
take that is not being made by the other 
major industrial countries, whether export- 
ers or importers. While most bilateral re- 
search, development, and education pro- 
grams have as their central purpose the ad- 
vancement of the recipient country, many 
of the best of these foster the mutual inter- 
ests of the two countries involved. 

Summary 

The United States has a large potential 
capacity for increasing the supply of re- 
newable materials that could substitute for 
scarce nonrenewables or for renewables in 
foreign jurisdictions. It has not elected to 
give high priority to this development. If 
such a goal were viewed as a desirable na- 
tional policy, several actions would be in- 
dicated. The national forest survey could 
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be improved to provide a better basis for 
assessment of current reserves and long- 
term production capacity. Federal and 
state land use policies could emphasize the 
importance of encouraging materials pro- 
duction on the most productive forest sites. 
The research needed to improve product 
yields from renewable raw materials and 
to advance cost-effective technologies 
could be encouraged at government labo- 
ratories and in the universities pursuing 
these lines of research. 

Given the possibilities of sudden change 
in resource price and availability on the 
world market, it would be prudent for the 
nation to improve its options for sub- 
stitution of domestic renewable materials 
for foreign nonrenewable materials. Rapid 
substitution is not feasible if the essential 
foundation in science and technology has 
not been fostered in advance. 
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Forests are estimated to cover 33 per- 
cent of the land surface and 10 percent of 
the total surface of the earth. In terms of 
the world net primary production, they ac- 
count for 67 percent of all dry matter pro- 
duction on land and 45 percent of the total 
produced on both land and water (1). 

If we define as timber the merchantable 
stems or boles of trees in the forest at least 
5 inches (12.7 centimeters) in diameter at 
breast height, including all the wood above 
a 1-foot stump and extending up to a 4- 
inch top (this is the definition of round- 
wood used in the forest survey of the U.S. 
Forest Service) it would appear that ap- 
proximately half of the total biomass pro- 
duced by the forest is timber (2). Roughly 
20 to 25 percent of all photosynthetic mat- 
ter produced on earth is accounted for by 
this one product. 

From a biological point of view, timber 
(or more strictly speaking, wood) as a 
renewable natural resource has great po- 
tential. From an economic point of view, 
however, many factors operate to reduce 
the use of wood and indeed the use of for- 
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ested land to produce wood under intensive 
management. These are the subjects of this 
article. 

The overall biological potential of the 
forests of the United States can be most 
simply expressed in terms of the area of 
land devoted to the growing of trees to be 
utilized as wood or timber and the average 
growth of wood per unit area under differ- 
ent intensities of management. The total 
productive potential is the product of the 
two. Economic and institutional consid- 
erations will determine in large part that 
portion of the potential forest acreage that 
will actually be utilized and the degree of 
management intensity that will in fact be 
practiced. 

Area of U.S. Commercial Forest 

One-third of the land area of the United 
States or 754 million acres (305 x 106 ha) 
was classified as forest land in 1970 (3), of 
which two-thirds or 500 million acres 
(202 x 106 ha) is commercial timberland 

ested land to produce wood under intensive 
management. These are the subjects of this 
article. 

The overall biological potential of the 
forests of the United States can be most 
simply expressed in terms of the area of 
land devoted to the growing of trees to be 
utilized as wood or timber and the average 
growth of wood per unit area under differ- 
ent intensities of management. The total 
productive potential is the product of the 
two. Economic and institutional consid- 
erations will determine in large part that 
portion of the potential forest acreage that 
will actually be utilized and the degree of 
management intensity that will in fact be 
practiced. 

Area of U.S. Commercial Forest 

One-third of the land area of the United 
States or 754 million acres (305 x 106 ha) 
was classified as forest land in 1970 (3), of 
which two-thirds or 500 million acres 
(202 x 106 ha) is commercial timberland 

according to the definition established by 
the U.S. Forest Service. This provides that 
such lands are capable of growing at least 
20 cubic feet of timber per acre per year 
(1.4 m3 per hectare per year) and are not 
legally withdrawn from the possibility of 
timber harvesting (such as wilderness area) 
(4). The definition is thus in part biological 
in that it is based upon potential growth 
per unit area and in part legal in that it ex- 
cludes productive land legally withdrawn 
from use. It is in no sense economic, and 
thus the term "commercial" is a misno- 
mer. 

