
anting in the South: 
What Does the Future Hold? 

Jeffrey D. Kline. Pacific Nor-ill~cb~sr Resear-ch Stiltiorr, CJSDA Foresr Srf-itice, 
Cortlnllis, OR; Brett J .  Butler, iVorfheaster-ltz Reseat-c.12 Sratiorz, LrSI)A Fot-c.sr 
Service, Nerc*ioitin Sqrrar-c, PA; arzd Ralph J. Alig, Pacific Nortlz5vest Reseiir~.h 
Szatiorz, USDA f ires t  Scrl~ice, Cot-ryallis, OR. 

ABSTRACT: Projected ~tzcreasing den~und~sfor titrzber cordpled with reduced hun'ests or? prlbllt Iarzh tz~ lcr  
led to corzcern amorzg some forest poltcjr?takers regarding the acfequac-y c?ff~ture U.S. timber su~~plics. 0 1 7 6 )  

question concerrzs the likelihood tltat yr-e~ailitzg r-r-larket incenti~res will induce ind~istrial a d  norlindustrlul 
private latzdor-tlrzers to irztcnsifi forest wzatzagernent. We develop empirical models of historical tree plantirzg irz 
the southern United States as functions of ecorzomic variables nndfeder-a1 cost shaving. H'e use the nzndels to 
test whether tree pla~zting has been nteasurubly diflerent in recent years and to make 50 yrprojectiorzs offi~ture 
tree planting. flansest rates, tree plarzting costs, and federal cost-sharing are shown to be important factors 
aflecting nonindustrial private tree ylunting, while harvest rates, land values, and interest rates are inzporrarzt 
factors aflecting industrial tree planting. Nonind~~strial private tree plarztirrg is pi-ojerted to decline g m d ~ ~ n l f y  
u+ith anticipated rising plizrzting costs and corztinuation of lower le-~tels of federal tree planting cost-shurc. 
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Economic and social forces affecting forest management in 
the United States have been changing in recent years. Increasing 
human populations, sustained economic growth, and rising 
incomes have led to increasing national and international 
demands for timber (Haynes et al. 1995). These factors, along 
with changing public attitudes toward the environment, are 
also resulting in growing demands for nontimber forest outputs 
such as outdoor recreation, aesthetics, and wildlife habitat. 
Interest also continues to grow regarding the role of the 
nation's forests in mitigating global cIirnate change through 
the sequestration of carbon and protecting biological diversity. 
Together, these factors have led forest policymakers to question 
the adequacy of forestlands in the United States to meet 
growing and competing demands of tha L f uture. 
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Management on privately owned forestlands in tile southern 
United States is of particular interest. It possesses over-haif of the 
privately owned timberland in the United States and nearly 40% 
of the nation's total timberland (Smith et at. 2001). Timberland 
is defined as forestland capable of producing at least 20 ft3 of 
merchantable wood per acre per year. Forest management 
practices on private timberlands are important determinants of 
the distribution, composition, and structure of forests (Guldin 
and UTigley 1998, Wyant et al.< 199 1). Reduced timber harvests 
kottl western national forests have influenced the supply dynarnics 
of timber in the entire United States (Adams et al. 1996). The 
effects these changes have had on forest management and 
investment by private landowners in the southern United States 
remain unclear. 

One possibility is that southern forestland owners will 
intensify their timber management activities and increase 
their rates of tree plarlting (Alig et al. 1998). Although the 
economic potential of increased tree planting is significant 
(Alig et al. 1999), especially on nonindustrial private lands, 
historical trends suggest that its actual likelihood is less 
certain. Higher levels of tree planting would increase future 
timber supplies and reduce demands on other U.S. forestlands 
that produce desired nontirnber outputs such as ecological 
protection and other environrner~tal amenities. 

SJAF 26J2) 2002 99 



To help clarify these issues. we examine historical rates 
of tree planting in the southern United States. We develop 
econonletric models of tree planting as functions of economic 
r~ariables and federal cost sharing. U3e use the models to 
examine whether rates of tree planting during recent years 
have been statistically different from longer term historical 
rates, as a test of increasing forest management intensity. 
The empirical models also are used to make 50 yr projections 
of future tree planting by nonindustrial and industrial private 
forestland owners for the Renewable Resource Planning 
Act (RP'A) Assessment and to examine the likely impact of 
different economic and policy scenarios. The analysis and 
projections are intended to contribute to current and future 
forest policy and management decisions by describing and 
discussing the impact of various factors on private investment 
in forestry. 

Tree Planting in the South 

Several studies have examined tree planting by private 
landowners in various regions of the United States (Alig et al. 
1990 review several studies, Hardie and Parks 199 1, Lee et al. 
1992). The study area for this analysis includes 12 states 
classified by the USDA Forest Service as the South in the 
2000 Renewable Resource Planning Act Assessment, 
including Alabama, Arkansas, Florida, Georgia, Louisiana, 
Mississippi, North and South Carolina, Oklahoma, Tennessee, 
Texas, and Virginia (Figure 1). Kentucky also is generally 
included in the southern region, but is excluded from this 
analysis because statewide data describing key explanatory 
variables are unavailable and because Kentucky historically 
has had relatively low rates of tree planting. The South 
accounts for a significant proportion of all land planted in 
trees in the United States-79% in 1998 (Moulton and 
Hernandez 2000). The South contains nearly 180 million ac 
of privately owned timberland (Smith et al. 2001). 

