would 
be less tree planting, which would hate impor- 
tant implications for any government programs 
designed to expand the amount of tree planting 
for objectives such as increased carbon iequestra- 
tion. A recent study of tree plar~ting by Ktine et 
al. (2002) in the U.S. South hund  some evidence 
of capital substitution. Projections by Kline et al. 
(2002) indicate that the amount of tree planting in 
the U.S. South by the large nonindustrial private 
forest (NlPF) ownership class could decline in the 
future without cost-sharing or other subsidle\. 

111 addition to traditional tree planting, research- 
ers h a ~ e  also investigated costs and benefits of 
short-rotation afforestation. Potential impacts of 
short-rotation woody crops (e.g., hybrid poplar) 
appear to be potent relative to the land area 
involved Although the total U.S. area rillocated 
to intensive, short-rotation woody crops is pro- 
jected to be a modest portion of the whole agri- 
cultural land base (Alig et al. 200Oa). expanded 
supply of short-rotation crops could reduce forest 
plantation area in the United States and lead to 
lower forestland values. However, as a double- 
edged sword from a forestry perspective. it could 
also allow more forestland to be converted for 
agric~~lt~lral production to meet expanding world 

- demands fitr food and fiber. Afforestation to pro- 
duce reneu able biomass for energy production on 
a large scale could aid in reducing greenhouse gas 
(GMG) emissio~ls. McCarl et at. (2000b) found 
that ecclnornic competiti\ienes\ of biomass energy 
depends in a key way upon the success of retearch 
in developing improtred production method\ with- 
out subicantial increases in production co\ts. 

Reforestation is a key link between land use and 

land cot er [nodel\. Rsfi,restation of hart e\ted 
fc~rzitfand can accelerate the natural regsnera- 
tion process and encourage estiibli\hment of f i ~ -  
gram ing yecies. Detertt?inant\ of rslhrestatior-r 
are: i irnkr hark e\t rate$. tree planting costs. lard 
\due\ ,  tnlerett rates, and co%t-\haring programs 
(Lee st al. 1992, Kline et al. 2003). 

If the hi\toriical ""hehat ioral traii" is followed 
in the future. NlPF tree planting ii, prc~jected to 
decline graduallj. Indu\try tree planting is pro- 
jected to rise graduallq ctith more tirnber harve%t 
(Mfine et al. 2002). Psli~jor trend\ in forest c i n e r  
type areas in the southern U.S. over the past 50 
years are, h r  the rrto\t part, projected to continue 
over the next 50 yeart. These trends include an 
increa\ing area of' planted pine; howeter, one 
divergence from the past is a prGected reduction 
in the area of upland hardwoods in the South 
where active reforestation is le\s frequently 
implemented (,l?lig et al. 2002a). 

Conversion of forestland to other land use\ has 
deforested more than one-half tnilllton ha annu- 
a114 in the United States since 1982, not including 
fore\ti, converted to water-related uses (USDA 
NRCS 200 1 ). The 1992 to 1997 rate of expansion 
of urban and developed areas was higher than in 
previous periods, with fore% being the largest 
source of lands that were developed. Increases 
in population and persor~al income have been kej 
determinants of deforestation in the United States 
(Alig and Healy 1987, Kiine and Xlig 1939, Alig 
et al. 2002a). 

As with animals and trees, people do not tend to 
appear randomly on the national landscape. About 
half of the U.S. pop~llation lives withi11 coastal 
areas (80 kilometers from an ocean) and popula- 
tion\ in the South and west have increaqcd kster 
than the national average over the la\t decade. 
Projections show the South'\ share of total 
population increasing, as the Nation'i population 
expands, with a majority of the U.S. debrestation 
projected to occur there. Fast growing cities \uch 
as Atlanta have seen considerable conversion of 
litrests to urban and developed uses, which for 
carbon accounting can essentially be viewed as 
permanent losses. A recent itudy indicated that 
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the biggeit threat Fdcing iouthern U.S. fore\ts i\ 
urbanization (ISrear and Grei t 20112 1. 

Projection\ of deforestation have been based 
on increaiingly knphlsticatetl models. Land u\e 
model.; in the I980\ prokided projections of land 
use change for use in forest \ector rm-rodel\. replac- 
ing the use of expert opinions about future land 
use changei. Until the n-iid- 1 %Os, rnoit timber 
suppl), forest carbon, and wildlife habitat itud- 
ies have treated quantities of land and natural 
resources as fixed. or "'not explicitly modeled..' 
However, the reality i \  that continued shifting of 
land$ between agricultural and forest uses could 
act to change potential economic returns from 
land and land prices in both sector\. 

Recent projections fiom such land use models 
are that the U.S. timberland base in 2050 will be 
slightly smaller, by about 3%, than it is today 
(Alig et al. 2002a). Timberland area would 
decline due to increasing demands for urban and 
related land wes. Aside from direct conversion 
to urban uses, ti~nberland is also pro~ected to be 
converted to agricultural usex to replace devel- 
oped prime croplands. 

