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Scientists have suggested that future climate
ch a n ge wi ll s i gn i f i c a n t ly affect the distri buti on , con d i-

ti on ,s pecies com po s i ti on , and produ ctivi ty of forests (Aber
et al. 2 0 0 1 , Dale et al. 2 0 0 1 , Ha n s en et al. 2 0 0 1 , Mc Nu l ty and
Aber 2001). These bi o l ogical ch a n ges wi ll set in moti on com-
p l ex regi onal ch a n ges in su pplies of wood to sawm i lls and pa-
per mill s , producing ef fects on market pri ce s . In tu rn ,
l a n down ers and con su m ers wi ll ad a pt in ways that cause fur-
t h er feed b ack ef fects on fore s t s . For some ti m e ,s ocial scien-
tists have been assessing the manifold implicati ons for soc i a l
and econ omic wel f a re . In parti c u l a r, t h ey have been ex a m i n-
ing ways in wh i ch pri ce re s ponses to ch a n ging su pplies cause
ti m ber growers ,s awm i lls and pulpm i ll s , produ cers , and con-
su m ers to ad a pt . This paper revi ews this re s e a rch , focusing on
the forest ben efits of ti m ber produ cti on and outdoor rec re-
a ti on . An a lyzing these sectors invo lves qu i te different met h-
ods and issues because wood produ cts are pri m a ri ly pro-
du cer goods that re ach con su m ers thro u gh a com p l ex
m a rketing ch a i n , wh ereas fore s t - rec re a ti on ex peri en ces are di-
rect ly con su m ed by vi s i tors . As part of the nati onal assessmen t
of cl i m a te ch a n ge , a soc i oecon omic team (the aut h ors of t h i s
a rti cle) assem bl ed ex i s ting data and con du cted limited new
a n a lys e s . In this short su m m a ry, m a ny important topics mu s t
be left aside .

In this paper we discuss the probl ems of proj ecting soc i a l
and econ omic ch a n ges affecting forests and revi ew recen t
ef forts to assess the wood - m a rket impacts of po s s i ble cl i-
m a te ch a n ge s . To illu s tra te the ra n ge of con d i ti ons en co u n-
tered in proj ecting soc i oecon omic ch a n ge linked to fore s t s , we
con s i der two markedly different uses: forest produ cts market s
and forest rec re a ti on . In the case of forest produ ct s , we use an
ex i s ting fore s t - s ector model to arrive at new simu l a ti on re su l t s
con cerning the impacts of cl i m a te ch a n ge . The impact of
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cl i m a te ch a n ge on rec re a ti on has received less atten ti on ;h ere
we con s i der a case stu dy of down h i ll skiing. Ot h er import a n t
forest va lues were not tre a ted ex p l i c i t ly in this re s e a rch .O u r
pri m a ry em phasis is on met h ods and issues in the soc i oeco-
n omic assessment proce s s . Our ef forts may be vi ewed as an
exercise in human eco l ogy, s tu dying com p l ex interacti ons be-
t ween human soc i eties and their fore s t s . We close with su g-
ge s ti ons for futu re re s e a rch .

Proje cting so cial ch a n ge s
Cl i m a te ch a n ge wi ll affect forest growt h , i nven tori e s , a n d
h a rvest levels slowly, over many dec ade s . The specific fore s t
ch a n ges at a regi onal scale are high ly uncert a i n . These bi o-
l ogical ch a n ges wi ll affect rec re a ti on , wood - produ ct mar-
ket s , and other forest ben ef i t s ,a ll with differing lag ti m e s . Un-
cert a i n ties con cerning levels of pop u l a ti on ,i n com e s ,s pen d i n g
p a t tern s , per capita con su m pti on of produ ct s , and intern a-
ti onal trade become incre a s i n gly severe as lon ger time peri-
ods are con s i dered . Ben ch m a rk proj ecti ons of pop u l a ti on , for
ex a m p l e ,i nvo lve con s i dera ble uncert a i n ty (Figure 1). More-
over, it is difficult to ex p l i c i t ly model how dec i s i on m a kers
m i ght incorpora te ex pected ch a n ges in cl i m a te in their man-
a gem ent dec i s i on s . Con s equ en t ly, econ omic models to date
h ave rel i ed heavi ly on assu m pti on s . Th ey nece s s a ri ly incor-
pora te the assu m pti ons em p l oyed in the underlying veget a-
ti on model s , wh i ch typ i c a lly do not ex p l i c i t ly incorpora te for-
est managem ent (e.g. , pine planting in the So ut h ) .

North Am erica is the worl d ’s leading produ cer and con-
su m er of wood produ ct s . The Un i ted States depends on
Ca n ada for 35% of its sof t wood lu m ber and more than half
of its news pri n t . US ex ports of k raft paper, h a rdwood lu m-
ber, ch i p s ,l ogs , and other produ cts are su b s t a n ti a l . Model i n g
US wood - produ ct market s ,t h en ,i nvo lves assu m pti ons abo ut
f utu re su pp l i e s , dem a n d s ,and com peti tiveness among the ma-
j or trading partn ers of the Un i ted State s .

The current gen era ti on of m odels for assessing the eco-
n omic ef fects of cl i m a te ch a n ge , h owever, provi des con s i d-
era ble insight into the likely magn i tu des of s ocial impacts and
i llu s tra tes the po s s i bi l i ties for market - m ed i a ted re s ponses to
those impacts (Men delsohn and Neumann 1999). As s e s s-
m ents of the impacts of cl i m a te ch a n ge must link a series of
m odels dealing with pop u l a ti on and demand determ i n a n t s ,
re s o u rce con d i ti on s , produ ct market s , trade , and con su m er
and produ cer wel f a re . The modeling and data uncert a i n ti e s
at each stage of the analysis mu l ti p ly in their ef fects on the
re su l t s .

Studies of wood - produ ct market
a d a pt a t ion to ecol ogical ch a n ge s
A con s i dera ble econ omic litera tu re has devel oped ,a n a ly z i n g
(1) ad a pt a ti on in land managem ent and in produ ct market s
and (2) the role of forest managem ent in carbon (C) se-
qu e s tra ti on . E con omic studies typ i c a lly begin with ste ady -
s t a te , do u bl ed - C O2 cl i m a te - ch a n ge pred i cti ons from severa l
cl i m a te models (gen eral circ u l a ti on model s , or GCMs). E co-
l ogical models use these re sults to pred i ct the ste ady - s t a te eco-

l ogical con s equ en ce s . E con omists devel op scen a rios of the 
eco l ogical ch a n ges and introdu ce those ef fects into their eco-
n omic model s , wh i ch then simu l a te how markets are likely
to re s pon d . Because the GCMs and eco l ogical models are spa-
ti a lly ex p l i c i t , econ omic models can captu re regi onal ef fect s .
Di f ferent US and world regi ons may gain or lose adva n t a ge
in ti m ber growing and wood produ cti on with cl i m a te ch a n ge .

