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Intensive, Extensive, and Optimal Development of Forestlands 

Forest industries and forest trade have played 
an important role in the economic history of 
many countries. Because the trees stand in the 
way of land use for settlement, the industry is 
often regarded as a by-product of economic 
growth and not as interesting to economists as 
the rise and decline of mineral, fishing, or manu- 
facturing industries. 

The purpose of this paper is to draw attention 
to the special characteristics of the forest and to 
the way that these characteristics have (or ought 
to have) shaped forest-sector development. 

The Economist's View 

The Forest Frontier 
To the researcher considering the role of the 

forest sector in trade and development, a most 
striking characteristic is the neglect of the forest's 
role by the authors of handbooks and mono- 
graphs. General economists have been blind to 
both the trees and the forests in their analyses of 
development of today's emerging economies, a 
blindness that contrasts sharply with their full 
descriptions of agriculture; coal, iron, copper, 

Anthony Scott 

Department of Economics, University of British Columbia, Vancouver, Canada 

What are the major economic considerations for a country with vast undeveloped forestlands? 
The economics literature on forest development has few answers to this question, because authors 
generally have focused solely on either the clearing and use of the forest in support of other sectors of 
the economy or the regeneration and preservation of the trees. Both focuses are incomplete; they do 
not deal with issues that are basic to development of a forest economy. This paper attempts to single 
Out the policy options available and to spell out their effects. 

Quelles sont les perspectives économiques majeures d'un pays qui possède de vastes surfaces 
forestières inexploitées? On trouve peu de réponses à cette question dans la littérature sur l'économie 
forestière, les auteurs préconisant généralement soit le défrichement et l'aménagement des zones 
déboisées au profit d'autres secteurs, soit la régénération et la conservation des arbres. Ces deux 
approches sont incomplètes et ne rendent pas compte de nombreux points essentiels au développe- 
ment de l'économie forestière. La présente communication tente de dégager d'autres alternatives 
possibles, et les incidences éventuelles de leur mise en pratique. 
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and other minerals; water resources; oil and gas; 
and even fisheries. 

Of course, there are good specialists writing 
about forestry. Some of them are present at this 
conference. Furthermore, there are statistical 
organizations, especially at the Food and Agri- 
culture Organization of the United Nations 
(FAO), that keep track of wood growth, produc- 
tion, and trade. But too many of these specialists 
have seen the world's forests as the forum for the 
procurement of wood, cellulose, or timber for the 
markets and industries of other economies. A 
typical subtitle of such a work would be "Patterns 
and trends in resource supplies" supplies to the 
purchasing country. "Policies" may also be men- 
tioned, but they are the restrictive policies about 
cutting, or exporting, that may impede supply to 
users and processors elsewhere. Many of the 
works do not provide the reader with an answer 
to the question of how the see-sawing of logging 
and shipping affects those who gain employment, 
materials, or revenue from the activity on the 
forest frontier. Perhaps the World Bank studies 
of country development prospects are the only 
important exceptions. 
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Within economics, the other class of writer 
should be identified. Forest economics is an old 
subject, the most distinguished, probably, of all 
the resource-economics fields. Since the 18th cen- 

tury, formal theory has been coupled with practi- 
cal writing by those in need of timber, charcoal, 
or household fuel to create a long tradition of 
study of the best conditions for forest protection 
and renewal as well as the best cutting age. But 
this literature, which would turn forestry into a 
branch of agriculture, deals with a minor aspect 
of the headlong progress of Western procurement 
through the mature forests of Europe, South 
Asia, North America, and now the Pacific rim. 

Development: Demand and Supply 
From a nonspecialist's point of view, wood is 

not difficult to find and exploit. Trees and forests 
are ubiquitous, visible, and self-reproducing. 
Almost any tree or limb will do for weapons, 
fence building, and rough structures. Further- 
more, fastidious cabinetmakers, joiners, carpen- 
ters, boat-builders, farmers, and papermakers 
have learned to adapt their procedures and prod- 
ucts to the supplies available. Thus, although 
there is some need for exploration for new forest- 
material sources, the forest-product industries 
are not so completely preoccupied with the pro- 
cess of exhaustion as are the mining industries. 
Indeed, the general progress of the world forest 
industry can be traced with the tools of analysis 
developed by Adam Smith, Malthus, and 
Ricardo for world agriculture, particularly the 
concepts of intensive, and extensive, margins. 
The agricultural parallel is surprisingly close. 

At one time, before the "agricultural revolu- 
tion," wood, clay, and stone were the universal 
materials. As the world's population, incomes, 
tastes, and technologies built up the demand for 
wood and paper products, and as a growing 
demand for farm products led to the conversion 
of forests to farm land, adjustments and adapta- 
tion became necessary. Although consumers sub- 
stituted other materials for wood, especially as 
fuel, harvesters could afford to turn to more 
remote locations, driven by the depletion of old 
stands and drawn by the clearing of newly settled 
regions: this was and is the extensive margin. To a 
certain degree (but less than in agriculture), they 
could also afford to progress along an intensive 
margin in the direction of plantations and 
orchards. But the return on the required silvicul- 
tural and protection systems was low so long as 
the background technology on the extensive 
margin was available. Before investing in forest 
regeneration, it paid to find new materials to 

replace wooden articles, fuels, and fibres. By the 
mid-2Oth century, it is possible to imagine a tech- 
nology freed from dependence on cellulose in any 
form. Technological requirements for every 
wood product are nowadays rarely absolute: 
manufacturers and consumers can be guided by 
price in their choices of inputs. This easy consum- 
er substitution weakened any incentives to invest 
in planting and growing new forests or planta- 
tions. Better to investigate technologies for har- 
vesting on rough terrain. Powerful harvesting 
methods and alternative transportation systems 
have broadened the number of sources from 
which wood can be obtained. The conversion of 
rare species into veneers and of large timbers into 
plywoods and laminates has increased the yield 
per tree. 

This stylized history suggests two important 
forest-industrysupply characteristics that are 
not encountered so overwhelmingly in agricul- 
ture (or, indeed, in mineral production). The first 
is a characteristic of intensive forestry. Because 
the harvest is rotational instead of annual, the 
producer must incur heavy financial (or implicit) 
carrying costs while waiting for the trees to 
mature. There is a crippling capital intensivity 
endurable only when the rotational period is very 
short, interest and other opportunity costs very 
low, or forest benefits extremely high (examples: 
naval supplies of oak, teak, and pine; forests 
grown for the hunt or shelter of other plants or 
animals; aesthetic and hobby-tree growing; pro- 
duction for bark, cascara, nuts, leaves, rubber, 
and syrup; and soil-, water-, or wind-control tree 
belts). Most mature forests have grown naturally 
on lands that have not been needed or on which 
development for other uses would be costly. 
Land preparation, planting, fire control, thin- 
ning, and spacing have rarely (and in most places 
never) been practiced. Forest communities either 
are dependent on other products that flourish in 
the forest (such as game) or are temporary, being 
concerned only with the harvesting of wood. Of 
course, in some regions there is farmingforestry 
in which the people move between harvesting and 
farming and land improvement with the seasons. 
But such equilibria are rare. Even in the most 
primitive areas, industrial wood production is 
not labour-intensive but depends on off-peak 
employment of equipment or animal power; 
farmers treat their wood production as a by- 
product, or spare-time, activity. A minor aspect 
of this is that, in political and national social life 
generally, intensive forest-growing interests are 
rarely as important as the social movements and 
groups that speak for farmers. Those who speak 



for the "forestry industry" are usually connected 
with extraction: cutting, moving, and processing 
both cultivated and "volunteer" stands. 

If one moves from the intensive to the exten- 
sive margin, one finds a second special character- 
istic: "bulk" or great mass per Unit of final value. 
Many of the world's mature forests consist of 
trees that are so large or heavy as to be both costly 
to sever and extremely difficult to transport over- 
land. This "inaccessibility" accounts for their 
survival. To the extent that they escape the 
hazards of flood, disease, and fire and the local 
demand for firewood or farmland, they await 
envelopment within the extensive margin. 

Inaccessíbility and bulk yield to technology 
when the commercial rewards become adequate. 
No tree appears to have been too big to resist the 
patient cutting methods combining hacking, 
stripping, firing, blasting, and uprooting devel- 
oped by even the most undeveloped societies. 

Until this century, logs that were not too large 
were transported whole over long distances by 
draft animals or flotations in rivers and inlets. 
They were processed into lumber or fuel at or 
near the final market. Otherwise, sawmills and 
other plants eliminated the bulk, beginning the 
manufacture of specific products near the forest 
where loads and rafts converged for shipping to 
distant markets. Although some local manufac- 
ture has always been one feature of wood export, 
it has not been the prevailing pattern. At the 
logging site, bulk reduction has usually been 
limited to debarking, delimbing, shortening, or 
squaring. One reason is that logging operations 
continually move but mills do not have the capac- 
ity to follow. Once loaded or floated, timber may 
as well be carried all the way to the final market, 
as innovations overcome the costly transporta- 
tion problems produced by bulk. Rivers are 
cleared and flumes, railways, canals, and roads 
constructed. Thus, the forest frontier, which at 
one time might have been at or near the seacoast, 
gradually pushes into the hinterland and up the 
mountainsides. The extractive industry renews 
and transforms itself more easily than it renews 
the forest. Increasing values challenge the inge- 
nuity of local industry and investors to find ways 
to bring out logs previously thought to be beyond 
reach. The mechanical technology on which they 
can draw is all-powerful. Nothing but cost pre- 
vents the removal of every stick of wood, no 
matter how difficult the location. Heavy-duty 
trucks, tractors, overhead cable systems, helicop- 
ters, and balloons have brought every stand 
within reach, bringing both the labour to the tree 
and the tree to market. Only costs matter. In 
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Harold Innis' language, forestry looks outward, 
to the sea and to foreign markets. It is not a 
society-building industry. 