Land use models were linked to timber 
market models, such as the Timber Asses\- 
ment Market Model TAitlM/NAPAP/ATLAS/ 
AREACHANGE system (Adams and Haynes 
1996, Alig et al. 200221) in the United States, 
to support forest sector analyses. The external 
land use projection system reflects landowner 
behavioral tendencies. Later, a linked forest and 
agricultural sector model, the Forest and Agri- 
cultural Sector Optimization Model (Adams et 
al. L 997, Alig et al. 1998b), had optimal land use 
and land management as endogenous elements. 
As just one of many possible objective functions, 
risk-neutral owners are assurned in the optirniza- 
tion model to be in quest of the highest possible 
value of returns fr-om their lands into the future. 
A useful complementary approach for land use 
projections is to compare projections from both 
approachei. first examining outcomes for the path 
of current policies and behavioral trends. Then, 
uie a normative modeling stance to intei,tigate 
"what if' scenarios including economic optimi~a- 
tion. and develop atternatite projections based on 
opportunitie\ to make improbements f%om soci- 
ety'vperspective. For example, Alrg st at. r 1999) 
found a wide range of possible outcomes %hen 

comparing amotlnt\ of pri.t-ate tree planting under 
different .;cenario\ involving a\\umptionc, about 
interest ratei and capital markets. 

Both tiis L.S. hret t  and agric~tltural \ectcr\ 
are projected to foi,e land to de\eloped u ie \  
(Alig et al. 2002a). In the longer term, continkled 
conueriion of rural land to urban and de~eloptd 
uses tvitl act to reduce the timberhand base. in 
iome cases rernot ing the most producti-ce land\. 
Southern U.S. timber harveits hatie increttsed ilig- 
nifiicatltly recently and the region now produce\ * 

more timber than any other country in the world 
(Wear and Creis 2002). The long-term outlook 
ii, les\ certain, with urbanifation projected to 
coaltinut: to expand. 

2.2 Forest Cover Changes 

Forest cover changes result from a combination 
of ecological srrccessional forces and h~inlan 
activities such as timber harvest and other forest 
managetnent. A key driver in long term tret~ds in 
forest cover changes on U.S. private timberlands 
i h  timber harvest (e.g., Alig and wyant 1985, 
Alig et al. 200121). Forest type transitions are 
most common after timber harvest, and also can 
involve lags in restocking of forests that impact 
carbon flows and stores. 

Private harvest is influenced by stumpage price\, 
interest rates, initial timber inventory, and exog- 
enous nonforest income (Adams and Haynes 
1996). Private harvest in the United States over 
the next two decades will be strongly influenced 
by current timber inventory characteristics, par- 
ticularly the limited areas and timber volumes 
in older merchantable age classes in virtually all 
regions. Despite these conditions, projections 
indicate that expanded forest irtbestrnent would 
allow some imrnediate incren-ients in timber. 
harvest, sustained increa\es in timber inventory. 
and vii-trtally no long-term trend in sol't-wood log 
prices (Alig et al. 1999). 

The NIPF ownerihip provide\ the la-geht 
amount of U.S. timber harbett. although many 
studies point to nun-timber objectives ol-'o\vnerh. 



In aggregate, KIPF timber oitner\ ha\ e \u\tained 
hariest amounts more than proportiorral to their 
\hare of U.S. ti~nberiand area. However, changes 
in ounert can rei,ult in a \hift in owner objec- 
tive, and a change in lihelii~ood of timber hart e\t. 
Soine researcher., have noted that a significant 
number of newer rural landowner\ have urban 
backgrotrnds or are absentee o ~ n e r \  (Birch 
19931, and some po\it that such owners may be 
less likely to harvest timber in the future than 
traditional owner\. 

NIPF owners' responses to incentives about 
timber harvest, such as delaying harvest, are 
complicated by man>/ owners not having timber 
production as a primary goal (e.g.. Birch 1994, 
Kline et al. 2000) and some owners having mul- 
tiple land inanagement objectives (e.g., Ku~ila- 
vainen et aI. 1996). Fostering the production of 
non-timber services among s ~ c h  owners with het- 
erogeneous objectives has been the goal of some 
incentive programs in recent year\, such as the 
Forest Stewardship Program in the United State\. 
At the same time, many owners perceive signifi- 
cant opportunity costs associated with reduced 
timber harvests, but a mixture of incentive and 
assistance programs could result in greater joint 
production of timber and nontimber (e.g., carbon) 
services (Kline et al. 2000). 

Timber harvest is typically the most frequent 
disturbance on private timberland and can lead to 
significant changes in land cover. For example, 
in the southeastern U.S. less than half of final- 
harvested pine plantations on the large NIPF 
ownership class are regenerated back to pine 
plantations, with 54% transitioning to other 
types: oak-pine ( 1 7%), naturally regenerated 
pine (16%), and hardwood types (21%) (Alig 
and Butler 2001). Transitions between planted 
and naturally regenerated stands al\o involve 
significant amounts of two-way flows ecen on the 
more intensively managed forest industry timber- 
land base in the Sotith. There approximately 30% 
of pine plantations revert to naturally regenerated 
forest type\ after a final hariett. The dynamics 
are also affected by plarlting rates, especially on 
NIPF land\, which can fluctuate notabtb over 
time in response to incentives such as govern- 
ment \ubsidy programs. This has led in the past 
to irnportant impacts on the regional age class 
distribution for pine plantations. These finding\ 

clugge\t that f~it~ire fc>re\t\ m iif not be con~pri\ed 
\ole11 of planted \tan& and inlolve uni-direc- 
tional tran\ition\ to plantations, and that hrest 
t> pe traniitioni, M ill influettce fut~ire forett carbon 
\tot-age and ~ ~ L L Y .  