The commercial forest base of 500 mil- 
lion acres will change as a result of addi- 
tional withdrawals of forest land, clearing 
of forests to convert land to agricultural 
use, abandonment of agricultural land to 
forest use, and clearing of forests to con- 
vert land to urban or industrial use. 

Some 20 million acres (8 x 106 ha) of 
productive timberland is currently used for 
parks, wilderness, and other purposes not 
compatible with the harvesting of trees for 
timber. Substantial political pressures cur- 
rently exist to withdraw additional forested 
lands from timber production. At present 
there are some 12.3 million acres 
(5 x 106 ha) in the National Wilderness 
Preservation System, 93 percent of which 
is in the national forests and much of 
which would not be classified as com- 
mercial forest because of the slowness of 
growth. 

The area of formally designated wilder- 
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ness will undoubtedly increase. As of July 
1975, 112 proposals for additional wilder- 
ness covering 26 million acres (10.5 x 
106 ha) were before Congress, while 316 
other areas totaling in excess of 13 million 
acres (5 x 106 ha) were under study by 
the National Park Service and the Forest 
Service (4). Alternative goals being consid- 
ered for Forest Service's Renewable Re- 
source Program range from a total Na- 
tional Forest Wilderness target of 17.3 to 
41.0 million acres (7 x 106 to 17 x 106 ha). 
If this system were expanded to 28.5 mil- 
lion acres (11.5 x 106 ha), and if half of the 
withdrawals were from commercial forest 
land, somewhere in the neighborhood of 8 
to 9 million acres (3 to 4 million ha) would 
be withdrawn from our commercial forest 
land base. Wilderness designations within 
the national parks would not affect this 
base because these lands had already been 
classified as nonavailable for timber har- 
vesting. On the other hand, there are very 
real possibilities that additional lands will 
be purchased by the federal government in 
the eastern United States for use as nation- 
al wilderness, adding up to a loss of per- 
haps 10 million acres. This, added to the 5 
million acres in the Rocky Mountains dis- 
counted because of inaccessibility (3), re- 
duces the effective commercial base forest 
to 485 million acres (196 x 106 ha). 

Marginal lands continue to move from 
forest to agriculture and vice versa. The 
Forest Service (5) estimates that from 
1962 to 1970, 3 million acres (1.2 x 106 ha) 
of former agricultural land was converted 
to forest in the mid-Atlantic states while 7 
million acres (3 x 106 ha) of forest was 
cleared, largely for farming, in the South. 
There, much clearing of commercial tim- 
berland for soybean and other crop pro- 
duction has taken place in recent years on 
the floodplains of the Mississippi and other 
rivers. In addition, extensive areas of forest 
uplands were converted into pasture. If the 
net loss of timberland to farming has been 
approximately 4 million acres in 8 years, 
we project, over the next five decades, a 
loss of 20 million acres (8 x 106 ha) of 
forest, presumably all of it classified cur- 
rently as commercial timberland. 

Finally, in all regions of the United 
States, sizable areas of forest lands have 
been lost to suburban development, high- 
ways, rights-of-way, reservoirs, and other 
nontimber uses. We estimate a total loss of 
10 million acres from these sources over 
the next 50 years. 

Add these two sources together and we 
project that the commercial timberland 
base would be further reduced to 455 
million acres (184 x 106 ha) by approxi- 
mately the year 2020. The comparable 
U.S. Forest Service projection is 475 mil- 
lion acres by 2020 (3). In addition, as dis- 
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cussed below, substantial acreages classi- 
fied as commercial forest land will not in 
fact be used to grow timber for commercial 
use because the owner either does not wish 
to or cannot profitably manage his land for 
that purpose. 

