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Introduction / .

hree ,ht{ndred mution years ago, when mugch of Europe-and

North Aiterica basked in a moist trupical climate, furests of

fast-growing trees spread across vast areas of swampy
, < lowlands. Giant “scale-trees” bearing little resemblance to
the trees of today stood with stately cordaites, the forerunners of
modern-day cbnifers. After these trees died,_the brackish. water in
which they grew protected’them from decay. Time and the increased
pressure Of sediment helped transform the trees and surrounding
vegetation into. solid' masses of carbon, which now comprise the
extensive coal fields of the British_Istes, the U.S. Appalachians, the

Union.! . oox

»

In an odd twist of fate; humanity’s use of the fossilized remains of
these arboreal giants now threatens the health and productivity of

their modern-day descendants. Over the past decade, scientists have

dimassed considerable evidence that air pollutanis from the combus-
tion of fossil fuels, both oil zi;rid,,’c,joél,,é'rid,},)the smelting of metallic ores
are undermining sensitive forests and soils. Damage to’ trees from
gaseous sulfur dioxide and ozone is well documented. Recently, acid
deposition, more commonly called acid rain; has éhiéfgféd as a grow-
ing threat to forests in sensitive regions. Acid deposition refers to
sulfur and nitrogen bxides that are chemically transformed in tlie

¢ atmosphere and fall fo earth as acids in rain, snow, or fog; or as dry
acid-forming particles. Although acid depaosition is now known to
have killed is%

eastern North America, its links to forest damage remain circumstan-
tial. Yet studies of sick and dying trees in Europe and North America
[ 8 .

make the connection impossible to ignore.

Temmperate forests have a long history of stress and acidification, a

history that offers a critical backdrop for considering new stresses.

| sincerely thank Dicter Deumbiag, Andréa Fella, Georg Krause,- Richard: Rice, H.
Steinlin, foln Thorner, George Tomlinson, Gregory Wetstone, and Helen Whitrey for
their helpful comments on carly drafts of this manuscript. . .

b

@

and plants in hundreds of lakes in Scandinavia and ¢
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from air pollution-and acid rain. Since the end of the fast continental
glacidtion.J0,000- 15,000 years ago, soils have slowly formed from the

sterile layérs Hf gravel, sand, and silt left behind by the retreating ice.
Pionéering plants, animals; and microorganisms aided this soil devel-
opment, helping form an intricate cycle of nutrient uptake and re-
lease. Death and. decomposition of these inhabitants, then as now,
generated acids in_the soil. Where acids 'd'e\"elo'red faster than.other

natufal-processes could neutralize them, the soils gradually acidified,
a prockss that continues today. .

- 2 - M . - - - - - e e e oo
Centuries of human-use and abuse of forest ecosystems have added to
this ratural acidification. Many temperate forests in Europe and
North Aferica are now recovering from decades of intense burning,

grazing, and timber cutting. The, spruce-fir forests of New England
and the Adirondacks, for example, had nearly all been clearcut for
pulp by the early 1900s. Logging was often followed by burning that
destroyed the forest floor: The soil formation prg)CeSses,takihg place as
these forests recover naturally increaser the soil’s acidity.”

Air pollutants and acids generated by industrial activities are now
entering forests atan unprecedented scale and rate, greatly adding to
these stresses carripd over from the past. Many forests in Europe and
North America now receive as much as 30 timés more acidity than ..
they would if rain and snow were fallifig, through a pristine atmo-
sphere: Ozoné levels in many rural areas of Europe and North Amer-

ica are now regularly in the range known to damage trees. Despite air
quality. improvements made during the Seventies, the average con-
centration of sulfur dioxide in many areas is high cnough to diminish
tree growth. ’ : -

A comprehensive look at worldwide forest damage reveals mualtiple
pollutants—including acid-forming sulfates and nitrates, gascous sul-

ur dioxideé, ozone, and heavy nietals—that acting alone or to ether
place forests under severe stress. Needles and leaves yéllow and drop
prematurely from branches, tree crowns pro ressively thin;, and;

uiiimately, trees dic: Even trees that show no visible sign of damage
may be declining in growth,and productivity. Moreover, acid rain’s._

tendency to leach nutrients from sensitive soils may unidermiiie-the'
nealth-and produictivity uf forests long into the future. Taken together,

these direct and indirect effects threaten not only future wood sup-

- -

7 | :7' 



O

ERIC

Aruitoxt provided by Eic:

“'Waldsterben’'—literally
forest death—1is now

4 hotisehiold word in West Germany.”

plies: but the integrity of whole ¢cosystems on which society de-
pends. - ¢ -

and’ emotipnal issue
among that nation’s_citizenry: “Waldsterben”—lhterally forest death—
is now a houschold word. A survey in_the summer of 1983 showed
that West Germans were more, concerned about the fate of their
forests than about the Pershing missiles to be placed on their land

later that_year.* Environmental scientists in Poland and:Czechoslo-
vakia warn that forests may:Become wastelands if plans for increased
burning of their high-sulfur coal go unchecked.

Although scientists cannot yet fully explain how this forest destruc-

tion is occurring, air pollutants and acid rain are apparently stressing

* sensitive forests beyond their ability to cope. Weakened by air pollu:

tants, acidic and impoverishied soils, or toxic metals; trees lose their
resistance to natural events such as drought, insect-attacks, and fros:.

In some cases the pollutants alone cause injury or growth declines, |
- The mechanisms are compléx and may take decades of addition:!

research to fully understand: But this growing body of circumstantial
evidence is on¢ more telling sign that fossil-fuel. combustion has
ecological limits, and that society will pay a price for overstepping
them. : -

Signs of Destriiction Unfold i .

In just a few vears, forest damage has spread with frightening

and 4 miillion Rectares—an area rough

r,agidit;' through portions of centra EuroFet Trees covering betweernt
3.5 1y

now show signs of injury linked to air pollutants. {1 hectare = 2.47
acres.) Nu nation has better documented the destruction_occurring,

within its borders than West Germany, where forests cover 7.4 million -

hectares—roughly a third .of the nation’s. land area: Following an
extensive survey in 1982, the Federal Minister of Food, Agriculture

and Forestry estimated forest damage at 562,000 hectares—8 percent

0 v . _ —
) - 8 '
. - ~

half the size of Austria— .

+
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Table 1: Changes in Forest Damage in West Germany, 1982 to 1983

" Species Area Showing Damage ~Portion of Forest Affected
1982 1983~ 1982 1983
© (Mhousands ot hectares) {percent

Spruce <270 1,194 9 41
Fir 100 134 50 76
Pine. .90 - 636 5. 43
Beech 5¢) 332 4 26
Oak () 91 4 15
Others L3 158 4 17
Total . 562 2,545 8 34

Spiirce: Der Bundesminister Far Erndhrung, Landwirtschaft und Forsten,
Wildschaden in der Bundcsn‘rﬁk‘jhk Deutschland,™ Bonn, Octaber 1983,

“Neuart ze é;

+

of West Germany’s forests. Just a year later, in the fall of"1983; a

second survey found damage on over 2.5 mijlion hectares, 34 percent
of the nation’s forests. (See Table 1.) Some. of this increase resulted

from.a more thorough investigation the Second year,
the damage has spread rmarkedly. Visible injury t
form of yellowing and early icss of needles, deforni
rating roots, a progressive thinning
stages; tree death. The symptoms aj
in forests of buth single and mixe

i

X

ear, but nonetheless,
ically takes the
shoots; deterio-
of tree crowns, and, in its severest
ypear on trees of various ages and
species.*

In"the heavily. wooded West German: states of Bavaria and Baden
Wiirttemberg, home of the famed Black Forest, trees covering nearly

half the forested area are damaged. Nationwide, three-

quarters of the

fir trees are affected, up from 60 percent a year agp. Damage to

spruce, the most important species f

has risen from 9 percent.to 41 percenty
evident®with pine; These three conifer sp.
pose two-thirds of West Germany’s forests,

or_the forest products industry,

-+ s s P iins Yoy
and a similar increase is*

les, which tog 'ther com-
are the most severely

struck. But damage has also been found among hardwood species
such as beech and ook Since most trees m the advanced stages of

-

J
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“hardly anyone in.Germany denies the great danger to forest eco-

s’stem's‘r’*

In neighboring Czéchoslovakia, torest damage covers an ‘estimated
-half million hectares: Trees on some 200,000 hectares are believed to

be severely damaged, and those on 40,000 hectares in the Erz Moun-

tains reportedly have died. Dead and dying trees are plainly visible
northeast of Pragiie in the Krokonose National Park, which has 34,000
hectares of forest, mostly populated with spruce. Not 'o”n',lg are the
spruce dying, they reportedly stopped regenerating .in the park’s
mineral soils several years ago.” Further north in Poland, another half
million hectares of forest are affected. Forest researchers in Katawice,
near Krakow, say that fir trees are dead or dying on nearly 180,000
hectares and that spruce trees in areas around Rybnik and
Czestachowa, also in.the industrialized southern region, are com-

pletély gone.-Environmental gcientists warn that by 1990 as many as 3 -

million hectares of forest may be lost if Poland proceeds with its
present industrialization plans calling for increased burning of the

- nation’s high-sulfur brown coals.’

Accounts of forest damage in othey European countries are not as well
docamiertted; but collectively they add to evidence of unprecedented
forest devastation. Acute damage to pine trees was found in areas of
the Netherlands in the spring of 1983, and pine and fir over a wide
area iii the eastern part of the couritry are now losing needles pre-
maturely. Pine damage has also appeared in France and Italy. Some 12
percent of East Germany's forests.are believed to be affected, and
specialists in Romania have noted that 56,000 hectares of that nation’s
6.3 million hectares of forests are damaged from industrial emissions.
In parts of Switzerland, 25 percent.of the fir trees and 10 percent of
the spruce reportedly have died within the past year, and many more

trees show signs of injury. Various accounts also claim that trees are

- suffering from air pollution in the United Kingdom; Austria, and

Yugoslavia.* ’

In the late autumn of 1983, early signs of tree injury began to emerge

" in northern Europe: Sweden; whose dying lakes first brought inter-

-
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national attention to acid rain, now appears to have forest damage as

well. Symptoms similar_to those of the declining forests of central
Euirope have been reported by public and privatg foresters primatily
in the southern and western portions of the cuuntry. Spruce and pine
show the most injury. Although official. maies of damage aré not
vet available, eaiiy reports suggest that 10 percent of the timber stock
in certain regions may be affected. In southern Norway, spfuce re-
portedly are also showing injury.” A rare environmental report from
the Soviet Union's Communist {"‘arty paper. Pravda recently revealed”
that yast arcas of forest are dyihi:, from air pollution near the auto-

meBile-manufacturing city of Toghatti; about 1,300 Kkilonieters east of
Moscow. According to the report, nearby forests along the Volga
River may soon resemble a wasteland." -

Unable to attribute this massive destruction to_natural events alone, .

scientists have turned their attention to air pollutants—an external
stress that has increased greatly in recent decades. Siilfur dioxide and

_the acids into ‘which it transforms have led the list of pollutant sus-

pects: Scientists surveying West Germany's forests found that damage
was greater on west-facing mountain slopes exposed to more raint and
fog and thus probably to more acid deposition. The needles of ailing
cenifers in portions of Bavariz near the Czechoslovakian border con-.
tained more sulfur than those of healthy trees. Yet injured _trees
clsewhere have not shown this effect. Moreover, farests are suffering
on both acidic and alkaline soils, and in areas where atmospheric
concentrations of sulfur dioxide are low. Consequently, attention. is
increasingly being focused on the combined effects ot gaseous sulfur

and nitroggn oxides; heavy metals, and ozone. The debate is broad-

¢ning with the apparent realization that different pollutants and
mechanisms may be key factors in the damage on different sites:"

evident in the Appalachian mountain ranges of the east and in the
Sierra Nevada of California. Field and laboratory studies have docu-
mented V'Vn'cjgrjonlg tree disease and.death, but sustained declines in
growth as well. From the A palachians of Virginia and West Virginia,
northward.into the Green Mountains and W ite Mountains of New
England, red spruce is undergoing a serious dieback; a progressive

o 1i




O

ERIC

Aruitoxt provided by Eic:

o

“Fores

are suffering on botly

- acidic and atkaline sotls, and in areas

wh"cr;w";jtﬁii?sl;?ijpric concentrations
of salfur dioxide are low.”
1 ’a

/
I

thinning trom the outer tree crown inward. Damage is most severe in
the high elevation forests. of New York, Vermont, and. New
Hampshire, on peaks forested mainly with red spruce, balsam fir, and
white birch. Because of high precipitation rates and the ability of
conifers to intercept cloud moisture, these high mountain, forests
generally receive. 3-4 times more acid deposition than those at lower
elevations. In addition, the soils of these forests have shown a marked
increase in ledd concentration over the past two decades; believed to

the bencfit of tivo detailed tree inveniories sparning the period
1965-79,. researchers have found. that seedling production; tree den-
sity, and basal arca haveé declined by about ,h;i%i}flh 1979, over half thie
spruce-on Camels Hump werd.deed. A 1982 survey of spruce
throughout the Appalachians has led researchers to conclude that

bur ,lPQ:,,x'%!i,d,,d,iipi;,Si,ti,i,*h hids been linked to this dicback
of spruce; althongh the evidence so far remains circumsta ntial. Stud-