Potential of carbon sequestration in forest 
biorna\s through silvicultural management has 
been examined at the stand level (e.g., Hoen 
and Solberg 1994) and at larger scales (e.g.. 
Adams et al. 1999, Hair et at. 1996, PIantinga 
and Birdsey 1993). Hocvever, the investment- 
related linkage among management of existing 
timber stocks, reforestation. and changing land 
use has not previously been modeled except in 
recent timber market models ihlig et al. 1997, 
Adams et al. 1 999). Private forest investment is a 
critical element in the long-term modeling of U.S. 
forest resources (AIig et al. 2001b), and is also 
important in forest carbon analyses (Adams et al. 
1999). Projections that account for intertempo- 
ral investment decisions linked to harvest timing 
decisions indicate that U.S. private timberlands 
have considerable potential for additional wood 
production and more carbon sequestration under 
intensified management (Alig et al. 1997). The 
requisite levels of aggregate private investment 
would, however, be well beyond those observed 
in recent years, especially for NIPF owners. 

A key component of the potential role of KIPF 
owners in future carbon sequestration is likely to 
involve forest investment in the form of planta- 
tions. However. restrictions on private forest 
investment have significant impacts. Thus, a 
scenario limiting NIPF forest investment to 
recent historical levels led to significantly lower 
plantation levels than in an unre\tricted case. 
along with higher log prices and reduced aggre- 
gate timber harvest (Alig et al. 1999). The o~erall  
impacts from limited NIPF for-est investment were 
notably larger than those from variation in the 
discount rate, Added forest in\cstmetlt could lead 
to substantially larger timber hart est volumes and 
lower prices than those in a scenario that reflects 
a continuation of recent behavioral tendencies by 
NIPF owners. 



2 3  Key Findings 

Some kej  finding5 from earlier 1-esearch di\cus\ed 
ttbote are iunlmari~ed next. Theie finding5 are 
based on rewarch largziy carried out in the United 
States, however, the finding\ may be relekant in 
some cases for other parts of the \;torId. 
t ) 14ff~:,reiration can pc-~tentraitj pro1 lde the most 

additional carbon ieyueitration in the United 
States o\er the next lfi-30 year\. C'pfront cost\ 
of tree planting tend to over\hado\v the more 
ti~ne-distant revenue5 ff^c>~n titnber hasbests, 50 
that coit subsidy progran~i may be effectt1e in 
e~lticing additional tree planting by nctnindustrial 
private landowner\. 

3) Major determinants of artificial refore\tation are 
timber harvest rates, tree planting cost\, land 
values. interest rates, and cost-sharing programs. 
Currently, most U.S. tree planting is reforestation, 
where harveited fixest land is planted, and may 
involve the introduction of faster growing tree 
stock. 

3 )  The average annual rate of U.S. deforestation has 
exceeded 0.5 million ha \ince 1982. The expan- 
slon clf urban and developed areas was higher in 
the 1990s than in previous periods, with forests 
being the large\t source of lands that were devel- 
oped. Increases in population and personal income 
ha\~e been key determinants of deforestation in the 
United States. 

4) itffore5tation has offset deforestation in the United 
State\ since 1982, with a net increase in U.S. forest 
area of about 1.5 million ha. However, over the 
longer historical period of 1952 to 1997 for which 
only statistics for net area change\ in forests are 
available. there was a net losi of 3.7 nlillion ha of 
U.S. forest. 

5 )  Fore\t cover change\ result horn a cornbination of 
ecolog~cal successional force\ and human activi- 
tie\. with t~mbes hasve\t being a key driver. Timber 
harvest i i  the most eort~ri~on disturbance on U.S. 
t i r~~berl~~ndi ,  and nutablj in~pacts carbon flows 
and stcjres. The dqnan~ici of fore\t type tran\i- 
t iom can invol\ e irgniticant amounts ctf luct-way 
Mow\ between planted and naturally regenerated 
itarmds. 

6) U.S. private timberlands hate coniicJerabie 
potentiat for dddrtional wood production and 
more carbon iequeiltsatlon under inten\ified 
management. The requiute levels of aggregate 

private int  eirment wnrrld, however, be mcll 
h e y n d  thaw ob\er\ed in recent year\, etpecrall) 
for nonindutlrrial prlb are o'ikner\. 

Projections 

Key findings from abobe are based on examina- 
tion of revealed behavior as reflected in historical 
trends, and historical trends probide helpful guid- 
ance in anticipating how these factors u ill behave 
in coming years. Examining historical trends pro- 
vides a basis for projecting landowner responses 
to incentives related to afforestation and other 
land use activities, and itnplications can then be 
drawn for carbon sequestration. The "behavioral 
trail" to date has included relatively little carbon- 
centered land management by private landowners. 
Carbon-related markets in rnost areas have not 
developed or are Just emerging. 