Expected Changes in Forest Productive 

Potential 

Since the future productivity of the for- 
ests of the United States is estimated by 
multiplying the area of commercial forest 
land by the expected mean growth or in- 
crement per unit of area, the question nat- 
urally arises as to the effect that the reduc- 
tion of the commercial forest area from 
495 million acres to 455 million acres will 
have on the mean productivity of these 
lands. In its national forest survey (3), the 
U.S. Forest Service recognizes five site 
classes or productivity classes of land ac- 
cording to the potential mean annual in- 
crement of the native forests if they fully 
occupied the site. More precisely, site is 
categorized by the mean growth in cubic 
feet per acre per year at culmination of 
mean annual increment. Site class I con- 
sists of land capable of growing, per year, 
165 cubic feet per acre (11.6 m3/ha) or 
more; site II, 120 to 165 cubic feet per 
acre (8.4 to 11.6 m3/ha); site III, 85 to 120 
cubic feet per acre (6.0 to 8.4 m3/ha); site 
IV, 50 to 85 cubic feet per acre (3.5 to 6.0 
m3/ha); and site V, 20 to 50 cubic feet per 
acre (1.4 to 3.5 m3/ha). Since there is much 
more poor than good site land, the average 
potential productivity of the current com- 
mercial forest land base is estimated to be 
74 cubic feet per acre per year (5.2 m3 per 
hectare per year), a figure well within site 
IV. 

Of the 40 million acres estimated to be 
withdrawn from the commercial forest 
land base, the 10 million acres withdrawn 
for wilderness and similar purposes will be 
predominantly from the lower sites, since 
the terrain desired for this use, picturesque 
unroaded land in mountainous and hilly 
country, generally has relatively low tim- 
ber growth potential. On the other hand, 
the 20 million acres estimated to be with- 
drawn from the commercial forest land 
base for agricultural purposes will be pre- 
dominantly from the better sites. They will 
not be from site I forest lands, for these are 
primarily located in the Pacific Northwest 
and are under relatively little pressure for 
conversion to agricultural land, but they 
will be from site II and III forest lands in 
the southern states, much of which are 
presently covered by bottomland hard- 
wood forest. Withdrawals for non- 
agricultural use such as for suburban de- 
velopment and rights-of-way will be gener- 

ally unrelated to site quality. These lands 
thus are presumed to average near the 
present mean in terms of forest productiv- 
ity. The net result of these withdrawals for 
wilderness and recreation, agriculture, and 
development thus may be a slight reduc- 
tion in average productivity of the lands 
classified as commercial forest in 2020. In 
our rough model, we assume an average 
growth in 2020 of 71 cubic feet per acre per 
year (5.0 m3 per hectare per year). 

Yield of U.S. Commercial Forest 

The current net annual growth of the 
495 million acres presently classified as 
commercial forest in the United States is 
estimated by the U.S. Forest Service (3) to 
be 38 cubic feet per acre (2.7 m3/ha). 
Multiplying the mean annual increment by 
the area to which it applies gives a current 
estimate of net growth of 18.6 billion cubic 
feet per year (530 x 106 m3/year) for the 
United States as a whole. 

Volume data can be approximately con- 
verted into dry weight equivalents on the 
basis of 27.4 pounds per cubic foot (438 
kg/m3) for softwoods (gymnosperms such 
as pine, spruce, and fir) and 32.8 pounds 
per cubic foot (525 kg/m3) for hardwoods 
(angiosperms such as oak, maple, birch, 
and aspen). The conversions are based on 
green volume and oven-dry weight. On the 
basis of the present mix between hard- 
woods and softwoods, the conversion fac- 
tor is 29 pounds per cubic foot (467 kg/m3) 
for all species. 

In its recent study (3), the U.S. Forest 
Service has projected the growth of forests 
at 10-year intervals to the year 2020 by as- 
suming a continuation of 1970 levels of 
forest management (3)-that is, that silvi- 
cultural treatments of the forest will main- 
tain the levels of the late 1960's in terms of 
acreage treated and dollars expended. The 
cultural practices include forest fire con- 
trol, insect and disease control, planting 
and natural reforestation, timber stand im- 
provement, fertilization, assistance to pri- 
vate landowners, research, and road con- 
struction. 