Past studies em p l oy a va ri ety of a s su m pti ons abo ut the eco-
l ogical ef fects of a s su m ed futu re cl i m a te ch a n ge (Ta ble 1).
Within the ra n ge of ef fects ex a m i n ed ,h owever, one con clu-
s i on appe a rs warra n ted : Ad a pt a ti on in US ti m ber and wood -
produ ct markets wi ll of fs et some of the po ten tial nega tive ef-
fects of cl i m a te ch a n ge . The wood produ cts sector may even
ben efit from the ch a n ges in the sense that, u n der cl i m a te
ch a n ge , the net ch a n ge in con su m er plus produ cer econ om i c
ben efits may be po s i tive (Wi n n ett 1998, So h n gen and Sed j o
1 9 9 8 , So h n gen and Men delsohn 1998, So h n gen and Al i g
2 0 0 0 ) .

Ad a pt a t ion in land managem en t . Bi n k l ey (1988)
f i rst ex p l i c i t ly linked the eco l ogical ef fects of cl i m a te ch a n ge
with a ti m ber model . He con s i dered on ly ch a n ges in bore a l
forests and did not pred i ct market ef fects in the Un i ted State s .
More recen t ly, Joyce et al. (1995) linked the TEM bi ogeo-
ch emical cycle model (Mel i llo et al. 1993) to the TA M M /
NA PA P / AT LAS model to proj ect how US ti m ber market s
ad a pt to ch a n ges in forest produ cti on (Ta ble 1). Pere z - G a r-
cia et al. (1997) use the same eco l ogical and cl i m a te model s
as Joyce et al. (1995) in a gl obal analysis (Ta ble 1). The aut h ors
trace the econ omic ef fects thro u gh to the wood - processing sec-
tor. US lu m ber and ply wood produ cti on increases under all
s cen a ri o s , while pulpwood produ cti on dec reases under som e
s cen a ri o s .Overa ll , con su m ers and mill own ers would gain wel-
f a re (profits for mill own ers) du ring cl i m a te ch a n ge , wh i l e
l a n down ers would lose wel f a re .

So h n gen and Men delsohn (1998) provi de re sults for 36
com bi n a ti ons of cl i m a te (2 x C O2) , bi ogeoch em i c a l , a n d
bi ogeogra phical ch a n ges in forests from VEMAP (Veget a-
ti on / E co s ys tem Modeling and An a lysis Proj ect) mem bers
( 1 9 9 5 ; Ta ble 1). Th ey focus ex p l i c i t ly on ad a pt a ti on in fore s t-
land managem ent under the assu m pti on that wood -
processing capital shifts to regi ons with econ omic adva n-
t a ges in ti m ber growt h . Forest area ch a n ge is captu red wi t h
ei t h er a dieb ack scen a rio (King and Nei l s on 1992) or a less dra-
m a tic regen era ti on scen a ri o. Ma rkets gen era lly ad a pt to short -
term increases in mort a l i ty by reducing pri ce s , s a lva gi n g
de ad and dying ti m ber, and rep l a n ting new species that are
f avora bly ad a pted to the new cl i m a te (Ta ble 2). Sa lva ge du r-
ing dieb ack ra n ges from 50% to 75%, depending on man-
a gem ent inten s i ty. Total ben efits to produ cers plus con su m ers
rise in all scen a rios con s i dered . Com p a ri s ons of c a rbon flu xe s
pred i cted by this model with those cited in earl i er natu ra l -
ad a pt a ti on studies by King and Nei l s on (1992) and Smith and
S hu ga rt (1993) su ggest that market ad a pt a ti on can redu ce or
reverse the po ten tial forest carbon flu xes caused by cl i m a te
ch a n ge in the Un i ted State s .



Ad a pt a t ion in produ ct market s . Ad a p-
t a ti ons may inclu de using altern a tive species in
the manu f actu ring proce s s , ch a n ging the na-
tu re or loc a ti on of capital and mach i n ery,
ch a n ging rel i a n ce on imports or ex port s , or
adopting new tech n o l ogi e s . Previous stu d i e s
i m p l i c i t ly captu re su b s ti tuti on of end produ ct s
in markets because they incorpora te market re-
l a ti onships for ti m ber and produ ct s . The mod-
els treat inve s tm ents in capital over time dif-
feren t ly. The model of So h n gen and
Men delsohn (1998) assumes that mill capital
and mach i n ery wi ll ad a pt based on correct
a n ti c i p a ti on of the futu re impacts of cl i m a te
ch a n ge . Joyce et al. (1995) assume that capital
and mach i n ery wi ll ad just more slowly. How
ra p i dly mill inve s tm ents re s pond to ch a n ges in
su pp ly and ti m ber pri ces stron gly affects en d -
produ ct pri ce beh avi or.

New tech n o l ogi e s ,a l re ady em er ging in re s ponse to mar-
ket ch a n ge s , repre s ent another met h od of ad a pting to cl i m a te
ch a n ge . For ex a m p l e , n ew ad h e s ives have led to new cl a s s e s
of wood panels and com po s i te s , wh i ch have displaced older

produ ct s . These new produ cts of ten en a ble the indu s try to
d raw on more wi dely abundant species of trees that are also
cl o s er to end-use market s . P l a s tics have con ti nu ed to dis-
p l ace trad i ti onal uses of wood , with innova ti ons su ch as vi nyl
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Fi g u re 1. US popu l a t ion proje cti o n s , by decade, 1 9 9 0 – 2 1 0 0 .

Ta ble 1. Four ti m ber market mod els that have be en used for cl i m a te analys i s .

TA M M / N A PA P / AT L A S C G T M FA S O M V E M A P
(Used by (Used by (Used by (Used by Sohngen and

J oyce et al. Perez-Garcia et al. B u rton et al. M e n d e l s o h n
A t t r i b u t e 1 9 9 5 ) 1 9 9 7 ) 1 9 9 8 ) 1 9 9 8 )

Timber model attribute
T h e o ry Spatial equilibrium Spatial equilibrium Dynamic optimization Dynamic optimization
Projection method Static simulation static simulation Optimal control Optimal control
H a rvest mechanism N / A N / A Oldest timber Oldest timber
Global scope U S – C a n a d a G l o b a l U S – C a n a d a G l o b a l
R e g i o n s ~ 8 ~ 4 0 ~ 9 4
Tracks regional trade Ye s Ye s Ye s N o
M a rket stru c t u r e M u l t i l ev e l M u l t i l ev e l L o g S t u m p a g e
Capital adjustment A d a p t i v e A d a p t i v e R a t i o n a l R a t i o n a l
Land management E x o g e n o u s E x o g e n o u s E d o g e n o u s E n d o g e n o u s

Climate and ecological change model attribute
Climate scenarios 4 4 None explicit 2
Biogeochemical models 1 model (TEM) 1 model (TEM) None explicit 3 models (VEMAP 

m e m b e rs 1995)

Forest productivity Annual growth changes Annual growth changes Assumed changes in Annual growth changes
l i n ked to NPP l i n ked to NPP annual growth l i n ked to Vegetative 

c a r b o n
Biogeographical models N o n e N o n e N o n e 3 models (VEMAP 

m e m b e rs 1995)

Forest species migration N o n e N o n e N o n e Dieback and regeneration

Dynamic climate change L i n e a r L i n e a r C o m p o u n d e d L i n e a r

Ye a rs to doubling CO2 7 5 7 5 6 0 7 0

Ye a rs in model ru n 5 0 5 0 6 0 1 5 0

Note: NPP, net primary productivity.



s i d i n g, p l a s tic deck i n g, and plastic and wood fiber com po s-
i te s . In c re a s ed rec ycling of p a per and pall ets has alre ady
d a m pen ed ti m ber dem a n d . New tech n o l ogies have also hel ped
m i lls produ ce more produ ct va lue from a given tree ; as this
trend con ti nu e s , the fore s t - b a s ed econ omy wi ll be more re-
s i l i ent in the event that one of the futu re dieb ack scen a ri o s
tra n s p i re s .