The timberlands of the South occur across a diversity of 
physiographic regions, including parts of the Atlantic and 
Gulf Coastal Plains, the Piedmont, Mountains, and Interior 
Highlands. These timberlands occupy a diversity of 
topographic positions ranging from perennially flooded 
swamps to relatively dry sites on deep, coarse sands. Southern 
timberlands are comprised of five major forest types 
including planted pine, naturally regenerated pine, mixed 

Figure 1. States comprising the southern United States, 

oak-p~ne, upland hardt\ood\, and buttotnldnd hardmoods 
(Butler and Alig n.d.1. Ninety p ~ i c ~ r i t  o f  the tirrlher1:tnds r n  
the South areom ned by prit ate Ianciri~t tiers, with the balance 
split bet% ezn various public vtt rtcrsftips Of prtvate 
timberland\, 79'; are ounctd b>  noiiindustr~:tl private 
Landottnsrs and 21% 'tare ctuned by forest ~ndus t ry  
landowners, defined as entities O L ~ I I I I I ~  or ~ p e r ~ i t i ~ t g  prlnlary 
uood processing facilitiec (S1i11th et 21 200 1 I .  

Historically. industr-ial landou ner\ hate  ;~tcountt.d for a 
greater proportio~z of tree planting in the South than k l d ~  e 
nonindustrial p r i ~ a t e  landowner., (Flgure 21, with the 
exceptions hetng year\ during significarlt tree planting 
efforts associated ui th  such federal prograrris as the So11 
Bank (1956 to 1963) and Conserv;ltion Reserve Prograrrls 
(since 1986). Industrial tree plant~ng reactleci a hrstorical 
peak during the mid- I %Os, iieclined sctmetvhat since 1988, 
and has been on par with rlonttidustrial private plantlng 
since then. The modest increase tn ind~~strial  tree planttng 
evident during 1997 was due largety to replanting efforts in 
Alabama on industrial forestlands darnaged by Hurricane 
Opal in October 1995 (Moulton 1999). Dramatic declines rn 
timber harvesting on public lands located mostly in western 
states have lead rnany forest industry observers to expect 
resulting increases in investment in tree planting on private 
lands in the South as private landowners speculate on future 
timber demands (Adams et a!. 1996) However, recent 
declines in tree planting by industr~al landottners have 
prompted speculation regarding whether a structural change 
has occur-red in industrilti planting behavior 

Conceptual Framework 

A conceptual framework for eltarnin~ng tree planting by 
private landowners is based o n  an economic rliarket rnodel 
describing the supply and dernand for tree plantations (Cohen 
1983. Lee et al. 1992). The supply of tree plantations can be 
described as 

s6lpplypL = J'IPp,, z, CS)  ( 1 )  

where PpL is the price of tree plantations, Z is a vector of other 
factors influencing plantation supply decisions such as the 
availability of vacant land on which to piant trees, input costs 
for additional land as well as planting costs, and potential 
revenues derived from future timber production, and CS is a 

Acres pianted (1000s) 
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Figure 2. Tree planting by private owners in the South, 1950- 
1998 (USDA Forest Service 1950-1998). 
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vector re2rescnting tile areas of land planted u \ ~ n g  fc.clcr;il nor;tnijititr i,il , ~ n d  111du\tr l,il [ti I \  'tic I ~ i l c i i ) ~  net\ d\ f~111ctto11s of 
cctst-sha~ing assistance. The dcnltind ihr trcc pldntaltnn.; c;iii \L'L C'I:II e~plcirt i t to~-~ i asidhle\ Ttlc depc~tderit \ Lt~-~Liblzs rlscd 111 

be described as 

t ) t .m i~ t~c i "~ ,~  = f( PpL. X) 

the t\;i o cqitiitlor~\ rej~~tl\i'tir cj i iLi i l t i  tics of trsc planftittcli~s (QPL)  

.i\ tor,ll iiic.a\ of I:IIIL~ pl;tr~fcii LII t r s e ~  hf 1101lindustr1a1 2nd 
''I ,~ldu,ri i.il pi-%\ .ttc lanLiiin ni.1, c.icii )i.;ir (L'SI)-\ Fo~est  Ser\ice 

where ppL iuhe of tree plantltloiis x I,, ci ecii,r oi IL13i lcIc~S I T I N  plnnriiig ii.iici inclildt. both cos~shlired acres 

factors influencing the demand far trc.c plnntatron,. includllig pl'tr-iic~i i t \ ~ i ~ g  ieJcriil co\ t -d~ir  ing ; i \ s i \ tL~~~ce 3s u el1 23s non- 

the value of a1ternatii.e investn-tenrs (Lce ct 31. 1992 I co\i-\h,ir cil .ic~ c ,  Sekeriil ex~)iciiicrtr~rj 1 anable5 (Table 1 ) arc 

~ ~ l l ~ ~ i ~ ~  L~~ et al. 992, p, 105), $,, iierlk ,i 
~t~c lu~ icd  i i i  r i x  c c ~ n o m e t i l ~  ~iiodi.l\ to ,iccount for factors 

form At inarkst equilibnuIn, tree ~x>iznrl.ill! 11tl1iic:nclng tree pl.rnt.ition \upply and derniind 

plantations supplied equals [he dcrnclndcd ,,, [llat the dcci\ior~\ (Z ai~d A y ~ -  ti\ i$ei! &\ t i le 'ireah o f  Ian6 planted using 

supply and demand equations intersect a> iecferriI co\t-sttaring :isst\t:tnce (CS)  
Tlisr; ':LC likely be\ cr'tl t,ictor$ that fi:?\e the potcnttal to 

S,, , Z ,  C S )  = D,, (P', , X) (3) 

Solving for plailtation price PPI, we c'btdtn 

P,, = f (X, 2, CS)  (4 

Finally, we replace PpL in  the supply equation ( 1 )  w i t h  
Equation (4) to obtain an expression describing the quantity 
of tree plarltations supplied QpL as 

QPL = f (x, 2, CS)  ( 5 )  

which is the equation to be estimated in our econonlctric 
models (Lee et al. 1992). 