Under these assumptions, the acreage of 
commercial forest land is projected to drop 
from 500 million acres (202 x 106 ha) in 
1970 to 485 million acres (196 x 106 ha) in 
2000. Net growth per acre per year is ex- 
pected to increase from a present 38 cubic 
feet per acre (2.7 m3/ha) to 41 cubic feet 
per acre (2.9 m3/ha) by 2000, an increase 
of 8 percent. The total net growth of the 
U.S. forests would then rise from a present 
18.6 billion cubic feet (530 x 106 m3) to 
19.6 billion cubic feet (555 x 106 m3) by 
2000, an increase of about 5 percent. 

Since these projections assume a contin- 
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uation of 1970 levels of management, it 
follows that the increased production per 
acre is presumed to arise from such factors 
as the conversion of slow-growing old- 
growth timber to faster-growing young- 
growth, and from improvement of stocking 
from continued planting and natural re- 
generation. 

The U.S. Forest Service estimates po- 
tential productivity of forest lands through 
the use of normal yield tables which give 
the estimated volume of even-aged forest 
stands that fully occupy the ground at a 
given age and on a given site quality. On 
this basis, the potential growth of U.S. 
commercial forest lands is 74 cubic feet per 
acre (5.2 m3/ha), or 95 percent greater 
than the present average net annual 
growth. 

The normal yield table approach, how- 
ever, has distinct shortcomings. First, it as- 
sumes that forests are managed as even- 
aged stands and does not adequately assess 
potential growth of stands managed on an 
uneven-aged basis. Second, yield tables are 
often developed from measurements of 
temporary sample plots which are sub- 
jectively chosen as appearing as fully 
stocked as possible; this introduces an ele- 
ment of bias as well as the possibility that a 

younger stand so chosen will not necessari- 
ly develop into the same dimensions as an 
older stand. Yield tables do not predict 
adequately the growth of stands that are 
stocked less or more than the "normal" 
plots. Most American normal yield tables 
do not provide an adequate basis for esti- 
mating the growth of managed stands. 
Managed stand yield tables derived from 
the repeated measurement of permanent 
sample plots, are greatly needed to sup- 
plant the current yield tables for un- 
managed stands derived from data on sub- 
jectively chosen temporary sample plots. 

The Forest Service estimate that the po- 
tential growth of U.S. forests is 95 percent 
greater than the current growth is also sus- 
pect because of the estimation method. 
Current growth is estimated by stand-table 
projection methods involving the measure- 
ment of the width of growth rings taken 
through increment cores and correction of 
gross growth estimates thus obtained to 
net growth through estimates of future 
mortality, the latter being a low precision 
procedure at best. Differences between the 

growth estimates thus derived and esti- 
mates of forest productivity obtained 
through the use of yield tables may be due 
in part to differences in methodology. 

Nonetheless, we know that potential 
growth is much greater than current 
growth. Much of the western commercial 
forest land is still covered with old-growth 
forests for which net growth is negligible 
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because the rate of mortality approximates 
the rate of wood growth in the surviving 
trees. In addition, over 20 million acres 
(8 x 106 ha) of our commercial forest 
lands are currently without trees, and 
much of the remainder is only partially 
stocked with trees. 

Actual yields over large areas will never 
reach the level predicted from carefully se- 
lected sample plots. Inevitably, holes in the 
forest canopy will be created by rocky or 
wet spots on the ground, by the death of 
occasional trees that cannot be harvested, 
by the random presence of slow-growing 
species, and by human occupancy and use. 
In Sweden, actual yield under intensive 
management has been estimated at 90 per- 
cent of that estimated from yield tables (5). 
Lacking similar data in the United States, 
we may use this figure for an approxima- 
tion. 

Bearing these limitations in mind, we 
take 90 percent of our 2020 estimate of 71 
cubic feet per acre as our first estimate of 
the potential net productivity of U.S. for- 
ests. For a forest land base of 455 million 
acres, a growth of 64 cubic feet per acre 
will yield an annual biological production 
of 29.i billion cubic feet per year 
(820 x 106 m3/year). This is the estimated 

growth of stem wood merchantable by cur- 
rent standards if all commercial forest land 
were fully stocked with an even distribu- 
tion of age classes, these stands were har- 
vested at the culmination of mean annual 
increment, and there were no thinning or 
other cutting in the forest before the final 

clear-cutting of the even-aged stands. In 
short, it is a rough estimate of the maxi- 
mum net growth possible from American 
forests if they were managed only to be as 