As in central Euro

7777777777 w Jersey Pine Barrens provide
the most convincing evidence to date for acid deposition’s role, Amaly-
sis of tree rings shows that these pines have andergone a dramatic.
reduction in annual growth dver the past 25 years, a pattern ot decline
not evident elsewhere in the 125-year tree ring record: Grow th rates
corresponded closely to the acidity .mdas

ies on three varieties of Fme in the N

) sured in nearby streams,
which in turn is a good index of the acidity of rain: With other factors
such as drought, fire, inscct pests, and vzone apparently not respon-
sible; acid rain emerged as a likely cause. The researchers conclude
that'no other events in the trees” growth history are “as widespread,
long-lasting; and severe in their effects.”"! :

I -

L]
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Although acid deposition’s link to tree injury is still debated; scientists
have firmly documented tree disease and death from ozone and other

pollutants’in the family of “photochemical oxidants.” Ozone forms
from nitrogerr oxides reacting with hydrocarbons (produced mainly

by automobile engines) in the presence of sunlight. Its formation and

concentration is often closely tied to weather patterns and 8?‘:’8“?3113"
A highly concentrated mass of pollutants mixing under sunny.condi-
tions is a ripe setting tor ozone's creation. B

Ozone has killed thousands of pine trees in the San Bernardino
Mountains east of Los Aiigélés' Chlifornia, a city now infamous for its
vellow-brown photochemica s Tree injury was evident by niid-
century as air pollutants fromf the growing urban area were carried
east by marine winds. ©vef the past three decades; as pollution has
worsened; losses of the stately ponderosa and Jeffrey pines have

increased dramatically. Researchers discovered that 4-6 percent of
these trees in higher elevations died over a six-year period. Losses
have been greater in the western.part of the_mountain range,

receives higher Pfiill,ii,li“i,ﬁlﬁd,‘)b,‘girMQ@QVCEJh?ﬁr,UW th rings in pon-
derosa pine cores show that anniial radial growth declined 38 percent
over the period 1931-1971 tompared with 1910-1940, a decline at-

tributed to the rise i air pollutants. In_areas receiving the highest
ozone.doses, the marketable volume of 3Q-year-uld pines declined by
83 percent: Researchers conclude’in their study taat “this reduction in
{-’5@,‘5’[@,@1@",@' with air pollutant caused tree.mortality,~combine toss
1

mit production of timber in the San Bernardino Mountains. ™=

Similar damage appears to,be occurring in the Appalachians. Esti-
mates now are that 4-5 percent of the_eastern.white pines are dying in
the southern Appalachian and Blue Ridge Mountains and north intg
Pennsylvania and Ohio: Ozone again is the leading cause; although;
both here and in the San Bernardinos, damage is exacerbated by

insects attacking trees that are weakened by air pollutants. Along with
tree mortality, studies of Appalachian pines have also shown substan- |
tial growth declines:™

Mecasuremenits of tree rings on weakened trees have shown in many
cases that these visible symptoms are accompanied by substantial and

3
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777777777777777 “Air pollutants may be

quietly unidermining the productivity

of large areas of temperate forests.”

f

sustained declines in growth: But the most disturbing of air pollu-
tion’s effects on forests is that growth and productivity can be fﬁ‘dih'
ing in trees that show no visible symploms at all. Having documented
this “hidden injury” for white pine growing in the Appalachians, .
researchers at the Virginia Polytechnic Institute and State University
conclude that it is ‘jh’;'rhl,y,pjrpbqbl'%that growth loss in forests sub-
jected to low-level anjjlon;.,—term eXposures to air pollutants may be
occurring unnoticed and/or unevaluated.”"” - -

Tree disease and death have unfolded in central Europe and limited:
areas of the United States at an alarming pace, and as yet show nho

. signs of abating. ‘T'he ultimate severity and extent of this damage is a

to acid deposition and high pollutant concentrations for longer peri-
ods of time, the damage may well spread. Moreover, if growth de-

looming question. As forests not yet showing injury remain exposed

clines are vccurring unnoticed; air pollutantd may be quietly 'under-
mining the productivity of large areas of temperate forests.

“Tracing the Pathways of Pollution

Although a variety of pollutants are implicated in the forest damage

. and growth declines now occurring, most trace back to sulfur. and

“ nitrogen oxides emitted during the burning of fossil fuels and the

smelting of metallic ores. Coal and oil contain sulfur and nitrogen that
are released into the atmosphere as gascous oxides during combus-
tion. The quantity of pollutants emitted depends on the sulfur and
nitrogen content of the fuel and, for nitrogen oxides, with the tem-
peratiire and efficiency of combustion: The sulfur content of coal; for
example, varies from Iess than 1 percent to as miuch as 6 percent. As a
result, burning a metric ton* of coal may release 3-60 kilograms. of
sulfur. Smelting, a process of separating a imetal from its ore, also
releases large amounts of sulfur dioxide into the atmosphere when
the ore contains sulfur. Common metals such as copper, nickel, lead,
and zinc are smelted largely from sulfur-bearing rocks.™ -

Over the past century, fossil-fuel and smelting emissions have altered
the chemistry of the atmosphere at an unprecedented pace: Today the

* All subsequent references to tons imply mietric tons.

froed |

.
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atmusphere receives about as much sulfur from human activities as it

- #oes.naturallv from oceans, swamps, and voleanoves—oit the order of

752100 million tons per year. Yet most of the emissi
activities occur on just 5 percent of the earth’s surface, primarily the
industrial regions of Europe; eastern North America, and East Asia.
In these areas; energy combustion and snielting add 5-20 times more

e

sulfur to the atmosphere than comes from nature. One-smelter, for
example; the International Nickel Conmipany near Sudbury, Ontario;

‘annually emits more than twice as much sultur as Mit. St. Heleiis

discharged during its recent miost active year of volcanic eruptions.
Emissions of nitrogen compounds ate harder to_estimate, biit those

Fossil-fueled power plants, industrial boilers; and nonferrous
simelters lead the list of sulfur dioxide emitters. The relative contribu-
tion of these sources to total emissions can. vary substantially in
different countries. (See Table 2.) Eleetric utilities account for two-
thirds of sulfiir dioxide (SO.) emissions in the United States,_for

exampie; and in West Germany, they aceotint for over halt. In con-
trast, Canada’s elgetrie utilities contribute only 16 percent of 5O,
emissions. while about a dozen smelters emit nearly. half. Motor
vehicles add little to sulfur emissions; but their internal combustion

engines are the biggest source of nitrogen.oxides (NOJ). in. most
ggest_souree 0L HEIL OXELES N

industrial countries: In the United States, Canada, and West Ger-
many, motor vehicles account for roughly half oftotal NO emissions;

while utilities generate a third or less, and industries abotit 4 tifth.
(See Table 3.3

Pollution from fossil-ficl conmbustion dates back well over.a century.to
the {ndustrial Revolution. Coal used to heat homes and fuel factories

generated a pall of smoke and haze that hiing pers stently over many
cities in Europe and the United States. As the number of factories and
homes grew, the problem worsened and many cities began to control
tirban smoke. But emissions of sulfur and nitrogen oxides, along with
other combustion poliutants, continued to rise. Sulfur dioxide emis-
sions began to increase rapidly in Europe after 1950 when many
countries turned to high-sulfur il. By 197 annual SO, emissions had
climbed to 50 million tons, two-and-a-half times mid-century levels.

15
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. “Fossil-fueled power plants,
industrial boilers, and nonferrous smelters

.
- Table 2: Sulfur Dioxide Emissions in Selected Counitries
United . West
States  Canada Germany
» Qliahiiiy ot Emissions* ) 7 {illin welrc s vedn - — -
24.1 $.77 © 3.53
Sources of Emissions  (pereent)

_ .. Electric Utilitics . 66 16 56
Industries I . 22 32 28 )
Smelters 6 45 -
Homes, Businesses 3 <4 13
Transportation . 3 3 .3

Total . - S 10 . oo {00

*:1980 figuires for United States and Canada: 1978 for West Geymany.
Sources: U.S. and Canada data from United States-Canadi -Memorandun ot Infent on

Transboundary Atr Pollution: xecutive Suniifiries (Ottawa,. Canada: Environ-
ent Canada, 1983); West Germany data from Federal Minister GF the Interios

“The Federal Governments Reply to the Interpellation Gt the Depitities: Air-
Pollution, Acid Rain and Death af Forests,” Bonn, Augtist 25, 1982, translation
from the German by U5, Congressional Research Service: :

Similarly, SO, emissions from both the United States and Canada rose

by 40 percent between the early: fifties and mid-sixties.™

Killer pollution episodes in Donora; Pennsylvania in 1948, London in

‘1952, and New York City in the early sixties drove home the hazards

of %oliutéd city air. Spurred by thesé threats to human health; as well
as b

y a rising tide of environmental awareness, many countries en-
ticulate concentrations in the air. Early redactions in SO, emissions

came primarily by switches from high-sulfur, to lower-sulfur fossil

acted pollution control laws targeting mainly sulfur dioxide and par-

fuels. In the seventies, some countries began requiring new plants to
include equipment for removing sulfur dioxide from smokestack
emissdons. As a result; salfar dioxide emissions in North America
peaked in the mid-sixties, and since then have fallen by 14 percent in

the United States to aboat 24 million tons per year. In Canada, sulfur

'Y

| -y
S
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United o West
___ States  Canada Germany

Quantity of Emissions* C (million matric tonsiveary
19:3 183 3.0
Sotirces of Emissions (peicent)
. 45
31

19
5

Transportation H
Electric Utilitles . 29
Industries 22
Homes, Businesses = | 4
Smelters, Misc: 1 ,
Total 100 » 10

* 1980 figures for United States and Canada; 1978 for West Gerimany.

1= N
B2

ST

100

Sources: See Table 2.

dioxide emissions have dropped back to mid-fifties levels of about 4.8

million tons per year. Emission levels have also stabilized or declined
slightly in. Europe, though trends vary from country to country.*

Governmerit policies have(ipaid far iess attention to nitrogen oxides.
This gas was rot considered as great a healtlt hazard; and since it was
odorless.it caused much less of a nuisance than sulfur with its rotten
egg smell. Uncontrolled emissions from power:plants and espé'ci,aig

the burgeoning use of automobiles in the last three decades set N

on a rapidly risingspath. Nitrogen oxide emissions dre harder to
estimate than sulfur dioxide sihce they are determined by factors
other tHan just the nitrogen content of the fuel. But they also are

thought to have .risen dramatically over the last severa decades,

possibly doubling in Europe between the late fifties and early seven-
ties: In West Germany, for example, NO, emissions rose by S6spercent -
between 1966 and 1978: North America shows similaf trends: Since
the fifties nitrogen oxide emissions: have roughly doubled in the
United States and tripled in Canada.®

X
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. on acid rain has tended to ignore
its common grigins and jgteractive effects -
with other damaging pollutants.”

,” Rece‘:ff publicity focused

o

Trees surrbunding heavy industnal pollnters, such as. €Canada’s
smelters, have suftered from pollution for some time. But the'exten-
sive forest declines now.unfolding are often far from major industrial
and tirban centers. One consequence of the drive to purify urban aig
over thie last couple décades has been construction of tall smokestacksY T
to b?l@,i,di??if-ﬁf pollutants into the atmosphere. These smokestacks,
-along with high fevels of emissions; sent. pollutants traveling hun-
dreds of kilometers bdfore returning to thie earth’s land and waters.

The International Nickel Company’s 380-meter “superstack;” for ex-
~ample, replaced three shorter stacks -in 1972.. Measurements. have
since shown that virtually all of the sulfur and 40 percent of the heavy
mietals emitted travel more than 60 kilometers from the smelter:™ *

. \ o
Unlike industrial emissions of carbon dioxide, which accumulate in
the atmosphere, virtually all of the sulfur and nitrogen oxides that go
up eventually come down in one form or another. Some return essen- ‘
tially unchanged as gases: Some are deposited in dry formeon surfaces
such a8 leaves and needles, where reactions with moisture can fo)
acids: The ‘longer the oxides remain in the atmosphere, the;, more
rlikely they are to undergo oxidation to nitric and sulfuric acid, the
primary acids in acid rain. Under certain conditions, some of the
nitrogen oxides will react with hydrocarbons to. form ozone: Further
¢ matter, ozone can in éed up the transforma-

complicating thé matter, ozone can in turn speed up the
tion of sulfur and nitrogen oxides to sulfates and nitrates; the com-
pounds in acid rdin.**

In-light of these interactions, trying tro;rsmf;le,cut.one pollutant as the
& cause for forest damage would be difficult: Trees in a given location
can be affected simiiltanecusly by-several pollutants in a variety of
ways' Moreover, each pollutant may affect the formation and fate of
others. If vzone helps torm acid rain, trees dying primarily from acid
rain are dying indirectly and_in part_from ozone. Recent publicity
d rain has tended to ignore its common orﬁins_and

focused on aci
interactive effects with these other damaging pollutants. Divorcing
acid rain from the complete pollution pictufe in this way may lead to
ineffective strategies to control it, and more importantly, may prevent
- other damaging pollutants, such as ozone; from getting the attention :
they deserve. Nonetheless, acid deposition is of special concern be-

e )

-.
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cause of 1ts Fé'r'vd'si'vé'rj;;‘és,jﬁ insidious ways of inflicting damage; and
it 1 potential long-term consequences. \