On the one hand, users have economized on 
the utilization of rare and costly woods, turning 
to more accessible or ubiquitous materials, 
including lower quality woods, but also steel, 
aluminum, cement, and plastics. In the forested 
regions, rising populations and higher standards 
of living have increased local demand for wood 
for fuel and for construction materials. This local 
demand may yield to export demand but more 
often has reduced the amounts offered for 
export, perhaps because local suppliers are not 
able to protect their stands from local and rural 
"poaching." 

On the other hand, the slow growth of trees has 
forced suppliers to turn to increasingly costly 
sources, moving from region to region and spe- 
cies to species. Some investment in regeneration 
has also been undertaken. 

The outcome has been increased prices for 
wood. Locally, wood as fuel and building mate- 
rial has become harder to get. Worldwide, the 
price of timber and pulp has increased steadily 
since the l870s, suggesting that the response of 
substitute products and new harvesting methods 
has been inadequate to keep wood from becom- 
ing a scarce material. 

Although the evidence of increasing wood 
costs is limited for the most part to the United 
States, the USA is a major importer and exporter 
of various forest products. The evidence is strik- 
ing because investigators have found that the 
increasing price trend for forestry is different 
from that of other materials and is considered to 
be indicative of both absolute and relative 
increasing scarcity in that the prices, costs, and 
rents of wood products have all been rising rela- 
tive to those of consumer goods, the GNP price 
index, and the indices for farm, mineral, and fish 
products respectively. Evidently, although U.S. 
consumers have found many replacements for 
wooden materials, the rate of substitution has 
been slow and reluctant. They have been willing 
to pay higher prices, thus justifying the producing 
industry's turning to higher cost sites, salvaging 
lower quality trees, and investing in replacement, 
thinning, and protection (Potter and Christy 
1962; Barnett and Morse 1963; Smith 1979). If 
U.S. trends are similar to those of the rest of the 
world, it is not surprising that the forest frontier 
has moved from Asia and North America and is 
now to be found around the Pacific rim, from 
Alaska and Siberia to New Zealand and South- 
east Asia. 
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Instability 
The pace of development is far from steady. To 

see why, it is useful to consider how the world 
forest-product industry might make unrealisti- 
cally smooth adjustment to expanding demand. 
Growing markets reflect a continually increasing 
consumption of all dimensions and species of 
timber. Producers respond by increased cutting 
from accessible stands and by opening untouched 
mature forests elsewhere. If costs and prices rise, 
old plans are revised, and the industry penetrates 
to more inaccessible stands and invests more in 
the salvage of lower quality trees; in the newly 
opened regions, the industry initially invests 
more in harvesting, transportation, and infra- 
structure than it had in the older, cut, regions. 
Old and new regions can be producing simul- 
taneously, and the transition from one region to 
another can be drawn out, even though the har- 
vesters' philosophy is similar to that in mining: 
cut and get out. Users are comparatively uninter- 
ested in the geographical origin of the lumber 
they buy, relying on their importing merchants' 
and mills' searching and arbitration among a suc- 
cession of exporting regions. 

This model of smooth adjustment to depletion 
and development is quite unrealistic. One reason 
is that the various dimensions and species of trees 
are not perfect substitutes. For example, final 
users do exhibit quality preferences and may 
choose new materials rather than accepting (or 
paying for) the best replacements offered by deal- 
ers. Thus, in some supplying regions, the trade 
may persist in its search for exportable timber for 
many years; in other regions, it may depart after 
only a small percentage of the stands have been 
removed. Cabinet hardwoods provide good 
examples of this selective and jerky progress. 

A second reason is that demand for timber is 
closely associated with cyclical capital-goods 
production of, for example, railway ties; housing; 
falsework; scaffolding; and ships. Consequently, 
worldwide demand may be cyclical. Thus, the 
timber trade does not exert a steady demand but, 
instead, imposes uncertainty and discontinuity, 
forcing harvesters to delay or to accelerate their 
moves to new regions. 

A third reason is that harvesting for export 
may suddenly be reduced to satisfy a new local 
intermediate demand for a reliable flow of wood 
and chips from investors in processing plants. 
This requires the process of cut-and-get-out 
harvesting to be replaced by the longer term 
commitment of existing mature stands. The new 
industries may even motivate regeneration for a 
further cutting cycle. 

A fourth reason is similar to the third: exports 
may be interrupted by new local consumer and 
final demand. In North America for example, 
urban building competed with a marginal foreign 
demand for the same lumber. Elsewhere the 
demand for woods like teak, eucalyptus, and 
mahogany has declined and increased again, in 
response to changes in local business conditions 
and tastes. Some exporters have also to contend 
with intensified local demands for wood as fuel, 
especially by rural consumers turning to wood 
from kerosine, fuel oil, and even gasoline.' 

A final reason is that tropical regions may not 
be environmentally stable sources of supply. 
Perhaps one-third of the world's forestland is in 
"open woodland," in grassy and savanna environ- 
ments. important sources of leaves, poles, graz- 
ing, and fuel, sometimes burned for pasture or 
cultivation, open woodlands are now disappear- 
ing permanently under population pressure for 
food and fuel. 

This leaves the temperate mixed forests and the 
tropical moist forests as the main sources around 
the Pacific rim. They are now under assault by 
the wood-products industry, and their clearing is 

having structural effects on the quality of the 
forest-growing stock, soils, and habitat and on 
the stability of water runoff. The old forest is not 
simply being modified by cutting or distributed 
trees and stands; the environment is in many 
places being transformed. Modification, a result 
of selective logging and shifting agriculture, 
results in a resumption of forest successional 
changes and localized land-structure adjust- 
ments. Transformation is a characteristic of 
widespread and unselective total removal of 
cover followed by the appearance of agricultural 
settlement, urbanization, or a wasteland-like 
rebuilding of the forest community at an early 
stage of soil building and vegetal succession. This 
distinction is emphasized by Barney (1980: 
131-132) who presents a disturbing picture of its 
effects: 

Nutrient depletion will be increased as greater 
volumes of wood will be removed. Ecological 
diversity will be lowered, and consequent popu- 

'In this essay I do not dwell on other energy uses of 
biomass. Two of these may become more important: 
the use of wood wastes and chips for electricity genera- 
tion (Helliwell and Cox 1975) and the use of charcoal 
for industrial processes (Nef 1964). Forest depletion in 
Britain was caused by the search for charcoal, and it has 
been argued that the coal-using elements of the indus- 
trial revolution arose because of charcoal shortage. It 
may be that local industries will again revert to this very 
hot, pure fuel. 



lation explosions of pest plants and animals are 
likely to occur. Water yield and quality are likely 
to suffer if large areas are intensively cutover, as 
very little is known about how to forestall water 
problems in the tropics. The few techniques for 
water conservation that have been developed are 
seldom implemented, as the institutional struc- 
ture is lacking. Effects of intensive forest use on 
soil structure and soil micro-organisms in the 
tropics are virtually unknown, but are almost 
certain to be negative. The commercial and 
environmental quality of the second-growth 
forest that will follow intensive forest use is 

another unknown. It will be lower than the qual- 
ity of second growth that now follows selective 
logging, unless improved silvicultural tech- 
niques are developed and implemented. 

The disturbances are not confined to the cut- 
over areas but can spread out to cause river 
siltation, loss of groundwater supplies, and dam- 
age to or loss of fish, botanic species, and birds 
and animals. 

The smooth adjustment of the world forest 
industry to the movement of the extensive margin 
from region to region would require that, in the 
tropics, the rapid rates of stand growth would 
permit its continuing reentry into export 
markets. A combination of selective logging and 
protection of young stands to maturity would 
ensure this natural rotation. But today's clear- 
cutting promises a more dangerous disconti- 
nuity. The tropical zone evidently cannot stand 
the surges of demand emerging as temperate 
forests play out, and either by planning or by 
neglect, its possible sustained output (per cen- 

tury) may turn out to be as low as the temperate 
zone's. 

Thus, although forests may have an almost 
agricultural capacity to provide steady flows of 
wood and cellulose to world markets, they are 
likely to do so in ratchet-like fashion. The con- 
suming countries may, by widespread purchases 
from numerous regions, succeed in smoothing 
out the lurching supplies. But a producing nation 
would not be well advised to rely on this industry 
as a source of steady employment or public 
revenue. 

Forestry Development 

The generalizations in the preceding sections 
have emerged from a historical and developmen- 
tal examination of the economies within which 
forestry activity has been or is important. Here, I 

narrow the point of view to compare two devel- 
opmental patterns between which the countries 
of Southeast Asia must choose if their future 
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forestry activities are to be more than autumnal 
gleaning among the gullies and stumps. 

Extensive Margin 
The extensive margin in forestry may be exam- 

ined on two broad levels: the extension of the 
timber-producing area within a geographical 
region and the movement of timber production 
within particular countries as traditional forests 
are cleared. 

Immediately after World War II, all countries 
of Southeast Asia were characterized by under- 
development in timber production. Small 
volumes of logs and sawn wood were exported 
from the Philippines and Malaysia, but produc- 
tion was generally limited to supplying the needs 
of the indigenous population. Slow but steady 
increases in harvesting ensued during the l950s 
and l960s, with total exports continuing to be 
dominated by Malaysia and the Philippines. 

In the late 1960s and 1970s, despite increasing 
prices for all wood products, Philippine timber 
production failed to increase, and its total 
volume for export actually decreased. Malaysia 
had substantially increased both production and 
export volume. However, it was Indonesia that 
markedly shifted its production frontier. With a 
vast inventory of old-growth forests, it increased 
total production fourfold, between 1967 and 
1973, and now dominates the export trade 
around the Pacific rim (Table 1). 

A continuing reliance upon Indonesia has been 
forecast, with further expansion within the 
forests of the Philippines and Thailand limited by 
past harvests. The Malaysian province of Sabah 
has also already been extensively harvested, 
although it still has some unexploited areas that 
are under present prices and conditions commer- 
cially inaccessible. Sarawak and Peninsular 
Malaysia, although exploited, have fairly large 
remaining stands of merchantable forest. Other 
future suppliers include Papua New Guinea and 
the Solomons. Both have been only lightly ex- 
ploited, owing, for the most part, to the high costs 
of harvest. As the real price of wood continues to 
rise, these regions should contribute substantially 
to world exports, especially of logs. Their har- 
vesting costs are primarily the costs of transport- 
ing the timber a symptom of extensive forestry 
and, hence, of forest depletion. 