The studies de s c ri bed above focus on the Un i ted State s .E f-
fects on Ca n ad a’s fore s t , a major source of US wood produ ct s ,
h ave also been revi ewed (Van Koo ten and Art hur 1989, Va n
Koo ten 1995). Cu rrent re s e a rch con s i ders pri m a ri ly the on e -
w ay impacts of a ch a n ging cl i m a te on fore s ted eco s ys tems and
con s equ en t ly on the econ omy. A tru ly integra ted analys i s
would fully incorpora te feed b acks among the eco l ogical sys-
tem ,i n s ect s , diseases and inva s ive plants, the econ omic sys-
tem ,c a rbon flu x , and cl i m a te (see , for ex a m p l e ,G o l dewijk et
a l .1 9 9 4 ) . One su ch feed b ack is the role of forests and wood
produ cts in carbon stora ge .

Using fo rests to sto re carb o n . A nu m ber of a ut h ors
h ave su gge s ted that forests could be used to increase the
qu a n ti ty of c a rbon stored in terre s trial eco s ys tems (Sed j o
1 9 8 9 , Wi n jum et al. 1 9 9 8 , Joyce and Bi rd s ey 2000; for recen t
revi ews ,s ee Sedjo et al. 1 9 9 7 , Irland and Cline 1998). Ma ny
s tra tegies have been ex a m i n ed (Adams et al. 1 9 9 3 ,1 9 9 9 , Al i g
et al. 1 9 9 7 , Bi rd s ey et al. 1 9 9 9 , Pa rks and Ha rdie 1995, S t avi n s
1 9 9 9 ) . Am ong these stra tegies are the fo ll owi n g :

• s et ting aside ex i s ting forests from harve s t , and con-
tro lling wi l d f i re s

• i n c reasing carbon bu i l dup in forests by converting mar-
ginal agri c u l tu ral land to forests (carbon plantati on s ,
fore s t - produ ct plantati on s , or joi n t - produ ct planta-
ti on s )

• enhancing forest managem en t

• su b s ti tuting wood produ cts for more en er gy - i n ten s ive
produ cts (Skog et al. 1 9 9 6 )

• p l a n ting trees in urban regi ons to modera te urban 
cl i m a te s

A su b s t a n tial pool of c a rbon re s i des in forest produ cts in
u s e , as in houses. Heath et al. (1996) esti m a te that carbon
s tored in produ cts harve s ted since 1900 equals 3.7 Pg carbon ;
Skog and Ni ch o l s on (1998) su ggest that this amount is cl o s er

to 2.7 Pg. E s ti m a tes of n et annual acc u mu l a ti on of c a rbon in
wood produ cts and landfills in the early 1990s ra n ged from
37 Tg per year (Heath et al. 1996) to 61 Tg per year (Skog and
Ni ch o l s on 1998). E s ti m a tes by Planti n ga and Bi rd s ey (1993)
and Skog and Ni ch o l s on (1998) su ggest that annual stora ge
in produ cts and landfills wi ll grow to approx i m a tely 70 Tg per
year by 2040. Approx i m a tely 29% of p a per is curren t ly rec y-
cl ed by dom e s tic mill s . The USDA Forest Servi ce esti m a tes that
this share may rise to 45% by the year 2040 (Haynes et al.
1 9 9 5 ) . In c reasing the rec ycling ra te to 60% by the year 2040
could redu ce carbon em i s s i ons in the paper indu s try by 36 Tg
c a rbon per year and increase carbon stora ge in fore s ted
eco s ys tems by 8–14 Tg per year by lowering ti m ber harve s t s
( Skog et al. 1 9 9 6 ) . These amounts may not be large rel a tive
to total US em i s s i ons (1367 TG per year in 1990), but they are
l a r ge rel a tive to other opti ons for C miti ga ti on . An a lys i s
worl dwi de has been con du cted by Wi n jum et al. ( 1 9 9 8 ) .

Al t h o u gh con s i dera ble atten ti on has been given to carbon
s tora ge issues (Wa t s on et al. 2 0 0 0 ) , t h ere has been no com-
preh en s ive soc i a l - i m p act assessment measu ring con su m er,
produ cer, and envi ron m ental ben ef i t s . The futu re role of wood
bi omass as an en er gy source depends on oil pri ces and publ i c
policies and was not eva lu a ted in the models revi ewed here .

As se s s m ent simu l a t ion re sults: FA S O M
A stu dy of the ef fects of gl obal cl i m a te ch a n ge on fore s try
should be based on accepted futu re scen a rios for forest yi el d ,
but def i n i tive scen a rios have not yet em er ged . Th erefore , we
a n a ly zed four fore s t - growth scen a rios based on paired ap-
p l i c a ti ons of t wo gl obal cl i m a te models and two eco l ogi c a l -
process models (EPMs). We esti m a ted how baseline fore s t
growth wi ll ch a n ge because of cl i m a te ch a n ge . To assess the
fore s t - yi eld scen a ri o s , we used the FASOM model , as doc u-
m en ted in Adams et al. ( 1 9 9 7 ) ,Alig et al. ( 1 9 9 8 ) , So h n gen and
Alig (2000), and Joyce and Bi rd s ey (2000). G iven a cl i m a te -
ch a n ge scen a ri o, the FASOM model proj ects forest- and agri-
c u l tu ra l - s ector produ cti on , con su m pti on , pri ce s , and eco-
n omic wel f a re . To deal with com peti ti on for land, FA S O M
i n corpora tes both sectors . FASOM is a mu l ti peri od ,n on l i n-
e a r, pri ce - en dogen o u s , m a t h em a ti c a l - programming eco-
n omic model that provi des 120-year proj ecti on s . Va lues of
n onwood or non com m od i ty attri butes of the forest are not
con s i dered . Produ cts com prise fuelwood , s awti m ber, a n d
p u l pwood . On the forest side , FASOM simu l a te s
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Ta ble 2. Four studies of the economic ef f e cts of cl i m a te ch a n ge scen a rios on ti m ber market s .