»

o

Although acid ra‘r was recognized over a cenaury ago, only.in the ast
three decades Las the phenomenon become widaspread. in brogd
areas of eastern North America and northérn and central Europe, the
annual pH of rain and snow now averages between 4 and 4.5. The pH

scale; .commonly used to express acidity, ranges from 0 to.14, with
anything less than 7 consic ered acidic. The scale is logarithmic;, a
decrease of one unit means a 10-fold increase i:rj;cidity,,(\}‘i-negnr, with
a pH of about 3, for example; is 100,000 times more acidic than baking
soda; with a pH of 8.) Rain falling in preindustrial times is thought to
have been in the range of 5:6; shghtly acidic from interactions with

natural carbon dioxide in the dtm@ispgere: Precipitation in many in-

- dustrial regions is now 10-30 times more acidic than_would be ex-

pected in an atmosphere free of humanity’s pollation:* -

The precise mechanism by which acid, deposition may be damaging
forests is not known. Sulfates and nitrates raining down as acids ﬁave
drastically different effects on different forest stafids,_and even on
different tree species in the same forest stand. Incoming, acids affect
interactions between the soil and living biomass of an ecosystem in
complex and' varying ways. Soil structure and C(‘mEOSitiO"} vegeta-
tion type, climate, and elevation are only some of the natural deter-

ining varidbles. Yet research over the” last decade has uncovered
some common effects of acidity that point to several pathways by

which acid deposition can threaten forests: B

Irees derive their nutrition primarily from elements such as calcium, .

magnesium, and potassium that aré weathered from minerals in the
soil. Acid deposition adds hydrogen ions to the soil, which displace
these important nutrients from their sites boand to soil pa rticles. Soils
with a pH of 5 or more are seldom in danger since they have plentiful
calcium carbonate (the constituents.of lime) or silicates {(which have
abiindant calcium; potassium; and/or magnesium) that effectively

neutralize the acid ions. Yet soils at lower pH levels have fewer of

these buffering agents. Competition from incoming acids causes the
leaching of calcium and magnesium from the soil. Large areas of the

southeastern United States, the Appalachian, Adiron ack; and New

15
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- “Precipitation in many industrizl regions
. © is now 10-30 times more acidic than

would be expected in an atmosphere

free-of humanity’s poilution.

. ’ i

En;ivla”n'd mountain ranges; the Canadian shield of eastern Canada;

and extensive are

e in° Scandinavid, for example, are underlain
slightly acidic, poorly bu Is that are especially sasceptible |
this effect. Although soil chdnges generally take place over a long
pgriod of time, spii studies in Sweden suggest that subsiantial leach-

Ing of nutrients from sensitive soils can oceur in just a accade”

Sulfates and nitrgtes, the other key constituents”of .acid deposition
along with hvdrogen ions; can initially have a fertilizing effect on
many soils and for a time may actually boost tree growth: Forests in
Scandinavia and portions of West Germany seem to have shown this
effect. Yet this enhanced growth is shorelived; for eventually these
“fertilizer” supplies will exceed the fo gs,trsf,;c,;jpa'gitg;tqu e them

ne ! them.

Sulfate saturation usually precedes nitrate saturation, but excess quan-
tities of either or both simply pass through the soil, carrying vital
nutrients with them. With forest productivity closely tied to nutrient
availability, this leaching of soils by hydrogen, sulfite, or nitrate jons
eventyally reduces forest growth - R

Is

either mobilized in the
soil or introduced from the atinosphere—may. be involved in the
torest damage now occurring: Dr. Bernhard Ulrich, a soil scientist
whgq has studied damaged beech and. spruce forests in the Sollin
Plateau of West Germany tor nearly two decades, has Vhyp'qthgging
that as soils becuiie increasingly acidic; alaminum; whieh s normally
harmlessly bound in soil minerals, becomes soluble and toxic. The
teny, making the tree less able

Research also as shown that hegvy metals

,,,,,,, oo

free aluminum attacks the tree’s root s

to. take up. moisture and nutrients and to protect itself from insect
attacks and droughts:*

Trace amounts of heavy metals can also enter the forest from the
atmosphere. Combustion of fossil fuels, smelting, the burning of

leaded gasoline, -and. refuse incineration are major souices of trace

‘metals in the air. Field and laboratory research at the University of

Vermont suggest that heavy metals and acid deposition act syn-
ergistically on forest systems, stunting the growth not only of trees,
but of mosses; algae, nitrogen-fixing bacteria, and fungi that are
essential to a forest’s health. ﬁ"etwecn_ 1965 and 1980, metal concentra-
tions have markedly increased in the soils on Camels Hump, a site of

massive spruce dieback in Vermont's Green Mountains. Lead con-

- . .
-
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centration donbled; while that ot copper rose by 40 percent and zinc
by 70 percent. These metals enter the. forest with tEe rain and fog, -
which in the Vermont mountain peaks have average acidities 100
times greater than “pure” rain.* Researchers at the Oak Ridge Na-

higher metal concentrations in recently-formed wood. Cores taken
from southern Appalachian trees showed concentrations of zi~c, cop-
per, chromium; and aluminum generally high enough to'be toxic. ™

Of all the g’aiﬁw;’yig by which air polluitants can afféct forcsts, changes
in_the soll—whether by nutrient leaching, accumulation of heavy

metals; or mobilization of toxic aluminum—are the most foreboding.
In'sensitive ecosystems these changes may be irreversible, thus harm-

ing not_only mature trees now standing, but the seeds and seedlings
that will become the forests of the next.generation: The beech trees
studied by Dr. Ulrich in West Germany have great difficulty regener-
ating,"apparently because of acidity in the upper soil layers. The
number of spruce and ,ﬁié}ilé,iééﬂliﬁgsf on Camels Hump in Vermont
hasdeclined by abouthalf over the last two decades; anc the number
of spruce é,ééd{ijjgfs in the higher elevations of New York’s Whiteface
Mountain has dropped by Sg percent." '

Siilfuir and nitrogen oxide gases can also enter trees directly through
their leaves or needles, much as carbon dioxide is taken in for photo-
synthesis. These pollutants can alter the trees’ metabolism and ability
to produce food, and thus its productivity and rowth. Forestry -
experts at the 1982 Stockholm onference on_Acidificatiam of the
Environment reported that tree growth can apparently decline when
average yearly sulfur dioxide concentrations run as low as 25-50 mi-
crograms gfef[ ctibic meter, levels that prevail over large portions of
Europe:® For comparison, the national annual ambient air quality
standard for sulfur dioxide in the United States is 80 micrograms per
cubic_meter, and the European Economic Communit! Sta'n'dzrtfis
80-120. Thus, air quality levels established to protect human health
appear too lenient to protect the health of forests. :

Dry sulfate and nitrate particles deposited on moist foliage can form

acids that leach nuotrients from leaves and ‘needles much as they dare .

leached from soils. West German scientists have found magnesium
. 4
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). “Air quality levels establishéd
to protect human health appear toc lenient
‘to protect the health of forests.”

and calcium deficiencies in the needles of declining spruce trees in the
Black Forest and Bavarian Forest of southern West Germany. They
suggest that acid deposition, aided by ozone that-first attacks the
neodle’s outer surface, is weakening trées through the foliage as well
as the soil”

Ozone by itself has been found to damage trees when concentrations
of 100-200 micrograms per cubic meter last 6-8 hours a day for several
days. This is roughly 2-3 timkes greater than natural background levels
typical for a summer day. In many ru ral areas of Europe, average daily

concentrations are régijj_;ir,l,y in this range, and peak levels can exceed

ratiral levels by 61
episodic peaks may worsen damage caused by high average con-
cenitrations. Some scientists studying the pattern‘of spruce and fir
dieback in the Black Forest and the state of North Rhine Westfalia
contend.that ozone is the leading cause there.™ '

‘No ,Siijgléfhy'ﬂijthjesis can account for the varying patterns of forest

destruction observed. A reasonable explanation for the decline onone
site_ may appear infeasible for another. While these complexities frus-
trate the search for a clear-cut cause and effect, they are not surpris-
ing. Apart from their unique pathways of destruction, air pollutants
are most simply understood as a biological stress. Just as stress is
manifest in human beings in different ways—such as ulcefs or high
blood pressure—air pollution stress on trees shows up ina variety of
W’zj?lrsr';erp'endinv upon the tree species; soil type, and the specific
pollutants involved. Polliition-induced stress weakens. a biological

such as droughts, insect attacks, frost, and wind. In the Ap-
palachians; strong evidence exists that the growth of trees has become
more closely tied to temperature_and rainfall over the past few dec-
ades; a sign,of increased stress.” Drotuights may have triggered:the fir
dieback in West Germany. in 1976 and the spruce decline on Camels
Hump in the mid-sixties. Insect infestations and root fungi have been
linked to forest damage in the United States and Europe. Yet these

system and makes it more susceptible to harm from natural stresses

natural factors alone seem insufficient to explain the sustained pat-
terns of dieback and decline: Whether as a predisposing stress or a,

primary cause, air pollutants appear to figure prominently:

times. (Sec Table 4.) Acute stress from these -

21
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Table 4: Summer Ozone Concentrations in Selected European

Countries
o o ,  Increase of
Upper Daily - Daily Average Over
Average Peak - “Natural” Levels'
{ierorrams per (‘iii\i(' ieter) . . '(pi-'rii'iii)
Netherlands J80-130 808, 189
West Germany” 100-150 300-500 2200
United Kingdom  90-165 200-500 210
Belgium — 300 ; =
France . : 70-120 R L 160
Norway . _— 200-300 —
< - LT L .

' The Hildpoiiit Of the dpper daily Gverige rdige is used For this calclation; “hataral”
-Ozofe copcentration assunied to be 60 microgrims per cubic nicter.

©Daily Seerage figlires 16r West Geritia iy dre Leoii thie BIack Forest; the peak Lalties dre
trequently recorded in raral areas. Peaks iin Blick Forest tepically dre THO-180 micro-

grams per cibic mieter

''''''''' vironmental Resources Limited, Acid Rain: A Recice of Hie Phenonienon in the
and Evrope (London: Graham & Trotman Limited, 1983).

%

- West Germany's sprace and fir forests are typically managed in even-
aged stands with trees harvested at 80-130 years of age. Although
damage first.appeared on older trees; spruce and fir ot all ages are
now_affected. Foresters expect the death of the younger trees to

significantly disrupt the wood market. In the summer of 1983, when
ten-year period, these losses translate into about a 5 percent decline i
annual timber production;, worth_about $200 million per year.* With
damage now '

<

g a third of West Germany's forests, the value.of
this annual timber loss is bound tgyrise. A growing portion of the
: Lo




oy AR

- o “In_the summer pf 1983,

~_the reported value of the trees
: ) ) that had been lost in West Germany
\ was aboiit $1.2 Eillion.”

Flanned, annual harvest consists of dving trees removed from the
orest. Over the nextifew years, the harvest may reach three times the

_normal level, and the dumping of valuable wood on the miarket will

v
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undoubtedly depress timber prices: Even under the optimistic as-

sumption that the ongoing destructicn ce »saand that the damaged
forests can be restored, futare wood harvests will likely be reduced as

a result of the present overcutting. Dr. H. Steinlin, Director of the
Institut-fur Landespflege at Albert-Ludwigs University in Freiburyg,
expects that froni the late ninetiey into. the first quarter of the next

century, West SGermany will be lesg self-sufficient in timber.”

The economic and ecological reality of thisforest death has led West
German forest researchers to visualize-a very different forest of the
fature and to begin planning alternative management strategies. In
Bavaria and other severely damaged areas; soils are being limed in an
attempt to counteract acidity.-But without plowing lime into the soil—
a_prohibitively expensive task for Such large areas—mineral soils
cannot be restored bevond the surface, and this strategy, therefore; is
ot an ultimate solution. Moreover, liming does nothing to reduce
stress caused by ozane and_gaseous sulfur dioxide. According to a
recent Journal of Forestry editorial; jointh written by a German pro-
fessor of forest policy, the president of the German Forestry. Associa-
tiori, a Regensburg forester, and a former. U. S, Fulbright Visitor to
Germany, “Air poilution is now the problem that concerns West Ger-
man foresters most: The results of 200 years of torest management
seem to be extinguishable within the next 10 years . .. Only a few
people think about an all-too-possible scenario: centra! Europe with-
otit forestss”™ | - ;
Manvy of Eiirope’s forests are intensively managed conifer stands that
yield large timbgr volumes from a coniparatively small area. With only
one-fifth the forested area of North America, the countries of Western
Europe harvest about half as miuch wood as Canada and the United
States combined. Western Europe accounts_for 15 percent of the
world’s industrial wood harvests, even though it has only 4 percent of
the whrld’s forests:™ As with agricultural crop production, the eco-
nomic gains of intensive forestry are made at the risk of. greater
vulnerability to outside stresses; a vulnerability obviotisly com-
pounded if the species being grown is sensitive to the stress. Since
planted trees are purposely managed and valued for timber produc-

24
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industry increased its annual planting and direct-seeding of commer-

EN
- -
I
I3

tion, damage to them results in a di Though West
Germany's situation is in fome ways unique, plantation torestry and
more. intensive forest management are becoming more commaon
worldwide, increasing both the likelihood and potential “ceonomic

effects of torest damage.