A new constraint on the extensive margin in 
Southeast Asia is the assignment of land to forest- 
ry. Hitherto, regardless of the standards of har- 
vesting, it could be presumed that the area avail- 
able would remain unchanged. Now food and 
fuel production challenges the claims of wood 
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exportation. Indeed, the short-run incentives for 
rapid replacement of trees by food crops have 
become overwhelming. The high expectations of 
the Green Revolution have proved illusory, as 
only one-half the last 20 years' increase in food 
supply can be attributed to more intensive agri- 
culture. The other half has come as a result of 
agricultural expansion, virtually all at the 
expense of productive and commercially accessi- 
ble forestlands (Barney 1980). 

In the Philippines, of the 14 Mha of original 
productive forest, 3 Mha had, by 1971, been lost 
through "legal" allocation to agriculture, with an 

. additional I Mha deforested by shifting cultiva- 
tors. Since that time, the losses to shifting cultiva- 
tion have accelerated significantly. Conservative 

i' projections for the 1970s suggested that, of the 
annual loss into agriculture of 200000 ha of 

2 forestland, 180000 went into shifting cultivation 
(FAO 1976). Estimates indicate denudation of a 

. total 5 Mba by 1978 (FAO 1979). 

- Thailand is experiencing even more drastic 
forest clearing. Despite efforts to reduce defores- 
tation through reforestation and conservation 

< programs, the total stocked area suitable for 
commercial logging decreased by more than 8 
Mba between 1973 and 1977, an annual decrease 
of 10%. The remaining forestland, 13 Mha, is no 
more than was projected in 1970 for total com- 
mercial forest in 1990 (FAO 1979). Shifting agri- 
culture - estimated at 500000 ha each year 
(Persson 1974) and legal reallocation can be 
expected to deplete Thailand's productive capac- 
ity in the future. Indeed, Barney (1980) projected 
total forestland to fall below 9 Mba in 1981 and 
to be effectively cleared as early as 1987. 

In Peninsular Malaysia, despite the absence of 
large-scale shifting agriculture, the productive 
commercial forest (3.3 Mba in 1979) is being 
harvested at a rate of 450000 ha/year. About 
80000 ha/ year are reallocated directly to agricul- 
ture. Total commercially accessible timber area 
in Sabah and Sarawak amounts to 5.2 Mba, of 
which at least 400 000 ha are designated for legal 
conversion to agriculture. Shifting agriculture 
affects 350000 ha annually (FAO 1979). Such 
figures suggest that Malaysia will also face a 
severe drop in wood supply in the near future. 

Indonesia, with its vast expanse of commercial 
timber, is least affected by high levels of produc- 
tion. Total operable forests are estimated at 42 
Mha, of which 18 Mba are slated for legal con- 
version to agriculture. Slash-and-burn cultiva- 
tion, having already depleted 30 Mha of former 
forestland, now affects an additional 150000 
ha/year. The permanent forestlands, however, 



should allow Indonesia, over the next 20 years, to 
maintain or increase its total production (FAO 
1979). 

The past trends in forestland conversion for 
the entire region are astonishing; extrapolated 
into the future, they are ominous. The projected 
foodstuff requirements for this region will 
increase annually to the end of this century at 
between 3% and 4%, reflecting in part the 
expanding population levels, with a correspond- 
ingly greater proportion of young people and 
higher real incomes (Barney 1980). The physical, 
economic, and social constraints blocking 
Southeast Asian societies from applying Green 
Revolution technology suggest that gains in food 
yields will be marginal and smaller than in the 
previous 20 years. Thus, an even greater percent- 
age of food requirements must come from the 
extensive margin, or be imported. 

A final factor inducing countries to speed their 
deforestation is government concern for the bal- 
ance of payments and for foreign-exchange earn- 
ings. It is obvious that the temptation to realize 
the implicit capital gains represented by old- 
growth forests may be irresistible, similar in kind 
to the windfalls of new oil discoveries. The alloca- 
tion of forestland contains elements that compli- 
cate exchange-balance choices - for example, 
the problems of satisfying increasing domestic 
demands for food, fuel, and paper products. As 
has already been shown, the forests must pay for 
most of the increased food consumption, if not by 
yielding land to farms then by providing logs to 
pay for foreign food. Similar foreign-exchange 
alternatives arise for fuel and paper: either the 
forest provides fuelwood and chips for paper to 
domestic markets or it is stripped to pay for 
foreign oil and paper. For paper, the choice may 
be even more unfavourable to forest conserva- 
tion, for domestic paper production involves 
both heavy capital imports for new plant and 
equipment and reduced wood-export earnings. 

In brief, the extensive margin in Southeast 
Asia is cramped not only by problems of access 
and cost but also by new alternative uses of the 
land for food, fuel, and foreign exchange. So far, 
the most significant of these has been the conver- 
sion from forests to fields, and this process is 

substantially outside the market. It is probable 
that the process will be completed in the next 20 
years: all suitable arable land will then have been 
denuded. After that, the progress of forestry will 
be governed by its own relative costs. 

These costs, as one would expect in the mining 
phase of harvesting old natural forests, will be 
largely those incurred in new areas (both in pres- 
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ent producing regions and in new regions such as 
Papua New Guinea). In the next paragraphs, I 

turn to the determinants of the full costs of pro- 
ducing new wood at the intensive margin. There 
is in fact a wide range of choices. Harvesting itself 
can be made more thorough and less selective; it 
can also be conducted in a fashion to encourage 
faster natural germination and growth. Beyond 
this are variants of plantation forestry, involving 
soil preparation, planting, spacing, thinning, 
protection, and log selection. These offer excel- 
lent possibilities for growing immensely greater 
volumes of wood per unit of land. But the time- 
lag is long. Thus, the producing region's problem 
at the extensive margin today is to decide how 
much land to keep in good growing condition to 
profit from the eventual depletion of other old 
forests and from the switch to the intensive 
margin. 

Intensive Margin 
The extensive margin cannot maintain or 

increase supplies of industrial and household 
wood. Materials for an ever-expanding wood 
products demand will be found on the intensive 
margin. By intensive margin, I mean not only a 
recourse to techniques similar to those in growing 
annual crops but also a less ambitious and more 
discretionary use of increased inputs in regions 
where most of the forest is young or is made up of 
stands rejected earlier. 

Many of the established silvicultural tech- 
niques were first conceived in an agriculture- 
forestry setting - artificial planting; thinning; 
weeding; and the introduction of fertilizers, 
pesticides, and irrigation. The application of 
these techniques will eventually lead to a fully 
determined or controlled forestry sector. Timber 
exploitation will become forest husbandry where 
humans using science and technology master 
nature (Scott 1962). Yet, if the objective, as the 
forester suggests, is to forestall the deforestation 
of the countryside by maximizing total produc- 
tion of commercially valuable timber from each 
unit of land, then emphasis must also be placed 
on the efficiency and intensity of the harvest. 
Thus, two aspects of intensive production must 
be examined: the application of silvicultural 
techniques and the focus on efficient harvests. 

The intent of silviculture is to increase the 
commercial stock per hectare or, perhaps more 
specifically, to increase the mean annual incre- 
ment (MAI) to usable stock. The techniques can 
be divided into two approaches: polycyclic(selec- 
tion) and monocyclic (plantation) systems. 

Polycyclic systems generally entail repeated 
harvesting of a mixed-aged forest where technol- 
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ogy is aimed at increasing the survival and 
growth rates of desired commercial species by 
reducing the competition for space and nutrients 
through the elimination of noncommercial 
stands. Inducing the natural regeneration of spe- 
cific species has proved disappointing in trials so 
far, although enrichment planting (the seeding of 
commercially valuable species on spots devoid of 
usable timber) and group planting(regional seed- 
ing with the allowance for natural regrowth) have 
shown some success. 

In contrast, monocyclic systems eliminate the 
age mix as well as unwanted species. Land is 
usually cleared, then planted with pine, teak, 
eucalyptus, etc. The crop (or stock) is then inten- 
sively managed until harvest. 

Recent literature has contained much debate 
about the relative efficiencies of these two sys- 
tems and natural regrowth, and concerning crite- 
ria for choosing between them. Here, I will briefly 
survey the arguments, which are focused more on 
the physical, than on the economic, attributes of 
each system. 

The production objective is to supply sufficient 
raw materials to maintain the timber industry as 
a permanent feature of national economic devel- 
opment and diversification. Low annual yields 
per hectare are considered to reduce employment 
opportunities, retard the creation of necessary 
infrastructure, and reduce the wood-processing 
sector. Higher yield than is possible with natural 
regeneration is therefore thought imperative. 

A polycyclic system can produce yields three to 
four times those of natural regrowth. Thus, for 
many foresters, the rather low establishment 
costs together with relatively high yields per hec- 
tare clearly indicate that the polycyclic system 

shows a promising future" (Chai Domingo 
1975). 

The MAI for insular Southeast Asia in 1970 
was 1.2 m3/ha (an average 5 m3/ha for second 
growth forests and 0.1 m3/ha for virgin timber- 
land). FAO projections of this increment rise to 
2.8 m3/ha in 1980 and to 4.5 m3/ha by 1990, 
reflecting increased use of silvicultural 
techniques. 

The development of polycyclical forests has 
encountered greater problems than expected. 
The large rise in energy costs in the l970s meant 
fertilizers and pesticides increased substantially 
in cost. Furthermore, many of the technical 
aspects of planting, thinning, weeding, and the 
like were developed in and for temperate cli- 
mates. These techniques may not suit tropical 
areas and the tropic-specific technology now 

being developed may not provide substantial 
increases in harvestable wood. Perhaps the over- 
riding difficulty with polycyclic systems, how- 
ever, is that the harvesting techniques entail the 
destruction of relatively large areas surrounding 
the stands of trees. Thus, the advantage of mixed- 
age forests the fact that the harvesting of 
potentially valuable but as yet immature timber 
may be postponed until growth is complete - 
may be nullified. 