Sohngen and
S t u d y J oyce et al. (1995) Perez-Garcia (1997) B u rton et al. (1998) Mendelsohn (1998)

P r o d u c t i v i t y Generally increases Generally increases Increases or decreases Increases or decreases
Forest area No change No change No change L o n g - t e rm increase
I nv e n t o r i e s I n c r e a s e I n c r e a s e Increases or decreases L o n g - t e rm increase
Timber prices 

compared with baseline L o we r L o we r Increase or decrease L o we r
M a rket we l f a r e Not given I n c r e a s e d Increased or decreased I n c r e a s e d



• ch a n ges in ti m ber inven tory on priva te land

• m a nu f actu rers’ ad ju s tm ents in ti m ber- produ ct 
produ cti on

• con su m ers’ ad ju s tm ents in con su m pti on

• forest landown ers’ convers i on of forest to (or from )
a gri c u l tu re

• l a n down ers’ ad ju s tm ent of forest managem ent 
i n ten s i ty and ro t a ti on age

Ha rvest on public lands and the net import of wood and
wood produ cts from Ca n ada are taken as exogen o u s . In this
a n a lys i s , Ca n adian imports were ad ju s ted by the avera ge per-
cen t a ge ch a n ge in harvest ob s erved in com p a ra ble regi ons on
priva te lands in the Un i ted States to ref l ect the impacts of cl i-
m a te ch a n ge . The impacts of cl i m a te on forest produ ctivi ty
( s ee Aber et al. 2001) were simu l a ted using two bi ogeo-
ch emical models (EPMs): TEM (Mel i llo et al. 1 9 9 3 , Mc Gu i re
et al. 1992) and CENTURY (Pa rton et al. 1 9 8 7 ,1 9 9 3 ) . Po s s i-
ble ef fects of cl i m a te ch a n ge on insect s , d i s e a s e s , i nva s ive
s pec i e s , or fire regimes were not con s i dered (Dale et al. 2 0 0 1 ) .

The four scen a rios repre s ent com bi n a ti ons of the two
GCMs and two EPMs:

• Hadl ey-TEM (cl i m a te ch a n ge from the Hadl ey
G C M , ch a n ges in forest growth ra te from the TEM
E P M )

• Hadl ey - C E N T U RY (cl i m a te ch a n ge from the Hadl ey
G C M , ch a n ges in forest growth ra te from the CEN-
T U RY EPM)

• CCC-TEM (cl i m a te ch a n ge from the Ca n ad i a n
G C M , ch a n ges in forest growth ra te from the TEM
E P M )

• C C C - C E N T U RY (cl i m a te ch a n ge from
the Ca n adian GCM, ch a n ges in fore s t
growth ra te from the CENTURY EPM)

In con trast to the equ i l i brium cl i m a te sce-
n a rios used in earl i er forest sector analys e s
(Joyce et al. 1 9 9 5 , So h n gen and Men del s o h n
1 9 9 8 ) , tra n s i ent cl i m a te scen a rios were used
for this assessmen t . The cl i m a te under in-
c re a s ed carbon diox i de was simu l a ted annu-
a lly from 1895 to 2100; the EPM models pro-
j ected veget a ti on carbon annu a lly over this
peri od . Forest floor and soil pools were not
s i mu l a ted . For each grid cell , we com p uted the
a n nual ch a n ge in veget a ti on carbon for each
m odel proj ecti on , converted these ch a n ge s
to a 10-year moving avera ge , and used these
ch a n ges to influ en ce ti m ber yi elds in FA S O M .
The eco s ys tem cl a s s i f i c a ti on for each grid cell
(VEMAP mem bers 1995) was mapped to the
m a j or forest type (e.g. , Joyce et al. 1 9 9 5 ) . Th e

1 0 - year moving avera ge ch a n ges in veget a ti on carbon were
t h en avera ged spati a lly ac ross all grid cells for each fore s t
type .

Ch a n ges in veget a ti on carbon va ri ed for each regi on bec a u s e
of the regi onal cl i m a te and the ch a n ges in cl i m a te proj ected
by the Hadl ey and Ca n adian model s . For ex a m p l e , in the
Nort h e a s t , the oa k – h i ckory type has the largest ch a n ge in an-
nual growth ra te—an increase of a bo ut 0.3% by 2100 (Fig-
u re 2). These ch a n ges in veget a ti on carbon by forest type are
m a pped into hardwood and sof t wood forest types and are used
to ch a n ge ti m ber growth for the nine regi ons model ed in 
FASOM (see Adams et al. 1 9 9 6 , Alig et al. 1 9 9 7 , Mi lls et al.
2 0 0 0 ) .

Ti m ber growth increases under all four cases in most re-
gi ons for most dec ade s . Growth increases over 10-year peri-
ods are rel a tively small . For most scen a ri o s ,s pec i e s , and re-
gi on s , dec adal increases are from 1% to 3% of the preva i l i n g
growth ra te . The most significant declines are for sof t wood s
and hardwoods in the southeast and sout h - cen tral regi ons for
2010–2040 for the Ca n ad i a n – Cen tu ry case. But growth ra te s
a re high er for all cases, regi on s , and species in later dec ade s
( F i g u re 2).

The re sults su ggest that the assu m ed cl i m a te ch a n ge sce-
n a ri o s ,as indicated by these four cases,would be gen era lly ben-
eficial for the ti m ber- produ cts sector over the 120-year pro-
j ecti on . This re sult is con s i s tent with findings for the
fort h coming agri c u l tu ral sector of the nati onal assessmen t . In-
c re a s ed forest growth tra n s l a tes into high er forest produ cti on ,
as repre s en ted by log harvest levels in most cases. By 2100, i n-
ven tories are sligh t ly high er for the cl i m a te - ch a n ge scen a ri o s
com p a red with the base case (Ta ble 3,F i g u re 3). In c re a s ed for-
est growth leads to incre a s ed log su pp ly and hen ce to redu c-
ti ons in log pri ces that, in tu rn , dec rease produ cers’ wel f a re
( profits) in the forest sector. At the same ti m e ,l ower fore s t -
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Fi g u re 2. Exa m ple of s i mu l a ted ch a n ges in fo rest growt h , No rt h east and en ti re
Un i ted St a te s , 2004–2009 (fra ctional increa se over ba se case ) .



produ ct pri ces (com p a red to baseline) mean that con su m ers
gen era lly ben efit (Ta ble 3). This pattern of d i s tri buti onal im-
p acts on fore s try produ cers and con su m ers is also con s i s ten t
with re sults in the agri c u l tu ral sector. The proj ected net ef fect
on the econ omic wel f a re (produ cer profits plus con su m er sav-
i n gs) of p a rticipants in both ti m ber and agri c u l tu ral market s
is po s i tive (Figure 4).

Land-use ch a n ges bet ween fore s try and agri c u l tu ral uses
a re an important avenue of ad ju s tm ent to cl i m a te - i n du ced
shifts in produ cti on . Yi elds gen era lly increase in both the
forest and agri c u l tu ral sectors in all four scen a ri o s ,a l t h o u gh
the pattern bet ween sectors va ries su b s t a n ti a lly. In the Ca n a-
dian scen a ri o s , these shifts are rel a tively more favora ble for
fore s try profits com p a red with agri c u l tu re , while the oppo-
s i te is true in the Hadl ey scen a ri o s .

Al t h o u gh total forest produ cti on gen era lly increases bec a u s e
of cl i m a te ch a n ges under the four scen a ri o s , regi onal and
s pecies differen ces are evi dent over ti m e .O utp ut and inven-
tory ch a n ges are also poorly correl a ted . In both the North and
So ut h , total forest inven tories in the near term are va ri o u s ly

l a r ger or small er than the base case, depending on the
s cen a rio (Figure 3). In the lon ger term ,a ggrega te in-
ven tories are lower than the base case in all scen a r-
i o s . Ac ross all regi ons and scen a ri o s , c u mu l a tive
h a rdwood outp ut over the full proj ecti on peri od is
h i gh er; s of t wood produ cti on increases on ly in the
Hadl ey GCM cases. In the Nort h ,c u mu l a tive outp ut
declines for all species in both Ca n adian GCM cases
and in the Hadl ey-TEM case. In the So ut h , in con-
tra s t ,o utp ut increases in all cases and for both hard-
woods and sof t wood s .