» -

More than halt the sawtimber in the United States comes from the
harvests of just a few species; notably Douglas firand ponderosa pine
in the West, and loblolly, longleaf, shortleaf, and slash pines in the
South. Between the mid-sixties and the late seventies, the forest

hectares, a substantially greater area. than. iscannuoally planted for

cial species 2.5 times. Total 1.3, plantings in 1978 were over 800,000
industrial wood in all of 'thij,l:rdpifcj,, Roughly 85 percent of the U.S.
softwood timber harvest comes from the South and the Pacific coast

area; yet because Pacific forest industry lands cannpt sustain current
harvest levels; the U:S: Forest Service projects no increases in_ soft-

wood S,U'Ff'pjﬁ' 5 there until well into the next centurv. In contrast,

Su&?lies ram the South are expected to rise by nearlySU,FLi'ri;éh't, bv
2030} and timber companies increasingly are turning to the South’s
favorable growing conditions." . , ’

-

Many of the pine species currently being planted in the South and
Southeast arze among those that-have shown damage or grotvth de-
clines from ozone and possibly acid deposition: z_\ﬁthomgh the evi-
dence so far is too weak to_project future_economic losses, some
southeastern forest lands may produce less than optimum yields.
Roughly 10 percent of the annual furést srowth in the ecastern United
States occurs in areas ok hi;;h sulfate deposition—over 40 kilograms
per hectare annualiv. Over 75 percent occurs in areas receiving annual
sulfate doses of 20-40 kilograms: per hectare. Soils in many parts of
the Southeast are suisceptible to acidification, and acid depuosition may
in time reduce soil fertililjty to_the point that tree productivity begins to
decline. According to one 1983 study examining the econgmic effects

[

of acid rain; a 5 percent growth decline in southern softwoods would

translate into an annual [oss of timber sufficient for about one-tenth of

the new U. S. homes built eakh year” Scientists have noted_the

"Urgent” need to test managed forest species for sensitivity to both’

hitric and sulfuriz acids, and that such tests miust allow eqough time
; . ;

Y
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to measure effects that appear only after several years or decades of g,

exposure. "

Al -

.

While cleacly concerned, the U, S. forest products industry maintains
that the eviderte linking forest damage with acid deposition -is not
sufficiently convincing to warraiit action. Surveys of the largest for-
estry companies have vielded no clear sign that declines 1n forest
Frodu‘sti\’it_v from acid deposition have occurred on their lands. The
forest products industry;,_however, is threatened not only with poten-
tial timber losses caused by acid rain but by regulations that might be
issued to control poilution emissions. Producing paper and other

forest products consumes farge amounts of enei'g?/; and additional

poilution controis for power 2nd manufacturing plants. would raise
production_costs. The industry, therefore, does not now support

costly acid rain control measures, which it feels cannot guarantee ait

efficient solution to a knowh problem: Moreover, commerciai timber”

lands are visibly suffering from infestations of sSpruce budworm, pine
beetles, afid gypsy moths—problems of more immediate concern to

most timber companies than acid deposition.” Yet if the industry

_becamme: tonvinced that acid rain.was causing even relatively small

declines in forest productivity, this position probably would change.
Dr. Ely Gonick, senjor vice-president of International Paper, the na-
tion’s ffei'rg'e“stjiri'vaté forest land holder, points out that paper mills are
highly. capital intensive and thus are “captives of their_geography.

They depend on a very long and continuing supply of reasonable cost

wood to survive economically. If acid rain darnaged that supply, then
the mills coiild fail and jobs would be lost:""

In Canada, damage to vegetation surrounding sulfur-emitting
smelters has long been evident; biit so far rio firm evidence exists ot
growth declines. from regional_air pollution or acid deposition. Yet
more than half of Canadais product stern |
the country where precipitation is acidic and soils have little bu

77777777777 3] fering
capacity. With one ouat of every ten Canadian jobs dependent on the
forest industry, and annual forest products valued at more than $20

billion dollars; €anadign officials are understandably concerned
about acid deposition’s putential to-damage thgir timber su ply. Ac-
cording to Dr. Raymond Brouzes of Envivonment Canada, “A reduc-
tion in tree produ&:_tivity'/\’s small as | percent or even :25 percent per

~

forest lies in the castern Fd’r’t of -
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vear would resultin a s,lgiiii'iL“iiﬁl reduction in total wood prodiiction if,
compounded over the life-span of a tree: Such a reduction could have
serious implications on the fibre supply and ceonomie well-being of
the t'ijr;w-based industries.”™ Rvuurc‘ing the threat to Canada’s for-
ests, Dr. B HL Bormann of Yale University adds, “The danger is that
by thie time d 15 to 20 percent loss in produoctivity has been docu-
mented degradation Wilf be irreversible.”

Canada alréady faces severe consequiences from forimer neglect of its
forests. Poor management practices and inattention to regeneration

have left Canada’s timber fands in a sorry state. Hii'ﬁﬁin’g to vase this
nave established

supplies and future vields. According to Dr. H. Kratise; forest re-
sources professor. at the University of New Brunswick, improved
swick are projected to eventually

arly average incremental timber

managenient practices in New Brus
more than double the provinces ve
growth. Yet Dr. Krause follosws with an as vet unanswerable query:
“Will this increased management input be counteracted, in the futire,
be centinting acidic deposition?””

Although acid rain tends to be associated with the industrial world, it
has now been measured in nrany developing couritries as well. Large
portions of Brazil, southern India; Southeast Asia; and castern China

I

are underlain by the tvpe of soils most susceptible to aciditication:
Threatening levels of soil acidity have reportedly been measured in
some of these areas. ™ Trees are being planted. in these and other
developing regions to meet not only growing industrial wood de-
mands, bt critical ficeds for fuelwood and charcoal. The ambitious
industrialization goals set by manv of these countries—in which fossil
fucls tvpically figire prominently —raise the possibility_of acid depo-

sition eventually countering some of the gains made frivm plaitation
forestry.

Oiie special concern for Third World plantation forestry is the poten;
tial for acid rain to inhibit the functioning of soil microorganisms.q
These minute creatures appear to. play key roles in successtully estab-
lishing tree plantations on degraded lands, where mit

{ nds, where imuch Third World
tree planting is taking place: Nitrogen-fixing bacteria, for example, are
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. . “Large portions of Brazil,
southorn India, Southeast Asia, and easte

are underlain by the type of soils
most susceptible to acidification.”

behind the hardiness and partial nutrient self-sufficiency of leguines,
a familv of trees increasingly chosen for tuelwood plantations. These
bacteria and other importanl microorganisms may not function as
well under the altered soil conditions brought about by aciditication,
Devoting large areas o monoculture. plantations. of fast-growing trees
appears necessary. to fessen the Third World's growing fuclwood
crisis; Yet unless soils are protected from increased acidification; vital
wood supplics may diminish.

In addition to this worldwide growth in plantations, attempts to
profitably increase short-term wood production are leading to greater

fowing an experimental clearciit of their hardwood forest were, re-
spectively; over 3; 7; and 11 imes greater than from an adjacent uncut

forest. For calcium and potassium, these losses were over half the
amount stored in the forest ccosyvstem. = Clearcutting is often com-
bined with whole-tree harvesting, in which the branches; leaves; and
twvigs are removed from the torest along with the trunks. Leaves and
twigs are especially rich ingvotrients; which; if lett in the forest; would
return to the soil as the biomass decomposad. Clearcutting combined
with whole-tree hary \ 3

the forest than a clearcut where only the trunks are removed. ™

sting mav export 2-3 times more nutrients from

The Hubbard Brook researchers point out: ,t,li“,t,,i,t,,,h?iii,l?,t take 60-80
vears- for their experimental hardwood torest, from which no wood
was remioved tollowing the cledretit, to retirn to prectitting condi-
tions: Cuatting again before fulk nutrient recovery would likely de-
erade the forest’s productivity over time. Whole-tree. harvesting nio
Soubt would postpone recovery even further, as would acid déﬁiiiéii
tion, which by itself van.-increase the rate of nutrient leaching three-
fold in some poorly-buffered, acidic soils. Few studics, it any, have
examined the effeets of acid deposition combined with these intensive
forestry practices. Yet taken together, thev increase the likelihood of
long-term. declines in forest productivity: Scientists reporting at the
1982 Stockholm conférence on_acidification note that-“in_areas of
intense acidic deposition these (natrient) losses added to those associ-

ated with logging, particularly whole-tree harvesting, mav jeopardize
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the ability tosustain yields:”™ Dr. Gilles Robitaille of Canada’s Lauren- -
tian Forést Research’ Centre emphatically echoes this conicern: "We

strip cut, cut by diameter and clear-cut . ... We recover the trunksg
branches, foliage, needles—everything. Nothing is left on the groun
to. break down and improve soi?,,c]ijzi]ity. Along comes the aad rain
which leaches the remaining nutrients from the soil: What is left to
regenerate the forest?”™ S A

Growth declines and tree damage on forest lands intensively man-
aged for marketable, timber will result in direct economic losses. Yet
the changing ecology of the natural forest system brought about by
acid d'epgéi;@'rjgjrj& air pollution may have severe cansequences as
well: From an ecological point of view, acid deposition and pollutants
are relatively new stresses, and knowledge of comﬁlex forest systems

,,,feSEQﬁd to them.

is too limited to predict how forests ultimately wi S 1 to
While acknowledging this_difficulty, scientists with the Norwéf;i:ifn
Interdisciplinary i%és,édtth, Programme on acid precipitation conclude
after eight years of study that in susceptible areas the issue seems to
be "a question of proportion and time required rather than whether
any ecological effects appear or not.”™

o |

The industrial world’s forests are now subjects of an ecological experi-
ment of unprecedented. scale and untestable outcome. Where pollu-

tants remain at relatively low levels, many forest systems will con-

tinue to absorb them without major damage to the soil,
microorganisms, or trees. Yet as chronic stress increases, ecological
theor{/ predicts a staged decline that in extreme cases could end in
complete ecosystem collapse.” This has occurred around high emis-
sion sources such as the smelters at Sudbury, Ontario, and Cop-
perhill, “Tennessee. The forest decline spreading in central Europe
could be the begirning of such a complete collapse on a much broader
scale. Even if pollution remained at today’s levels; forests and soils

continually exposed to .this degree of stress may in time lose their
resistance. Moreover, long before the_ecosystem ceases to function,
other resources_that depend on a well-functioning forest will be af-
fected. Forest effects do ot stop at the forest boundary, but ripple to

grbu,ridWaté,n streams, and lakes which receive acids and metals that
yi8ak from the forest cycle: Humanity’s intimate connections to these

s
v
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= . “The industrial world’s forests
are now subjects of an_ecological experiment
of unprecedented scale and antestable outcome:”

forest systems ensgres that it will not escape fe ‘ing the effects of their ; *

demise.

Cutting Emissions

Coal is much more abundant than oil and will be the primary pollut-
ing fossil fuel in the decades ahead. About 660 billion tons are now
technically- and economically recoverable, which at today’s rates of
production would last well over two centuries,. compared with
roughly four decades for oil. Moreover, some 10 trillion.tons of coal —
equal to more than 800 times the world’s annual use of energy—are
known to exist and may ultimately be recovered.™ Thus, no apparent

resource constraints -will by themselves limit_emissions. of suffur and
nitrogen oxides in the foreseeable future. Emission levels will depend

on such factors as the rate of economic growth; ,ener%y, prices, the
competitiveness of alternative energy sources, automobile use, and,
of course; pollution control measures—all factors subject to. much
uncertainty. Yet existing trends suggest that atmospheric pollutants
and the acidity of precipitation will increase in much of the industrial
and developing world.

Siilfur dioxide emiissionis in North America and the ten-member Euro-
ean Economic Community (EEC, also.known as the Common Mar-
et) will remain at their existing highlevels, bat probably will not
reatly increase. (See Table’5.) Im the EEC, declining use of fuel oil
with an average sulfur content of 275_percent) and rising use of coal
(with an average sulfur content of 1.5 percent) has the net effect of
maintaining SO; emissions. at roughly. current levels. In addition;
requirements in the Netherlands and West Germany that new coal-

fired gcwerﬂplants be equipped.to. desulfurize flue giases“‘also-h )
)

keep EEC emissions from rising. In North America, pollution controls
on new power plants and only modest emissions increases. from
Canada's smelters keep sulfur dioxide emissions from rising substan-

tially: But in the countries of eastern Euro
heavily polluted in the world, increased

'%é; already among the most
| burning of high-sulfur coal

‘and lignite is projected to increase SO, emissions by 36 percent. By .

A
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. the EEC. wheré NO, emis

area. Emissions from the Soviet Union, which are now about equal to
those of the United States, dre also expected to increase by a third.

Table 5: Projected Changes in Sulfur and Nitrogen Oxide
Emissions, 1980-2000
Sulfur Dioxide Nitrogen Oxides

1980 2000 Change 1980 2000 Change

(mulfion metrie tons)  (pereent)  (illion metric tonsy - (pereent)

United States 241 266 +i0 193 241 25
Canada 48 45 -5 1.8 24 ¥33
EEC 186  19.0 +2 7 92 111 F21
Soviet. Union* 255  34.6 +36 — — —
Eastern Europe* 407 53.3 +36 — = —

*Year 1987 and 2002 estimates. rather_than 1988 and 2000, Estimates for nitrogen oxide
emissions not available or reliably estimated. .