fully stocked as possible. 
Obviously, we have the capability of ap- 

plying known silvicultural techniques to 

substantially increase the harvestable 

growth of our forests. The potential bio- 

logical productivity of U.S. forests under 
intensive management has been assessed in 
broad terms on a countrywide basis (6). In 
this recent study, it was assumed that in- 
tensive management would involve prac- 
ticable but not necessarily economically 
profitable programs for (i) site improve- 
ment through fertilization, drainage, and 

irrigation; (ii) conversion of existing slow- 

growing inferior forests to faster-growing 
forest types; (iii) improvement of stocking 
through reforestation; (iv) introduction 

through planting of genetically faster- 

growing trees; (v) stimulation of growth of 
desired species through weeding back of 

competing trees; (vi) recovery of a larger 
share of the gross growth through thin- 

nings to salvage trees before they die; and 
(vii) reduction of losses from fire, insects, 

and diseases through better forest protec- 
tion. 

The gains in forest productivity through 
the widespread application of the above sil- 
vicultural practices are substantial. In 
terms of percentage increment nationwide, 
they are summarized as follows. 

The practicability of applying nitrogen 
fertilizers in the Pacific Northwest and of 
coupling potash fertilization with drainage 
of wet pinelands in the South has been am- 
ply demonstrated. If 10 percent or 50 mil- 
lion acres of commercial forest land can be 
similarly treated to increase growth by 15 
percent, the average growth on all forest 
lands would be increased by 1.5 percent. 

Conversion of existing forests to suitable 
faster-growing types also would result in 
increased forest productivity. If we assume 
that 30 million acres of slower-growing 
hardwoods were to be converted by clear- 
cutting and planting with faster-growing 
southern pines, Douglas fir, and other con- 
ifers, and predict an increased yield of 50 
percent in such cases, the average net gain 
would be 3 percent for the commercial for- 
ests as a whole. 

Major gains from improved genetic se- 
lection apply only to species, primarily 
conifers, that are managed by clear-cutting 
and planting. If we project that 30 million 
acres will be converted from hardwoods to 
softwoods, 20 million acres of nonstocked 
land will be afforested, growth of Douglas 
fir and other conifers will continue on 30 
million acres in the Pacific Northwest, and 

growth of southern and eastern pines will 
continue on 70 million acres, 150 million 
acres would be available for planting with 

genetically improved stock. If this con- 
version were scheduled over a 50-year peri- 
od, 3 million acres could be so forested 
each year. With a postulated growth gain 
of 1 percent per year, the net growth im- 

provement would be 7.5 percent for U.S. 
forests as a whole. 

Intermediate treatments such as weed- 
ing to provide adequate growing space for 
the desired tree species and thinning to sal- 

vage trees that would die so as to concen- 
trate the growth on the most desirable 
stems can be expected to produce har- 
vestable yield increases of 25 percent. 

In 1970, the net annual growth of our 
commercial forests was 18.6 billion cubic 
feet, or 80 percent of what it would have 
been were it not for an estimated mortality 
in the same year of 4.5 billion cubic feet. In 
its recent report (3), the Forest Service 

projects a continued 20 percent loss from 
mortality. It seems reasonable that this 
loss could be reduced to 15 percent with 
more intensive protection against losses 
from fire, insects, and disease. 

A realistic level of forest productivity 
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under widespread intensive management 
can be estimated by beginning with the 
Forest Service projection for potential 
growth computed from yield tables and 
adding or subtracting the following: 

Holes in the forest canopy 
Fertilization and drainage 
Conversion of forest type 
Genetic improvement 
Weeding and thinning 
Mortality losses 

-10 percent 
+ 1.5 percent 
+ 3 percent 
+ 7.5 percent 
+25 percent 
-15 percent 

The potential growth for 2020 of 71 cubic 
feet per acre per year would thus be adjust- 
ed upward by 7.5 percent (0.90 x 1.015 x 
1.03 x 1.075 x 1.25 x 0.85) to 76 cubic 
feet per acre per year (5.3 m3 per hectare 
per year). 