Projections are substantially influenced by 
assumptions about future val~les of key determi- 
nants. such as population growth and changes in 
economic activity (e.g., GI-oss Domestic Product). 
Demographic reality is that hurnan populations will 
continue to grow. Historical trends and projections 
for U.S. population and economic growth both 
show substantial increases (USDA Forest Serv- 
ice 2001). For example, the U.S. population has 
increased by more than 100 million since World 
bTar I 1  and another 1 25 million are projected by 
2050 (L.S. Dept. of Commerce, Census Bureau 
200 1 ). This has fueled growth in urban and devel- 
oped areas, which have increased by more than 
245%. Forest and grassland have lost the rnost area 
to developed uses, consistent with the statement 
in the pervious section that changes in those two 
land uses have contributed the most to net global 
C02  emissions from land-use change. 

3.1 Peniodic Large Scale Assessments 

One \ource of informati011 on U.S. foreit sector 
trends and forest carbon sequestration and pro- 
jections is the periodic Resources Planning Act 
IRPA) Axsessments by the USDX Forest Service 
(e.g., 2001). which document current resource 
conditions and trends and project future changes. 



Table 1, The tvveIte largeit prc>jected change\ in fort.\t corer area\ in the L.S. between I997 and 21150 k j  region. 
priklire ou neribip group. and foreit cover type (Alig er al. 3Ciff2a. USDA Fore\t Sen Ice 70031. 

South Central 
South Central 
South Central 
Southeait 
South Central 
Northea\t 
Southea5t 
Northeast 
Southeait 
Plain Strztei 

" South Central 
Lake States 

Nonindu\trial Prrvate 
Fore\t Indu\trj 
Nonindu5traaI Private 
Nonindustr~al Private 
Forat Industry 
Nonindu\trial Private 
Nonindu5trial Private 
Nonindustrittl Prir ate 
Fore5t Indu.;try 
Nonindustrial Prix ate 
Nonindu\trial Private 
Nonindu\trial Pri$tlte 

Upland Hzlrdt\ oud 
Planted Pine 
Planted Pine 
Natural Pine 
Upland IJarri~ ood 
Elm, h\h.  Red Maple 
Planted Pine 
Spruce & Bal%arn Fir 
PIilnted Pine 
Maple & Beech 
Oak-Pine 
Aspen-Birch 

This information helps to establish benchmarks 
and future milestones for long-term perform- 
ance indicators. The Timber Assessment ~ttilizes 
50 years of historical data from more than 70 000 
forest survey plots, and make projections 50 
years into the future. The Assessment considers 
the broad workings of the economy, such as a 
continuing increase in recycling and efficiency 
in paper production. 

3.1.1 Forest Area 

Recent projections from land use models applied 
in the RP,4 Assessment are that the United States 
will have less timberland area to $upport tree 
growth to sequester carbon, with a net reduc- 
tion of about 6 million ha by 2050 (Alig et al. 

* 2002a). From a national perspective, the most 
significant changes in forest cover are projected 
for the southern U.S. (Table 1 ). This includes an 
increasing area of planted pine, due to intensifi- 
cation as the result of regional shifts in timber 
supply and continuing increases in national and 
international demand. Con\ ersely, a projected 
reduction in the area of upland hardwoods is a 
reversal of l~istor-ical trends. 

Howei er, these net changes only tell part of the 
story. An examination of the gross changes shows 
a much more dynamic system. For example, the 
projected net increase of 5 million ha of planted 

pine in the South is the result of a gain of nearly 
12 million ha of planted pine and a loss or rever- 
sion to other types of approximately 7 million ha 
out of planted pine. 

Other forest area changes that affect cost of 
forest carbon sequestration are forest fragmen- 
tations caused by land use changes. Forest fsag- 
mentation has been an increasing concern in some 
U.S. regions, although data gaps remain regard- 
ing the extent and frequency (AIig et al. 2000b). 
Smaller forested properties may cause some 
timber management to be uneconomical, and 
similar cost impacts can hold for forest carbon 
management. 

3.1.2 Plar~tcd Forests 

Expansion of U.S. plantation area is consistent 
with broad trends in other key tin~ber grow- 
ing regions of the v~orld. where plantations 
increastngly are the source of industrial wood. 
Plantations in many cases offer timber ~ p p l  y 
advantages in terms of location, accessibilit>, 
operability. wood type- and uood quality. The 
vast majority of tree planting on private timber- 
land consists of soAu~ood specie\. mainly because 
\of&, oods halie long fibers that are desirable in 
papermaking and they produce larger volume\ 
of higher \ialue sautimber in less time, relatke 
to hardwoods. Planted forerts are projected to 
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provide a mqority of the U.S. sofiwood tinlber 
hart est by 2050. although piantation., b i l l  on11 
occupy less than one-quarter of 11.15 U.S. timber- 
land base (Alig et al. 2002a). 