Sources: U.S. . and Canaga: Uted Canada Memorandunt of Intend on Transboundiry
Arr Pollation:. Exccutioe Su ; (Ottay Tanada: Environni Canada, -

1983): EEC: Environmental Resources Limited, Actd Rain: A Reviar o] Hie

(London: Graham & Trotman Limited, 1983),

(25 percent growt! 0 ict Union and Eastern Etirope: NUH. Highi-

ton and M.J. Chadwick, “Th of Changing Patterns of Energy Use.on

. Sulfur Emissions and Depositions in Europe,” Anbii, Vol. 1, No. 6, 1982

o

In contrast to-the varying projections for sulfur dioxide ~missions,
nitrogen oxides are.on the rise nearly everywhere. In the countries of
C ssions are’ thotight to have increased 40-30
percent since the earlg seventies, emissions are ,'E%'r;(ijéggd”tqglimb
another 5-21 percent before the century is oot ( he. range reflects
different assumptions for the rate of gconomic growth.) This expected
rise is mainly attributed to utilities burning less ~il and more coal,
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since coal combustion generates more nitrogen oxides than an’equiv-

in energy demand than now seems likely, thus actual NO, increases
will probably be somewhat lower than 't,%'e’ 25 percent total rise pro-
jected by the joint U:S.-Canadian work groups: Canada’s biggest
increase will come frc.n vehicles, whose emissions are projected to
rise.by 50 percent to roughly 1.7 million tons; or over 70 percent of
total NO; emissions. .

<

In most areas where acid rain is now a problem, sulfur dioxide is
responsible for about 70 percent of the acidity and nitrogen oxides for
about 30 percent. (There are notable exceptions, such as areas in the
Pacific and.Rocky Mountain regions of the United States, where
nitrogen oxides contribute a much greater share to precipitation acid-

ity:)™ But the rapidly rising emissions of NO; and steady or declining
emissions of SO, suggest that in many areas, nitrogen oxides will play
an increasingly important role in the creation of acid rain over time.
Moreover, since chemical reactions involving NO, lead to ozone,
ozone levels in areas conducive to its formation will increase as well.
Given ozone’s known toxicity to plants and trees, along.with evidence
that ozone helps form :i’ci’cf' 3] ) I make_ trees more

deposition and may make trees more
susceptible to.acid deposition’s effects; reducing nitrogen oxides
should clearly be part of any control strategy to protect forests.

Although estimates ot future emissions in Third World countries are

riot. readily available; trends suggest that air pollution and acid rain

a pH of 4.5 or below has been measured in aities in China and India.”
Industrialization plans for many of the most populous Third World

countries call for vast increases in coal burning, tollowing essentially .

the same_path taken by today’s industrialized countries early in the

\'cﬁntury. hina’s annual coal putput, for example, increased more
% , P

fhan 20 times-between 1949 and 1982, and is now u[iv to 666 million
tons, almost as much as output in the United States:. f China’s plans
to increase per capita energy consumption are fulfilled, the nation will

~ be burning some 900 million tons of coxl each year by the turn of the

—




O

ERIC

Aruitoxt provided by Eic:

century:® Brazil's consumption of coal has been rising at an average
rate of about 10 percent per year, and. steel, cement, and paper

companies are switching from ol to coal.” India flans to increase coal
‘productio. *o 325 million tons by 1995; roughly 2.6 times ¢ reater than
982 levels. Sulfur dioxide emissions from ccal and oil have nearly

tripled in India since the early sixijes; and were estimated at 3.2
million tons in 1979—slightly less than current emissions from West
Germany. Dr. C.K: Varshney of Jawaharlal Nehru University’s School
of .Environmental Sciences sees problems from acid rain_ as “very
mich in the making in the country . .. The ciirrent pace of develop-

- 763y

ment is bound to promote acidification of the environment.
High levels of ozone and other gaseous pollutants are already prob-
lems.in some developing countries. Urban areas situated in valleys
surrounded by mountains, such as Mexico City, Guatemala City, and
Caracas, are becoming heavily polluted from atitomobile emissions.

Trees are dying along heavily traveled corridors in Mexico City, and

uncontrolled. burning of leaded gasoline is of increasing concern in
Guatemala City and Malaysia: In some of these regions, governments
are_encouraging polluting industries to move to outlying areas or to
build_higher smokestacks; precisely the strategies_believed to-have

worsened acid rain in the rufal areas of industna® countries.”

Without efforts to brake these rising emissions, destruction caused by
acid rain and air pollution two decades from now may dwarf that
evident today. Government policies must begin to recognize that
damage to forests, soils, anc lakes is an added cost of fossil-fuel
combustion that is not now taken into accolint in the prices consum-
ers pay. Society is in effect subsidizing fossil-fuel generated electricity,

motor vehicle use, and metals production by allowing free use of the
environment to absorb the resalting pollution. Such an “externality,”
o called because the social costs are external to the’private costs;
means a portion of the real cost of these activities is_hidden. Since

costs appear lower than they really are, more of these activities take

iﬂé’cﬁé,ft,fé,ﬁjg@ptﬁmqm for society. Where the environiment can no
onger assimilate combustion’s pollution, these external costs are now

becoming visible in the form of acidifying lakes and dying forests:

Correcting this inherent market f'aiiur,é,;re%ui:r,efs that those fostering

the pollution begin paying for it—either through technological con-
. I .
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“Only a handful of countries

_now require power plants to_control

: ’ sulfur dioxide emissions with effective technologies.”

trols, emissions taxes, sales taxes (for example on motor vehicles), or
other means. National energy and environmental strategies are not
yvet doing this; and they are inadequate to prevent air_pollution arid
acid deposition impacts from worsening in tgé future. Only a handful
of countries now require power plants to control sulfur dioxide emis-
sions with effective technologies. The majority still rely on low-sulfur

witl og
fuels and dispersion th,mu% tall smokestacks to control pollution.
The former will prove inadequate for the long term, and the latter

only transfers a portion of the poltution damage from-urban to rural

areas. = i
e : S ¥

The United States, West Germany, and the Netherlands stand out as
having taken some serious action in recent years: New power plants
in_these countries are required to install flue gas desulfurization
{FGD) equipment, often ca?]ed-”s,crubbers;f’ which is the most widely
used technology for reducing sulfur dioxide. FGD rediices SO: emis-
sions by 80-95 percent, and typically adds 10-15 percent to.electricity

rates, comparatively few new power plants will be built over the next
decade or two. Achieving substantial ?ol]gtignr'rrerdrujcrtigns in the niear
plants be controlled. Only West

term will thus require that existing

Germany has begl':'un to tackle this politically difficult and more expen-
sive task. With heightened concern_over spreading damage to the
nation’s forests, the West German Bundestag passed%egislation in Joly
ot 1983 calling for tight controls on the largest 150 of its 1500 existing
plants; those over 300 megawatts:"> Although the U.5: Congress has
efore it some dozen proposals to curb emissions from «xisting
sources, political divisions over the regional distribution of costs an
benefits from suich measures have so far preverited their passage.
Efforts to control nitrogen oxide emissions.also have far_to go if
exizting levels are even to be capped, no less rediced. Nitrogen

“oxides are harder to-control than sulfur dioxides since they result not
-ofily fromi nitrogen contained in fitel, bit from the oxidation of nitro-

gen present in the air. Both utilities and industries could reduce NO;

-emissions up to 50. percent with combustion miodifications costing

roughly 1 percent of clectricity generating costs. Yet so far little atten-
tion has been giveri to even these modest controls. More, stringerit
controls would require technologies such as selective catalytic reduc-
tion (SCR) that treat flue gases for nitrogen oxides as scrubbers do for

E N

by
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sulfur dioxides. These systems can reduce NO. by 90 percent and
typically cost 5-8 percent of generating costs, roughly half as much as
scrubbers.™ :

Japan stands ;jljo'rjpjjrjjrequirinig that power plants substantially reduce
mitrogen oxides along with sultur dioxide, primarily aresponse to the
nation’s health-threatening urban smog problems. To meet the re-
quired 73 percent NO, reduction, Japanese power plants typically

must g0 bevond combustion maodifications and apply selective cata-

_ lytic reduction; which ,hasibﬁ'r:el?’{ been tried in other countries. Equip-
h

ment to desulfurize flue gases as been instatled in over a thousand
Japanese plants_of various sizes and types _utilities; industries, and

smelters—compared with at most 200 in the United States: Moreover,
the Japanese plants use a regenerative system that vields marketable
byproducts—elemental sulfur, sulftiric acid, or gypsum—rather than
the hundreds of thousands of tons of wet shudge produced annually
from the “throwaway” desulfv.ization process used in most U.S.

lants. A ready marKet for sulfur materials initially made this option
P ady mart ade this opt

especially attractive; and with land for waste disposal extremely

’

scarce, the cost of sulfur.recycling was factored into electricity costs.

indeed; pollution control accounts for roughly 25. percent of the total
bost of coal-generated .power,. and Japan’s electricity costs are among
the highést in the world. Yet Japan appears willing to foot this bill for
the benefits of improved air quality. wﬁriftft,‘si Dr. jumpei Ando of Chuo
Hniversi't'y',,”F'rdrjiWhjgh buildings in Tokyo one can now sce Mt; Fuji
100 kilometers away.”™

Some 'p'r'omisinf; pollution control technologies are now on the hori-
zon, which will expand options for controlling emissions from both
new and. existing. plants. Besides improvements in flue gas de-
sulfurization, two technologies that control both stlfur and nitrogen
oxides. during combustion look attractive: Fluidized bed combustion
{FBC) invilves burfiing crushed coal on a bed of limestone suspended

- by an upward injection of air. The limestone reacts with the sulfur

dioxide as the coal burns, reducing SO: emissions by 90: percent. or
more. As with scrubbers, the resulting wastes must either be dis-
posed of or made into marketable sulfur prodiicts. Because cambus-

fion is carried out at a lower temperature; nitrogen oxide emissions

are 15-35 percent lower than from a conventional boiler. FBC is now

being tried at some 30-40 plants in West Germany, the United King-
; " .
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“Some promising pollution control

technologies are now on the horizon.”

o\

dom, Sweden, the Netherlands, and the United States. Most plants
currently asing FBC have tapacities of less than 40 megawatts (ma”ny

are under 5 megawatts), but several in West Germany have capacities
of 100 megawatts or more: Sweden’s success with the_technology at a
15-megawatt plant has led it to consider building a 330-megawatt
commercial-scale combustor: In the United States; a fluidized bed
boiler is being tested under the direction of the Electric Power Re-
search Institute at a plant in Kentucky: A larger demonstration project
is CXpCL‘th to tollow this 20-megawatt pilot-scale plant.™

Another promising technology—the limestone injection multistage
burner (LqMB),—appea,rs to,c}feserve a rapid thrust torward. It com-
bines combustion modificativns for NO, coritrol with injection of
limestone into the combustion chamber for control of SO,. LIMB’s
main advantage lies in retrofitting: For a capital cost just over oite-

tenth that of scrubbers; LIMB can apparently remove 50-70 percent of
‘both.sultur and nitrogentoxides from existing plants. The technulogy

is still being developed, but pilot-scale tests make it look promising.™

Motor vehicles are the leading source of nitrogen oxide emissions in
most industrial countries: They are also_a leading source of hiydrocar-
bons, the other ingredient needed to form ozone. Cars sold in the

United States now have catalytic converters that cut hydrocarbons by:

96_percent and nitrogen oXides by 76 percent over the levels of
uncontrolled cars. Other moditications allow substantial gains in fuel
efficiency along with pollution reductions, despite the tendency for
converters 't,d,gé'c'ré:isc combustion efficiency. fdpﬂ:ih’s standards for
automobile NO, emissions are even stricter than. those in the United
States. Although European countries have made some progress in
controlling antomobile pollation, the large reductions possible with

catalytic converters are not yet being achicved. West Germany, Aus- -

tria; and Switzerland have each announced intentions to move toward
lead-free gasoline, which is required in cars equipped with convert-
ers: Because so much travel takes place between Earopean countries;
other nations may be induced to tollow their lead.™

ing for it will raise the price of energy and products to industries and

Requiring those fostering ai;rquﬂqtion to begin controlling and pay-

~3
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coritrol custs have seriously uhdermined its competitiveness in global |
markets: With the cxceFtion of ex,trgm,qly,;irigr,%y,-ijrj,tp'rirsiyeVirjdursrtrrrircs;
77777777777 ting, most Japanese industrieghave accommo-

osts by using energy more efficiently.

than in the United States and roughly 1.5 times lower thari in West

~Japan’s per capita energy consumption in 1982 was 2.7 times lower

Germany, Sweden, Denmark; or the United Kingdom..™ Meanwhile,

its air was growiiy cleaner, and its crops, trees, and people were all
breathing easicr.

Industrial countries that rely on fo

sil-fuel_combustion tor the |
future must begin making it compatibic with the preservation of t
forests and other natural systems. This will be expensive, but by no
means prohibitively so. Even with costly-flue gas scrubbers; new coal
plants can generate "clectricity more ¢ eaply today than any other
widely ;jvari”;jibl,genprg?’/ source, except hydropower. A decade from
now;, coal burned cleanly will in most cases still be less expensive than
nticlear power and other conventional sources. But by then several
renewable energy sources may be economically competitive, and the
range of energy options will have greatly expanded.™ ’

Developing countries are in.a pos d the pollution problems
for which industrial countries are now paying, dearly: The renewable
energy. technologies now emerging a ongsid¢ _the large-scale cen-
tralized power grids in the industrial countries can be at the heart of
energy strategies just now taking shape. Where coal powet remains
the best optivn, controlling sulfur and nitregen oxide emissions is -

clearly essential and vastly cheaper if done from the start. Moreover,

b;\’r;t;fikjjfig,adyﬁﬁtﬁg:ﬂ now of the breathing room conservation and

increased energy etficiency provide, long-term energy plans.can in-
corporate the new pollution technologies and broader range ot energy

options fast becoming technicallvy and economieally viable.