Econometric Models 

We estimate two econometric models using ordinary least 
squares to describe historical rates of tree pIanting by 

affect tiee pfanttng o\c:r trrnc These factors rnlght include the 
fuutiir c: denland for puiltt\ ooii 3rd s'I\\- t i ~ n b e ~  f'rc)~n s ~ ~ u t f ~ e s t ~  
for e\t\.  ch'inges in  for cst prorfuctivit) , changes r t i  forest 
(31% 1 1 ~ ~ 1  >hip cirl~i I I I ; ~ ~ I ; I ~ C I ~ I ~ I I ~ .  and ~ ~ C I ~ O I I I I C  cflatlges that affect 
I l~c i aluc of a1 tt.1-nat~t e land uses such as agriculture, among 
othc~ \ I11 econorlletric nlodeltng, t ariable selection often 
nccec\~tatcs that trade-offs be made among data availability, 
qutzltty, and temporal or- spatial coverage. Effects of any 
o ~ t ~ ~ t t e d  factors rernaiti a s  potcntial sources of error in estimated 
nlttdi.1~. Alig et al. ( 1990) proi ~dedetailed discussio111-egarding 
exp1an~tor-y variables commonly used In econornetnc tree 
planting models and how ~vell each has performed in previous 
i;tudics. Thix previous work. gi~ided our select~oi~ ofcxplanatory 
s a ~  iatlles tested 111 the en~pirical ii~ociel\ 

Industrial prtvate anci industrial tlnlber harvest rates are 
tncliided in  the models to represent the poterztial supply of 
reccnt ly t1:ir vested forestland a t~allable f o r  replanting and are 

Table 1. Definitions of explanatory variables tested in the tree planting models. 

Variable - 

Nonindustrial private harvest 

Industrial harvest 

Stumpage price 

Pulpwood price 

Planting cost 

Land value 

Interest rate 
Soil Bank cost-shared acres 

ACP cost-shared acres 

FIP cost-shared acres 

CW cost-shared acres 

1989 

-- -- - -- - l)efinntlgt~ - - - - - 

Softwood harvest on other prilcttc ttrnberlands tn mtlltorl; of cubic feet (Adarns 
2000) durrng the preceding ycdr 

Sofo,.tiood hdmest on forest 111du5tq tlrnherlartd.; in nlrlllons of c u b ~ c  feet (Adams 
2000) durtng the preceding yedr 

Average value of softwood pulpwoocl stutnpdge sold (T~mber hlnrt-South 1999) in 
doilars (1992) per staildud cord Datd for 1950 to 1977 esttn~atcd uslng h e a r  
regression cvith pulpwood prices reported by Ulnch (1987) j = (0 262*x) - 
0.116, R' = 0 928, and t.' 103 955 (df = 8) The r-stat~strc for the slope 
coefficient is 10 196 

Weighted average value of deltverzd southern pine pulp% ood by harvested area for 
the southeast and south cerltr a1 regions (Ulnch 1987, Howard 1999) in dollars 
(1 992) per standard cord 

Average planting costs In dollar5 (1992) per acre, including mcchantcal site 
preparat~on, hand-plant~ng, ntilch~ne-pIanting, cflemlcal tree rernotal, and 
prescribed burning (Dubots et 31 19971, weighted based 011 area of treatment. 
Data reported on a 3 yr a\ elage interval Costs for mrsslng years found by 
~nterpolatrotx 

Vv3etghted aLGerage of fann rcal est,lrr: kalues in dollars ( 1992) per ncre by state, 
from the USDA Econonltc Research S e w ~ c e  arulual time seites of farm real 
estate values. 

3 month Treasury Biit rate reported by the Federal Resen e 
Acres (1,000s) planted In trees cost-shared under the So11 Bank Program (Lee et a1 

1992) 
Acres (1,000s) planted rn trees cost-shared under the Agrlculturnl Corlsert ation 

Program (Lee et al. 1992. Nat~onal Agricultural S tatlsttcs Service 1980-1998) 
Acres (1,000s) planted In trees cost-shared under the Forestry inccsntlte Program 

(Lee et al 1992, National Agricultural Slatisttcs S e n  ice 1980-1998) 
Acres (1,000s) planted in trees cost-shared under the Consen atlon Resene 

Program (Lee et al. 1992, Fann Sen  ice Agency 1999) 
Dummy tariable equal to I for years after 1988 and 0 oth~ens~se 
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expected to irate a pijs~ti'ic: iniliirnce r + n  thc :ilea of Lanci between rdrlable:, de,cr~blrrg the areas of land planted using 
piairted io tree\ ,T:ihle I 1. kI.it-t c>t d:it;i ;ire 1ag~c.d h l  1 5 r so federal cost-shiiring and ~ronindustrial priiate tree planting, 
that harve5r rare\ from 1 j r  affect plaiting rate\ o f  [he and no correistion between cost-sharing bariables and 
followi~ig y e ~ i ~ .  Sti~ii:pagc 2nd g1~1~1:~ctoii p n c c ~ i r e  iticluded industrial tree plantirig. 
to represent ~~ot i lnr~al  r cl.t erlnc.; J c r l ~  CJ f roil1 ftlttire ttrllher The sitectfic regression nrodel estimated for nonindustrial 
harvests and also are expected to t ~ , a ~  e ii ~>os~tivc:  intluellce un private tree planting is 
tree planting rare,. Safitirr~t>c.r pitce5 \%ere tifilteii 111 ear13 
versions of thc ernpir~cai ttlil~icli hut coti\i\teritly f~illcd to 
perfor111 as well. Stu111pagr: pfices are u ~ c d  111 the riontndustrral Q ; ; ~ ~ + ~ ~ \ ~  - 