Monocyclic systems in general have manage- 
ment practices of much greater intensity, magni- 
fying both the advantages and the difficulties. 
The incentives for forestry to follow in the foot- 
steps of monocultural agriculture, to become 
eventually a totally managed crop, are indeed 
inviting. Given an industrial yield, averaging 
annually, 20 m3/ ha (pine plantations yield more 
and fast-growing hardwoods such as eucalyptus 
may yield 25 m3/ha), the entire industrial 
demand projected for roundwood in the year 
2000 could be met by 100 Mha of plantation land, 
or less than 4% of the world's forested area. And 
this, state the optimists, without any of the tech- 
nical innovations that have characterized the 
development of intensive agriculture (Sedjo 
1981). 

The technical disadvantages of highly intensive 
plantations, however, are great. Although the 
effects ofa monoculture on soil and water condi- 
tions are not understood, preliminary evidence 
suggests breakdowns in land productivity, loss of 
humus, desertification after cutting, and destabil- 
ization of water flows by the disturbance to 
moisture-absorbing watersheds. In addition, the 
plantations' lack of biologic diversity, both in 
timber crop and flora-fauna mix, can threaten 
the fragile tropical ecosystem. Considerable risk 
to the crop arises from the intense infestations of 
insects and from disease. 

No conclusion has been reached by foresters in 
this debate. Yet, to the economist, the arguments 
(particularly those emphasizing the monocyclic 
systems' superiority in MAI) are peculiar in that 
they tacitly assume that volume increment equals 
value increment. Yet, in forestry, as in other 
enterprises, national prosperity calls for a plan to 
maximize the net returns to inputs, for a focusing 
upon the systems' benefits and costs not merely 
on their incremental physical capabilities. 

The benefits associated with each system are 
simply the sum of the total value of wood prod- 
ucts produced, measured by their future market 
prices, and the total value of the social benefits 
accruing to the system (these may include envi- 
ronmental effects, the value of employment as a 



social good, and the like) measured by their rele- 
vant social shadow prices. 

The costs are the total value of all inputs - 
wages, capital, managerial expenses, etc. These 
have been most neglected in the forestry-systems 
debate. Two are particularly important. The first, 
often the bulk of capital investment, is not the 
establishment cost or the maintenance cost of a 
particular system but the opportunity cost of 
retaining the growing stock as standing timber. 
Faustman clearly recognized as far back as 1849 
that even if its opportunity cost for some other 
productive activity (say agriculture) is zero, 
forestland still has an opportunity cost; one can 
harvest early to cultivate a faster-growing stock. 
This cost of holding capital is rarely included. 
The second is a cost more recognized in forest 
husbandry: the act of waiting or, more succinctly, 
time, measured through the device of compound 
interest. Total input costs are compounded for- 
ward to the day of harvesting, or, equivalently, 
future benefits are discounted back to the pres- 
ent. This is not the place to discuss the difficulties 
associated with measuring future wood values, 
social shadow prices, or even the discount rate to 
be applied. Given the long rotation periods of 
nonpiantation systems (50-70 years), virtually any 
positive interest rate will result in a drastic cost. 

Suffice it to say that including the capital costs 
of holding forests and of waiting for the returns 
on inputs is believed to cause any benefitcost 
comparison of the two systems to favour the 
monocyclic system with its relatively shorter 
period of investment (10-20 years) over the non- 
plantation alternative (50-70 years). 

Yet, this outcome is far from certain. Even a 
long rotation forest with low yield per hectare 
may prove the best in economic terms if future 
log prices are expected to be high and rising or 
establishment costs are sufficiently low. Like- 
wise, fast-growing, high-yielding plantations, if 
characterized by high cultivation costs or low 
per-unit future prices, may be poor financial 
investments. The World Bank policy of extend- 
ing long-term, low-interest loans for forest devel- 
opment implicitly alters this discounting factor 
and so increases the benefitcost ratio of long- 
period systems. 

However, many forest planners have tended to 
ignore the cost of time as an input. For example, 
enrichment planting has been considered eco- 

nomically viable because initial investment costs 
of M$610/ha are lower than plantation man- 
agement costs(MS943/ha). Yet, if rotations of6O 
years and 20 years respectively are assumed with 
an historically low real interest rate of 3%, then 
the compounded cost of enrichment planting is 
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more than M$3700/ha compared with 
M$ 1730/ha for the plantation. This comparison, 
based on extreme assumptions, suggests how dis- 

astrous may be the neglect of capital costs and 
how great may be the political and managerial 
incentives to neglect the well-meant advice of 
those who want to save the forests in the most 
costly way. 

As for consideration of social costs (and bene- 
fits), forest planners rightly give weight to non- 
commercial goals when comparing the two 
systems. But they do so in a nonquantitative 
manner. Thus, they tend to favour a regimen that 
adds to economic and social stability rather than 
to cut-and-run forest harvesting, which is said to 
be both socially disturbing and unjust from a 
distributional point of view. Economists are 
rightly critical of these all-or-nothing justifica- 
tions of systems, but so far they have contributed 
less than their science is capable of. 

The real payoff from benefitcost studies of 
alternative systems comes from optimization: 
modifying or combining rival systems to increase 
their net benefits. For example, some attempts 
have been made to offset the waiting costs of the 
monocyclic system by cultivating farm crops 
between trees (taungya). A farmer is given an 
area to clear and sow. The forest department 
plants trees on the same plot. Weeding and fertil- 
izing are by-products of farming, which is con- 
tinued about 3 years. By then, the tree should be 
well enough established to withstand the ele- 

ments. Not yet sufficiently studied, this type of 
project may well represent a better use of land 
and other resources than does farming or inten- 
sive forestry alone. 

Indeed it is not yet clear that intensification of 
tree culture will ever require the plantation 
approach. Roger Sedjo (1981) is optimistic, 
recently writing that plantations are ". . . the 
most profound phenomenon being experienced 
in the forest resource area." But will they be a 
significant source of wood? Even if the proposed 
world plantation area of2l Mha for the year 2000 
is achieved, this can supply only 10-20% of pro- 
jected annual demand. Actual conversions to 
plantations have, in general, fallen far short of 
proposals. In Peninsular Malaysia, total conver- 
sions between 1976 and 1979 were only about 
50% of proposed plantings. In Sabah in late 1976, 
some 240 000 ha were set aside for fast-growing 
plantations; yet by 1979 only 550 ha had been 
seeded (FAO 1979). Even FAO projections for 
insular Southeast Asia indicate that total culti- 
vated forests, including enrichment planting, will 
increase by fewer than 100000 ha between 1980 
and 1990 (FAO 1970) and this in a region that 
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in 1978 produced more than 75 x 106m3 of indus- 
trial roundwood. Thus, the application of silvi- 
cultural and agrisilvicultural techniques and the 
introduction of industrial plantations can only be 
viewed as long-term remedies for shortages. 

The opposite end of the producing spectrum, 
that is, the harvesting of timber, may give greater 
reason for optimism about intensification as a 
means to profitable increased supply. Part of the 
incentive for silvicultural use and plantation 
development is the prospect of greater homoge- 
neity of commercially merchantable timber. 
Tropical forests are notorious for their great var- 
iety of timber species; Sarawak forests, for 
example, comprise 600 major species and Papua 
New Guinea at least 200. In addition, an undesir- 
able age mix is often present in tropical forests, 
particularly those of virgin timber. At present, 
much of the timber of uncommercial diameter is 

simply left to be destroyed by the slash-and-burn 
operations of prospective farmers or is lost dur- 
ing felling of larger, more desirable trees. Selec- 
tivity in species and age mix have resulted in what 
may be considered, from a forester's point of 
view, a serious underutilization of forestland in 
much of Southeast Asia. In Peninsular Malaysia, 
for example, only 35-40% of the standing timber 
is harvested as a wood product and, in areas 
slated for agriculture, quick clearing results in a 
loss, for commercial purposes, of 80% of the 
timber (FAO 1970). 

This waste has perhaps the greatest potential 
for increased wood production from presently 
harvested forests. The recovery of secondary spe- 
cies and small-diameter woods is not a dramatic 
intensification. It involves evolutionary, not 
revolutionary, changes in the practices of loggers 
and consumers, and research on the possibilities 
inherent in exploitation rather than in silvicul- 
ture. Parallels with agriculture recur, this time 
with the study of the Green Revolution. What is 
needed is economic research on the profitability 
of more thorough recovery. The focus on the 
logging enterprise would supplement that on a 
hypothetical, perhaps mythical, tree-growing 
enterprise. 

Benefits from Forest-Sector Development 

If an island were suddenly faced with offers to 
clear its forests and export the products, the 
government whether it had the power to reject 
the demand or not - would like to know whether 
to use its policy instruments to encourage or dis- 
courage a logging and clearing industry. What 
benefits, or costs, would be perceived and what 

other conditions must be satisfied to achieve net 
benefits? I have found little economic literature 
on this question. I have, therefore, drawn from 
works on other industries in developing coun- 
tries: mining, agriculture, and manufacturing. 

Social Effects 
By "social benefits or costs," I refer to the net 

gains from the different sorts of society that come 
with different policy "packages." At one extreme 
is the forest society, characterized by hunting, 
slash-and-burn farming, and a nomadic way of 
life for a small, scattered population. Inter- 
mediate is the forest-husbandry society, engaged 
in planting, protecting, thinning, harvesting, 
transporting, and milling trees - a small but 
settled rural population. At the other extreme is 

the cleared-forest society, typical of much of the 
Americas, where land use involves farming, 
industry, with a forest fringe waiting to reinvade 
any areas abandoned by the industrial-residential 
economy. 

Thus, to reap social benefits from forestry, a 
society must choose where to place itself within 
this spectrum. The choice is unfamiliar and rarely 
debated; yet decisions are made, explicitly or 
implicitly. For example, when a public forest is 
felled or when conservationists keep forests free 
from farming and urban development a choice is 
being made about the intermediate case. Whereas 
the selected policies seem usually to be part of a 
quest for a better natural environment, there is 
good evidence that they are also elements in 
building a better regional social system. In British 
Columbia, for example, successive Royal Com- 
mission reports to the provincial government on 
a public-lands policy of perpetual-uniform- 
sustained-yield emphasized contribution to social 
stability more than profitability. 