Can Forests Thrive in a Commons? C

What is niow unfolding in the forests of industrial countries is a
tragedy o ) >d air v d
clearly benefit all nations, biit miost feel that acting to curb their own

of the commons on a grand scale.” Less polluted air would




O

ERIC

Aruitoxt provided by Eic:

. "All but a few countries export
at Jeast half of the sulfur dioxide they emit.”

¢missions, without guarantees that other nations will do likewise, will
incur greater costs _tﬁan,it yields benefits, The dilemma derives partly
ftom a complicated and, imbalanced trade in air pollutants. All'but a
few countries export at least half of the sulfur dioxide they emit.
Whete it ends up depends largely on wind and weather patterns. At
one end of the spectrum are the Scandinavian countries, with com-
paratively low sulfur emissions and where 75-90.percent of the sulfur
deposited is imported. At the other extreme is the United Kingdom,
the largest sultur emitter in Western Europe; but which exports
nearly two-thirds of its emissions and imports only 20 percent of its
depositions: The numbers shown in Table 6 have wide error margins
around them, but they do_portray the general sulfur pollution pat-
terns occitrring on the European continent. (Data for Eastern Europe
are questionable; emissions given for these countries are probably
low:) In.some cases countries with modest domestic emissions receive
as_much sulfur per unit area as the heaviest emitters. Austria, for
example; has more sulfur deposited per hectare than the United

“Kingdom, even though it emits only one-tenth as much sulfur. Al-

though much less is known about transfers of nitrogen oxides and

ozone, these polliitants cross borders as well:

International cooperation is essential in controlling such a wholesale
continental pollutant trade. The possibility that a nation’s own control
efforts may prove fruitless because of uncontrolled emissions from its
neighbors'is a ‘major barzier to actién. To date, attempts at achieving

multilateral cooperation have been faltering at-best. An important; -

though mostly symibolic advance was made in 1979 with the signing
of the Convention on Long-Range Transbogndary. Air Pollation, an
?reement reached within the forum of the United Nations Economic
Commission for Europe (ECE). Unfortunately, the Convention re-
quired little concrete action toward reducing emissions from its sig-
natories, although it did pave the way for cooperation in research,
monitoring, a nc‘i’ information exchange. It strengthened the Cooper-
ative Programme for Monitaring and Evaluation of Long-Range Trans-
mission of Air Pollutants in Europe (EMEP), which gathers datz on the
transport and deposition of pollutants. The Convention also was the
first time that Eastern European nations entered into an environmen-
tal compact with fhase of the West. Emissions from these natioris are
especially high, and large quantities spill over into West Germany,
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‘T e 6: Estlmated Silfur Ewmissioii and Dep(jsihon in Selected
European Countries

. 38 ] Density of B ,
s o Average Average Share of
_Annual - _Mouthly _Monthly - Deposition
Ciiijiili-y Emissiotis Deposmon - Deposition  lmported
- ((iun’ns;mii Meine ons) (L‘ilngr.urxrx\‘/i;t;xzi;;;t'i (i;v;\:t;;\ii

(

Western Enrope

Austria_ 220 3401 4:1 85
Belgiam ' 410 6.1 53 58
France 1450 121.2 2:2 48
Greece 170 25.3 1.9 63
Ireland - 130 6:5 0:9 72
ftaly 1540 113.2 3.8 30
Luxembotirg 20 R 4.2 .73
thherlands 240 17.3 4.7 77
Spain 1050 58:3 1.2 37
Switzerland " 6U 151 3.4 90
Turkey 330 41.6 0.5 58
United f\lnbdom 2130 81.7 3.5 20
West Germany 1750 115.8 1.7 52
Eastern Europe e o ] o
Bulgaria 390 34.6 234 56
Czechoslovakia 1690 130.1 ~10.2 63
East Germany - 2000 778 74 36
Hungary 860 - 46.7 5.0 58
Foland ~ 1250 133:.0 4.3 58
Romania 1000 79.7 3.4 64
Yugoslavia 420 109:3 4.3 49
Northerti Enrope S o
Denmark . 230 10.9 2.5 64
Finland 290 29.3 0.9 74
Norway 70 25.5 0.8 92
Sweden 260 47.2 i.0 82
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Nate; The caleulated deposition figures are tor winter months and may vary in other
My, Density figures are given to allaw better deposition comparisons since colin-
tries varv grmtly in sice. Obviously loadings may vary considerable: within o given
country.

Sources: br s hgures adapted from NAL- Highton aind-M.)
Etfects of Changing Patterns of Energy Useon Sulfur :
tions i Ewrope,” simbis, Vol. 11, Na..b, 1982, Deposition figtires and valctil
tions based on data in En mential Resources f;iiiiit'uii, Acud Raint: A Revt
up the Phedogenon oy the LLEC anid Enrope {London! Gralai & Trotinan Limited;
ETIOE3). .

Chadwick, . “The

is essential to rediic-

Austria; and Scandinavia. Their cooperation is thue
ing pollution levels over the continent as a whole.™

So far it appears that unless a nalion is obviously victimized by acid
deposition and ai pollutants, it will not \'villingly”supppr:t.st’r’q’mi

cooperative control efforts. Until recently, the United Kingdom anc

damage to. West Germany's forests brought about a dramatic and .

1983, members

unexpected reversal.of that nation’s position. In June_
of the ECE met in Geneva to discuss the transh ary poiiution
problem. For the first time, West Germany breKe tanks with other
'urof.\efm Community members by supporting a Scandinavian pro-
Ef@gﬁ, calling for ¢ach ECE member to reduce sulfur dioxide emissions
y 30 percent by 1993. Jominz.{,* West Germany in supporting the

Eijrjgpgsarlm( it forth by Sweden, Finland, and Norway) were

witzerland; Austria, Canada; Denmark; and the Netherlands—all

nations withprowing concern about atid rain and pollution damage.
Dissent from-the United States, France; the United Kingdom, the
Soviet Union. and the nations.of Eastern Europe ;revcnmq.;the pro-

posai from being adopted at the meeting, Instead,. the Commission
1ssued a noncommital statement to reduace emissions where feasible:
The United States. stood aloné in refusing to sign ¢ven: this mild
document:®

Although pressured at home and tfrom neighboring Can-

understood. . :

ur Emissions and Deposi- .

Y
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womic . Commurnity provides another forum for
nt. Policies receiving unanimous support from all
become binding: The EEC has in fact estab-
de ambicnt sulfur dioxide st ds—admniit-

cery lenient—with which its mbers must ¢ 0 In early

The European E
multilateral agreem

ten member countr

| ss political _nations_to_adjust - their
pusitions, a stringent ems unlikely to emerge in the

near term.

FEC

Coming to _grips with the transboundary nature of long-distance

pollutant. transport will require a strengthening of existing institu-

tions and very likely the creation of new ones. With the pose ible
exception of the European Economic Community, multilateral organ-

izations are unlikely to take octivn withiii the fext several years, The

best prospect for cooperation appears to be for nations to pursue
bilateral and multilater.] treaties a g themiselves: A commitmerit
by even five of the larger European countries to reqguire. catalytic
converters in automabiles would Hikcly,lead the rest of the continent
to follow suit. Czeekoslovakia and the West German state of Bavari i
hav agreed to eonfer on ways of protecting their diminis

itng forests;
an important step toward’ bilateral East-West cooperation.™ The
United States and Canada would greatly boos! the momentum for
cooperative actions by agreeing, as Caiada ha¢ proposed, to eaeli cigt

their salfur dioxide emissions in halt. i

National leaders rarelv mule great political gains by attacking the
e e e s = - - - - P ,,,s,,,b,,, 4 ,,,,,,?’,,, - }’
problems of the rost ;;l\.{m ration or the couritry et door, The lure of

short-term econor. i¢ benefits too often preeludes measures geared
toward sustairing nc.uitl systeris over. the lmn];, termt:. Morcover,
some nations are unwilling to ac: without irretut.ble scientific “proot”

of acid rain apd air pollution’s damaging effects—proof that may

- ' 4i
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, “Forest destruction’is but an addition
' to a litany of consequences rooted
_ in the combustion of fossil fuels

inn power plarits, factories, and automobiles.”

require decades of additional rgsearch. Only as pollution of the com-
mon air spaee claims. more victims will more nations recognize the
severity of the threat that lies before them and take action. Yet at some
point, when the consequences become irreversible, this late-course
correCtion strategy will fail.

. Looking Beyond the Forest

The emerging threat to the world’s forests clearly raises the potential

economic and ecological consequences of acid rain and air pollution.

Yet decisions to take action need not—indeed should not—rest upon
what is happening in the forests alone. Forest destruction is but an

addition to a litany of consequences rooted in the combustion of fossil
fuels in power plants, factories, and automobiles. |

productivity of corn, wheat, soybeans, and peanuts, with losses val-
ued at $1.9-4.5 billion each year.™ Vast arcas of fertile farmland now
regularly receive rain that is highly acidic. Although acid rain has
various effects on crops; soybeans and corn have shown lower yields
when grown under the acidic conditions. now typical in the eastern
United States. Lakes and streams continue to acidify in northern

Europe and eastern_North America, killing fish and plant life. Acid
rain and gaseous sulfur and nitrogen oxides are known to damage a
host of everyday materials including paint, paper, textiles;, and build-
ing stone. ,ébf,@éi@ﬁ, of copper and lead plumbing pipes by acidic
groundwater threatens to contaminate household tapwater, Alumi-
num and other heavy metals mobilized in acidifying soils and leached

into underground drinking water also threaten human health. Like

Possibly the most serious long-term consequence of fossil-fuel com-
bustion is the buildup of carbon dioxide in the atmosphere. Recent
studies warn that within 60-80 years the carbon dioxide concentration”

- will be twice existing levels. Because carbon dioxide allows sunlight to -

pass through it but traps long-wave radiation from the earth; this
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higher concentration is expected to cause a global temperature rise on
the order of 1.5°-4.5° C—an increase sufticient to raise sea levels;
diminish water supplies; and alter rainfall pattérns.™

Because. acid rain; ozone; and the buildup of carbon dioxide in the
atmosphere are problems with a common origin; they can also have

common solutions. Yet most existing and proposed strategies address |

isolated issues, rather than strive for the integrated solutions that are’

needed. Placing desulfurizing scrubbers -on smokestacks, for exam-
ple, will reduce sulfur dioxide and thereby control acid rain. But this
technology will do nothing to help crops suffering from vzone, noth-
ing to ensure that rain two decades from now will not be just as acidic
from ;ri,i't'rg”ij'rjf;jgkjdgs,gh;c!”iijdtrljir'qg to slow the rate at which carbon
dioxide is increasing in thé atmosphere. Technological controls for
specific_pollutants must be part of any plan to reduce emissions
substantiatly in the immediate future. Yet tunds are limited, and the
tijnjgirayéil,aél:e, for reversing these threatening trends grows ever
shorter. These problems .df common origin must be tackled simul-
taneously and at their core: . .
Using energy more efficiently, recycling more paper and metals. and
generating maore power from altérnative energy sources are rarely
considered in strategies to reduace air pollution or acid rain. Yet they
are among the most effective and least costly ways that exist: Salfar
and nitrogen oxide emissions weré lower In 1980 than thev_would
have been withoiit the impressive energy efficiencl:xll gains made dur-
ing the seventies. Although two oil -price hikes he

energy savings, nations can achieve greater efficiency—and thus fur-
ther reduce pollution—in the coming decades. If the Utiited States,
for example, set energy”efficiency standards. for just four common
appliances—water heaters, reffr,i%i‘,td,tbté,,,éhd,,t@i?iﬁ,,é?ﬁd,,ﬁcﬁe,iitﬁr%‘!l,,?‘i,f
conditioners—between 40,000-100,000 megawatts of electricity (equal
to_40-100 large PdWéfr,,Plifit,i),M’fiﬂd,bg,§?Vf¢d,1??7,”,’??711.i7 by the year
2005, yearly savings that would continue intc the next century. As-

suming savings to be the midpoint of this range, and that half (35,000

megawatts) wouald come from coal-fired plants, 'rtjijghgi 95 million
ns 3-5 million

v
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T _ "Because acid rain; ozone; and
the buildup of carbon dioxide in the atmosphere
. are problems with a common origin,
they can also have common solutions.