For a commercial forest land base of 
455 million acres, therefore, the potential 
productivity of U.S. forests would be 34.6 
billion cubic feet per year (980 x 106 m3/ 
year). This would be approximately twice 
the present net growth and two and one- 
half times the current (1970) net removals 
of 14 billion cubic feet. This estimate rep- 
resents the maximum biological productiv- 
ity of American forests if present levels of 
silvicultural technology were widely prac- 
ticed. It could not be attained until ap- 
proximately 50 years after the initiation of 
such practices at the levels indicated. Poli- 
cy and economic considerations to be dis- 
cussed below will inevitably limit the at- 
tainment of this biologically feasible po- 
tential. 

The estimated nationwide potential net 
growth of 80 cubic feet per acre of com- 
mercial forest land per year is for the mer- 
chantable portion of the stem only. Were 
the stump, top, bark, and branches of the 
trees in the forest to be utilized at time of 
harvest as well, the yield of forest products 
would be increased by approximately 40 
percent. Thus the potential yield would be 
approximately 110 cubic feet per acre per 
year (8 m3 per hectare per year), a volume 
that would produce about 3200 pounds 
(1450 kg) of biomass dry weight per acre 
per year. 

Restraints on Use of Commercial Forest 

We noted above that some forest cov- 
ered land is excluded from classification as 
commercial forest either because of low 
natural productivity or by legal withdraw- 
al. Now some additional economic and in- 
stitutional restraints on attaining full bio- 
logical potential must be noted. 

The economic potential for timber 
growing is limited by the fact that on sites 
of lesser productivity the real cost of grow- 
ing wood may exceed the real value of the 
wood produced. Where this is the case, 
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whether on public or private land, any ex- 
penditure to grow trees will be socially 
wasteful. Thus, some areas which have sig- 
nificant biological potential for wood pro- 
duction are economically submarginal for 
such production in the light of prospective 
conditions of wood demand and supply. 
Precise identification of the economic mar- 
gin for timber growing is surrounded by a 
great deal of uncertainty. Since marginali- 
ty depends on the market value of an out- 
put which will only be marketable after 
several decades, identification of the mar- 
gin depends on an estimate of what de- 
mand for timber will be a great many years 
in the future-an estimate beset with un- 
certainty about future levels of population 
and income, long-term changes in tastes, 
technology, the availability of substitutes, 
and a wide array of other factors. 

Despite these uncertainties, both the log- 
ic of determining the nation's economic 
potential for timber growing and the prac- 
tical necessity of deciding where and when 
to grow wood requires that future wood 
markets with all their uncertainties be as- 
sessed, albeit with caution. Under con- 
gressional directive, the U.S. Forest Ser- 
vice has conducted repeated studies of the 
outlook [for example, (3, 7)]. In general, 
these timber-demand projections have 
stood up well both in comparison with in- 
dependent analyses of others and, in the 
case of some of the older efforts, with ac- 
tual realizations at termination of the fore- 
cast period. Thus, use of such projections 
as a basis for estimating economic poten- 
tial is warranted, provided one recognizes 
the uncertainty inherent in them. 

The most recent Forest Service study es- 
timates a market for industrial roundwood 
in the United States in the year 2020 of 
about 28 billion cubic feet (790 x 106 m3) if 
1970 prices were still to obtain (5). This 
represents a little more than a doubling of 
demand for wood over the next 50 years. 
(Since this is a projection of demand and 
since prices of wood are generally expected 
to rise significantly, it should not be in- 
ferred that consumption of wood is likely 
to double.) The price elasticity of long-run 
demand for wood products has been little 
studied but seems likely to lie in the range 
-0.5 to -0.75 (8). Using assumptions con- 
sistent with this view of the demand out- 
look, three recent studies have explored the 
economic potential in various forest situ- 
ations. Vaux (9) found that, with some 
variations due to species, site productivity 
class V was submarginal in California, as 
were the more costly portions of class IV. 
A comparable conclusion would follow 
from Clawson's work on the Pacific 
Northwest and the South (10). Similarly, 
Montgomery et al. (11) found that with 

relatively intensive forest plantation man- 
agement in Georgia, timber-growing in- 
vestments on site V land would, in most 
cases, be unlikely to yield returns sufficient 
to cover costs. 