The cleared-forest extreme is more familiar, 
involving abandoning the forested way of life but 
retaining a small forest industry and some lands 
in parks and reserves for recreation and observa- 
tion. The recreational and economic benefits of 
setting aside forested areas are plentiful and rela- 
tively sophisticated. 

What my island community needs is a body of 
expertise to discuss these society-type conse- 
quences of forest decisions. Present literature, 
valuable as it is, may not help. An essentially 
urban, Western society debating how much of its 
remaining wild lands to preserve from intense 
industrial or residential development is not pro- 
viding the necessary analysis for a developing 
society that may yet choose to eschew agriculture 
and urbanization (Burch 1977). 



Environmental Effects 
The forest produces not only wood of various 

dimensions and qualities but also water flows, 
animal pasture, recreation, and an environment 
for flora and fauna. Any help or hindrance given 
by forestry operations to these multiple uses is 
usually thought of as forest externality. It often 
makes just as much sense to think of wood pro- 
duction as an externality of watershed protec- 
tion, soil erosion, avalanche prevention, farming, 
range management, or wildlife conservation. 

Although some of these joint products of the 
forest are strictly commercial, others are environ- 
mental services of forestry outside the market- 
place worthy of special political consideration in 
decisions on forest policy. They are usually con- 
sidered because they are important to local 
people. But, because of their possible effects on 
carbon dioxide, air circulation, humidity, parti- 
cles and chemicals in the atmosphere, the policies 
may be important to neighbouring countries and, 
indeed, to the whole world (D'Arge 1976). 

Most forest environmental effects are the 
result of the rate of logging, burning, and clear- 
ing. Al some logging rate, no adverse environ- 
mental effects will result, and a good way of 
dealing with much environmental damage in 
frontiers is to slow down production not to give 
up or postpone it altogether. The important thing 
is that a country should consider alternative rates 
of forest depletion and regrowth. 

Stability 
Among the problems of a forest economy is 

that its chief exports, timber products, are prey to 
extreme fluctuations in demand and price. Log- 
ging communities are not only nomadic but also 
prone to intense booms and depressions. 
Demand for timber below that expected trans- 
lates into reduced employment and increased 
average capital costs - costs that are partially 
offset in the harvesting sector by the accumulat- 
ing volumes (and presumably values) of commer- 
cial timber from the uncut areas but that are 
unmitigated in the processing sector. 

In a world of unstable timber markets, then, 
part of the price for developing a forest-based 
economy may be instability, although some prod- 
ucts of the forest, notably fuelwood, pulp and 
paper, and recreational facilities, are less affected 
by external cycles and may indeed be less 
depression-prone than mining, manufacturing, 
or service industries. Furthermore, forest hus- 
bandry and protection, by offering some 
employment even when markets are poor, may 
tend to stabilize the larger economy. Of course, a 
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forest-products exporter does not have to accept 
market instability passively. It may join with 
other producers to form a cartel and thus help 
make the price. The newsprint industry is fre- 
quently alleged already to indulge in interna- 
tional price-fixing, and it is conceivable that a 
cartel could force industrial buyers to take fixed 
quantities annually, thus stabilizing employ- 
ment. It is more likely, however, that price-fixing 
would make employment and output fluctuate 
even more widely. On balance, a country that 
chooses to rely on forests must expect to be 
dependent and unstable. It cannot even choose- 
as with a farm economy - to be self-sufficient 
unless it wishes only to eat game and fish, berries 
and bark, burn twigs, read paper, and take shelter 
in wooden buildings. Furthermore, the forest 
industry is typically vertically integrated, with 
developing economies supplying raw materials 
and developed economies supplying the capital 
and know-how. Hence, the markets will be far 
from perfect. Raw material may be transferred 
outside the country in exchange for bookkeeping 
entries in the accounts of multinational firms. 
Within the country, too, forests will be allocated 
by administrators and politicians to loggers in 
return for investment, bribes, or political 
favours. The forest may seem to melt into world 
markets with little public return. These dangers 
provide good reason for a nation to move slowly 
into trade while forest-alienation pricing and tax- 
ing are developed. Whereas the slow but repeated 
discovery of minerals often gives a host nation 
many decades over which to learn how to dispose 
of mining rights profitably, the visibility of 
forests may mean that they are sold and under the 
axe before a good public sale or lease policy can 
emerge. 

Employment 
In Canada, 54000 wage earners and another 

20000 small contractors, woodlot owners, and 
reforestation workers produce 1.57 x 108m3 
roundwood annually or about 20000 m3 per 
worker. (Half of this production comes from the 
industrially organized British Columbia region. 
In 1950, half came from Ontario and Quebec, 
where part-time and farm workers brought in 
much of the harvest.) These workers amount to 
about one-quarter of the total labour force 
directly involved in wood products, there being 
about three workers in sawmills, plywood mills, 
and various pulp and paper mills for every one in 
the woods, and perhaps as many more involved 
in related transportation, materials handling, 
and supplying industries. 
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Operations in the woods were once labour 
intensive, although further processing and finish- 
ing has always required equipment and struc- 
tures. In North America, today, much of the 
harvesting is done mechanically. Softwoods yield 
easily to machines, and many new machines have 
been invented to replace the former teams of 
humans and beasts who worked for days to fell, 
buck, and remove a large tree. Sawmills and ply- 
wood plants now tend to use more workers per 
unit of wood than does logging. In pulp and 
paper, however, capital is heavily utilized. In 
pulp mills, the atmosphere is like a hydroelectric 
generating station; the workers are separated 
sometimes by hundreds of metres of mostly 
automatic machinery. 

Because labour intensity is not inherent in the 
material or the market, it varies from country to 
country. Trees are cut, on smallholdings or by 
contract in large forests, by labour-intensive 
methods in areas where real wages are low and 
capital is scarce. The observant economist would 
guess that a logging function has a smoothly 
changing rate of substitution between inputs. 

Opportunities for Local Capital and Enterprise 
Although much of the forest industry is verti- 

cally integrated, the forestry sector offers consid- 
erable opportunities for local participation. 
Operations in the woods are everywhere being 
subcontracted to local cutters and transporters, 
and plantations provide an opening for local cap- 
ital and unskilled labour. A country that does not 
have the managerial skill and the ability to accept 
the serious risks inherent in running plantations 
could consider joint ventures for the purpose. 
Pulp and paper plants are another possibility and 
are particularly attractive because their profit- 
ability is not as closely linked to on-the-spot 
managerial skill as is that of sawmills. The skill, 
care, and frugality in the use of raw material 
determine the competitiveness of a sawmill, and 
experienced hands are abundant at the final 
market. 

These considerations will suggest to the 
decision-makers in the island economy that one 
option is to combine a forest-harvesting economy 
with a policy of compulsory local processing in 
milling timber and also in making pulp and paper 
and furniture. Many governments use their 
forests as an instrument for encouraging indus- 
trial development. But a local-processing policy 
is like a protective quota. The round logs are sold 
for what they can get from local millers. Thus, the 
rent from the trees is diverted to mill profits (and 
wages) while the forest owner(usually the general 
taxpayer) gets a smaller royalty or tax revenue. 

The milling industry dies if the forest is cleared, 
and ifthe government shortens its life by acceler- 
ating the permitted rate of logging. However, a 
local-processing policy may actually discourage 
the annual rate of logging for example, if local 
processors offer too low a price for the raw mate- 
rial or if investors demand a guaranteed flow of 
wood for a stated number of years (Pearse 1976). 

The absence of open log markets in new log- 
ging communities combines with the declared 
risk aversion of investors to persuade the 
government to give the required guarantee. In my 
opinion, forest investors extravagantly exagger- 
ate their need for certainty in this respect. Expe- 
rience in Europe, eastern Canada, and southern 
United States, and elsewhere shows that sawmills 
and pulp and paper mills can, if they must, sur- 
vive by bidding for wood in an open market. 
Naturally, they prefer not to have to do so and 
take great pains to persuade host governments to 
assign them large blocks of public forestland in 
return for large-scale investment. Their demands 
are sometimes said to be a response to political 
risk, but collectively they entrench government 
power and so add to political risk. The foreign 
investors are putting their trust in the political 
dedication of a forest to their investment, rather 
than in a traditional property right or in an open 
market. Their insistence on dedication, like all 
vertical integration, tends to narrow the market 
and thus becomes the justification for a non- 
market wood allocation. Sometimes the fault lies 
with local governments, however, their enthusi- 
asm for development leading them to agree to 
more than is required. The alternative methods of 
log disposal from public lands have been dis- 
cussed by McKillop and Mead (1976) and by 
Pearse (1980). 

Backward Links 
Like those of other natural-resource industries, 

such as fishing and mining, the basic operations in 
forestry generate a demand for relatively simple 
products. Because both husbandry and harvest- 
ing are scattered over marginal areas, the greatest 
demand is for trucks and the routes to drive them 
on: roads, bridges, and other works of the civil 
engineer. These must be built and maintained. 
Although local enterprises may be forced to 
import the needed equipment and systems, they 
can sell and stock them; offer repairs, tires, and 
parts; and build special assemblies such as trail- 
ers, cranes, cradles, wharves, chutes, and so on. 
Furthermore, if the woods operations are 
remote, buildings or whole villages or camps may 
be needed with the catering, merchandising, and 
maintenance trades that constitute infrastructure. 



Typically these have been boom towns, lasting 
only as long as the logging operation. The back- 
ward links, like a large bubble, create both 
incomes and skills but not for long. The burden 
of this instability may be passed backward 
through the forest-product industry to a variety 
of mushrooming industries. 

Considerations such as these are often used to 
support politically imposed, sustained-yield poli- 
cies that would ameliorate the economic impact 
of cut-and-get-out industry practices. The econ- 
omist's judgment on these policies should depend 
on his or her estimation ofthe mobility and versa- 
tility of the labour force. Boom towns often 
become ghost towns with stranded secondary 
industries. But this outcome, distressing as it 
appears, matters less than what happens to the 
skills of those who acquired them during the 
active period. The question should be whether 
these skills can easily be put to work elsewhere. 