- a0 
private tree planrtng nlodel. ts tills tfcll~verzd pulp\\ ottd pr1cc.s 
are used in the rndu\tnal trcc pfClnting rnodel. A n  1ridc.x of I- a,  f rzoizindusrrlul yrivdte hctwesti 

plantingcosts is included to reflect tree plantation input  costs, 4- a? (stunzpage price) 
which are expcctecf. to have H tir'g;itiir: j~rfft~cfilc'e 011 tx-ee -I- a ,  (pli?ntine cast) 
planting. Land can represent both an input t o  productictn, 
causing land prices tu have a negritlvc ~niluencc ctn the 
quantity of tree pli~ritatlons supplied, '1s tt'ell an itlternative tc:, 
plantations, causing Iand pnzes to liaie a posittcc' influerrze 
on the quantlty demanded (Lee et 31. 1993). As a result, the 
expected sign on the land value variable 1s ambiguous. 
Prevailing interest rates poterltially reflect the value of 

u 

+ a ,  (land vizlue) 

+ a ,  (irzterest rate) 

+ a6 (ACP cos t - slznred acres) 

+ a7 (Soil Bank cost - shared acres) 

+ a,  (F IP  cost - slznred acres) 

alternative investlnents to tree plarltations and are expected to + ag CRP cost -shared acres) + r 
have a negative influence on tree planting. 

Previous studies have hypothesized that fccter a1 programs 
that offer cost-sharing acsistance for tree planting induce 
landowners to substitute cost-shared tree plant~ng for private where the as are coefficients to be estimated and E is random 
investment in tree plantations (Cohen 1983, Lce el 31. 1992). error. The estimated model is highly significant ( R ~ = =  0.92, 
If so, we could expect that variables describing thc areas of F = 60.69 with 9, 37 dJ P < 0.0001) and the signs of the 
land planted under fecieriil prograrns that offer cost-sharing es timated coefficients generally are consistent with 
assistance would have a nega t i~e  inflne~rce on the areas of expectations (Table 2) .  Miilticolllnearity among the 
land planted in trees that were not cost-shared. Sonic prevlous explanatory variables tested was not found to be a signlficarlt 
tree planting studies for the South have shown no empirical problerrl in model estimation. The time-series nature of the 
evidence of such substitution (de Steiguer 1984, Lee et al. data creates a potential for autocorrelation in the model (see 
1992) while another lias found evidence of s~ibstitution Greene 1997, p. 580-882). The Durbin-Watson statistic for 
(Cohen 1983). Because in this analysis the dependent variable the model is 1.83 1 and falls just within the upper limit of the 
QPL includes a11 ;icres planted in trees. includtng thoie ~ ~ 1 s t -  inconclusiterungefor autocon-elation. Coefficicntsesti~nated 
shared under federdl assistance programs, i t  is likely that in an alternative 1nods1 corrected for first-order autocorrelatiorl 
variables describing the areas of land planted using federal are quite close to those of the uncorrected model in terms of 
cost-sharing will have a positive influence on tree planting as their signs, magnitudes, and statistical significance (Table 2) .  - 
described by the dependent varlable QPL. Gefierally, only The value of rho in the corrected model is not statistically 
nonindustrial private landowners have qualified for federal different from zero (see Greene 1995, 278). Together, these 
cost sharing. In the absence of substitution behar:ior by tests suggest that autocorrelation is not a significant problem 
landowners, we would expect a one-to-one correspondence in the nonindustrial private tree planting model. 

Table 2. Estimated coefficients of the nonindustrial private tree planting regression model. 
-- 

C)rdlndr-y least: squdres regressron 
- -  - -  - - - - - -- 

Corrected for I st order ntltoconelation - --- - - -- 
Vanable - - I-ratio Estimated cocfficlent t-ratio -_ - -- Estlrtt_dt_&cozff!~e?t--~~- - _ _ ---- 
Intercept -1.170 758""' -5 875 -1,068.4-10"** -4 764 
Non~ndustnal pncate harvest 0 388*** 3 318 0 386*'* 3 110 
Stunrpdge price 28 177** 2 245 24 114* 1.845 
Planting cost 6 952*** -2 853 -5 546** -1 994 
Land t alue 0 615** 2 123 0 437 1 369 
Interest rate -13 071 -0 936 -9 607 4 650 
ACP cost-shared acres 1351*** 3 863 1 428""" 3.435 
Soil Barlk cost-shared acres 0 993*** 6 O i ?  0 999""" 5 576 
FIP cost-shared acres -0 032 -0 059 0 321 0 479 
CRP cost-shared acres I 24dX** 7 045 1 096*** 6 012 
Rlto - 0 199 l 377 -_ -_ __ __-- _ _- - --- _ -- _ _ 

KOTE Thc dependent \ariahie 1% a r m  I ,(I00 ac) of tree pianttrig b) ~ ~ a n i r ~ i i u s ~ a l  p r t ~ a t r  landouners iiiS0.2 Forest S e r ~ t c e  iY 517- 19%joggiega&cd for southern 
states Independent vanable defir-ilttonc are provided 111 Tab12 1 Sumnary stat:stzes ,\I - 47, aiijustedii2 - 0 321 F -  60 09 (df= 9,j7),  snd Durbln-Uatsor~ 
statr>iic = I 83 1 The *, **, 2nd ***  stiow signlfican~e '*t f' 0 10, P < O 05, and P < 0 01 



