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Foreword 

The impact of air pollution on forest health has in recent years become an issue of major public concern. This 
is true despite the fact that irrefutable cause-and-effect relationships have in most instances been quite difficult 
to establish. Reports of "Waldsterbenn in Germany, sugar maple decline in Canada, reduced growth of pines in 
the Southeastern United States, and other apparent instances of pollution-caused forest damage have heightened 
the concerns of scientists, lawmakers, and lay persons alike, While most of the attention has been focused on 
the physical and biological aspects of the damage, the economic impacts have also been of some interest, 
especially to government officials whose responsibility it is to consider costs and benefits when setting pollution 
limits. The purpose of this report is to assist government officials and other concerned parties by contributing 
to a better understanding of the economics of forest damage from air pollution. 

The papers presented here were written by seven economists who have studied the forestry air pollution situation 
and its relationship to timber markets. The first paper explains the economic linkages among fossil fuel 
consumption, air pollution externalities, and losses in timber markets. The five papers that follow are concerned 
with the actual estimation of damages across selected large geographic areas. One study deals with the 
Southeastern United States; three are national studies from Finland, the U.S., and Canada; and one is concerned 
with the entire European continent. Yet, while each of the studies is concerned with estimating damage within 
a large geographic area, the methods of analysis are diverse. 

The U.S. Department of Agriculture, Forest Service, does not necessarily endorse the data, methods, or 
conclusions presented in these papers. Most of these papers were presented at a technical session of the 
19th World Congress of the International Union of Forestry Research Organizations, which was held in Montreal, 
Canada, on August 5-1 1, 1990. Special thanks are due IUFRO and its officers for providing an international 
forum for the presentation of this economic research and to Ms. Susan Medlarz, program manager of the USDA 
Forest Service's Southern Global Change Program, who generously supported the publication of this volume. 

J.E. de Steiguer 
Raleigh, North Carolina 
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The Economic Effects of Air Pollution on Timber Markets 

J. E. de Steiguer' 

ABSTRACT 

Air pollution damage to the environment has increased in recent 
years, and the threat to forests is now a matter of public concern. 
Economic assessments can provide useful information to assist 
lawmakers in establishing the optimal level of pollution control. 
Yet, despite the usefulness of economic assessments to legislators, 
they were largely neglected in the major air pollution assessment 
programs. Research papers in this volume contribute to increased 
understanding of the economics of air pollution forestry damages 
in North America and Europe. 

Keywords: externalities, acid rain, ozone, forests. 

Introduction 

This article provides historical and technical informa- 
tion about the economic evaluation of air pollution 
damage to  forests. It is intended to serve as a prologue 
to the following papers, which are concerned with 
estimating economic losses of commercial timber 
due to air pollution. One of the studies is from Canada, 
two are from the United States, and two are from 
Europe. 

Air Pollution as a Social Concern 

Society has long been aware of anthropogenic air 
pollution. One of the earliest recorded air pollution 
incidents occurred in London during the 13th century, 
and was related to smoke and particulate matter 
released by the burning of coal (Fisher and Peterson 
1976). Use of coal during the Industrial Revolution 
led to further reports of damage to structures and 
clothing (Pigou 1920). In the present century, fossil 
fuel consumption increased due to automobile use 
and electrical power generation, and the concern 
over air pollution likewise intensified. By the 
mid-1 950's, ozone damage in Southern California 
had received national media attention. 

Despite society's growing awareness, however, air 
pollution until fairly recently was considered a problem 
of mostly local consequence. This is evidenced by 
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the fact that when the United States enacted its first 
national air pollution legislation - the Air Pollution 
Control Act of 1955-the issue was regarded as one 
best resolved by States and municipalities (Regens 
and Rycroft 1 988). By the 1 960's and 1 970's, however, 
the public had come to view air pollution as a national 
and even international issue. This new perspective 
was due largely to a heightened concern about the 
environment (de Steiguer 1991), recognition of the 
regional nature of some pollutants, and the emergence 
of the so-called "acid rain" issue. 

Acid rain was first brought to public attention by 
Swedish scientists in a 1972 report to the United 
Nations entitled "Air Pollution Across National Bound- 
aries: The Impact on the Environment of Sulfur in Air 
and Precipitation"Cowling 1982). By the late 1970's, 
a controversy in North America had also arisen related 
to supposed acid deposition damage in the Northeast- 
ern United States and Southern Canada. It was 
thought that sulfur dioxide and heavy metals emanat- 
ing from the industrialized regions of, principally, the 
United States had caused this damage. 