Com p a red with the base case, fore s t - produ ct
pri ces would gen era lly be lower under the cl i m a te -
ch a n ge scen a rios (Ta ble 3), except for sof t wood pulp-
wood in the long term . Al t h o u gh overa ll wood pro-
du cti on is proj ected to incre a s e , the proporti on of
s awti m ber (com bining both sof t woods and hard-
woods) is som ewhat larger with cl i m a te ch a n ge in all
s cen a ri o s ,s pec i e s , and regi on s . This shift in produ ct
mix ref l ects the impacts of accel era ted growth on ro-
t a ti on age , wh i ch is len g t h en ed in the long term for
a ll regi ons and spec i e s . With lon ger ro t a ti ons com e
l a r ger vo lumes of s awti m ber rel a tive to pulpwood .

The ef fects of gl obal cl i m a te ch a n ge on fore s t
growth based on the com bi n ed GCM–EPM scen a r-
ios have a gen era lly po s i tive impact on aggrega te
econ omic wel f a re . The proj ected aggrega te market
wel f a re impacts (con su m ers’ s avi n gs plus produ cers’
profits) from the cl i m a te - ch a n ge scen a rios are gen-
era lly not large com p a red with the basel i n e , ra n gi n g
f rom +0.05% to +0.18% in the forest sector and
f rom +0.37% to +0.74% in the com bi n ed agri c u l tu re
and forest market s . Yi eld increases and pri ce redu c-
ti ons indu ced by cl i m a te ch a n ge were found to ben-
efit con su m ers but not produ cers . Thu s , the aggre-
ga te wel f a re ef fects mask the distri buti onal shifts

bet ween produ cers and con su m ers .

Ef f e cts on fo rest re crea ti o n
Rec re a ti on is an important use of forest land. Lei su re - time use
of forests for outdoor rec re a ti on repre s ents a direct interac-
ti on of people with the envi ron m en t . Rec re a ti on is an ex-
trem ely broad and diverse social ph en om en on with each ac-
tivi ty having its own envi ron m ental requ i rem en t s , so it is
difficult to gen era l i ze abo ut cl i m a te ch a n ge ef fects (Cordell et
a l .1 9 9 9 , Wa ll 1998). We revi ewed ex i s ting inform a ti on ,s ee k-
ing ideas on how fore s t - rel a ted rec re a ti on might be affected
by cl i m a te ch a n ge .O n ly limited understanding abo ut po ten ti a l
cl i m a tic influ en ces on outdoor rec re a ti on has em er ged ,a n d
mu ch of that is more acc u ra tely de s c ri bed as inform ed op i n-
i on than as scien ce . Mu ch of the work has appe a red since the
m i d - 1 9 9 0 s . For ex a m p l e , a 1992 Na ti onal Ac ademy of S c i en ce s
report devo ted on ly abo ut two pages (out of 900) to outdoor
rec re a ti on (NAS 1992).

Se a s on a l i ty is a major attri bute of most to u rist de s ti n a ti on s .
It affects both the types of rec re a ti onal activi ties that occur in
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Ta ble 3. FASOM re sults for four cl i m a te - ch a n g e scen a ri o s .

Percentage change from 
base-case projection

H a d - T H a d - V M C a n - T Can-VMAP 

Welfare (net present value)
Forest sector, 2 0 0 0 – 2 1 2 0 0 . 2 0 . 1 0 . 1 0 . 0
Combined agriculture and 0 . 7 0 . 7 0 . 4 0.4 

forest sectors ,2 0 0 0 – 2 1 2 0
Forest price
P U L P S W, avg 2000–2010 - 0 . 6 – 0 . 6 – 0 . 6 – 0 . 6
P U L P S W, avg 2020–2050 3 . 1 3 . 1 3 . 8 3 . 8
S AW T S W, avg 2000–2010 – 0 . 4 – 0 . 4 0 . 0 0.0 
S AW T S W, avg 2020–2050 – 6 . 4 – 5 . 3 – 5 . 3 –3.7 
Forest production (harv e s t )
P U L P S W, avg 2000–2010 0 . 2 0 . 2 0 . 1 – 0 . 0
P U L P S W, avg 2020–2050 – 3 . 1 – 3 . 0 – 3 . 3 – 3 . 1
S AW T S W, avg 2000–2010 0 . 5 0 . 4 0 . 2 0 . 0
S AW T S W, avg 2020–2050 1 . 4 0 . 6 0 . 8 0 . 4
Timber inv e n t o ry
N o rt h ,A L LWOOD 

2 0 0 0 – 2 0 1 0 0 . 1 0 . 2 – 0 . 1 – 0 . 0
2 0 2 0 – 2 0 5 0 – 1 . 3 0 . 2 – 0 . 1 – 0 . 0

S o u t h ,A L LWOOD 
2 0 0 0 – 2 0 1 0 0 . 1 0 . 1 – 0 . 1 –0.0 
2 0 2 0 – 2 0 5 0 0 . 1 0 . 1 – 0 . 1 –0.0 

Land transfers ,n a t i o n w i d ea

F O R C RO P, 2 0 0 0 – 2 0 1 0 3 . 1 – 0 . 1 3 . 1 – 0 . 6
F O R C RO P, 2 0 2 0 – 2 0 5 0 – 2 1 . 5 – 1 2 . 4 – 2 2 . 1 – 1 1 . 1
F O R PA S T, 2 0 0 0 – 2 0 1 0 – 0 . 4 – 1 . 4 – 1 2 . 3 – 1 2 . 3
F O R PA S T, 2 0 2 0 – 2 0 5 0 – 1 8 . 9 – 1 6 . 1 2 4 . 6 3 2 . 1
C RO P F O R ,2 0 0 0 – 2 0 1 0 – 1 0 0 . 0 – 9 3 . 0 1 1 5 . 3 1 5 9 . 9
C RO P F O R , 2 0 2 0 – 2 0 5 0 – 1 0 0 . 0 – 1 0 0 . 0 – 8 2 . 9 – 9 3 . 6
PA S T F O R ,2 0 0 0 – 2 0 1 0 2 1 . 9 2 0 . 6 1 8 . 4 1 8 . 4
PA S T F O R ,2 0 2 0 – 2 0 5 0 – 8 9 . 1 9 8 . 5 – 8 . 9 7 6 . 7

Note: Only softwoods reported separately, and only North and South illustrate
regional projections. PULPSW, softwood pulpwood; SAW T S W, softwood saw t i m b e r;
F O R C RO P, forestland changed to cropland; CRO P F O R , cropland changed to forest;
PA S T F O R , pasture changed to forest; FORPA S T, forest changed to pasture.

a. Some of the changes here are very large, because the base case values
are small.



a regi on and the amount of rec re a ti on that takes place . Th a t
i s ,i n d ivi duals who live in one place and demand the attri b-
utes of a certain season are wi lling to travel to other places that
su pp ly those seasonal attri bute s .Classic examples are be ach e s
and ski re s ort s .