Ths c'~t~ni,iteci i o i ~ i t i c ' ~ c ' i ~ t \  t ~ i l  [hi: lagged rr~>ntnJilsrrla! 
pr-vdlt hlirXt?st \ hr13bic i b  \ t i i t~'rt~c,iilt  \igrllf~c;int at the 
1% te\ el ailci \riggzsts 2 p o \ l t i \  s influcrlce o n  ntfftrniliistr~dl 
prir ;ite trt'c pi'tili~ng Tkc t.\t~niiitt_.ci coef f~cletlt for the 
planting co\r \, arrat>it_. dt\i,  r'r kt,irt\trz,iII\, stgriiftiant at the 
15% Ic\ei ~ n d  'ruggzst\ '1 ricgdrii c ~nlluerl ;~.  or1 ntt~itndu\trial 
private trite pliir1t1112 Ifte ;\t~rnated coeff~ciclr~ts for the 
stuntpage price ai- idl~anci  .itituc \ atiabltts ;iic stati'ttizally 
srgnti'rc,ii~t at the S i c  letel 'irid 5tlggest J pctiitii c ~r~fluerlce 
on nonlndubtr-t,il prl.r,k!c t1ee ~ltirlttng The: e s t ~ ~ t ~ a t t l d  
coeffittetlt for the 1111eri"it r,iie varr;iblc I \  not statist~c;llly 
different Irorn Lero '~tld sugsc\ts that 1ntcrsi;t rates have 
little infl i~encr o n o t  crali no~tindu\trra! pr t t  ate trzc planting 
in the Sctuth a s  described by the ci-tta analyzed. The 
statrstical S I ~ I ~ I ~ I G ~ I I C C  or tttsignifica~~ce of lndtt idual 
explanator) variable\ generally IS consistent u ith other 
ea r l~e r  studies of trec plltnting behaylor hq nanlndustrial 
prlvate landot% n e ~ s  t Allg et a1 1990, p 3 )  Our erxlpirical 
result., dlffcr somc\;i~hat tram the more recent study by Lee 
et al. (1993), tvhich found an  ~rltsrest rate var~able  to be 
statictrcally signlflcant variables tn an ernpirlcal rnodzi of 
tree plantlng in the So~tth.  I Iou 'e~ er. Lee et al. (1992) did 
not ~nc ludc  nonlndiistrial private tirnber harvest rates to 
describe the potential supply of recently harvested 
forestland a\  ailable for r eforcstatron, whrch is an important 
statistically s~gn~f ican t  variable in our model. 

Estlinatetf coeff~cicnts for variables describing the areas 
of land planted under ACP, So11 Rank, and CRP cost- 
sharing are positive and statistically significant at the 1% 
level. Auxlfrary t-tests reveal that the coefficients also are 
statistically very close to onc ( t  = 1 200,0.037, and 1.363), 
suggest~ng a near one-for-o11e cor~espondence between 
these federal cost-sharing assistance programs and 
nonindustrial  private tree planting. T h e  estimated 
coefficient for the Flli) var~abie  is ne,oatitfe but not 
statistically different from zero. An auxiliary t-test reveals 
that the FIP coefficient 1s statistically different from one at 
the 10% level ( t  = -1.69), suggesting that nonirldustrial 
private lartdowners could be substituting this federal 
program for private investment in tree planting. This result 
is consistent with results reported by Cohen (1983) 
regarding the FIP program, but is not consistent with 
results reported by Lee et al. (1992). 

7-he regression illode1 estimated for- ~ndilstrial tree 
p l a n t ~ n g  is 

L,;:'' = P,, 
T pi tlrzdtsstr.lal lurrvesr) 

+ P f i  ( p ~ i l i ~ ~ t  O C ~  prL~e1 

+ P, (plarltlng C O S ~ I  

+ p, ilcrnci Y L E ~ L L C ' )  

t- P5 jinterc~st mle) 

+ pi, (ACP cost - shareci' ircre.~) 

+ P7 (Soil Bunk cos t - shirred acres) 

-t- p, ( F P  cos r - slzrrved urres) 

+ /3, CRY cos t - shared ncrt 7 )  + F  

where the ps are coefficients to be estimated and r is random 
error. The estimated model is highly significant 0.9 1, 
F = 55.51 with 9, 37 df, P < 0.0001) and the signs of the 
estimated coefficients also are generally consistent with 
expectation? (Table 3). Again, multicollinearity among the 
explanatory variables tested was not found to be a significant 
problern in model estimation. The Durbin-Watson statistic 
for the model is 1.785 and falls just within the upper lirnit of 
the inconclusive range for autocorrelation. Coefficients 
estimated in an alternative ~tlodel corrected for first order 
autocorrelation are relatively close to those of the unconected 
model in ter~ns of their signs, magnitudes, and statistical 
significance (Table 3). The value of rho in the corrected 
model is not statistically different from zero. Together, these 
tests suggest that a~itocorrelation is not a significant problem 
in the industrial private tree planting model. 

The estimated coefficient for the lagged industrial harvest 
variable is statistically significant at the 1% level and 
suggests a positive influence on industrial tree planting. 
This result is consistent with forest cover studies (Alig 
1985, Butler and Alig n.d.) which suggest that timber 
harvest is a key determinant of area trends for planted pine. 
The estimated coefficient for the interest rate variable is 

Table 3. Estimated coefficients of t h e  industrial private tree planting regression model. 

Ord~riary least squares regression Corrected for 1st order nutocorrelatron -- -- 
Vanable Est~mated coeffic~ent t-ratio Est~mated coeffic~ent t-ratio -- ---- - -- - -- - - - - -- 
intercept 4 6 8  399 -1.483 -455 881 -1 448 
Industnal hanest 0 345*** 4 262 0 321*** 3 777 
Pulpwood price -3 688 -0.587 --2 897 -0 478 
Planting cost -4 068 -1 619 -3.045 -1 074 
Land value 1 844*"* 6 347 1.7 18""" 5 391 
Interest rate -50 930""" -3.969 -50 125*** -3 609 
ACP cost-shared acres 0 567 1.415 0.485 1.120 
Soil Bank cost-shared acres 0 051 0.297 0 067 0 370 
FIP cost-shared acres -1 288" - 1.907 4 931 -1.303 
CRP cost-shared acres 0 703""" 5.124 0 606*** 4 071 
Rho -- - - - -  0 192 -- 1.325 - 