In 1980, partly as a result of international political 
pressures, the United States government created the 
National Acid Precipitation Assessment Program 
(NAPAP) to explore the possible extent of damage to 
aquatic and terrestrial ecosystems, human health, 
and man-made materials. NAPAP's principal activities 
ended in the fall of 1990, at about the time of the 
passage of the monumental Clean Air Act of 1990 
(P.L. 101 -549, November 1 5, 1990), the first new 
piece of clean air legislation in the U.S. since 1977. 

Air Pollution and Forest Productivity 

Air pollutants such as acid deposition, ozone, heavy 
metals, and particulate matter are known to harm 
various natural biologic systems and man-made 
materials. Air pollutants affect forest productivity by 
means of complex chemical, physical, and biological 
processes (NAPAP 1990). When pollutants contact 
leaves, branches, stems, or roots they may be taken 
in by the tree. Once this has occurred, the primary 



physiological effects are reduced photosynthesis, 
increased respiration, and altered allocation of 
photosynthates (e.g., starches and sugars). 

The extent to which individual trees are affected by 
air pollution is influenced by a number of factors 
including: (1) inherent sensitivity of the tree species, 
(2) genetic constitution of the individual tree, (3) 
chemical composition of the pollutant, (4) timing, 
duration, and concentration of the exposure, (5) time 
elapsed betvveen exposures, and (6) buffering 
capacity of the soil. Thus, the effects may vary 
considerably among individual trees within a forest 
stand. This variability coupled with the possibility for 
compensatory growth by unaffected trees, may result 
in very little decrease in net stand productivity. Also, 
certain pollutants contain plant nutrients, such as 
suffur and nitrogen, which may even stimulate tree 
grorrvth. 

The manifestations of pollution-induced forest 
changes typically are subtle and difficult to detect. 
Indeed, symptoms seldom are so unique and graphic 
that air pollution can be unequivocally identified as 
the prima~y cause sf forest injury. In 1984 Cowling 
reported on a trip to West Germany, where he had 
observed the evidence of "Waldsterbenn- a rapidly 
developing pattern of coniferous and deciduous 
forest conditions that some hypothesize may be 
linked to air pollution. The evidence that Cowling 
saw included a general thinning and change of color 
in the canopy, smaller than normal leaves, loss of 

Air Pollution Damage as an 
Economic Problem 

Few would dispute that society is poorer when its 
forests are harmed by pollution. Yet, as desirable as 
pollution reduction may seem, that too involves costs 
that can be large. Thus, the question "How much 
pollution control?" is largely a resource alrocation 
issue within the purview of the economist. 

Environmental economists maintain that, in a particular 
market, economic welfare is maximized when marginal 
social costs (MCs) are equated with marginal social 
benefits (MBs) as illustrated in figure I (Just and 
others 1982). The hypothetical market pictured here 
achieves equilibrium with a socially optimal production 
level of q* sold at the price of p*. Society's net welfare 
is measured by the value of the triangular area 
bounded above by the schedule of marginal social 
benefits and below by the schedule of marginal 
social costs (area a i- area b). 

The marginal social benefits curve represents society's 
"total willingness to pay." In other words, it represents 
the maximum amount that members of society would 
be willing to pay in order to consume various quantities 
of the good. The marginal social cost curve is, in 
effect, society's supply schedule for the good in 
question. The area under this curve represents the 
total cost to society of obtaining the good. And the 
price line at p*, of course, represents the amount 
which must be paid for the good. 

needles and leaves, decrease in diameter growth Price 
during the previous 10 to 20 years, and very heavy 
cone and seed crops symptomatic of tree distress. 
Cowling (1 985) also reported that symptoms similar 
to these had spread very rapidly and by 1984 affected 
approximately 50 percent of the West German forests. 

In North America, reports of changes in forest 
conditions during the 1980's gave rise to concern 
about pollution-caused declines in forest health. 
These changes included growth rate decreases and P" 

mortality in high-elevation spruce-fir forests of the 
Appalachian Mountains, growth rate reductions 
among pines in the Southeast, crown dieback and 
decreased syrup production among sugar maples in 
Canada and the United States, and mortality, de- 
creased growth rates, and reduced regeneration 
among ponderosa and Jeffrey pines in California 
(NAPAP 1990). Scientists engaged in forestry air 
pollution studies judged that ozone was the most 
likely cause of forest damage in the U.S. and that g* 
acid deposition was probably a contributing factor 

Quantity 
only in high elevation spruce-fir forests of the Figure I .  -Equating marginal social benefits with marginal social 

Appalachian Mountains (de Steiguer and others costs will insure that economic welfare is maximized. Area a 

1 990). 
represents welfare accruing to consumers, while producers derive 
the value of area b. 






































































