If, on this criterion, the industry's boom-and- 
bust behaviour is likely to be serious, a govern- 
ment can force the industry to bear the burden of 
construction and displacement of "company 
towns." This approach, of course, limits not only 
the disturbance to the host economy but also the 
benefits to its local enterprises. 

Regional Development 
Each nation has problem regions in which 

growth lags behind the national average. Forest- 
ry investment can play a major role in economic 
and social development of such regions if 
demand has caught up with the high costs or low 
quality of the local forest product. In British 
Columbia and Quebec, the forest industry has 
been a major employer and basic activity in 
otherwise inactive areas. Indeed, because it is a 
renewable resource, the forest promises con- 
tinued direct and indirect demand in isolated 
regions far from large markets or sources of 
supply; it may be said to be an excellent instru- 
ment for regional development. It can meet the 
usual tests: it can employ a fair number of local 
people or attract outsiders who can become per- 
manent residents; it can gradually expand its 
purchases from local firms; and it can offer 
infrastructure in the form of roads, bridges, and 
communities that may be of use to other indus- 
tries entering the region (Gillis and Beals 1980). 
In their contracts for timber rights, governments 
can insist on these conditions without utterly de- 
stroying the profitability of logging and milling. 

Logging alone, however, cannot exercise much 
developmental force. Manufacturing of ply- 
wood, cut lumber, pulp and paper, and specialty 
wood products is required for development to 
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have any magnitude. The demands of these pro- 
cessing industries for prolonged supplies may 
tend to slow a region's rate of cutting so that the 
developmental boom matures into a permanent 
increase in regional output, instead of a hectic 
construction-and-clearing episode. 

Economists should remember that using the 
forest industry as an instrument of development 
has its own drawbacks and costs. Slow cutting, 
while permitting the local establishment of large, 
processing industries, deprives other regions of 
raw materials or industries that might bring a 
greater development. The principle of compara- 
tive advantage suggests that exporting round 
timber is, at times, better for the whole economy 
than propping up an isolated region by compul- 
sory full exploitation of its forest resource. In 
particular, the main national gain from the forest 
industry may often take the same forms as in oil 
and gas: revenue receipts from royalties, land 
payments, and taxes. These will be largest when 
the forest is sold at its highest price. A good test is 
whether a nation, exporting roundwood for a 
good price, would choose to siphon the proceeds 
into its most backward regions to assist their 
development. If it preferred to help the retarded 
regions' people in some other way, a logging- 
export ban should be avoided. 

Transfer of Technology 
Backward links to suppliers and forward links 

to processors are intimately related to issues in 
the transfer of technology. Because such activi- 
ties as timber harvesting, milling, and advanced 
processing require adaptation of standard inter- 
national techniques to regional species, terrain, 
climate, labour, and market, a policy to encour- 
age local processing may not only diffuse tech- 
nology along the forest frontier but also mean 
that the techniques are ingeniously adapted. 

Little systematic information is available 
about the global transmission of new knowledge. 
Multinational corporations transfer and licence 
their new sales and processes to their own subsid- 
iaries and associates, and sales of modern equip- 
ment are often accompanied by training. Users 
learn about new processes from their customers, 
employees, and moneylenders, or read trade 
magazines. Both appropriate technology and 
induced local innovation become diffused 
through complex knowledge networks that, with 
the exception of the multinational-firm channel, 
require considerable investigation. 

It is not enough for new ideas to promise more 
than existing methods, someone must convince 
capitalists and moneylenders that they are worth 
investing in and that they will fit into the tradi- 
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tional rhythms of the local society. Techniques 
that change family life, status, hours of work, or 
skills may be unacceptable. 

These considerations largely determine the 
rate of modernization in forestry, as in other 
sectors. The logging and transporting stages 
probably become modernized fairly rapidly. In 
the first place, the migration of logging from 
stand to stand and forest to forest provides 
numerous opportunities for reconsidering 
methods. Second, new workers may be undertak- 
ing logging in each new region, uncommitted to 
and perhaps unfamiliar with traditional 
methods. Third, the costs of energy and machin- 
ery are substantial enough to encourage technical 
change in the various substages of logging. 
Finally, risk is a weaker deterrent in forestry than 
in peasant agriculture. Whereas farmers face the 
all-or-nothing risk that a new crop or technique 
will fail and expose their families to starvation, 
small logging is often a secondary or off-season 
activity. Large-scale operations, at the other 
extreme, are the preoccupation of more diversi- 
fied and well-financed contractors or owners for 
whom the risks of new methods are less 
inhibiting. 

More sophisticated stages of forest produc- 
tion - plantations, pulp and paper mills, veneer 
and plywood plants - can also benefit quickly 
from innovations if a government engages in 
astute joint ventures. Much of the technology is 
available in packages, the stipulations of which 
are often open to negotiation. Common stipula- 
tions include wood-supply guarantees, tax con- 
cessions, industrial-relations arrangements, and 
the right to use foreign personnel. Many of these 
stipulations are put forward by would-be inves- 
tors as means to avoid risk. 

The transfer of technology goes beyond the 
immediate forestry industry to the consumers. 
The growth of a logging industry is likely not only 
to increase local timber purchases but also to 
spark the invention of new processes for using 
forest products in place of traditional materials. 
A new lumber-export trade, for example, may 
not only encourage the house-building industry 
but also induce it to invest in methods that use 
lumber rather than other materials. Indeed, 
because the further processing and using indus- 
tries are often the same industry, the whole conti- 
nuum of technical advance must be considered as 
one. 

Nathan Rosenberg (1972) is helpful on all these 
matters: 

In order to exploit the vast forest resources of 
the country, the United States in the first half of 
the nineteenth century brought to an advanced 

stage of perfection a whole range of woodwork- 
ing machines. . . . During this same period per 
capita lumber consumption in the United States 
may have been as much as five times as high as in 
England and Wales. 

By the 1950s American woodworking 
machinery was generally acknowledged by 
Europeans to be the most sophisticated and 
ingenious in the world. The relatively limited 
degree to which these machines were adopted in 
Europe, however, seems to have reflected the 
fact that they were, in many ways, wasteful of 
wood a consideration much less important in 
the United States than in Great Britain in the 
first half of the nineteenth century. 

A similar profligacy in wood consumption 
persisted within the household so long as wood 
supplies were locally abundant. Under these cir- 
cumstances, fireplaces were designed to accom- 
modate large logs, an arrangement which was 
wasteful of fuel wood but economized upon the 
labor-intensive activities of cutting or chopping 
wood. [As wood became scarce, better furnaces, 
stoves and fireplaces were installed to use pieces 
of wood more efficiently] 

Five points on the transfer of technology are 
worth reiterating. First, much wood technology 
is simple, being based on cutting tools and trans- 
portation systems and can be easily transferred to 
a developing economy. Second, being simple and 
standardized, it can easily be picked up by local 
people and diffused into other industries. Third, 
the logging and husbandry industries adapt to 
local problems by inventing new variants on for- 
eign methods. Fourth, some processing technol- 
ogy, such as that in pulp and paper mills, is 
sophisticated and will have to be obtained from 
specialized consulting engineering firms and fac- 
tories. The technology is normally obtained in a 
package, the components of which should be 
examined closely by the host country. Fifth, the 
processing and consuming industries adapt to 
wood availability and price by inventing new 
methods and products. 

Comparative Advantage 
The mere possession of large, forested areas of 

acceptable quality does not justify turning an 
economy to forest products activities. Other uses 
of labour and capital may be more rewarding. 
The different labour-capital--land ratios within 
forestry and between forestry and other indus- 
tries determine whether, and to what extent, the 
forestland should be developed. 

If neither labour nor capital were mobile inter- 
nationally, then the greater a country's forest 
endowment (adjusted for quality), the more 
likely it would be that capital will find its way into 
forest production instead of general manufactur- 



ing or agriculture. In the capital-intensive parts 
of forestry (pulp and paper manufacture, for 
example), factor ratios are quite inflexible, so 
that low wage rates in developing countries are 
unlikely to lead to increased use of labour. But in 
logging, low wages may induce the retention or 
adoption of labour-intensive techniques, espe- 
cially if subcontracting or payment by piece rates 
is the practice. 

If capital, but not labour, were mobile, as it is 
with multinational corporations, joint ventures, 
or financing by foreign customers, the national 
capital endowment would be augmented, and 
both capital-intensive methods in the woods and 
a mix of processing that involves capital- 
intensive products would be encouraged. Infra- 
structure, forest protection, and "waiting" for 
new rotations in a permanent-yield enterprise are 
also likely candidates for absorbing foreign capi- 
tal, or for diverting capital from manufacturing 
and services. The fear of loss of tenure or of plant 
expropriation could lead investors to behave as 
though they were working under conditions of 
extreme capital shortage: cut-and-get-out forest- 
ry combined with minimal investment in process- 
ing and transportation. Fuel would continue to 
be the leading domestic output of the forest 
endowment. Of course, to counter this, a 
government might adopt an all-or-nothing 
development strategy, refusing to grant firms 
access to the forests without an agreed undertak- 
ing of both long-term husbandry and investment 
in large pulp mills. 

Thus, a country that finds its forests within the 
price range of world demand could experience 
restructuring of its economy in a fashion that 
depends upon the availability of capital. A 
capital-poor country without access to foreign 
enterprise could mine its forests, shipping logs as 
final product, without regard to further crops. 
Very fast production would, however, be unlikely 
because the capital shortage would deprive the 
industry of the roads, ports, and other infrastruc- 
ture needed for sudden deforestation. 

If the same country were better endowed with 
capital, the demand for wood products would 
tend to draw capital and labour from agriculture, 
manufacturing, and services, and increase 
investment in more selective and less damaging 
logging and capital-intensive processing mills. It 
is obvious from examining old developed econ- 
omies that investments in processing plants, in 
complementary skills, and in marketing channels 
might be more durable than the forest. A demand 
for housing, certainly, would survive. Then the 
export trade in wood might swing around to an 
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import trade, to keep the final-demand industries 
in business. 