Narc. The dependent vanable is area (i,O00 ac) of tree piantirig by industrial pnvate landouners I CSI)'I F orest Service 1950 1998) dggrzgated for southern 
states Independent varrable defintt!ons are prov~ded in Tabicl 1 Suirunary statistics A =47, adjusted R'= 0 913, F =  55 5 l (Q? = 9,37), and Durbin-Watson 
statist,c - 1 755 The *, **, and * * *  shovi srgnlfican~c at P < 0 10, P < O 05, and P < 0 01 
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itati\tiinllr s~gnifi;,int at the 1 C ;  level and suggests ct 

nzgatit e ~nt'lusnczon indtistriat tree planting The ebtintateii 
c o e f f ~ s ~ e n t  for the larid ~ralue rrartnbte is statistically 
slgntf~carjt at tfie 1 Iebel and suggestc a positive influence 
on ~rzdttstr~al tree planting E\trrrrated coeff~cients for 
ptulp~iooif price and planting col;t variables are not 
statlst~calfqf different frorn zero. suggestirzg that these 
t arlsbles hate  ltttle intfuexlce on industrial tree planting. 

The estimated coefficiznt for the x ariabfe describing the 
areas of land plantsd under CRP cost-sharing is positive and 
stattstlcally significant at the 1% tet'el, suggesting that GRP 
cost-sf-iartng rnli>. ha te  a poslrrt e influence on industrial tree 
pfttnting The positrtre and statistically significant value of 
the GRP coefficient is consistent uitll results of Lee et al. 
( 1  993). CRf3 cost-sharing kvas at its peak during the mid to 
late 1980s just when irldrrstrial tree planting also reached 
I.lrstorrcal peaks and both have mostly declined during years 
since then. G~\ ien  that there is little reason to assume that 
illdustrial forest owners qualified for CRP participation, it is 
conceivable that these two simultaneously occurring trends 
are unrelated. The negative and statistically significant FIP 
cost-shari ng coefficient suggests that industrial landowners 
could be visa ing acres planted under FIP cost-share assistance 
as a substitute for resource int~estment. 

A final set of econonletric irlodels are estirnated to test for 
the pcissibtlity that str~1ctilral changes have occurred in 
~ndustrtdl tree planting since the 1980s. Reduced timber 
harvests fronz national fori=sts primarily in the West have 
shifted some ti~rlber demand to the South. For example, 
blur-ray and IVear (1998) firtd that the Pacific Northwest and 
the soiitt-renl timber markets became more integrated since 
1989 after llarvest restr~ctlons were imposed in the Pacific 
Northwest to protect habitat for the northern spotted owl 
(Stnxoccziientnlls rar~rirzn). Analyses using existing economic 
models [lave siiggested that these changes would potentially 
result in significant increases in private investment in timber, 
lnciuding increases In tree planting (Adams et a]. 1996, Alig 
et al. 1999). To examine thts possibility, several alternative 
econometric models were tested by creating duiruny variables 
reflecting inore recent years and interacting these variables 

bith each of the other tariables to obtain and test several 
slope dun~mq. variables. 

In the first alternative model, an intercept dunmy variable 
i 1989) reflecting years sil-rce 1989 is included. The estimated 
coefficient for the 1 989 variable is negative but only weakly 
and statistically significant at the 15% level and suggests a 
potential reduction in industrial tree planting since 1989 
(Table 4). In the second alternative model, two slope dummy 
variables are created by interacting the 1989 dummy variable 
with the planting cost and interest rate variables to test for 
structural change regarding planting costs and interest rates. 
The estimated coefficient for the " t 989 "planting cost'' slope 
durnmy variable is negative and statistically significant at the 
1% level and suggests that planting costs have had a negative 
and statisticatly significant influerlce on industrial treeplanting 
since 1989. The estirnated coefficierlt for the "1989 * Interest 
rate" slope dummy variable is positive and statistically 
significant at the 5% level (Table 4) and essentially cancels 
out since 1989 the negative influence that interest rates 
historically have had on industrial tree planting. 

Projecting Future Tree Planting 

We used the estirnated model coefficients (Tables 2 and 3) 
to ~rlake 50 yr projections of future tree planting by 
nonindustrtal and industrial private landowners consistent 
with the rleeds of the Renewable Resource Planning Act 
Assessment. The projections are based on assumptions 
regarding fi~ture values of explanatory variables included in 
the econometric models. We compute future nonindustrial 
private and industrial timber harvest volume, future stunlpage 
and pulpwood prices, and inter-est rates consistent with 
projectiorls developed by Adams (2000) for the Renewable 
Resource Planning Act Assessrr-rent. We assume that tree 
planting costs will rise by 2.5% 'cannually which is consistent 
with the historical rate of increase. Land values are held 
constant at 1998 levels, and federal tree planting cost-shared 
acres are assumed to remain at levels eqtlal to averages for the 
past 5 yr. The resulting projections through 2050 show tree 
planting by nonindustrial private landowners gradually 

Table 4. Estimated coefficients of alternative industrial private tree ptanting regression models including variables 
characterizing changes in tree planting since 1989. 

Mocicl lnziudltlg an ~ntercepi Model incl~~dtng two slope 
durnnry t ariable dummy variables - - ---- pp - - --- 

Estimdrzd coeffic~ent I-ratio Est~niatsci coeffictent - - m?~!? if: -- - - - - ___---- - - ___ - - -- - --- -- - r-ratio 
Intercept -598 7 W X "  -1 868 -1,l 16 705**" -3 086 
Industrral hanest 0 4'70""" 3 199 0 551**4  5 000 
Pulpwood prlcc -2 173 -0 399 6 682 0 978 
Pldnt~ng cost -3 76 1 -1.523 -3 698 -! 608 
La~ici -catue 1 654""" 5 570 1 57hV**  5 551 
Interest ratz 4 7  211<*** -3 639 59 973""* -4 623 
I-ZCP cost-stlared ,ILI t3> 0 822" 1 935 0 883** 2 235 
Sol1 Bank cost-shared acres -0 023 -0 135 -0 022 -0 138 
FIP cost-shared rtcleq -1 286+ -1 943 -0 70 1 -1 055 
CRP cost-shared acres 0 615"** 1 221 0 330" 1 866 
1989 - i5S  117 -1 581 - - 
1989 " platlttng cost - - -13 772***  -2 975 
1989 " tnterest rat? - - -- 

