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ORGANIZATION

This document summarizes a multi-volume assessment of the risks of
stratospheric modification. Since the early 1970s, scientists have been
concerned that human sctivities could alter the composition of the stratosphere,
leading to reductions in the quantity of ozone protscting sarth from the sun’s
ultraviolet-B (UVB) radiation. 1f such resductions in ozone levels occurred,
public health and welfare would be harmed. '

Substantial scientific progress has been mads since concern about ozone
depletion was first raised. This document reprssents a synopsis of current
understanding of how atmospheric composition may changs, the effects this change
is likely to have on ozons sbundance and its vertical distribution, and the
impacts of these changes in ozone on skin cancer, cataracts, suppression of the
imnune system, polymers, plants, and aquatic systems. It also examines reslatsd
changes in climate and the potsntial impacts of climate change on sea level '
rise, agriculture, human health, watsr resources, and forests.

Despite significant improvement in our understanding of thess issues,
substantial uncertainties remain. This risk assessment identifies and discusses
these uncertainties and, where possible, estimates quantitatively their
potential significance.

Following a brief i.ntrodueci.on. this summary volume is organized into five
sections:

o Summary findings <p¢- ES-5);

o changes in atmospheric composition covers chapters 2, 3, and
4 (page ES-15);

o Potential changes in ozone and climate covers chapters 5 -and
6 (page ES-23);

o Human heslth, welfare, and enviropgental effects covers
chapters 7 through 16 (page ES-32); and

o Quantitative sssessment of xisks with integrated model covers
chapters 17 and 18 (page ES-54).

Readers desiring greater dstail are encouraged to refer to the five-volume risk
assessasnt and the three volumes of the technical support reports.

Thhh concludes with a brief listing of major prior assessments of
this issd.
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INTRODUCTION

Current scienctific theory and evidence indicats that continued increases in
the concentrations of a variety of trace gases in the atmosphere are likely to
modify the vertical distribution and column abundance of stratospheric and
tropospheric ozone. Changes in the total abundance of column ozone would alter the
flux of ultraviolet radiation reaching the surface of the earth, and consequently
affect public health and welfare. Scientific evidence indicatss that increases in
ultraviolet-B radiation (UV-3) would altsr skin cancer morbidity and mortality,
increase cataracts, and probably suppress the human immuns system. Evidance also
supports the conclusion that such increases could reduce crop yields and alter
terrestrial and aquatic ecosystems. Scientific theory and studies also support the
conclusion that polymers would be dagraded more quickly and that urban tropospberic
oxidants would increase as a result of UV-3 incrsases, although additional -
scientific study is needed to validats the possible effects on troposphsric air
quality. The dimensions of many of these risks are at this time unquantifiable.
Exhibit ES-1 summarizes these relationships.

: Changes in trace gases that can modify the stratosphers can be sxpected to
contribute to climate change in three vays: they are all gresnhouse gases that
would increase global warming:; by modifying vertical distribution of ozone, thsy
could change the Earth’s radiative balance and climate dynamics; by adding vater

vapor to the stratosphers, one of these gases (methane) directly adds to the
stratosphere’s greenhouse or varming capacity. The effects of global warming
include changes in weather and climate patterus; rises in sea level; changes in
forests, hydrologic processes, and agriculture; and a variety of associated

impacts.

Current science projects that changes in ozone and climate will occur slowly
enough in the next decade that it is unclear that monitoring systeams will be
capable of clearly detecting change, or of attributing changes to particular trace
gas increases. Because of the large lags expected between the emission of gases
and their ultimate effect on ozone and climats, the stabilization of atmospheric
concentrations and the prevention of further change would require large decreases
in trace gas emissions. Consequently, while wonitoring can provide a valuable
system to test model projections, as well as to better understand atmospheric
systems, except in the case of a larger than expected atmospheric change,
amonitoring cannot be expectad to provide definitive information about the nature of
future risks. With the sxception of Antarctic ozone depletion, an unexpected and,
at this time, unexplained phenomenocn, past monitoring supports current models,
which project that ozone depletion and climate ehcngi are likely to occur in the
face of graggh in the concentrations of tracs gases.* It i{s important to recognize

- e

1 This Risk Assessment vas written before the results of the two Ancarctic
campaigns wers available and has not been revised to considar them. It now appears
that the Antarctic ozone hole is at least partly caused by man-sads chemicals. The
implications for ozone in the rest of the world are unclesr, depending on whether
the loss mechanisms operating in Antarctica are likealy to operats elsevhere and on
vhether Antarctic losses themselves might have global implications. Consequently,
until those issues are resolved, we cannot conclude that the ‘hole’ i3 a portent of
things to come elsevhere on the Earth. In the rest of this summary the original
Risk Assessment findings on Antarctica and trends ars kept intact.