If the developing economy cannot supply capi- 
tal, then the absence or poor quality of some 
types of infrastructure will raise the costs or lower 
the attractiveness of investment. In the case of 
mining, this dearth would probably raise the 
price that must be obtained in the world market 
for production to be worthwhile. Even with min- 
ing, however, the operations would be smaller- 
scale, i.e., less production per year per unit of 
natural resource, than they would be if capital 
were more plentiful. The reason is that capital 
scarcity can be revealed in another way: by with- 
drawing "waiting" from the enterprise and min- 
ing as rapidly as divisible labour and capital will 
allow. This is a partial application of a famous 
double-effect of capital scarcity in exhaustible 
resource production: although the scarcity tends 
to increase the impatience of resource holders to 
remove ore, at the same time it tends to ration the 
capital equipment needed to increase the removal 
rate. The final direction of output change is 
unpredictable unless one has full knowledge of 
the capital costs and production functions. 
Higher interest rates could actually justify an 
increased rate of investment. 

The same model applies to forestry, where pro- 
cesses have smoother production contours and 
the range of techniques is wider than in mining. 
Under capital scarcity, the forest complex would 
have two characteristics. First, processing would 
tend to be confined to the most labour-intensive 
products: round or squared logs, posts, or large- 
dimension unplaned lumber; the fuller utilization 
involved in plywoods, pulp and paper, and the 
whole wood-chip economy would be avoided. 
Second, operations in the woods would be of a 
most destructive nature, the enterprises endeav- 
ouring to economize on road building, protec- 
tion, and waiting and to avoid the expense of 
logging in such a way as to encourage the later 
further growth of immature trees and the regen- 
eration of clearcut lands. Political risk, also seen 
as a cost of capital in developing countries, could 
work the same way. 

Finally, if both labour and capital were inter- 
nationally mobile, capital shortage would not 
prevent investment in reforestation and planta- 
tions nor in capital-intensive processing plants. 
Annual forest output would probably be within 
the bounds of the legal (or profitable) annual 
allowable cut - that rate of output that would 
allow production to continue indefinitely. Forest- 
ry could encroach heavily on land previously 
allocated to farming, pasture, or hunting. In 
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other words, if capital and labour are in elastic 
supply, the chief shift in comparative advantage 
is from agriculture to forest products and sectors 
linked to it. The rest of the economy would be 
unchanged. 

This discussion of the adaptation of a country 
to the introduction of a forest-product industry 
can be extended into a three-stage analysis of the 
balance of payments or the terms of trade. To do 
this, one must know the cause ofan export boom. 
I have suggested a cause that seems important in 
the Pacific region: rising incomes exhaust other 
sources of supply. Magee and Norman postulate 
a rise in demand, following Harold Innis's staples 
theory in mentioning a technological break- 
through that increases derived demand. Innis and 
others also suggested changes in tastes, transpor- 
tation, and techniques of raw-material exploita- 
tion. Stage Il may be a period of full-out produc- 
tion, in which there may be rising costs and com- 
petition from similar forest economies in other 
societies. Here, with respect to forestry, I have 
suggested that costs need not rise if capital is 
sufficiently available for the supplier to enter at 
once on a sustained yield of highly processed 
wood products. Otherwise, the supplier will be 
essentially mining the forest and must run into 
increased costs, inviting competition. In their 
stage III, Magee and Norman and I agree that 
substitution of "synthetic" materials with the 
same desired characteristics for an indirect utility 
function may move materials production from 
the forest to developed countries or to countries 
rich in some ubiquitous input that is the chief 
input into the synthetic. 

A country that develops a wood-products 
industry that has about the same factor composi- 
tion as its previous leading industries will have an 
adjustment problem in terms of trade but should 
easily accommodate the change. In contrast, if 
the logging sector and its linked processing indus- 
tries have factor compositions different from 
those in the sectors it supplants, the change might 
result in a redistribution of the national "pie" for 
labour, capital, and land. 

The redistribution is likely to start with an 
export boom that appreciates the currency and 
thus exposes other industries to invigorated 
competition. If these industries are land- 
intensive, the shift of labour and land from agri- 
culture to forestry may be speeded up, but it does 
not usually take a change in the terms of trade to 
drive marginal farmers into higher-paying forest 
or milling jobs. Large areas of land would proba- 
bly not be switched from food crops to trees: 
rural poverty might actually reduce migration 

from the farms, increase land hunger, and inspire 
politically directed farm encroachment into for- 
ested areas. 

The impact on manufacturing would depend 
on the sources of capital. A capital inflow for 
pulp and paper mills and other forest investment 
would accentuate the rate of exchange but reduce' 
the migration of capital from other domestic 
industries. Later, foreign dividends, rents, or 
interest payments might have the reverse effect. 

If there were no such capital mobility, the rise 
of the forest industry and the export boom 
would, if there were investment in infrastructure 
and pulp mills, weaken manufacturing and tend 
to lower the real wage relative to capital rental. 
My previous suggestion that large exports could 
result from small rates of investment the cut- 
and-get-out approach - indicates the endless 
possibilities among national structural reactions 
to the growth of a forest sector. The similarities 
between forestry and mining and oil production 
(Gregory 1976; Kindleberger 1961) should not 
blind one to the fact that forests are a renewable, 
or potentially perpetual, resource like agricul- 
ture. Whereas structural adjustments made for 
mining will have to be reversed when the minerals 
become depleted, a forest industry is permanent 
if developed for sustained yield - a development 
that depends on profitability as measured by 
product price, land rent, and capital availability. 

Revenues and Tenures 

Many who have studied the place of mining 
and forestry in developing countries assert that 
the main benefits from natural resource produc- 
tion are public revenues. Why do they make this 
claim? 

When roundwood is exported, there may be 
few benefits to the state or its economic develop- 
ment apart from various forms of revenue. The 
chief reason is that, because most land is poten- 
tial forest, the system of farmland taxation has 
been widely applied to forested land. Further- 
more, the system of personal taxation has been 
applied to year-round earnings, whether from 
farming or logging. Consequently, the yield of 
the forest to public revenues tends to look small. 

In at least one type of forest economy, this 
revenue is indeed small. When property rights to 
the forestlands have not been securely assigned or 
when it is too costly for either private owners or 
public forest managers to enforce their exclusive 
rights, rental and taxation opportunities are lost. 
Both forest production and forest-product con- 
sumption go undeclared and untaxed. 



In general, no forest operator has an incentive 
to report exploitation of the forest. In the 
extreme, the common property problems recog- 
nized in the fisheries literature will occur: an eco- 
nomically inefficient exploitation of forest 
resources with a dissipation of rents. 

What is missing is some system of tenure and 
taxation. Where rights to the forests have not yet 
been alienated, if politically feasible, it may 
increase economic efficiency to assign rights ran- 
domly, giving away the forestlands outright, 
imposing an appropriate tax-collecting scheme, 
and leaving the burden of enforcement on the 
new owners. If such drastic and clear alienation 
of public lands were infeasible, a government 
could insert regulatory and financial controls at 
the export or processing stage to ameliorate the 
property-less and lawless regime in the woods. 
When trees and wood in various sizes and degrees 
of finish are forced to pass through the markets, 
the reported values as well as the volumes acquire 
some acceptable meaning to statistician and tax 
collector alike. Indeed much official forest 
finance today involves the laborious procedure in 
which stands are appraised or assessed back- 
wards by the net values that emerge only in the 
final stages. 

Public forest revenue is complicated by the fact 
that much forestland is publicly owned. In gen- 
eral, public ownership gives the authorities a 
choice among (or a combination of) five types of 
revenue: 

The forest, trees, and soil may be sold out- 
right into private ownership. Thereafter the pub- 
lic revenue derived from forest operations will 
usually be confined to taxes on production, 
income, land, or inheritances (wealth). 

An annual or periodic licence or lease may 
be sold to operators or loggers, permitting them 
to enter the forests and cut trees over a specified 
area. The fee or rental tends to be a flat rate per 
unit area, regardless of forest quality. 

A royalty or an amount of money per physi- 
cal unit of wood removed can be paid. If there has 
been an appraisal, then the royalty can be 
expressed in percentage terms. 

The right to remove certain or all trees from 
the stump can be sold at a price that usually 
depends on an appraised value. 

A contractor can be hired to cut the trees for 
the public agency. 

Each of these techniques has enforcement and 
collection costs as well as compliance costs for 
the operator. I have arranged the revenue sources 
in order from the least costly to enforce to the 
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most expensive. In new forest economies where 
little apparatus exists for enforcement, 
measurement, or evaluation, the authorities 
often dispose of most of their rights by sale of the 
forest. Licences and leases are almost as simple to 
administer and comply with. Royalties require 
knowledge of the annual operations in the 
woods, whereas timber sales and contractors 
require detailed measurement, estimation, and 
monitoring. 

A second way of comparing these methods of 
alienation is to examine their fertility. The timing 
and amount of revenue obtainable need not differ 
greatly between them if they are used with dis- 
crimination. However, outright sale or disposal 
of the forest at an early date tends to be unremun- 
erative; fairly often, early disposal at a low price 
is regarded as a means of encouraging new forest 
operations. Licences and leases too are fre- 
quently handed out at a flat rate that does bring 
in an annual renewal revenue, sometimes for 
many years, but often at a low rate. Royalties 
often bring in more and are more often levied at 
special rates for special sites or species. Timber 
sales (or "stumpage") and hiring contractors to 
cut for the public can in principle capture all the 
rent or surplus from the operator. 

A third way of comparing them is in their 
impact on operator behaviour. Some charges, for 
example, fail to reward good forestry practices or 
give a strong incentive to take a short-term, nar- 
row, view of the forest's potential. I will cover 
these effects only briefly, as they are the subject of 
an extensive specialized literature. This literature 
is somewhat overblown because revenues may be 
linked to tenures, stipulations in the tenures, and 
regulations and orders that have a greater effect 
on forest practices than mode of levying the 
revenue. The ideal is private ownership. This 
gives the operator incentives to grow, protect, 
and harvest trees in a way that will maximize the 
present value of the property. Trees at the time of 
acquisition are both potential crop and produc- 
tive capital. 