A - -- - 
12 40OY* - - - 2 451 -- 

her r The depenacrtt 5 iii~tile I \  area 1 I i)fii) ilc) of trz? pianting by ~i:du?tnal pnvate i ando~ners  iLLD", Farcit SrrstLe 1350 1333) drgregatd for southern 
s t3 tc~  Indepsndz~:t 1.1 ahis dzfil~itions are provided in Table I Tile *, **, and *"" show sigrtrficanie at P < 0 10, P < 0 05, and P \ 0 01 
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Figure 3. Historical and projected tree planting by private owners 
in the South, 1950-2050. 

declining over the next 50 yr but generally remaining aboke 
historical Ievels (Figure 3). Tree planting by industrial 
landowners is projected to increase gradually over the next 30 
yr to somewhat higher than historical levels, then decline 
over the next 20 yr to levels closer to those of the 1980s. 

Projected increases in industrial tree planting depicted in 
Figure 3 result in part from assumptions regarding projected 
increasing timber harvest volumes on industrial forestlands 
reported by Adains (2000). Annual industrial harvest volumes 
are assumed to increase above three billion ft3 by 20 12 and 
above 4.0 billion ft3 by 2026. These harvest krolumes are 
significantly higher than historical annual industrial harvest 
rates throughout the 1990s which averaged 2.3 billion ft3 
(1990-1997). Projected increases in annual harvest volurnes 
for nonindustrial private landowners are more modest than 
projected increases for industrial landowners, fluctuating 
between three and four billion ft3, compared to historical 
annual nonindustrial private harvest volume throughout the 
1990s which averaged 3.3 billion ft3 (1990-1997). If average 
harvest volumes of the 1990s were to prevail in future years, 
nonindustrial private and industrial tree planting urould be 
projected to be substantially less (Figure 4). Steady decline 
through 2050 would occur largely due to projected increasing 
tree planting costs. 

Planting costs have a significant impact on the areas of 
land planted in trees, particularly among nonindustrial private 
landowners. If we assumed that planting costs will remain 
constant rather than increasing arlnually by 2.596, projected 
tree planting by both nonindustrial private and industrial 

Acres planted (1 000s) 

Year 

+ Nonindustftal owners + lndustrtal owners 

Figure 5. Historical and projected tree planting by private owners 
in the South, 1950-205kwith constant planting costs. 

Year 

+Nonindustriai owners +industrial owners 

Figure 4. Historical and projected tree planting by private owners 
in the South, 1950-2050-with average harvest rates of the 1990s. 

larldowners would be higher. For example, if tree planting 
costs rernalnsd constant at their average level during the last 
5 yr (1993 to 1997) of data used to estimate the empirical 
models, tree planting by nonindustrial private landowners 
would be projected to gradually increase to above 1.2 million 
acres annually by 2040 (Figure 5 j. Tree planting by industrial 
landowners would be projected to increase faster over the 
next 30 yr and level off at around 1.8 million ac annually 
through 2050. Cumulative projections assuming constant 
tree planting costs suggest that about 16.2 million ac of 
additional nonindustrial private land and 8.9 million ac of 
additional industrial land would be planted in trees over the 
next 50 yr (Figure 51, when compared to the base case 
scenario with increasing planting costs (Figure 3). 

Federal cost-share assistance programs traditionally have 
played a significant role in motivating tree planting among 
nonindustrial private landowners. In addition, some southern 
states offer state-funded cost-share programs. The potential 
future effects of cost-share assistance programs on tree planting 
can be examined by projecting nonindustrial private tree 
planting under d~fferent cost-share assistance levels. We 
project tree planting under three scenarios: (1) assuming that 
nonindustrial private landowners would receive no cost- 
sharing, (2) assuming that all nonindustrial private landowners 
would receive 50% cost-sharing, and (3) assuming that all 
nonindustrial private landowners would receive 100% cost- 
sharing. The projections are computed by reducing projected 
tree planting costs according to the percentage cost-share 
level in each scenario and setting the federal cost-share 
progran~ (ACP, Soil Bank, FIP, and CRP) variables equal to 
zero. 

In the absence of any cost-sharing, projected tree planting 
by nonindustrial private landowrlers would gradually decline 
through 2050 (Figure 6). With 50% cost-sharing, projected 
tree planting by nonindustrial private landowners rvould 
fluctuate somewhat but generally remain within the historical 
range of the 1990s. Cumulative projections suggest that 15.8 
million ac of additio~lal nonindustrial private land would be 
planted in trees over the next 50 yr. At 5 %  interest, the present 
value of total annual costs of a 50% cost-share assistance 
program through 2050 would be about $800 million in 1992 
dollars. With 100% cost-sharing, projected tree planting by 
nonindustrial private landowners would gradually increase 
through 2050. Cunlulative projsctions suggest that about 
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Figure 6. Historical and projected tree planting by private owners 
in the South, 1950-205Gwith three cost-share levels 

3 1.6 million ac of additional norlindustrial private land would 
be planted in trees over the next 50 pr. At 5% interest, the 
present value of total annual costs of a 100% cost-share 
assistance program through 2050 would be about $2.0 billion 
in 1992 dollars. The projections illustrate the potential range 
of effects that future cost-share assistance programs could 
have on tree planting on nonindustrial private lands. The 
actual effects of any future programs would depend on 
administrative rules and participation rates of nonindustrial 
private landowners. 