EXHIBIT ES-1
The Basls for Concern About CFCs and Ozone Depletion

( 1) Production of CFCs (9) increases in UV-B produce effects
For example:

(2) Emissions then seowr
On skin cancer

. (3) Concentrations bulid up -
(4) Slow transport to stratosphere

(8) Photodissocistion of CFCe
reloases chiorine '

i

(8) Chiorine catalytically Fr, ‘ Hr "]
reduces ozone

(7) Ozone depletion causes °
changes In UV-B

(8) CFCs and column reorganizstion oo S oo gy o
change the climate :

' On Larval Northern Anchovy

Lervel Nerthara Anchovy

- 2 I T
uocutmo UV-8 RADIATION (%)

Causal Chain:

Production—5 Emigsions —5 Concen- — Atmospheric — UV-B b Effects
trations Response and climate :

Bource: NAS (1976), Scotto (1966), and Hunter, Reupp and Taylor (1982).

£-83



ES-4

that "by the time it is possible to detact dacrsases ir .zone concentrations
with a high degree of confidancs, ir may be too late to instituce corrective
measures that would raverse this trend” (EPA Science Advisory Board, March

1987).

adaghs v
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SMMARY FINDINGS

Past and Possible Future Changes in Tracs GCases

1. Considerable research has taken place since 1974 when the theory linking
chlorine from chlorofluorocarbons (CFCs) and depletion of ozone was first
developed. While uncertainties remain, the evidence to dats continues to
support the original theory that CFCs have the potential to dec
stratospheric ozone. '

2. Atmospheric ssasursments shov that the chemical composition of the
atmosphere -- including gases that affect ozone -- has been changing.
Recently measured ammual ratss of growth in global atmospheric
concentrations of trace gases that influsnce ozons includs: CFC-1l1:

S percent; CFC-12: S percent; CFC-113: 10 percent; carbon tetrachlorids: 1
percent; methyl chloroform: 7 percent; nitrous oxide: 0.2 percent; carbon
monoxide: 1 to 2 percent; carbon dioxids: 0.5 percent; and methans: 1 ’
percent. More limited measuresents of Halon 1211 show recent annual
increases of 23 percent in atmospheric concentrations. -

3. CFCs, Halons, methyl chloroform, and carbon tetrachloride release chlorins
: or bromine into the stratosphers vhers they act as catalysts to rsducs the
net amount of ozons. In contrast, carbon dioxids and methans either add to
the total column of ozons or slow the rats of depletion. The effect of
incrsases in nitrous oxide varies depending on the relative level of
chlorine.

CFCs, methyl chloroform, carbon tetrachlorids, and Halons are industrially
produced. Emissions of methans, carbon dioxids, and nitrous oxide occur

froa both human activity and the natural biosphare. Because all these gases

(with the exception of methane and methyl chloroform) remain in the
atmosphere for many decadss to over a century, emissions today will
influsnce ozone levels for mors than a century. Also, as a rtesult of these
long lifetimes, concentrations of these gases will rise for mors than a
century, even if emissions remain at constant levels. For example, to
stabilize concentrations of CFC-11 or -12 would requirs a reduction in
current global emissions of about 85 percent. (Exhibit ES-2 dsmonstratss
effects of various rsduction levels on CFC-12 concentrations).

S. In ordar to assess risks, scsnarios of atmospheric changs were evaluated
using Wedels. For CFCs, methyl chloroform, carbon tetrachloride, and
Halons, demand for goods that contain or are mamufactured with these

chemnicals (e.g., refrigerators, computers, sutomobile air conditioners) and

the historic relationship between economic activity and the use of these
chenicals wers analyzed. These snalyses indicate that i{n the sbsence of
regulation, the use and emissions of these compounds are expectad to
increase in the future. However, for purposes of analyzing risks, six
"what-if" scenarios were adopted that cover a greater range of future
production of ozons-depleting substance than is likely to occur.
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EXHIBIT ES-2

CFC-12: Atmnspheric Coucentrations
from Differsnt Emission Trajectories

5 2 e = Constant
1 emissions
_gs_ 13% Cul
F

i

a .
:, 50% Cul -
§

5

g ) 85% Cut

1930 1985 2100

»'o

% .
Atmospheric comgmutrations of CFC-12 will continus to rise unless eaissions ars
cut. Holding emissions constant at today’s lsvel or even 15 percent or S0
percent lower would still allow stmospheric concentrations to grow. Only a cut
of 85 percant or mors could stabilize atmospheric concentrations.