/
watts of_power would cost_$5-10_ billion; cutting sulfur dioxide by
saving 35,000 megawatts through efficiency standards would cost less
than one percent of this. Moreover, emissions of nitrogen oxides and
carbon dioxide would be reduced at no extra cost:* ‘

‘Recycling common materials rather than discarding them attacks acid

rain, ozone, and carbon dioxide buildup in two ways—directly, by
reducing pollution at the production factory, and indirectly; by reduc-
ing_energy demand and thus pollution emitted at the power plant:
Each ton of copper

produced by Canada’s smelters generates an
average of 2.7 tons of sulfur dioxide: Because one-third of Canada'’s
1980 copper supply came from recycled scrap rather than sulfur-laden
ore, one million fewer tons of sulfur dioxide entered Canada’s atmo-
sphere—equal to 21 percent of the nation’s 1980 sulfur dioxide emis-
sions:® In virtually. all nations;. recycling has barely scratched the
surface of its potential. Worldwide only about one-fourth of the paper

and less than one-third of the aluminum used is recycled: In contrast
to copper production, the feedstocks for these common materials

contain little or no_sulfur, but the benefits from recycling them are
nonetheless dramatic: Each ton of paper made from waste paper
rather than new wood. reduces energy. use by a third to half and air
pollutants by as much as 95 percent. Aluminum produced from
recycled cans rather than from virgin ore cuts emissions of nitrogen
oxides by 95 percent and sulfur cioxide by 99 percent.*

other renewable energy sources is central to what scientists studying

Generating more power from the wind, f)ﬁéioi}diiéié solar cells, and

the carbon dioxide problem have called a “CO; benjgn” energy strat-
egy.”™ Added to increased energy cfficiency and ,té?%i ng, these alter-
native energy sources round out a strategy .that is not only CO,
benign, but "acid rain and pzone benign” as well. Tax policies favoring
these less-polluting energy sources can.compensate for the hidden
environmental costs of coal burning and thereby place other energy
alternatives on equal footing. Yet in the near term, the most cost-
effective gains wﬂ] come from further squeezing the sponges of en-

ollution but offer a bridge to the mid-nineties when several renew-
able energy sources will be economically competitive. Conservation,

e;ﬁ?f'féfficxeﬂe)gdh_d recycling. Together they will not only reduce.;
ol

-recycling, and.alternative energy sources als,o,rro,vidé a myriad of
air e

other benefits besides cutting air psllution. Collectively they greatly
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alter the cost-ber.efit calculations that are inherent in decisions about
whether and how to protect forests, lakes, and crops and to prevent
carbon dioxide from warming the planet. :

The biosphere is not infinitely resilient. What is_happening in the
industrial world’s fields and forests are signs that fossiﬁfuel ‘combus-
tion has ecological limits; and that exceeding them exacts a price.
Unless energy and environmental strategies begin to reflect this;
today’s threats are bound to become tomorrow’s catastrophes. Given’
the rapidity with which the.forest destruction has unfolded; the
relevant question is no longer whether proof of damage from air

pollutants or acid rain is irrefutable; but whether the forests are
action. Undoubtedly, German for-

;srgfﬁciently,EEFé'até'riéd to warrant ] edly, Gern
esters would answer with.an unequivocal yes. But-the real test is

whether nations so. far spared _severe losses will muster the political
will to take action to avoid them. By encouraging energy efticiency,
recycling; and the development of renewable energy sources, and by
burning coal cleanly and only when.necessar: ,_nations will help
protect their forests, crops, lakes, and people for generations. The
connections are real; and so are the consequences of ignoring them.

(]
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1. Carl O. Diinbar and Karl M. Waage, Historical Geology (New York: John
Wiley and Sons, Inc., 1969).

2. Edward C._Krug nd Charles R, Frink, “Acid Rain on Acid Soil: A New

Perspective,” Sciviice, August 5, 1983:

side,” ” Financial Times, November 19, 1983. .

3. The Federal Minister.of Food, Agriculture axd Forestry, "Forest Damage
‘Due to Air Pollution: The Situation ini-the Federal R'ep'u{)lic of Germany,”
Bonn, November 1982; The Federal Minister of the Interior, "The Federal
Goverminent’s Reply to the Interpellation of the Deputies: Air Pollution, Acid
Rain and Death of Forests,” Bonn, August 25, 1982, translation from the
German by U.S. Library of Congress, Congressional Research. Service; Der

Bundesminister Fir Erndhrung, Landwirtschaft und Forsten, “Neuartige
Waldschaden in der Bundesrepublik Deutschland,” Bonn, October 1983.

5. Der Bundesmiinister iitir Erndhrung, Landwirtschaft and Forsten, “Neuar-
tige Waldschiden”; Georg H. M. Krause, “Forest Effects in West Germany,”
sresented at Symposiam on Air Pollution and tife Productivity of the Forest,
Vashington D.C.; October 4-5; 1983. ‘

6. George H. Tomlinson and C.. Ross Silversides, Acid Deposition and Forest
Danwge - The European, Linkage (Montreal: Domtar,- Inc., September. 1982);
figure for the Erz Mountains frcm Bayerischen Staatsministeriums fur Er-
nahrang; bLandwirtschaft und Forsten, “"Waldsterben durch
Luftverschmutzung,” Munich; Jaly 1983.

7. Eugeniusz Pudiis, “Poland’s Plight: Environment Damaged from Air Pollii-
tion and ‘Acid Rain,” Ambio; Vol. XII; No. 2; 1983. )
8. The Netherlands, France, and Italy referenced in Environmental Re-
sources Limited, Acid Rain: A Review of the Phenontenon in Hie EEC.and Europe

(Eondon: Graham & Trotman_Limited, 1983); East Germany referenced in
John J.-Metzler,-“Germany Battles Acid-Rain Pollution;” Journal of Commerce,
April 13, 1983; Romania referenced in “Romania Launches a Major “Tree
Planting & Conservation Plan,” World Envirennient Report, Jurie 2, 1980;

Switzerland damage from Ma et Stu ler, “Swiss Tackle Air Pollution to

Keep Forests Green,” Tlg Christu... Science Monitor, October 20, 1983; reference
'to various accounts of dainage elsewhere include G. H. Tomlinson; “Die-back:
of Forests - Continuing Observations,”. Doritar, Inc:, Montreal, June 1981
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18;84“\101;;3 Forests Dying {rom Toxic Pollution;” Washinigten. Post, January 6,
1984. '

11: The Federal Minister of Food; Agriculture and Forestry, “Forest Damage
due to-Air Pollution”; Georg H: M: Krause; private communication, January
1984; Edgar Gaertner, -“La-Mott de la Foret,” Le Moude. Dipi natigue:. August
1983; J. l\? Bradley, “What is killing the great forests of West  rmany?” ng'rl'd
Environment Report, August 15, 1983. -

13. Camels Hump data documerited in Thomas G. Siccama, Margaret Bliss,
and H. W. Vogelmann; "Decline of Red Spruce in the Green Mountains of
Vermont;” Builetin of the Torrey Botanical Clul, April-June; 1982; broader spruce
decline .documented in johnson.and Siccama, “Acid Deposition and.Forest
Dedine”; reference to commercially-valiable spriice from Arthiir H. Johnson,
“Decline of High-Altitude Spruce-Fir Forests,” presented at Symposium on
_Air Pollution and the Productivity of the Forest; quote is from H. W.
<Vogelmann, “Catastrophe on Camels Hump,” Natural History, November
1982. : .

14. A: H: Johnson et al;; “Recent Changes in Datterns of Tree Growth Rate in
tHe New Jersey Pinelands: A Possible Effect of Agid Rain;” Journal of Environ-
mental Quality, October-December 1981.

15. Paiil R. Miller et al., “Photochemical Oxidant Air. Pollutant. Effects on a
Mixed Conifer Forest Ecosystem,” U.S. Environmental 'P'Fmec“““——i‘*'ﬁfm)’?
Environmental Research Laboratory, Curvallis, Oregon, 1977; Paul R. Miller,
private commarnication; October 5; 1983. -

16. Damage estimates from John Skelly, “Blue Ridge Mountains,” presenta-
tion at Symposium on Air Pollution and. the Productivity. of the Forest’;-
studies of growth in pines include S. O. Phillips et al.; “Eastern White Pine

Exhibits Growth Retardation by Fluctuating Air Pollutarit Levels: Interaction
of Rainfall, Age, and Symptom Expression” and “Crowth Fluctuation of
Lohlolly Pine Dte to Periodic Air Pollution Levels: I:ateractton of Rainfall and
Age,” Phytopathology, June 1977. 7

17: i%iiipé et al.; “Eastern White Pine Exhibits Growth Retardation.”
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18. Anthony C. Tennissen, Nature of Earth Materials; (Englewood Cliffs, New

Jersey: Prentice-Hall; Inc:; 1974):

19. Sulfur emissions from Swedish Ministry ‘of Agricultiire, Proceedings: The
1982 Stockholm Conference on Acidification of the Environment (Stockholm, Swe-
den; 1982) and Swedish Ministry of Agriculture; Acidification Today and Tomor-

1981; Mt. St. Helens emissions from U. S. Environmenta Protection Agency,
The Acidic Deposition_Phenomenon_and its Effects: Atmospheric_Sciences (Vol. 1,
draft), Washir(i_)gton,,D:G:; May 1983; nitrogen oxide emissions from_Fred

20. For historical sketcties of air pulliition control see Erik P. Eckhiolm, Dot
to_Earth, (New York W. W. Noriun & Co., 1982) and Edwin S. Mills, The
Economics of Envirommnental Quality (New York: W. W. Norton & Co.; 1978);
emissions trends from Swedish Ministry of Agriculture, Proceedings: The 1952
Stockholm Clikiﬁ'f(')ii‘l‘ and Harald Douvland and-Arne Semib, -“Atmospheric
Transport of Pollutants,” in D. Drablos and A. Tollan, eds., Ecological Impuct of
Acid Precipitation, (Oslo, Norway: SNSF Project, 1980).

21. United States-Canaita Mimoradin of Tntent on Transbounddary Air Pollution:
Executive Sumnrics (Ottewa, Canada: Environment Cinada, 1983); Swedish

Ministry of Agriculture, Procecdings: The 1982 Stocklolm Conference.

22. Estimates for Europe from Lars N. Overrein et al., Acid Precipitation Eﬁl’mg ,

or: Forest and Fish: Final Report of the SNSFE Project 1972-1980 {Oslo: The Nor-
wegian Interdisciplinary Research Programme; 1980); estimates for West Ger,
many from Georg H: M. Krause, private communication; January 1984; esti-
mates for North America from United States-Canada Memorandin of Intent.
23. For a brief_history_of tree damage_from_air_pollutants see George H.
Tomlinson 1] “Air Pollutants and _Forest Decline;”. Environmental Scicnce &
Technology, -Vol. 17, No. 6, 1983; INCO measuremerits from B. Freedman and
T. C. Hutchinson, "Smelter Pollution Near Sudbury, Onitario, Canada, and-
Effects on Forest Litter Decomposition,” in T. C. Hutchinson and M. Havas,
eds:; Effects of Acid Precipitation on Terrestrial Ecosystems (New York: Plenum
Press, 1980): '

Mpure than One Impact;” The Environmental Forum; October 1983; Pavland and
Semb, "Atmospheric Transport of Pollutants:” ; '
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27. EnQanced growth cite

" tember 1983. ’&1

25. Fora brief history of acid rain sec Eville Gorham, "What to Do About Acid -
Rain,” Technology Review, October 1982; Gene E! Likens et al; "Acid Rain,”
Scientific American, October 1979.

26, Bryon W. Bache, “The Acidification of Sbils” and B. Ulrich. “Production
and Consumption of Hydrogen lons in the Ecosphere,” in Hutchinson and
Havas, eds., Effects of Acid Precipitation on' Terrestrial Ecosystens; William WL
McFee, “Sensitwvity of Soil Regions to Acid Precipitation,” U. S. Environmen-
tal Protection Agency, Environmental Research Laboratory, Corvallis, Ore.,
January 1980; reference to Swedish studies from Swedish Ministry of Agri-
culture, Acidification Today and Tomorrow.

d in Bernhard Ulrich, "Dangers for the Forest

zosystym Due to Acid Precipitation;” translated for U. S. Environmental
ProtectioR_Agency by. Literature. Research Company, Annandale, Va., un-
dated, and Swedish Ministry of Agriciiltiire, Acidification. Today antd. Tontorrow;
nutrient saturation #nd leaching discussed in G. Abrahamsen, “Effects of
Acid Precipitation. on Soil and Forest: Leaching of Dlant Nutrients,” in Drablos
and Tollan, eds., Ecological Impact of Acid Precipitation; Dale W. Johnson, "Acid
Rain and Forest Productivity,” Environmental Sciences Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee, tindated.

28: Uilrich; “Dangers for the Forest Ecosystem Due to Acid Precipitation.”

Senate Committee on Environment and Public Works,” Hearings, June 30,

1981:
30. 5. B. McLaughlin et al.; “Interactive Effects of Acid Rain and Gaseous Air

Pollutants on Natural Terrestrial Vegetation,” .Environmental € tiences Divi-
sion, Oak Ridge National Laboratory, Oak Ridge, Tennessee, undated.

31. Beech regeneration from Ulrich; “Production and Consumption of Hy-
drogen lons”; Canels Hump seedlings from Siccama et al;; "Pecline of Red
Spruce in the Green Mountains of Vermont”; Whiteface Mountain referred to
in Richard E, Rice, “The Effects of Acid Rain on Forest and Crop Resources in
the Eastern United States,” The Wilderness Society, Washington D. C., Sep-

32. Swedish Ministry of Agrinultire, Proccedings: The 1982 Stockholm Con-
ference. )
33. Voii H. W. Zott! and E: Mies; "Die Fichtenerkrankung in Hochlagen des

Siidschwarzwaldes,” Allgenteitie Forst-ind Jagdzeitung, June-july 1983; Von C.




O

ERIC

Aruitoxt provided by Eic:

Forcstry, September 1983.