Conclusions and Policy Implications 

Econometric rnodels were developed describing historical 
tree planting by nonindustrial and industrial private 
landowners in the southern United States as functions of 
economic variables and federal cost-sharing. Harvest volumes, 
sturnpage prices, tree planting costs, land values, and federal 
cost-sharing all are shown to be statistically significant 
factors affecting tree planting by nonindustrial private 
landowners. Harvest volumes, land values, and interest rates 
are shown to be statistically significant factors affecting tree 
planting by industrial landowners. Estimated coefficients for 
Soil Bank, ACP, and CRP cost-shared acres generally suggest 
that neither industrial nor nonindustrial private landowners 
substitute cost-shared acres under these programs for private 
investment in tree planting. Estimated coefficients for FIP 
cost-sharing assistance provide some evidence that industrial 
and nonindustrial private landowners may substitute FIP 
cost-shared acres for private investment in tree planting. 
Further progress in addressing the substitution issues depends 
in part on improved time series data reporting that separates 
tree planting into afforestation and reforestation categories. 

Alternative specifications of the industrial tree plantlng 
model incorporating intercept and slope durnrnj variables for 
years since 1989 provide some evidence of the possibility 
that tree planting behavior among industrial landowners may 
have changed in recent years. Some forest policy analysts 
have hypothesized that tree planting by private landowners 
might increase as a result of positive market incentives to 
increase investment in timber productron. This effect is not 
reflected in trends in actual tree planting by industrial 
landowners, which have been mostly downward sloping in 
recent years. Alternative empirical rnodels suggest an overall 

reduction in the area of forestland pianted by rndustrial 
landotvners in recent years. Some of thih reduction could be 
due to a decline in the area of timberland owned by forest 
industries4otvn 2.5% from 1987 to 1997 for example 
(Smith 2001). However, this dectinedves not cnt~rely account 
for the 15% reduction in the area of forestland pianted by 
industrial landowners during the same time period. It also is 
conceivable that the steady increase oker the past 50 yr in 
forestland area devoted to planted pine relative to natural plne 
could have left little natural pine forestland available for 
conversion to planted pine in recent years. However, Butler 
and Alig (n.d.) report that natural pine still comprised 4 I % of 
all pine forestlands in 1987-2896 in 1997-suggesting that 
significant areas of natural pine still exist. Our results suggest 
that since 1989, industrial landowners ha$e responded more 
to planting cost and less to interest rates than the> had in other 
years included in the time series analyzed. Whether these 
responses are evidence that real structural changes have 
occurred in industrial tree planting remains uncertain. 

Tile empirical models were used to project potential future 
tree planting through 2050. Tree planting by nonindustrial 
private landowners is projected to decline gradually due 
largely to anticipated rising tree planting costs and the 
continuation of relatively low levels of federal tree plantlng 
cost-share assistance evident in recent years. Tree planting by 
industrial private larldowners is projected to rise gradually 
due largely to anticipated increased harvest rates on tndus trial 
forestland. Declines in timber harvest on federal lands likely 
will continue. Greater investment in tree plantlng by private 
landowners is viewed as an important factor in meeting 
projected future timber demands. The succecs with which 
privately owned lands meet future timber demands will 
influence the degree to which public forestlands can continue 
to focus increasingly on ecological protection and other 
nontimber goals. The direct role of privately owned lands in 
providing future timber supply and thelr ind~rect role in 
continued ecological protection on public lands, should make 
future tree planting activities of private landowners of 
particular interest to forest managers and policymakers 
concerned with ecological protection. 

Although federal funding for programs that offer tree 
planting cost-share assistance has declined in recent years, 
increasing concerns regarding global climate change could 
prompt tree planting programs in the future (Moulton 1999, 
Moulton and Hernandez 2000j. Given that nonindustrial 
private forestland owners own 513% of U.S. timberland 
(Smith et al. 20011, their participation in any proposed 
national tree planting efforts would be des~rabls. Empirical 
analysis of tree planting presented here and in previous 
studies (see AIig 1990, Hardie and Parks 199 1 ,  Lee et  al. 
1992) suggest that historically, cost-stlare assistance has 
induced nonindustrial private l a n d o ~ .  ners to plant trees. 
Empirical studies also suggest that many nonindustrial 
private forest owners are motivated by nontimber values, 
such as wildlife, aesthetics, and recreation, as well as timber 
production (Kline et at. 2000, Kuuiuvainen et al. 1996), 
which could indicate a willingness among some owners to 
participate in national environmental programs. Whether a 



national program offering cost-share assistance for tree 
p!ansting i ~ o u t d  be a11 appropriate part of global climate 
change policy riould depend on an assessment of tree 
plantitig program costs relative to likely climate change 
m i t i g a t ~ ~ n  beneflts and other alternative strategies. 

There are many factors that contrlbuts uncertaitlty to 
future tree plarlting iil the South. Changes in federal forest 
management, increased use of recycled fiber, changes in 
timber and fiber production abroad, improvemerlts in 
productivity, and  changing land ownerstlip patterns are just 
a few factors that uill potentially affect the supply and 
demand for sawtimbsr and pulpwood from southern forests 
in the future, with resulting effects on private investment in 
forestry. For example, one factor that could potentially 
influence nonindustrial tree planting in the future is the 
increasing ownership of timberland by timber investment 
managenlent organizations. Currently, tree planting by these 
organizations is  recorded under the nonindustrial private 
forest owner category; however, it is conceivable that these 
organizations actually manage timberlarld more intensively 
than that ownership group. Present data do not permit a more 
detailed analysis of potential impacts resulting from shifts in 
ownership to these organizations. Although recent survey 
data (Siry and Cubbage 2001) suggest that total timberland 
holdings by timber investment management organizations 
remain relatively low (less than 3% of total), it is one factor 
potentially impacting future tree planting that is not fully 
accourlted for in the empirical models. 
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