Source: Hoffman, 1986.
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Model Projections for Ozone Changes

6. Atmospheric chemistry modesls vers used to assess the potential effects of
possible futurs changes in atmospheric concentrations of ctrace gases. Thes
models attempt to simulats procssses that influence the creation and
destruction of ozone. While the models replicats many of the
characteristics of the atmosphere accuratsly, they are inconsistent with
measurad values of other constituents, thus lowering our confidence in thei
abilit.y to predict future ozone changes accuratsly.

7. Based on the rassults froa these modsls, the causé of fucture changes in ozon
vill be highly dapendent on future emissions of trace gases.
One-dimensional models project that if the use of chlorine and bromine
containing substances remains constant globally, and other trace gas
concantrations continue to grow, total coluan ozone levels would at firstc
decrease slightly, and than would subsequently incrsase. If the use of CFC
continues to grow at past rates and other gases also increase at recent
ratss, substantial total column ozone despletion would occur by the middle o
the next century. If the use of CFCs stays at current levels and the growt
in the concentrations of other trace gases slows over time, modsl results
indicate total column ozone dapletion will also occur. (Exhibit
ES-3 shows various modeal projections for "what-if" scenarios.)

8. 1In all scenarios examined, substantial changes are expectad in the vertical
distribution of ozone. Ozone dacreases are generally expectsd at higher
altitudes in all scesnarios {n which CFC concentrations increase. Ozone
increases are expected at lower altitudes in some scenarios examined due to
increases in methane concentrations. Such changes may have important
climatic effects.

9. Two-dimensional (2-D) modsls provida information on possible changes in
ozone by season and by lacitude. Results from 2-D modals suggest that
global average depletion could be higher than estimates from a
one-dimensional (1-D) model for the same scenario. Moreover, the 2-D modsl
results suggest that sverage annual ozons depletion above the global averag
would occur at higher latitudes (above 40 degrees), while depletion over
tropics is predicted to be lower than the global average; and depletion
vould be gresater in the spring than the snmual average. Uncertainties in
the rsprssentacion of the transport of chamical speciss used in 2-D models
intreduces uncertainty in the magnitude of the latitudinal gradient of ozon
depletion, but all 2-D modals project a gradient.

Messuremsnts of Ozous . -

10. Measurements of ozons concentrations are another valusble tool for assessin
the risks of ozons modification. Based on snalysis of data for over a
decade from a global network of ground-based monitoring stations, ozone -
concentrations have decreased at mid-latitudes in the upper and lower
stratosphere and increased in the troposphere. According to studies using
ground-based instruments, thers sppears to have been no statistically
significant change in column ozone between 1970 and 1983. Righ alcitude,
lower stratospheric, and total column trends ars roughly consistent with
current two-dimensional model predictions.

- —
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EXHIBIT ES-3
Global Averags Ozone Depletion: Bmission Scemarios

=10.0 -

=30.0 -

Global Ozone Depletion (%)

-40.0 -

-so.o 1 L L] L ¥
1988 2008 2028 2048 2088 2088

*This scenario assumes no growth in global production of ozone depletsrs, and
concentrations of other trace gases ars preventsd from rising to an emount
greater than that cempatible with an incrsase in squilibrium global tamperatures
of 3.0°C £ 1.5°C ¥y 207S.

Assumptions: -

== Current 1-D models accurately reflect global depletion; Antarctic ozone hole
has no impact on global ozone levels.

-- Greenhouse gases that counter depletion grow at historically-extrapolated
Tatss.