In light of these evaluations, perhaps 15 
percent of the aggregate biological poten- 
tial for wood production (that on site V 
and low site IV land) is submarginal for 
economic production at least in relation to 
a 50-year future time horizon. (This may 
not mean, however, that all of this 15 per- 
cent is lost to society. Most forest land, 
even if it is of the poorest productivity, and 
is not under any form of economic timber 
management, will produce some wood pro- 
vided only that it receives effective protec- 
tion against wildfires and pest epidemics. 
Since such land is likely to receive this kind 
of protection in order to maintain its non- 
timber values, a modest fraction of the 
wood potential from submarginal timber 
growing land may well be available.) We 
conclude that the economic potential for 
wood growth under the management re- 
gimes outlined earlier is 29.4 billion cubic 
feet per year (830 x 106 m3). 

The extent to which this economic po- 
tential will be realized depends on the atti- 
tudes and intentions of the forest owners 
and on the institutional environment in 
which they make their management deci- 
sions. There are more than 4 million such 
owners in the United States (7), with wide- 
ly divergent ownership objectives and sub- 
stantially differing degrees of managerial 
effectiveness. Full economic potential is 
most likely to be realized on lands owned 
by forest products industries. Land in in- 
dustry holdings comprises 17 percent of 
such potential. An additional 25 percent is 
in various forms of public ownership, two- 
thirds of which is in the National Forest 
System. Most public forest land having 
economic potential for wood production is 
managed under the multiple use policy, 
which means that realization of portions of 
the wood-growing possibilities may be de- 
liberately foregone in order to maintain al- 
ternative forest values such as recreation. 
Any present judgment as to the magnitude 
of this impact is highly speculative. On a 
number of western national forests, 40 to 
55 percent of the commercial forest land 
currently is managed for objectives which 
limit full realization of the economic po- 
tential for timber. Due to these constraints 
from competing land uses, perhaps 75 per- 
cent of that potential might be attainable 
in the future on the public forests. 

The bulk of the economic wood-growing 
potential (58 percent) is on private non- 
industrial ownerships. Such ownerships 
defy generalized description because of 
wide variations in ownership intents, size 
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of holding, and managerial skill (12). For- 
est Service estimates in 1973 indicate that 
only about 5 percent of these ownerships 
are intensively managed for timber grow- 
ing, that about 15 percent are held for pur- 
poses generally incompatible with timber 
growing, and that on the remaining 80 per- 
cent wood-growing potential is at present 
being only partly utilized. The extent to 
which such utilization may improve in the 
future will depend largely on economic and 
institutional factors to be mentioned be- 
low. Without future improvement in these 
factors we would expect farm and miscel- 
laneous ownerships actually to realize little 
more than the 49 percent of total potential 
they were achieving in 1970. In the ab- 
sence, then, of substantial economic and 
institutional change, practically realizable 
yields within the 50-year time horizon ap- 
pear to be constrained to 19.0 billion cubic 
feet (540 x 106 m3). Although this figure is 
more than a third higher than the 1970 lev- 
els of removals, it is only two-thirds of the 
level of consumption to be expected if real 
prices of wood remain constalnt. Hence, fu- 
ture continuation of the t 'itoric rising 
trend of real prices of wood -s :,enerally ex- 
pected. 

The prospect of such price rises could 
conceivably lead to fuller realization of 
economic potential on farm and miscella- 
neous ownerships, to significant further in- 
tensification of management on industrial 
forests, and to some shift in public forest 
management objectives toward greater 
emphasis on timber growing, at least on 
the better sites. As we have seen, there is 
room within the constraint of economic 
marginality to meet the prospective 50- 
year demand expansion fully, provided 
price prospects stimulate the necessary 
timber-growing response. If they do not, 
actual realization of substantially higher 
prices will serve to constrain consumption 
and hold it close to the level of 19 billion 
cubic feet (540 x 106 m3). Which of these 
outcomes is realized will depend largely on 
what public forest policies are pursued dur- 
ing the next two or three decades and how 
those policies influence the long-term tim- 
ber-growing efforts of various classes of 
forest owners. The possibilities may be 
suggested by outlining two alternative sce- 
narios from among the innumerable pos- 
sible ones. 