Althougl~ mo\t atkention in carbon sequedra- 
tion analyses has been directed at afforestation and 
plantations. a mixture of forest-based strategies 
Itcrosr, a country is desirable. This is particularly 
true for a land and forest resource base as large 
as, the U.S.'s. Choice of forest species nlix over 
time is a further potentiai tool in meeting certain 
carbon storage targets The forest landscape of the 
new millenniunl may have increasing areas of nat- 
urally regenerated forests that contribute a declin- 
ing percentage of the nation's timber harvest, and 
where harvest could be delayed for carbon seques- 
tration purposes with lower opportunity costs than 
in other regions or for other forest types. Analy- 
ses of carbon sequestration potential will need to 
account for both the fate of carbon in such naturally 
regenerated stands. as well as the carbon storage 
in products from harvested forests. Minimu111 cost 
strategies for sequestering carbon in forests should 
consider the more than one hundred million ha of 
naturally-regenerated U.S. hardwood forests. For 
example, the northern U.S. has large concentra- 
tions of hardwood forests with economic oppor- 
tunities to increase carbon stores from a national 
perspective (Adarms et al. 1999). 

Policy implications of the smaller amount of 
past U.S. investment in hardwood timber man- 
agement are notably different than for the soft- 
wood case. In the past 30 years, hardwoods have 
become a critical part of the overall wood supply 
picture of the United States, particularly tor pulp- 
wood in the South. A trend toward reduced NIPF 
harvest would have a major impact on timber 
markets, but could augment carbon stores oker a 
specific time period. Landowner behavior related 
to hardwoods in recent times includes parceti- 
zation of ownerships, changing detnographics 
and owner objecti~es, and generally reduced 
interest in titnber management. This suggests 
that fUture \upplies might be augmented by less 
lnforrnal treatment of hardtvoods on all pritiate 
lands. LModect management inputs, or changes 
in methods, might increase yields to help offset 
areas shifted out of timber production. Limited 
hardwood supplies may also justify public and 
private programs to raise awareness of options in 

hardwood \ilvicuIture, expand research on more 
inten\i\~e hardwood forest practice\, and find 
silt.icuItura1 methodi that might achieve both 
higher carbon \tore% and amenity output\ with 
Ie\\ reduction in timber production. 

3.2 U.S. Climate Change Assessment 

Potential consequences of climate variability and 
change, and their effects on forests were exam- + 

ined by the U.S. government and cooperators in 
a National Climate Change Assessment using a 
scientific assessment (U.S. Forest Sector Team 
2000). In addition to impacts through adaptation, 

' 

the extent of the U.S. ti~nberland base and its many 
forest types provide multiple options for responding 
to market-based incentives fsom climate-i nduced 
changes. Potential effects of global climate change 
on the U.S. forest sector, including impacts on forest 
carbon inventories, may include modifications of 
growth and geographic distribution of forests. AIig 
et al. (2002b) examined global change scenario:, 
from the Ntitional Climate Change Assessment 
(U.S. Forest Sector Team 2001). based on a 
con~bination of global circulation (Canadian anci 
Madley ) and ecological process (Centurq; Terrestrial 
Ecosystem Model) models. The analyses used an 
equilibrium climate scenario based on transient 
Canadian and transient Hadley scenarios. with a 
baseline scenario using average climate for the 
196 1-1990 period. The climate change scenario 
was the average ofthe projected climate for 2070 to 
2 100. Results include an overall increase in forest - 
productivity in the United States, leading to an 
increase in long-term timber inventory (Irland et 
al. 2001). At the same time, global warming could 
increase rice, soybean, and wheat production in 
some areas (Piekle 2002). 

With more forest inventory. U.S. timber har- 
vests in most r,cenarios rise over the next 100 
years. lowering tinher prices, and reducing costs 
of wood and paper prodt~cts. Total economic wel- 
fare is higher than in the base case for all climate 
change scenarios. due to overall higher forest 
productiui ty. Adjustments related to market- 
based incentives include interregional migra- 
tion of timber production, substitution in timber 
consumption, altered forest stand tnanagement 
(e.g.. change in timber rotation length). salvage 



of dead or dying trees, shift\ in planting stock. 2 )  
and charrges in fertilization and thinning regimes. 
Aggregtttz weIi3.a-e effect\ of climate change for 
the forett sector are relatively ismall, consistent 
with McCari et ai.'s (2000a) findings that they are 
relatibely limited even under extreme xenarios. 

3.3 Implications for Carbon Sequestration 

r Carbon accounting is essentially in its early 
stages I-br large scale efforts, such as to address 
requirements for the Kyoto Protocol to the Frame- 
work Convention on Climate Change. Given the 

" widespread distribution of carbon, studies strive 
to account fa-  carbon stored both in forest ecosys- 
tem components - tree, litter, soil, and understory 
- and in wood products harvested from the forest. 
The dynamics of carbon flows and storage are 
complicated in that forest growth tends to be vari- 
able through time, so that the time frame used to 3 )  
report effects will have an important influence on 
results. Another complication is that carbon con- 
tained in forest stands follows multiple pathways 
after harvest. This requires a view broad enough 
to cover forest ecosystems, long-term storage of 
carbon in wood products, and disposal at other 
sites (e.g., landfills). 