=+ Growth rates for ozons depletsrs are for global -ulim. it is assumed
that emissions do not increass after 2050

-- Ozone depletion liaitod to 50 percent.
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Recant evidence indicates that since the lats 1970s substancial decreases
ozone (up to 50 percent) have occurred over and near Antarctica during {ts
springtime. These losses have been verified by different measursment
tschniques, and different theories have been suggested to explain the caus
of the ssasonal loss in ozone. Insufficient data exist to state vhether
chlorine and bromins are responsible for the observed depletion, or whethe
some other factor is the cause (e.g., dynamics or changes in solar flux th
sltars NOx). Furthermore, even if man-made chemicals are the cause of the
phencmenon, stratospheric conditions surrounding Antarctica are different
from the stratospheric conditions for the rest of the world, so that it
cannot be issumed that similar dapletion would occur elsevhere. Models di
not predict the Antarctic ozone depletion, however. Comsequently, the
change in Antarctica suggests that ozons abundance is sensitive to yet
uninown natural or anthropogenic factors not yst incorporatsd in current
models. : .

Preliminary data from Nimbus-7 suggest a decresase in global ozone
concenctrations (4-6 percent) may bave occurred during the past several
years. These data have not yet been published and require additional revi:
and verificacion. If verified, further analysis would be required to
deternmine if chlorine is respomsible for the reportad decrease in ozone
lavels, or whether the decrease is dus to other factors or reflects
short-term natural variations.

Potential Health Effects from Ozons Depletion

13.

14.

15.

16.

Decreases in total column ozone would increase the penetration of
ultraviolet-B (UV-B) radiation (i.s., 290-320 nanometers) reaching the
earth’s surface. (Exhibit ES-4 shows ralative incresases in UV-B at 295,
305, and 315 nanomsters.)

Exposure to UV-B radiation has been implicated by laboratory and
epidemiologic studies as a cause of two common types of skin cancers
(squamous cell and basal cell). It is estimated that there are more than
400,000 nev cases of these skin cancers each year. While uncertainty exis!
concerning the appropriats action spectrum (i.s., the relative biolagical
effectivensss of different wavelengths of ultraviolet radiation), a range ¢
relationships vas developad that azllows increased incidence of these skins
cancers to be estimated for future ozonme dapletion (these cancers are also

~ referyed to as noumelancas skin cancers).

Stud{sd predict that for every 1 percent increase in UV-B radiation (vhich
correspouds to less than a 1 percent decrsase in ozons because the amount ¢
increase in UV-B radiation, depending on the action spectrum, is greater
than rather than proportional to ozone depletion), nonmelanoma skin cancer
cases would increase by about 1 to 3 percent. The mortality for these fom
of cancer has been estimatad at approximatsly 1 percent of total cases bas¢
on limited available informacion.

Malignant melancaa i{s a less common form of skin cancsr. Thers are
currently approximately 25,000 cases per year and 5,000 deaths. The
relacionship -between cutansous malignant melanoma and UV-B radiacion is a
complex one. Laboratory experiments have not succeeded in transforming = _



Percent increcse

ES-10
EXHIBIT ES-4

Increases in Ultraviolet Radiation
Due to a 1 percent Ozons Depletion

Telchesses, Fleride

3;9
Wovelength (vn)

Ozone depletion would lead to increases in the amount of ultraviolet radiatiom,
particularly at the harmful lower wavelengths, that resaches the earth’s surface.

Source: Estimates based on the ozone-UV model developed by Serafino and
Frederick (1986). :
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aelanocytes with UV-3 radiation. However, rescsat epidemiological studies,
including large case control studies, suggest that UV-B radiation plays an
important-role in causing melanoma. Uncertainties in action spectrum, dos
measursment, and other factors necessitatas the use of a rangs of
dose-response estimatss. Taking into account such uncsrtainties, recsnt
studies predict that for each 1 percent change i{n UV-B intensity, the
incidence of melanoma could increase from 0.5 to 1 percent.

Studies have demonstratsd that UV-B radiation can supprsss the immune
response systea in animals and possibly humans. While UV-B-induced immune
suppression has been linked to chronic rsinfection with herpes simplex vin
and leishmaniasis in animals, its possible impact on other disesases and it:
impact on humans has not been studied.

Incrsases in exposure to UV-3 radiation ars liksly to increase the incidem
of cataracts and could adversely affect the retina.

19.

20.

21.

While studies generally show adverse impacts on plants from incresased UV-B
exposurs, difficulties in experimental dasign, the limited mumber of speci:
and cultivars testsd, and the complex interactions between plants and thei:
environments prevent firm conclusions from being mads for the purpose of
quantifying risks. Field -studies on soybeans suggest that yield reduction:
could occur in some cultivars of soybeans, while svidancs froa laboratory
studies suggest that two out of thrse cultivars ars seasitive to UV-B.