Bosch et al., “Ubér die. Erkrankung. der Fichte (Picea abies Karst:) in_den

- Hochlagen des Bayerischen Waldes,” Forstwissenschaftliches Centralblatt, June

1983.

33. Daimiage levels for ozone cited in Swedish Ministry of Agriculture; Pro-
ceedings: The 1982 StockHolin Confererice; referenices to German scientists include
Von H. Mohr, “Zur Fakiorenanalyse des ‘Baumsterbens—Bemerkungen
eines. Pflanzenphysiologen,” Allgemeine_Forst-und Jagdzeitung, June-july 1983;
Von Dr. Bernhard Prinz, “Gedanken zum Stand der Diskussion. iiber die
Ursache der Waldschaden in der Bundesrepublik Deatschiand,” Der Forst-und
Holzwirt, September 1983.

35: L.J: Puckett; “Acid Rain, Air Pollution; and Tree Growth in Southeastern
“Ring Width Analysis,” presented at the SympgSiurm on Afr Pollation amn
Productivity of the Forest.

New York,” U. S. Geological Survey, Reston; Va, 1981; Richard L. I?hg)p,s;,
the

36. Environmenital Resoarces Eimited; Acid Rain:\A Review of the Phenomenon
in the EEC and Europe. !
i b
37. Von H: Steinlin; "Holzproduzierende Forstwirtschaft,” presented at con-
ference on “Forestry Management: Supplier of Raw Materials_and the En-
vironmental Factor,” Gottingen, West Germany, Noveiriber 14-15; 1983.

38. Richard Plochmann etal.; “Pollution is j<illing German Forests;” journal of

39. United Nations Food and. Agriculture Organization, World Forest Products:
Demand and Supply 1990 and 2000. {Rome: 1982). :

40: T.T. Kozlowski; “Impacts of Air Pollution on Forest Ecosystems;” Bio-
science, February 1980;7U§:’it'e'd States_Forest Setvice; An.Analysis of the Timber
Situation in the United States 1952-2030, (Washington D. C.: U. S. Department
of Agriculture; 1982); Thomas E. Ricks, “Timber Firms Moving to the South as
Supplies in Northwest Diminish;” Wall Street Journal, August 19, 1983.

41. United States-Canada Memorandum of Intent.
42. Rice, The Effects of Acid Rain o Forest and Crop Resotivces in Hie Eastern
United States. i

43, Norman R. Glass et al., “Effects of Acid Precipitation,” Environichtal

Science & Technology, Vol. 16, No. 3., 1982, .
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44: john A: Thorner, American Paper Institute/Nationar Forest Products As-
sociation Environmental & Mealth Program; private communications; De-
cember 1983-January 1984, )

45. Ely Gonick; “A Forest Industry Perspective on Acid\Deposition,™ pre-
serited at Conference on Acid Rain & Forest Resources; Quebec City, Caniada,
]bc'n"e 14, 1983.

46. Raymond J. I Brouzes;. “A Synopsis of Some_Acid Rain-Related Forest
Research-and the Emerging Conclusions;” (anpablished); Environment Can-
ada, Hull, Quebec, Canada, 1981. )

scape,” Ambio, Vol. 11, No. 6., 1982

48. H. H. Kraiise, “Acidic Atmospheric Deposition in Eastern North America:
Forest Resources at Risk.” presented at Conference on Acid Rain & Forest
Resources; also_Douglas Martin, “Canada‘’s Wasted- Weodlands,” New York
Times; August 28; 1983.

50, “Acid Rain Threatens Soiitherii Heriisphere,” World Environnicnt Report,

January 25; 1984.°

51, Martin Alexander, “Effects of Acidity on Microorganisms and. Microbial
Processes in Soil,” in Hutchinson and Havas, eds., Effccts of Acid Precipitition
on Terrestrinl Ecosystems; Gary S. Hartshorn, “Ecological Implications of Trop-
ical Plantation Forestry,” ve.

in Roger A: Sedjo, The Comparati Economics of
Plantation Forestry: A Global Assessmrent, (Washington D: C:: Resources for the
Euture, 1983); for a discussion of the Third World Nielwood crisis and re-

forestation needs see Sandra Postel, “Protecting Forests,” in Lester R. Brown
et al:, State ot tmeWorld 7984 (New York: W. W. Norton & Co. 1984},

52. G: E: Likens et al.; "Recovery of a Deforested Ecusystem,” Seicnice, Febru-
ary 3, 1978.

53. Likens et al.; “Recovery of a_Deforested Ecosystem”; [nvironmental
Resources Limited, Acid Raii: A Review of Hie Phewomenon i the EEC and
Europe. : :

ﬂs“cdléh Mihis’tr? of Agri'cuiiure, ﬁrbrkkﬁing?: The 1982 Stockholm €on-
ference. ;
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55.. Benioit Barry; “Acid Raini and Forest Productivity,” an interview with.Dx.
Gilles Robitaille, in Milien, Autumn 1982,

56. Overrein et al., Acid Precipitation— Effects on Forest and Fish.

57. See G, M. Woodwell;, “Effects of 1'ollution on the Structure and Phys-
jology of Ecosystems,” in Corne H: Russwurm and Edward. Sommerville,
eds., Man'’s Natural Environnient: A Systens Approach (North Scitaate, Mas-

sachusezts: Duxbury Press, 1974) and Bormann, "The Effects of Air Pollution

- on the New England Landscape.” .

58. International Energy Agency, World Energy Outlook, (Paris: Organisation
for Economic Co-operafion and Development, 1982). .

59. Richard Schneider, “Acid Precipitation and Surface Water Vulnerability on
thie,;Western Slopes of the High Colorado Rockies,” and Fred Fehsenfeld, “Gas
Phase and Precipitation Acidities in the Colorado Mountains,” in Acid Rain i
the Recky. Mountain West. ‘
60. “China Faces Environmental Challenge,” Science, September 23, 1983;
“Chinese Data Indicates Serious Acid Rain Problem;” International Water Re-
port, July-August 1983; C. K: Varshney, “Acid Rain: The Unseen Threat,” Press

institute of India, New Delhi, India, Juiie 1983.

61. Wang Qingyi and Gu Jian, “How Will China Solve Energy Problem?
‘Beijing Review, August 29, 1983. ;

62. James Briice, “Brazil Investing $300 Million To Increase Its Coal Produc-

tion,” Journal of Commerce, June 13, 1983.

63. ‘India’s energy plans from K. Dharmarajan, “India—Energy Supply Policy

and Management,” Natiral Resources Forunr, Vol. 7, No. 3, 1983; India’s emis-

* sions trends from C. K. Varshpey and J. K. Garg, “A Quantitative Assessment
of .Salfur Dioxide Emission from Fossil Fuels in India,” Journal of the Air-

Pollution Contril Association, November 1978; quote from Varshiney, "Acid Rain:
The Unseen Threat.” .

64. Richard ]. Meislin, "Mexico City's Flora Finds Life Too Foul to Bear,” New
York Times, September 12, 1983; "Malaysian Environment Not:a Pretty Pic-
tare,” World Enviromment Report; August 15, 1983; Maria L., Durando_and
Sergio R. Aragon,; “Atmospheric Lead in Downtown Guatemala City,"® En-
vironmental Science & Technology, Vol. 16, No. 1, 1982, .
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65. Eivironmental Resources Limited, seid Kain: A Reofew of Hie. Phenonienon
in tie EEC and Europe”; Rolf Zell-arid Michael Cross, “Germany's Acid Rain
Laws Go Up in-Smoke,™New Scientist, September 29, 1983, Von Ludwig
Muller, “Stand der Immissionsschutzrechtlichen Bestimmungen im Hinblicl
aaf die Bekampfung des Waldsterbens,” Aligemeine Forst Zeitung, Vol. 88,
Nos. 51-52, 1983. >

66. Larry B. Parker and Robert E. Trumbule, “Opportunities for Increased
Control of Nitrogen Oxides Emissions from Stationary Sour Implications
for Mitigating Actd Rain;” U:S. Library of Congress, Congressional Research
Service, W’ds’?iihgtiih D. C., December 1982.

Brdnstry,” No: 5; 1983; also Gregory S: Wetstone and. Armun_Rosencranz; Acid
Rarn i Enrope and North Awierica: National Responises to.an hiternationzl Problem
{Washingion D. C.: Environmental Law [nstitute, [983).

68.. European experience with FBC from Working Group on the Evaluation of
Poliition Control Technology for Coal Combustion, “Flae Gas Desulfuriza-
tion Pilot Study Followup,” Committee on the Challenges of Modern Society,
North Atlantic Treaty Organization, Ottawa, Canada, June 1982, and Environ-
mental Resources Limited; Acid Rain: A Review of Hie Phenomenon in the EEC
anmid . Enropr; _reference to Sweden project_from “Fluidized Beds: In Power
Stations At Last?” Nete Scivntist, June 30, 1983; referenice to Kentucky priject
from Steven J. Marcus, “Getling Coal to Burn Clean,” New York Times,

November 17, 1953.
69. Larry B. Parker and Rabert E. Trumbule, “Mitigating Acid Rain with

Technology: Avoiding the Scrubbin -s\vnchw Dilemma.” U.S. Library_of
Congress, Congressional Research Service, Washington D: C; June 1983;
also, for good overview of pollution control technologies, see "Controi Tech.
nologies,” (Appendix B) in Wetstone and Rosencrang, Acid Rain in Europe and
M)rl}; America.

70. Motor Vehicle Facts and Figures *83 (Detroit, Michigan: Motor Vehicle Manu-
facturers Association; 1983); Ando; “Pollution Control in Japan”; “Swiss_ Air
Polliition is Mostly Home-Made;” World Egpironment Report; October 15, 1983;

71. Response of Japanese industries from Ando, “Pollution Control il Japan”
and Paul Danis!; “Japan.Delays Building of Coal-Fired Plants,” Journal of
Comnierce, October 10,.1983; energy consumption figures_from World Energy
Industry, {(San Diego, Califﬁrhiai%usihess [nformation Display, Inc:; 1983).
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74. V§ tstony and Rusencranz, Acid Rain in Fllf()]’l. amd \Jurriz America: Nntumni
Responses to an [rternational Problei. . .

75:. Gre;,orv g Wetstone nnd Armin. Rosencmnz, “Transboundary_Air Pollu-
tioit: The Search for an Interndtional Rcsponu, Harmrd Enviranmental Fuie
Revirw, forthuymm;, :

76: EEC polu ?rocu;e nnd efforts to date are described in Wetstone and
Rain Fum;u wamd North America.

Rosencranz. Acit

,Dlremw on lh? Eimitation of Emissions ot Pollutants into lhe Air from Larbc
Combustion Plants;” Brossels, Degember 15, 1983; Gregory S. Wetstone,
private communication, February 1984. .

78. World Environment-Report. July 30, 1983, ' ' ;

ge toerops dOLumLhth in Effects of Air Pellution_ o Farm
Commudmu ccdmg.,s of tht Synmiposium sponsored by the 1zaak Walton
League, Washington D. C., February 18, 1982 IR

80; For effects of.acid rain on &(3% see Rice; “The Effects of Aud Rain o'\
Foresl and (_rop Resoiirces in the Eastern United States”:

s effect on materials described in Stephen R. Scholley /;ad

1d the Materials Damage Question,” Eiivironment; OCt()bLgr 1983;
corrosion (;iplumblng Jeaching of aluminum.and other.effects described in
Swedish Ministry of A;,mullurc Audzfunhnu Tuzﬁzy ard Toniorrote.

e

(,harisqm\; Giunan, (Wiéhington D. C.: National Acad ress
phen Qende and Dale Keyes, le We . Dduu “. (,m'nhmm' Wnrmmq7 (W1sh'

83. Savmgs from efficiency stan ]
ler; before the U:S: House of Representati 2y Con-,
servation and Power, on Prupo::ed Amendmenls to Title 10, Part 430 Code of%
Fedcral Regulations, regarding Energy- Efficiericy Standards for Ap tiances;
,,,,, May 19, 1982, and William Chandler, private commiinication, Ebruary
1984: Assumption that half of savm},a would come from coal- fll'(.'d plants
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based on ok Energy Ontlook figure that 40 percent of UL S, electricity was |
peienited By vl i1 1980 Gind dssiimption that coal's share will increase over
the nest two decades. Estimates of capital costs f0r seribbiers. vars conisider-
ably. This calculation is based on a range of $IS05300 per kilowatt, Admin-
istering a tederal program of applisnce efticieney >,t,‘),n;§a,r,d;js,j}fi,ijijdt';d to
Tost$3.5 million per vedi (Norrs MeDoualds Washington representative of
the Environmenital Policy Insttute, privdte tomimiiiication; February 1984).
TCnr 20 vears, and assuming a 7 percent discount rate, the present value cost
"ot the program is less than 530 million.

g1, Cianddiin Subconiniittee on Acid Rain; stll Waters,
&5, William UL Chandler, Materuls Reapelong: The Virtiie of Neeessity (W
ington. D, CooWorldwateh Institute, October 1983); R, C. Zig'g!gr,r‘f[ ‘iron-

micntal lmpacts of Virgin and Reeveled Steeland Aluminam,” Calspan Corpo-
rativn, Buttalu, New York, 1976,

86. Term used by David j. Rose et al. Global Energy Fubires and CO--Didieed
oot Chartee (Cambridge, Mass Massachusetts Institute of Technology,
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