Cl i m a te ef fects may be direct or indirect . Di rect ef fect s
can be simply de s c ri bed as those stra i gh tforw a rd ef fects on par-
ti c i p a n t s’ de s i red demand for outdoor rec re a ti on due to ei-
t h er incre a s ed tem pera tu res or ch a n ges in prec i p i t a ti on
( Loomis and Crespi 1999). The best example of a direct ef-
fect is the ex ten s i on , because of tem pera tu re incre a s e s , of t h e
rec re a ti on season for a nu m ber of activi ti e s ,e s pec i a lly water
s ports and be ach - ori en ted rec re a ti on . In d i rect ef fect s , on the
o t h er hand, a re those impacts arising thro u gh ch a n ges in the
qu a n ti ty and qu a l i ty of n a tu ral re s o u rces used for
o utdoor rec re a ti on (Loomis and Crespi 1999). A
good example is the po ten tial ch a n ge in re s ervoi r
l evels due to incre a s ed eva po tra n s p i ra ti on or
ch a n ging prec i p i t a ti on . L a ke levels are a good
i n d i c a tor of boa ting qu a l i ty, so cl i m a te ch a n ge has
the po ten tial to indirect ly cause shifts in rec re a ti on
visits because of its ef fects on water vo lu m e s .

Cl i m a tic con d i ti ons are an essen tial part of
the forest rec re a ti onal ex peri en ce . For some ac-
tivi ti e s , cl i m a te is the most cri tical aspect of t h e
s et ti n g. In c re a s ed tem pera tu res wi ll produ ce a
po s i tive direct ef fect for any su m m er activi ty that
would ben efit from an ex ten ded season . Be ach
rec re a ti on ,s wi m m i n g, and boa ti n g, of ten pursu ed
in forest set ti n gs , a re some obvious ben ef i c i a-
ri e s . Nega tive ef fects may also ari s e , su ch as gre a ter
be ach ero s i on (Yohe et al. 1 9 9 9 ) . Fu rt h erm ore ,
h i gh er tem pera tu res and ex ten ded seasons in
m ore tem pera te regi ons may actu a lly redu ce the
demand for more tropical envi ron m en t s , su ch as

F l orida be ach e s . The warming of w a ters may
i n c rease fish produ ctivi ty for some spec i e s
while causing declines or loss of o t h er sign i f-
icant species (Sch a a ke 1989, S h aw 1996, Ba i l ey
and Kerr- Upal 1997, Duk 1997, IISD 1997).

Sustaining co l dw a ter fisheries is a key issu e .
Th ere is little do u bt that incre a s ed tem pera tu re s
wi ll sign i f i c a n t ly redu ce ava i l a ble tro ut habi t a t
and pop u l a ti ons (Ahn 1997).Brook tro ut habi-
t a t , in parti c u l a r, is likely to become incre a s i n gly
l i m i ted and fra gm en ted . A stu dy by the US
E nvi ron m ental Pro tecti on Agency esti m a ted
ch a n ges in con su m er ben efits of rec re a ti on a l
a n gl ers from ch a n ging water tem pera tu re s
( Mi ch aels et al.1 9 9 5 ) .Wa rm er tem pera tu res re-
su l ted in a net loss in user ben ef i t s .

In mountainous landscapes (su ch as the
Great Sm o ky Mountains Na ti onal Pa rk ) , wh ere
s cen ery and sigh t s eeing are prom i n ent at-
tracti on s , w a rm er lowland tem pera tu res wi ll
tend to attract more people to the rel a tively

coo l er high er el eva ti on s . Yet cl i m a te ch a n ge could affect haze
and could diminish the vividness of f a ll fo l i a ge and co l or
d i s p l ays (Bl oom f i eld and Ha m burg 1997).

Two recent stati s tical studies attem pted to define the cl i m a te
s en s i tivi ty of rec re a ti on visits on a nati onal basis (Loomis and
Crespi 1999, Men delsohn and Ma rkowski 1999). Th ey esti-
m a ted current aggrega te days of activi ty and the econ om i c
va lue to vi s i tors , and they proj ected these va ri a bles to 2060
(Ta ble 4). The re sults su ggest losses in con su m er ben efit for
s ome activi ties and gains for others . Non et h el e s s , the analy-
sis of the rec re a ti on ef fects of cl i m a te ch a n ge is in its infancy.
Cl e a rly many forms of ad a pt a ti on can accom p a ny cl i m a te
ch a n ge s ,t h o u gh they may impose high er co s t s . The impor-
t a n ce of rec re a ti on as a factor in the qu a l i ty of l i fe , its econ om i c
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Fi g u re 3. Proje cted US total priva te inven to ry by scen a ri o, 2 0 0 0 – 2 1 0 0
( m i llion cu. f t . ) .

Fi g u re 4. Poten tial ch a n ge in discou n ted produ cer and co n su m er ben ef i t s
from ti m ber produ cts (percen t a ge ch a n ge from ba se case ) .



i m p act , its obvious cl i m a te sen s i tivi ti e s , and the many loc a l
and regi onal va ri a ti ons argue for a major increase in re s e a rch
on this top i c .

Po s s i ble ef f e cts of cl i m a te ch a n ge 
on the ski indu s try
Skiing is an important use of fore s ted mountain landscape s
and a key con cern of l a n d - m a n a ging agen c i e s . It displays su-
perf i c i a lly stra i gh tforw a rd links to cl i m a te regi m e s . The firs t
ski areas in the Un i ted States were con s tru cted du ring the
1 9 3 0 s . Th ere a f ter, s k i i n g’s pop u l a ri ty soa red , with the nu m-
ber of ski areas peaking du ring the 1960s and 1970s. Tod ay
t h ere are con s i dera bly fewer ski areas (521 at the end of t h e
1998 ski season ) , and the nu m ber con ti nues to decl i n e . Su c-
cessful ski areas must now provi de high - s peed lifts, overn i gh t
accom m od a ti on s ,m odern snowmaking and grooming equ i p-
m en t , and other amen i ti e s .

Na tu ral snowf a ll at we s tern re s orts is more depen d a bl e
than at the eastern re s ort s . Sn owf a ll in many we s terly areas of-
ten exceeds that needed for accept a ble skiing con d i ti on s .
Thu s , cl i m a tic va ri a bi l i ty is less important in the we s t . Nev-
ert h el e s s ,m a ny we s tern re s orts su f fered a disastrous ski sea-
s ons in 1976 and 1977 because of the lack of n a tu ral snow. In
ad d i ti on , the abi l i ty to open early in the season is vital in-
du s try wi de , and early - s e a s on snowf a ll is not depen d a bl e .
Thu s ,m ach i n e - m ade snow plays an important role for ski ar-
eas and skiers thro u gh o ut the co u n try.