Laboratory studies with numerous other crop species also shov many to be
adversely affected by UV-B. Incrsased UV-3 has been shown to alter the
balancs of competition between plants. While the magnitude of this change
cannot be prasently estimated, the implications of UV-altered, competitive
balance for crops and veeds and for nonagricultural areas such as forssts,
grasslands, and desert may be far reaching.

Aquatic organisas, particularly phytoplankton, zooplanktonm, and the larvae
of many fishes, appear toc be suscsptible to harm from increased exposure t«
UV-B radiation becauss they speud at least part of their time at or near
surface waters. However, additional research is nseded to better understa:
the abilicy of these organisas to mitigate adverse effects and any possibl.
implisstions of changes in community composition as mors suscepcible
organisms decrsase in numbers. The implications of possible effscts on the
aquatie food chain requires additional study. .-

fouotnqhdnmwm&-ﬂr'olm

22.

Research has only recsntly been initiated into the effects of UV-B on the
formation of tropospheric ozone (an air pollutant with negative health and
plant effects). An initial chamber and model study shows that tropospheric
ozons levels could incrsase, resulting in additional urban arsas being in
non-compliance with National Ambient Air Quality Standards. The increase !
UV-B would also produce ozons peaks closer to urban centsrs, exposing larg:
populations to unhealthy concsntrations of tropospheric ozone. The same
study also predicts substantial incrsese in hydrogen peroxide, an acid rai:
precursor. However, because only one study has been done, the rssults. mus:
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be tresated with caution. Additional theoretical and empirical work will be
needed to verify these projections.

Research indicates that increased exposure to UV-B would likely cause
accelerated weathering of polymers, necessitating polymer reformulation or
the use of stabilizers in some products, and possibly curtailing use of
certain polymers in some areas.

Climate Impacts from Trace Cas Crowth -

24. The Natiomal Acadsmy of Sciences (NAS) has recommended that 1.5°C to 4.5°C -

25.

26.

represents a reasonable range of uncertainty about the temperaturs
sensitivity of the Earth to a doubling of CO2 or an increase in other tracs
gases of the equivalent radiative forcing. While some of the trace gases
discussed sbove deplets ozone and others ressult in higher ozone levels, all,
on net, would increase the radiative forcing of the Earth and would
contribute to global warming.

AUsing the middle of the RAS range for the Earth’s temperature sensitivity

and a wide range of future trace gas growth (a.g., from a phase-down of CFCs
by 80 percent from current levels by 2010 to a 5 percent anmual increase
through 2050; CO2 doubling by 2060; X20 increasing at 0.2 percent; CH4
increasing by 0.017 ppa/year through 2100), equilfbrium temperatures can be
expected to rise from 4°C to 11.6°C by 2075. Of this amount,; dapending on
the scenario, CFCs and changes in ozons would be responsible for
approximately 15-25¢ of the projected climats change. (See Exhibit ES-5)

In most situations, inadsquate information exists to quantify the risks
related to climate change. Studies predict that sea level could rise by
10-20 centimeters by 2025, and by 55-190 centimeters by 2075. Such
increases could damage wetlands, erode coastlines, and incrsase damage from
storms. Changes in hydrology, along with varmer temperaturss, could affect
forests and agriculture. Howevar, lack of information sabout the regional
nature of climatic change makes quantification of risks difficult. A study
suggests that rising temperatures could adversely affect human health if
acclimatization lags. &

Summary of Potantial Risk oA .

27.

To perf computations necessary to eviluats the risks associated with
strato sodification, an integrating sodal was developed to evaluate
the joint lications of scenarios or estimates for: (1) potsntial future
use of CFCs and change in other trace- gases; (2) ozone changs as a
consequence of trace gas emissions; (3) changes in UV-B radiation associated
wvith ozone change; and (4) changes in skin cancer cases and cataracts
associated with changes in UV-B radistion. Potential impacts of
stratospheric modification that could not be quantifisd wers not addresssed
by the integrating model. On a global basis, the risks of ozons depletion
may be greatest for plants, aquatic systems and the immuns system, even
though knowledge to assess these efforts is much less certain than for skin
cancers. .