A scenario which assumes continuation 
of present forest policies would lead to lev- 
els of wood consumption at the end of 50 
years on the order of 19 billion cubic feet, 
accompanied by real prices for industrial 
roundwood at perhaps twice present levels. 
The social costs of such an outcome would 
have to be measured both in terms of the 
resultant higher costs for wood-based con- 

sumer goods and in terms of expanded use 
of wood substitutes. Such substitutes are 
derived mainly from nonrenewable re- 
sources, chiefly metals and plastics. There 
is at least some evidence that many such 
substitute materials may have higher ener- 
gy requirements and have more serious en- 
vironmental impacts associated with pro- 
duction of a given utility than those asso- 
ciated with production of the same utility 
from wood. These considerations suggest 
the wisdom of a forest policy looking to- 
ward fuller utilization of the economic 
wood potential. 

A second scenario could result from 
public policy changes designed to stimulate 
fuller utilization of existing economic po- 
tential for timber growing. More intensive 
timber management will require large 
amounts of capital. Forest Service prelimi- 
nary studies have identified capital invest- 
ments needed for such intensification rang- 
ing from $40 to $80 per acre, with asso- 
ciated increases in yield of 75 to 125 cubic 
feet per acre treated. Thus, to raise output 
50 years hence by 1 billion cubic feet 
(28 x 106 m3) would require new timber- 
growing investment in the near future on 
the order of $600 million. A major source 
of underutilization of productive potential 
on both national forests and farm and mis- 
cellaneous ownerships has been lack of an 
adequate level of capital investment. In the 
national forest case, the needed appropria- 
tions of federal funds simply have not been 
made. Inefficient size of ownership, meager 
access to capital, uninsurable risks, and ad- 
verse local tax systems are among the sig- 
nificant deterrents to forestry investments 
on nonindustrial private ownerships. Poli- 
cy changes in these areas leading to expan- 
sion of forestry investment by $2 billion to 
$3 billion over the next two decades would 
increase wood yields 50 years hence by 3 
billion to 5 billion cubic feet. This would 
moderate the expected wood price rise to 
perhaps a 50 percent increase. The social 
costs of this alternative would be in the 
form of alternative investment opportu- 
nities foregone from commitment of the 
additional $2 billion to $3 billion to for- 
estry and probably some modest reduction 
of recreational and amenity values on pub- 
lic lands. 

Conclusion 

The preceding assessment may be reca- 
pitulated in terms of the following esti- 
mates: 

Biological potential from fully stocked 
stands, 29.1 billion cubic feet per year 
(820 x 106m3/year). 

Biological potential with more intensive 

management, 34.6 billion cubic feet per 
year(980 x 106 m3/year). 

Economic potential under more inten- 
sive management, 29.4 billion cubic feet 
per year (830 x 106 m3/year). 

Economic potential under existing 
institutional constraints, 19.0 billion cubic 
feet per year (540 x 106 m3/year). 

Future domestic demand for wood falls 
somewhere between the last two of these 
estimates. Whether consumption 50 years 
hence will be close to the higher or to the 
lower estimate will depend on what forest 
policies are pursued, particularly over the 
next two or three decades. Prompt adop- 
tion of policies designed to stimulate tim- 
ber-growing investment on a very sub- 
stantial scale could result in more moder- 
ate increases in wood prices accompanied 
by future consumption levels in the neigh- 
borhood of 28 billion cubic feet (790 x 106 
m3). In the absence of such a stimulus to 
investment, future consumption is unlikely 
to exceed 19 billion cubic feet (540 x 106 
m3) with real wood prices double their 
present level. Achieving the higher of these 
two levels will involve large capital invest- 
ments and consequent costs in terms of the 
other programs foregone plus at least a 
modest sacrifice of some recreational and 
amenity values. The lower alternative in- 
volves significant social costs in terms of 
higher prices of wood products to con- 
sumers, lower levels of product consump- 
tion, and significant substitution of nonre- 
newable materials (with potentially higher 
energy requirements) to provide consumer 
utilities which could, under the alternative 
policy, be readily supplied by wood. 
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