Compared to this ideal, all other tenures are 
temporary or are feared to be temporary. They 
lack the power to induce the harvester to log in 
such a way as to assist regeneration in the manner 
that an owner would select, and the public agency 
either must impose regeneration-assisting log- 
ging practices or must take care of regeneration 
and protection itself. Because of the costs of the 
latter, public forest revenue is overstated, for part 
of it must be reinvested. 

Licences and leases do not give certainty about 
access to trees in the next few years, or in future 
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rotations; therefore, the holder has an incentive 
to cut and get out. Furthermore, the annual 
licence fee is a carrying charge additional to 
implicit interest for "waiting," protection costs, 
and a risk premium; these will all tend to shorten 
the holder's estimate of the ideal cutting age. Of 
course, tenure could be guaranteed for a long 
period; for that matter, licences and leases could 
be perpetual, in which case there would be little 
difference between the ideal and the tenures, 
apart from the licence fee. 

Forest alienation by royalty can be shown to 
have a small effect on the choice of cutting age 
even though the fees are not carrying charges; 
usually, however, the practice is that the operator 
is given only a few years in which to log, pay the 
royalty, and get out. Hence, the only effect of a 
royalty is likely to be high-grading. In the selec- 
tion of sizes, species, or sites for harvesting, units 
of the crop that cannot carry the specific royalty 
charge per unit will be left behind. Probably, too, 
they will be damaged because selective logging 
usually harms other trees and sites. The public 
forest service must prevent, or treat, land and 
capital destruction. 

Timber sales by stumpage usually have no 
effect on cutting age because the operator is given 
only a short period within which to log. If the 
stumpage fee is correctly set, there may also be no 
incentive to high-grade. As a harvesting tenure, 
therefore, timber sales for stumpage lack only the 
characteristic of encouraging regeneration 
practices. 

Finally, I should say a little more about public 
ownership; the advantages of ownership cannot 
be divorced from the obligations. The owners 
must pay to make sure that they are collecting all 
the rent that is in excess of the amount needed to 
cover the real costs of harvesting and to make 
sure that their, or their tenants', employees are 
looking after the long-term needs of the forest as 
a source of future crops. Either the tenure must 
contain provisions that somehow tend to be self- 
enforcing in these two respects, or the owners 
must play an active role in monitoring and in 
operating in the woods. One way to handle these 
costly functions is to maintain a forest service 
that employs experts to perform these services. 
The danger of a forest service is that it may apply 
costly theories of forest regeneration, protection, 
or harvesting and that it may even be corrupt. 
Many people advocate keeping the forests public, 
whether run by a forest service or not; the reasons 
cited are to reduce the risk that the public will lose 
all the rent in one unwise transaction and to make 
more flexible the adjustment offorestland for use 

in pasturage, watershed protection, fuel supply, 
and recreation. 

I think one should be a little skeptical about 
such generalizations. Although they are roughly 
correct as description, there are viable alterna- 
tives. There is no absolute reason that private 
owners cannot be compelled to pay taxes that 
transfer the rent to the public purse; nor is there 
any reason that they cannot be bribed or regu- 
lated in such a way to provide the alternative or 
extra forest services needed by the society. Prob- 
ably apprehensions about administrative diffi- 
culties, political susceptibilities to landed inter- 
ests, enforcement costs, and the political power 
of the forest bureaucracy provide, among them, 
the explanation for the permanence of public 
forests rather than regulated private ownership. 

I will now consider revenues from regulated 
private forests. The owners are usually subject to 
taxes and to regulations about cutting in some 
places. (The State of Washington has a law to 
compel conservation of private forestland.) The 
owners must pay to protect their property from 
thieves and trespassers; to maintain healthy 
crops; to finance thinning and spacing, road 
building, and harvesting; to cover implicit or 
explicit interest as well as price variability. How- 
ever, I want to discuss only their taxes. 

There are four main types: 

Taxes on private or corporate income from 
forest operations - the rules for such taxes usu- 
ally make some arbitrary distinction between 
increase in value of the standing capital and 
revenue from the crop by dealing in a special way 
with "capital gains." 

Death duties the need for liquidity to pay 
these duties may cause the owners, especially if 
they are landed families, to cut the trees for cash 
to keep the land. 

Property taxes - these can be a heavy carry- 
ing charge, inducing owners to shorten rotations 
or to cut and get out completely after one crop. 
Various intricate formulas and concessions have 
been worked out to prevent "double taxation" of 
the land, its roads and other improvements, its 
forested capital, and its intermediate and final 
crops. 

Yield taxes - these can take the form of 
output taxes, royalties, or severance taxes on 
physical or value units. 

The principles I have used in discussing the 
forms of tenure and charge on public lands can 
also be applied to these four types of tax on 
private lands. The reader will see that income, 



corporation, and death taxes tend to be neutral, 
having little or no effect on the timing of cutting, 
the incentive to high-grade, or the profitability of 
long-term investment in repeated cropping. 
(However, the actual rules and definitions for 
these taxes can have discouraging or even disas- 
trous effects on forest practices.) Property taxes 
are usually criticized as rewarding short-horizon, 
cut-and-get-out forestry. Yield taxes tend to be 
neutral with respect to timing but discourage the 
use of marginal stems or sites. In other words, a 
lump-sum tax on the present value or "rent" 
would, in the absence of uncertainty, be the least 
distorting type of forest tax. The income or net 
royalty tax can be a good substitute. 

To the economist, the tax or charge and the 
tenure are all-important. There are two reasons. 
First, most of the benefits will be smaller if the tax 
distorts harvesting or forest management. They 
may fade away entirely if the tax and tenure erode 
the incentive to keep the forest intact. Thus, the 
benefits of forest activity depend on complemen- 
tary tenure and tax policies that may bring only a 
small revenue. Second, the other benefits may be 
too small, relying on income-destroying obsta- 
cles to free trade and to efficient private perfor- 
mance. If so, only the public's share of the rent 
can be considered to be a benefit at all. 

More should be said on this second point. It 
may be that from the highest point of view, the 
economy of an "island" or isolated forest society 
would benefit most by a depletive policy. The 
rent from the first crop, like the rent of a mine, 
may be all that is worth realizing. Later growth 
may be just a delayed bonus, a free bequest to 
later generations. If this is so, there is little to be 
said for establishing an elaborate processing 
industry, encouraging dependent backward 
links, or spending on infrastructure apart from 
what can be quickly started and later abandoned. 
That is an extreme case; few forests are so struc- 
tured that no part of them will repay careful and 
costly harvesting and some planting, protection, 
and road maintenance. The intermediate cases 
put the greatest burden on the design of the 
revenue system. A way must be steered between 
taxes like mining taxes that capture much of the 
rent for the state (there being no future after the 
resource has been exploited once) and those like 
agricultural or manufacturing taxes that encour- 
age husbandry, conservative attitudes, long-run 
investment, and selective logging. The choice 
between these two extremes will dictate both the 
amount of public revenue and the benefits in the 
form of growth and employment that can be 
obtained from the forest. 
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Fig. 1 illustrates the policy choices. The 
assumptions are that most of the nontax benefits 
from forestry have some sort of present value 
placed on them by the state; that most of these 
benefits accrue from a permanent forest industry, 
renewed and cropped so that yield is sustained; 
that another separable benefit is net public 
revenue, from the proceeds of which many of the 
other benefits could be provided by other means. 
The diagram shows combinations of net public 
revenue and long-term forest renewal that bring 
equal discounted total benefits to the state. 

The bell-shaped curve shows the assumed pos- 

sible net revenue yield of forest policy. It is 
assumed that the net yield is greatest when only 
part of the forest is managed for long-term crop- 
ping and renewal, for both tax-revenue and 
public expenditure reasons. 

The best position is at X. In many forested 
regions X is very close to the peak of the revenue 
curve, and the other benefits are therefore some- 
what incidental to revenue maximization. But 
where forestry is found to be an instrument of 
development, the indifference curves will have a 
steeper slope, the optimum position will be to the 
right, and the revenue obtained is only one of the 
benefits of forest policy. Forestry will be brought 
under control to take place alongside agriculture 
as an important permanent activity. The steep 
slope of the indifference curves conveys a finding 
that, at the margin, forestry is more important for 
what it does for development than for the money 

Net revenue 
possibility curve 

Social indifference curves 

Fraction of forest renewed () 
Fig. J. Policymaking on forest renewal. 

N 



32 RENEWABLE RESOURCES 

that could be gained from liquidation. In other 
words, money would not buy what the forest 
contributes by other means to national welfare. 

Conclusion 

This paper indicates the wide range of choice 
available to developing countries fostering a 
forest industry. Forest operators have flexibility 
in that neither the land-labour-capital ratio nor 
the time pattern for growth and processing is 

fixed. There exists not only a wide variety of 
mixtures of forest rotations, processes, and prod- 
ucts but also an extensive array of tried and 
untried techniques that can be adapted to local 
terrain, costs, markets, skills, climate, etc. 

There is room for choice in how long to make 
the forest rotation, how much to invest in silvicul- 
ture and protection during each period, how 
much of the existing stands to harvest, how much 
of the land to allocate to agriculture and wood 
production, and what techniques to use in replac- 
ing national stands and plantations. 

Although many forest economists see these 
choices important only in their relationship to a 
continuous wood supply for developed-country 
markets, the forests - and decisions about 
them - are instruments of national develop- 
ment. A decision to take advantage of high prices 
today involves a sacrifice of development tomor- 
row. Yet, it may be one of the only options for a 
developing economy whose forests represent a 
badly needed source of foreign exchange. A 
commitment to a continuing forest economy, 
involving slow liquidation and replacement of 
trees, is a choice with great promise for develop- 
ing countries with substantial forest resources. 

I am indebted to James Johnson for participation 
that went well beyond the obligation of research assis- 
tance and to John Bene for comments based on pro- 
found experience. 

Editors' note: Discussion for this paper was combined 
with that for the following one and begins on page 48. 