Findings from central forestry studies have 
implications for carbon accounting and analyses. 
Given that many factors are involved in carbon 
sequestration, interactions among factors are 
also important and are likely to become more so 4) 
as more investigations are conducted. Although 
the cited studies are largely based in the United 
States, findings summarized next in some cases 
can be carefully extrapolated for other regions of 

a the world with c;imilar forest resource or forest 
ownership conditions, such as for the large NIPF 
timberland base in Finland. 

I ) Adding another 125 million people in the United 
States oker the next half century may lead to a net 
reduction in the area of private timberland avail- 5) 
able for carbon ieque\tration, with conversions to 
urban and developed u\es outweighing timberland 
area additions fiom agriculture. Area of debeloped 
area, which would hold relatively little carbon in 
vegetation, is projected to increase from 39.5 mil- 
lion ha in 1997 in the United States to 72.8 million 
ha by 2025. 

Forest management w i l l  continue to inteniify. 
e\pecialiy on induitrittl ounerihipi. nith more 
tirnber har\e\ti from the expanding area of soft- 
tvood plantation\. Fatter-grow~ng pine plantations 
in the U.S. South can augment lijrest carbon \tore\ 
in a relatitefy quick manner cornp:tred to other 
U.S. forest tjpei. and also provide hasbested 
products that \tore carbon. The U.S. trend In 
inteniified forest mailagement i5 conii5tent with 
greater reliance globally on managed foreitt, pri- 
Late loreit\. and plantation\, along w~th greater 
reliance on 5maller diameter, more uniform wood 
raw material. lncreaied productivity hai largely 
relied on \toeking control, site preparation, and 
tree improvement to date. More productive pine 
plantations may alter incentive5 to manage other 
parts of the U.S. forestland base fbr timber, poten- 
tially allowing more carbon sequestration in \ome 
cases if harve\t frequency drops and rotations are 
longer. 
Demand for timber producti will continue to grow. 
The United States has fairly stable per capita con- 
sumption ofwood and paper products, at one of 
the highest Icvel\ in the world. Storage of carbon 
in wood and paper products i i  substantial, as in 
1990 approximately I45 Tg of carbon, or 1 1  O/c 

of the level of U.S. emissions was harve5ted and 
removed from foresti for products (Skog and 
Nicholson 2000). If a subctantial proportion of this 
carbon could be prevented from returning to the 
atmoiphere, it could make a notable contribution 
to mitigating carbon build-up in the atmosphere. 
The most significant area changes from a carbon 
sequeqtration perspective are projected for the 
Southern U.S., where the majority of the tree 
planting will occur, along with the conversion of 
many timberland acres to other uses. Even beyond 
these changes, the South has the potential to affor- 
est millions of hectares of marginal agricultural 
land, as well as to economically and substantially 
increase growth on existing timberlands (Vasiev- 
ich and Alig 1996). 
Private owners tend to retain a large majority of 
government-subsidized afforeitation and other 
plantations well beyond the program life (hlig 
et a]. 1980, Kurtz et al. 1996). This means that 
most carbon in such forest ecosystems is in place 
for at least several decades. The plantations also 
generally are well stocked with trees, and are often 
regenerated back to forest. 
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S i  Longer rotstroni mould ha\e io117e benehc~al 
forest carbon storage and ecologicai effect\, but 
the eccinomic tmpactt ci~uld fnclude di\incentive\ 
for landouneri ~f cncsugh other o\xner\ decide ro 
participate. ,413 extended fcjrcir roratron poiicy 
u ould have toniequeneei for the en\ rrnnmenr that 
are not direct1 y a\sociated v, ith the goal \ of nmre 
fcfre\t carbon secluertration (e.g., ckangei tn bre5t 
cover type area\) iAlig et al. 1998a). Large-scale 
lengthening of rotations could cirice up log price\ 
and incrcare agricultural price\ if agr~eultural land 
is con5erted to fore>t. 

7) Unintended con\eyuences of cliirn;rte change 
policlet should be considered, given previous 
experiences with other government programs. 
An exarnple of where forest carbon-related 
outcomes could vary from the intended aims is 
leakage. Leakage can happen, for example, when 
market forces at relat~vely large scales include 
price changer in land market< that lead to less net 
tree planting than envisio~led by program planners 
(Alig et al. 1997). Although the amount of forerted 
land might increase rnitially under such a planned 
scenario, after one full forest rotation much of 
that Land might be converted back to agriculture 
because of prevailing prices in land markets, thu\ 
substantially blunting the originally intended 
effect of the policy. Land trrtns-fers between sectors 
must be assessed, since they can tend to mitigate 
the intended economic benefit effects of policy 
shifts. If leakage is a serious issue at larger scales 
(Alig et. a1 1993, then governments could expend 
large sums of money in subsidies or other incen- 
tives with relatively little net gain in fore\t carbon 
or secondary benefits. Leakage in general involves 
projects or policies having offsetting effects else- 
where, and can originate with a number of land 
use and management activities (e.g., afforestation, 
timber harvest, reforestation). 