Th ree pri m a ry factors influ en ce the abi l i ty of a ski area to
m a ke snow.Tem pera tu re and water ava i l a bi l i ty are direct ly re-
l a ted to cl i m a te ; en er gy is at least indirect ly rel a ted . Mo s t
s n owm a kers do not begin opera ti ons until tem pera tu res are
bel ow –2°C and are ex pected to remain bel ow –2°C for at least

four hours . Sn owmaking ef f i c i ency is invers ely rel a ted to
tem pera tu re , so the cost of making an ac re - foot of s n ow at
–12°C is ch e a per by a factor of 5 than at –2°C. E n er gy re-
qu i rem ents are high . For ex a m p l e , at Ma i n e’s Su n d ay River,
a n nual el ectri c i ty usage is approx i m a tely 26 mill i on 
k i l ow a t t - h o u rs , most of wh i ch is for snowmaking (Hof f m a n
1 9 9 8 ) .This tra n s l a tes to nearly $2 mill i on per year just for el ec-
tri c i ty. E l ectri c i ty costs for early - s e a s on snowmaking can be
as mu ch as $700 per ac re - foot of s n ow, while midwi n ter
s n owmaking can cost $25 per ac re - foo t .A large re s ort can eas-
i ly spend more than $100,000 per night making early - s e a s on
s n ow.

A higher average temperature in winter would have sev-
eral effects. First, the number of hours that temperatures
would exceed –2°C would incre a s e . This would increase the
amount of s n ow mel ti n g, i n c rease the nu m ber of rain even t s ,
and decrease the “window” for snowmaking while increas-
ing the need for mach i n e - m ade snow. Ski areas that typ i c a lly
h ave an excess of cold we a t h er would ad a pt by increasing the
capacity of their snowmaking systems (i.e., making more
snow in a shorter period of time). Costs to skiers could rise
to cover the increased costs. In areas where winter temper-
atures are already marginal (the mid-Atlantic region and
southern Appalachians),some ski areas would probably be
forced to close.

On the one hand, w a rm er tem pera tu res and more ra i n
events would most likely increase water ava i l a bi l i ty. Al t h o u gh
m ore water would be needed , gre a ter ava i l a bi l i ty could mean
no net impact . In ad d i ti on , people tend to stay home du ri n g
peri ods of ex treme co l d , rega rdless of h ow good the skiing is.
If the nu m ber of ex trem ely cold days were redu ced , s k i er
vi s i t a ti on would prob a bly incre a s e . Th erefore , the impacts of
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Ta ble 4. Ef f e cts on re crea tion vi s i t a t ion and value for CO2 d ou bling scen a rio (+2.5°C and 7% pre ci p i t a t ion increa se ) .

Number of visits (millions)
Percentage Change in

With no With climate D i f f e r e n c e change economic value
climate change c h a n g e ( d ay s ) ( d ay s ) (millions of 1992 dollars )

Forest-based recreation
( C a m p i n g, h i k i n g, picnicking 
under midlevel loss 1 9 9 0 1 2 3 8 . 4 5 1 2 1 3 . 5 6 – 2 4 . 8 9 – 2 . 0 – 3 5 7 . 0 0
e s t i m a t e ) 2 0 6 0 2 1 6 3 . 5 2 2 1 1 9 . 5 5 – 4 3 . 9 7 – 2 . 0 – 6 5 8 . 0 0

Beach recreation
(Beach nourishment and 
protection scenario) 1 9 9 0 1 9 1 . 7 0 2 1 8 . 6 5 2 6 . 9 5 1 4 . 1 3 3 7 . 9 0

2 0 6 0 2 5 6 . 1 0 2 9 2 . 1 5 3 6 . 0 5 1 4 . 1 4 5 1 . 4 8
S n o w s k i i n g

(Downhill and 1 9 9 0 1 5 5 . 7 7 7 4 . 3 5 – 8 1 . 4 2 – 5 2 . 3 – 1 4 3 9 . 5 0
c r o s s - c o u n t ry ) 2 0 6 0 4 6 4 . 0 7 2 2 2 . 0 9 – 2 4 1 . 9 8 – 5 2 . 1 – 4 2 7 8 . 2 2

Stream recreation
(Stream fishing, 1 9 9 0 1 9 1 . 1 8 1 9 7 . 8 3 6 . 6 4 3 . 5 2 8 8 . 2 7
k aya k i n g, rafting) 2 0 6 0 3 7 1 . 1 1 3 8 3 . 7 9 1 2 . 6 8 3 . 4 5 5 5 . 4 7

Total effect 1 9 9 0 3 8 0 9 . 7 5 3 9 2 8 . 7 9 1 9 9 . 0 3 3 . 1 2 7 4 8 . 3 1
2 0 6 0 6 4 5 9 . 7 9 6 5 3 8 . 9 1 7 9 . 1 2 1 . 2 2 5 6 8 . 8 2

Source: Loomis and Crespi 1999, Table 11.2.



i n c re a s ed wi n ter tem pera tu res on the US ski indu s try re-
main spec u l a tive at be s t . For some are a s , the impact could be
d i s a s tro u s . For others , it could re sult in no net impact . An d
for sti ll others ,w a rm er wi n ter daytime tem pera tu res or lower
f requ encies of ex treme cold con d i ti ons could be ben ef i c i a l .O n
the other hand, i n c re a s ed frequ ency of pro l on ged “t h aws”
would be damagi n g. Ch a n ges in wi n ter prec i p i t a ti on have
equ a lly ambiguous impact s . If i n c re a s ed prec i p i t a ti on take s
the form of s n ow, an area wi ll need less mach i n e - m ade snow.
If it takes the form of ra i n ,s n owmaking needs wi ll incre a s e .

In su m m a ry, po ten tial impacts of cl i m a te ch a n ge on the ski
i n du s try remain uncertain (Ta ble 5), because its links to the
cl i m a te regime are com p l ex . Al t h o u gh it seems likely that
ski areas opera ting in marginal cl i m a tes could be seri o u s ly af-
fected , the ef fect on ski areas in co l der regi ons is less cl e a r.
Sn owmaking is a key ad a ptive mech a n i s m .Actual impacts wi ll
be determ i n ed by the ex tent of cl i m a te - regime ch a n ges in spe-
cific regi ons and the details of h ow those ch a n ges manife s t
t h em s elve s . Avera ges may mean little. Len g t h en ed su m m er sea-
s ons wi ll not of fs et loss of skiing visits for marginal re s ort s .
Re sults of a ggrega ted stati s tical analyses su gge s ting dra m a ti c
losses to ski vi s i t a ti on need furt h er va l i d a ti on by regi onal- and
i n du s try - l evel analys i s . Key cl i m a te factors , ad a pt a ti on opti on s ,
and soc i oecon omic impacts would of co u rse be different for
o t h er forms of forest rec re a ti on .

Areas for fu tu re re sea rch
Our revi ew su ggests many fertile fields for furt h er soc i oeco-
n omic re s e a rch on the impacts of and ad a pt a ti on to cl i m a te
ch a n ge :

• Eva lu a te how forest ben efits other than ti m ber and
rec re a ti on (Sw a n s on and Loomis 1996) are affected .

• Eva lu a te distri buti onal outcomes (how regi ons and
pop u l a ti on su b groups are affected) of proj ected
re s o u rce ch a n ge s , pri ce ch a n ge s , and market ad ju s t-
m en t s .

• Eva lu a te rec re a ti on ef fects in gre a ter det a i l ,e s pec i a lly
to understand market ad a pt a ti ons for regi ons and
i n d ivi dual activi ti e s .

• Va l i d a te and update beh avi oral rel a ti ons (su ch as
su pp ly and demand equ a ti ons) dep i cting market
ad a pt a ti on in wood - produ ct market s ,o utdoor rec re-
a ti on , and land-use ch a n ge .