8) Terrestrial carbon-related policies can jointly 
affect both forestry and agriculture, and ecologi- 
cal and economic impacts of forestry and agri- 
cultural policie~ are usually analyzed in isolation 
(Alig et al. 1998a). Rexealed behavior may also 
highlight hidden linkages and spill-overs within 
the cystem. Afforestation policy might alter the 
ure of forest plantations rather than natural forest 
establishment methods, as well as changing the 
use of irrigation in agriculture or tillage practices 
in agriculture if relative costs of carbon storage in 

the two \ector\ are Atered. Interregional effect6 
of large-sale policier can also be \ubitant~al, at 
a zero-tarnher har\eit polrcq for public land\ in 

the western U.S. could notab11 impact the 
of foreit inceirment, r~rnher har%eit\. and carbon 
itorage for U.S. muthern tlmberlandi. 

9) Different payment rnechanlsrni haate been pro- 
powd in the literature to probide ~rrcenci\e\ for 
landowileri to sequester carbon in hrettland. 
Somc payment mechani\fns may be adapted 
more ea\ily than other., to incl~rde forest carbon. 
Theie mechnnrsms include rentlng Land iai, In the 
current USDA Contervation Re5erve Program), 
paying only for land use change, renting carbon 
directly, and other methods. See Sohngen et al. 
r2002) for a di\cussion of the relative efficiency 
of a number of different payment proposalr in 
terms of their potential to maximize forest carbon 
sequestration. In the United States, ruch program\ 
are often directed at. nonindustrial private fore\"i 
owner\, who tena to respond niore to reduction of 
upfront afforestation co\ts than prospective timber 
returns (Kline et al. 2002). While this owner~htp 
class has also harvested timber at aggregate 
levels more than proportional to their share of 
the U.S. timberland base, in general such owner5 
have opted for relatively low levels of timber 
management investment, especially for the large 
hardwood resources (Alig et al. 1990). Potential 
to expand timber production and carbon ttorage 
in forests is large for thi, ownership (Alig et ttl. 

1999, Vasievich and Alig 1996). 
10) Private owners often manage their lands for multi- 

ple objectives (Birch 1994, Kline et al. 2001). The 
diversity of private owners has led to many pat- 
terns of behavior and resultant forest condition\. 
This includes some stands of tin-tber well beyond 
the standard timber rotation. reflecting utility for a 

non-timber values such 35 amenity attribute\, 
wildlife habitat, and other\ (Pattanayak et al. 
2002). Carbon sequestration is a relatively neu 
objective and carbon markets are typically non- 
existent or just emerging. 

3.4 Implications for Other Forest Ecosystem 
Attributes 

Some of the findings above have broad irnplica- 
tions, affecting timber supply. biodiversity. and 



other ecosyltern goods and services. Implica- 
tions of carbon seq~testration activitisir for non- 
timber ecosystem attributes have been receiving 
more attention (see, for example, ljRL http:ii' 
w ww.efi .filet~entsi20O2iForesteCarbonnandd 
Biodiversit~iframe-conference. h). but cur- 
rently are not as well documented in the literature 
as for timber-related elements. 

Biodiversity could be impacted in a positic~e or 
negative way, depending on what specific scenario 
out of many is co~lsidered involving future carbon 
sequestration. Planners also need to recognize that 
some approaches may be complementary, such 
as delaying or essentially eliminating harvest to 
protect endangered species. However, in the longer 
term, dynamics of natural ecosystems could lead to 
changing relationships. In natural forests, distur- 
bances are caused by such factors as fires, storms, 
insects, pathogens, floods, and animals. However, 
with more people on the national landscape, in 
many forests human actions at an accelerating rate 
are replacing or dominating natural disturbances. 
Human modification of forest structure to meet 
management goals, such as production of timber, 
has often been successful in creating desirable 
joint production of goods and services. 

Policy Design Considerations 

In the United States to date, policy design for 
carbon sequestration has been more conceptual in 
nature than actual implementation. Given the joint 
production nature of forest ecosystems. carbon- 
related policies have the potential to usefully aug- 
ment existing or future policies, and can have a 
positive effect on forest ecosystem stewardship. 
However, it is important to recognize the need to 
integrate carbon-related policies with others. 

4.1 Integration of Carbon Sequestration 
with Other Policies 

Potential actions for reducing net greenhouse 
gas emissions include a wide variety of sinks 
and sources. A wide range of strategies could 
increase the storage of carbon in forests and forest 
products (Birdsey st al. 2000, Sohngen and Alig 

21300). and many ~tould impact forest ecosystems 
in other ways. Oppofiunities to integrate carbon 
sequestration policies with others include enhanc- 
ing biodil ersity, as discussed next. 

Forests produce multiple goods and services. and 
climate change strategies can affect biodiversity 
and other environmental elements. For example, 
afforestation incentives could be targeted to 
joint1 y reduce atmospheric GHG's, mitigate forest 
fragmentation, enhance biodiversity, and augment 
timber supplies, or some other combinations of 
those items. Investigations of co-benefits of tree 
planting have moved beyond statements of "no 
regrets'' to striving to document multiple benefits 
of afforestation and other tree planting. 

In the case of afforestation as one policy tool, 
a possible biodiversity advantage could be in the 
form of enhanced populations of forest species 
that might result from afforestation. One example 
is neotropical birds, many species of which are 
declining in numbers. Matthews et al.'s (2001) 
results show that assessment of the biological 
consequences of afforestation for carbon seques- 
tration must consider both current land cover and 
the distributional patterns of organisms as well as 
the policy's land-use conversion goal. 

4.1.2 Strategies Across Mixed Owrzers-skzips 

Institutions for managing and storing carbon have 
increasingly been discussed but no national institu- 
tion along these lines exists currently in the United 
States, either for public or private lands. Potential 
activities on both U.S. public and private forestland 
should be jointly assessed, given differences in 
biodiversity across ownerships. In addition. own- 
erships also differ with respect to frequencies of 
timber harvest and other disturbances that affect 
carbon stores on the land and in products. as well 
as biodiversity. It is not new to the United States 
to pursue policies with both ecological and eco- 
nomic objectives. Consider the common goals of 
improved water quality; timber. fish, and ~~i ld l i fe  
habitat; recreational opportunities; erosion con- 
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trol, and more, But while policies affecting public 
forestlands get the most press, the largest part of 
U.S. timberland, about 15%, is privately owned. 
and the responses of these owners are also impor- 
tant considerations for policy makers. 

Another reason to jointly consider both public 
and private forests is their linkage via markets. 
For example, reductions in U.S. public timber 
harvests can lead to significant changes in 
market signals for private owners (Adams et al. 
1996). The \ame is true for producers in other 
countries, such as the response in tree planting 
in New Zealand in the early 1990s when U.S. 
National Forest harvests dropped substantially 
due to protection measures for the spotted owl 
and other endangered species. 

Policies should be developed with the multi- 
ple environmental attributes in mind and with a 
broad systems view. Science-based assessments 
can inform policy analyses of environmental, 
social, and economic costs and benefits of cli- 
mate change response strategies. The systems 
view includes policy considerations at both 
temporal and geographic scales. Changes at 
both scales involve a human ecology portion 
that includes physical patterns observed on a 
landscape. The economics portion involves con- 
sideration of private versus social viewpoints, in 
that some effects are external to private producers 
and consumers' outcomes. The bulk of research 
examining possible impacts from global warming 
has been biophysical in nature (e.g., Neilson and 
Marks 1994). Integrated assessment approaches 
to studying land use and land cover dynamics 
are crucial to analyze more than just the direct or 
first-round effects of policies targeted at irnprov- 
ing environmental conditions. with consideration 
given to coordinated policies. 

Future Directions 

Billions of decisions about land use, forest man- 
agement, and response to climate change poli- 
cies will be made over the next several decades. 
Improved decision-making will depend partially 
on better carbon models, but also on better inte- 
gration of socio-economic research findings, 
because of the importance of human actions in 

adaptation and mitigation. Feedback within the 
system of models - global circc~lation and climate, 
terrestrial eeologq and forest grou/th, and human 
activities - and biodia ersity valuation warrants 
more attention in future research. 

Science pertaining to clirnate change has 
ecolved substantially over the last decads. How- 
ever, at present, estimates of impacts of climate 
change on forest and carbon yields have a wide 
range of uncertainty (Sohngen et al. 1998). Part 
of this uncertainty involves land use change, a 

such as farming or urban sprawl, which has been 
reported as a major factor contributing to climate 
change (Pielke 2002). Until now, policy makers 
have focused mainly on how heat-trapping gases 

' 

such as C02  are contribcrting to global warming. 
However, Pielke (2002) found that land surface 
changes caused by humans in places such ax 
North America, Europe, and Southeast Asia, 
may redistribute heat regionally and globally 
within the atmosphere and may actually have 
a greater impact 011 climate than that caused by 
the combined effects of greenhouse gases. As 
new findings accumulate, these can be utilized 
in scenario analyses to help place in perspective 
different sources of uncertainty and how they 
affect projected outcomes. 

Future developments in other sectors are likely 
to continue to impact the forestry sector and its 
potential for carbon sequestration. Forestry'\ 
potential role in climate change mitigation is 
still under debate, as earlier studies suggested 
a massive program would be necessary to have 
notable impacts (e.g., Sedjo 1989). If substantial 
resources from the forest sector are dedicated to 
climate change mitigation, this would increase the 
importance of considering capital constraints and 
possible capital substitution. Sufficiently large * 

programs could also warrant closer monitor- 
ing of interactions with the agricultural sector. 
This includes proposed reduction of agricultural 
subsidies, and associated effects on forests as a 
competing land use. Agricultural policies may be 
one of cycles and unforeseen fluctuations if the 
future follows historical trends. The multi-sector 
view should include the energy sector and interac- 
tions with the forest sector that affect opportunity 
costs of net GHG reductions by the forest sector. 
This includes consideration of increasing carbon 
stores not just in forest ecosystems but also in 



harvested wood products, and improvements in 
extending the time over which the harvested wood 
remains in use. 

The lens through ulhich we view - and judge 
- transformations of our landscapes can change 
from generation to generation. Decision science 
involves examining alternatives and trade-offs 
among alternatives, and unforeseen dynamics 
in natural and human-based systems imply that 
no sole optimal "sustainability" alternative will 

* necessarily persist through time. Future efforts 
to promote forest sustainability will be impacted 
by what happens under the Kyoto Protocol to 
the Framework Convention on Climate Change, 

" 
and significant uncertainty surrounds that social 
aspect of global climate change. 
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