• Eva lu a te how gl obal cl i m a te ch a n ge wi ll influ en ce US
fore s t - produ ct trade .

• Eva lu a te the rel a tive role of pop u l a ti on and dem a n d
u n cert a i n ties com p a red with proj ected cl i m a te -
ch a n ge ef fect s .

• Eva lu a te how qu i ck ly capital inve s tm ents in ti m ber
growing and manu f actu ring may ad a pt to futu re
regi onal ch a n ges in forest re s o u rce s .

• In corpora te pred i cted inve s tm ent and fore s t -
m a n a gem ent ad a pt a ti ons into new gen era ti ons of
veget a ti on model s ,i n cluding the re sults of cop i n g
practi ce s , and ri ch er scen a rios for pred i cting the
ef fects of i n s ect s ,d i s e a s e s , and inva s ive plants.

• Con du ct a det a i l ed analysis of the cost and ef fective-
ness of su gge s ted stra tegies for dealing with cl i m a te
ch a n ge ef fects on fore s t s .
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Ta ble 5. Poten tial impa ct of gl obal cl i m a te ch a n ges on the ski indu s try.

Climate parameter Relative impact on
of change P hysical impact of change the ski industry

Higher winter temperature Greater need for snow, either natural or
m a c h i n e - m a d e , due to increased melting N e g a t i v e

Reduced snowmaking opport u n i t y N e g a t i v e
More water available to snowmaking due to 

higher stream flow Po s i t i v e
Less need for and reliance on snowmaking
Storage ponds due to higher stream flow Po s i t i v e
Increase in skier visitation at resort s Po s i t i v e
Cheaper electricity Po s i t i v e

Greater winter precipitation
Less snow, more rain Greater need for snowmaking N e g a t i v e

More water available for snowmaking due to
higher stream flow Po s i t i v e

Reduction in skier visitation at resort s N e g a t i v e
Need for and reliance on snowmaking

storage ponds—change undefined ?
More snow, less rain Less need for snowmaking Po s i t i v e

Less water available for snowmaking due to
l o wer stream flow N e g a t i v e

Potential reduction in skier visitation at 
r e s o rts if snowfall events are more frequent N e g a t i v e

Need for and reliance on snowmaking
storage ponds—change undefined ?



Co n cl u s i o n
Assessing soc i oecon omic implicati ons of cl i m a te ch a n ge in the
forest sector is a daunting task. Because ti m ber and rec re a ti on
m a rkets functi on on a regi onal basis, eva lu a ting ch a n ge re-
qu i res esti m a tes of ch a n ge in regi onal cl i m a te s , wh i ch are sti ll
qu i te uncert a i n . Moreover, h ow veget a ti on and water re-
s o u rces wi ll re s pond over time to a ch a n ging cl i m a te is un-
cert a i n . Com m ercial forests are mod i f i ed at ra tes of 2% to 4%
of a rea per year by ti m ber harve s ti n g, and planting is loc a lly
i m port a n t . Al s o, con s i dera ble ef fort has been ex pen ded to un-
derstand carbon stora ge in forests and in wood produ cts and
opti ons for using woody bi omass for en er gy. In corpora ti n g
su ch human influ en ces in models is cri ti c a l . Over cen tu ry - l on g
time spans, n a ti onal and regi onal pop u l a ti on s ,i n com e s ,a n d
demand for wood produ cts wi ll ch a n ge , with a wi de ra n ge of
u n cert a i n ty. Cl i m a te - ch a n ge ef fects seem likely to be small by
com p a ri s on . F i n a lly, i n tern a ti onal trade is important for
m a ny forest produ cts and for rec re a ti on , and could well be af-
fected by cl i m a te ch a n ge s .

For outdoor rec re a ti on , wh i ch is a major forest use, form a l
m odeling of cl i m a te - ch a n ge ef fects has barely beg u n . Non et h e-
l e s s , ex i s ting inform a ti on su ggests many po s s i ble ef fect s . Th e
example of ski areas illu s tra tes the com p l ex i ty of cl i m a te -
regime ef fects and illu s tra tes the key ad a pt a ti on of s n ow-
making as a coping stra tegy.

Cu rrent soc i oecon omic modeling capabi l i ties can be vi ewed
as firs t - gen era ti on tools useful for understanding probl em
s tru ctu re and for analyzing improved veget a ti on forecasts as
t h ey are devel oped .E con omic models gen era lly pred i ct that,
u n der cl i m a te ch a n ge , total US forest inven tories wi ll in-
c re a s e , ti m ber harvests wi ll incre a s e , and produ ct pri ces wi ll
dec rease rel a tive to an assu m ed stable cl i m a te .Al t h o u gh over-
a ll market wel f a re tends to incre a s e , s ome models pred i ct
that con su m ers gain from cl i m a te ch a n ge while landown ers
in some regi ons lose. Su ch distri buti onal impacts can be an-
a ly zed furt h er with these too l s . Ch a n ges in pri ces can miti ga te
m a ny of the most dra m a tic con s equ en ces of cl i m a te ch a n ge
in produ ct markets by signaling produ cers and con su m ers to
ch a n ge beh avi or. Ma rket ad a pt a ti on invo lves a wi de ra n ge of
activi ti e s ,i n cluding rep l a n ting forests that have died back ,s h i f t-
ing harvests from one regi on or species to another, ch a n gi n g
land uses, and devel oping new tech n o l ogi e s . This em ph a s i s
on the many pathw ays for po ten tial ad a pt a ti ons is a more im-
portant re sult than the particular nu m erical esti m a te s , wh i ch
wi ll be revi s ed with improved inform a ti on .

Re s e a rch to date has shown the import a n ce of ad a ptive
m echanisms in markets re s ponding to cl i m a te - ch a n ge impact s .
However, a ny tem pt a ti on to rely on current nu m erical esti-
m a tes of s oc i oecon omic impacts in making policy dec i s i on s
should be re s i s ted . In su m m a rizing the current state of
s oc i oecon omic assessment for po l i c ym a kers , overcon f i den ce
and overs i m p l i f i c a ti on must be avoi ded . As current model s
a re improved , t h ey wi ll become incre a s i n gly powerful too l s
for policy simu l a ti ons and for providing a deeper under-
standing of the bi o l ogical and social interacti ons shaping
fore s t s . Fu rt h erm ore , the role to be played by econ omic in-

form a ti on in making policies abo ut lon g - term envi ron m en-
tal ch a n ge remains mu ch in deb a te (Portn ey 1999).

E con omics inva ri a bly moves from analyzing econ om i c
processes and measu ring pri ce and income ch a n ges to su g-
ge s ting wh i ch outcome or policy is most de s i ra bl e . Som e
people might not con s i der the com p l ete loss of alpine eco s ys-
tems in the Un i ted States a po s i tive devel opm en t . Le a rning that
“the aggrega te of con su m er and produ cer su rp lus of wood
produ cts wi ll be high er ”m ay not ch a n ge their vi ew. It may be
po s s i ble to derive an “ex i s ten ce va lu e” for the alpine eco s ys-
tem using econ omic met h ods (Sw a n s on and Loomis 1996).
Finding a com m on metric for ef fects on lu m ber markets and
ef fects on alpine meadows ,h owever, wi ll remain elu s ive .
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