Temperature Chaonge (Uegrees C)

r)

ES-13
EXHIBIT ES-5

Equilibrium Tesperaturs Change for the Six Emission Scsnarios
Assmming 3.0°C Warming for Doubled CO2®

12.0

$.0% Growt

3.8% Growt

2.5% Growt
1.2% Growt
No

i ke

°° i ] i ¥

T i ¥ 13

1988 1995 2008 2015 20238 2038 2043 2088 2083 2078

* Computed assuming that the climats sensitivity to a doubling of carbon
dioxide is 3°C. This assuaption is in the middle of the NAS rangs of 1.5°C to
4.5°C (see Chapter 6). Nots that the actual wvarming that may be realized will
lag by several decades or mors. To computs the equilibrium warming associated
with high or low NAS estimatss aultiply the y axis ’tamperature change' by 1.5
or 0.5. :

Growth levels refer to global estimatss of production of all ozone
depletars. . .
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Uncertainty about futurs risks is partly driven by the rate at vhich CFC and
Halon use and other trace gases grow or decline. For this reason, a wide
rangs of “"what-if" scenarios of potential CFC and Halon use and growth in
trace gas concentration was evaluated. To reflect the large uncertainties,
the scenarios range from an 80 percent global phase-down in the use of CFCs
by 2010 to an average anmnual growth in use of 5 percent per yesar from 1985
to 2050. For ozone-modifying gases other than CFCs, scenarios wers based on
recently measured trends, with uncsrtainties being evaluated by con-i.d-ring
a range of future emissions and concentrations.

AcrToss the wide range of “what-if" scenarios considersd, ozone change by
2075 could vary from as high as over S0 percent ozoms depletion to increased
sbundance of ozone of approximatsly 3 percent. This range of ozons change

implies a change in the mumber of skin cancer cases among pecple alive today

. and born through 2075 ranging from an increase of over 200 million to a

dacrease on the order of 6.5 million. The overvhelming majority (over 95
percent) of the increases and decreases in skin cancer cases estimated for
this wvide range of scenarios is associated with basal and squamous csll
cancers (i.e., nonmelanoma skin cancer). Nortality impacts are estimated-to
be on the order of 1.5 to 2.0 percent of the changes in total casss, and a
large percentage of the estimated impacts are associated with people boram in
the future. The statistical uncsrtainty of these estimatss is on the ordar
of plus and minus 50 percent. Additional uncertainties exist, some of wvhich
cannot be quantified. The greatast single uncertainty about future risks is
driven by the rate at which CFC and Halon use grows or declines. This
uncertainty is reflected in the assessment by examining a wids range of
"what if" scenarios of future use.
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GHANGES IN ATMOSPHERIC COMPOSITION

The sbundance of stratospheric ozone depends upon chemical and physical
processes that creats and destroy ozone. For over a dacade scientists have
hypothesized that changes in the concentrations of trace gases in the atmosphe
could possibly perturdb the procssses that control ozonme abundance and its
distribution at different altitudes. The findings of this section summarizs t
currently svailable evidence on how emissions and concentrations of various
gases may change over time. The findings in this section can be found in
chapters 2 through 4 of the body of the risk assessasnt.

i
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la. Since their development in the 1930s, CFCs have become useful
chemicals in a wide range of consumer and industrial goods, including:
asrosol spray cans; air conditioning; refrigeration; foam products
(e.g., in cushions and insulating foams); solvents (e.g.,
slectronics); and a variety of miscellansous uses.

1b. CFC-11 (CCl3F) and CFC-12 (CC12F2) have dominated the use and
emissions of CFCs, accounting for over 80 percent of current CFC
production worldwide. Because of increased demand for its use as a
solvent, CFC-113 (CCl2FCC1F2) has become increasingly important as a
potential ozone-despleting chemical.

2a. Measurements of current global average concentrations of CFC-1l are
200 parts per trillion volume (pptv), CFC-12 are 320 pptv, CFC-113 are
32 pptv, carbon tetrachlorids (CClé) are 140 pptv, and methyl
chloroform (CH3CCL3) ars 120 pptv.

2b. Based on measurements from a global menitoring network, worldwide
concentrations of chlorine-bearing perturbants (i.e., potential ozone
depleters) have been groving annually in recent years at the following
rates: CFC-11 and CFC-12 at 5 percent; CFC-22 (CHC1F2) at 1l percent;
CFC-113 at 10 percent; carbon tetrachloride (CCl4) at 1 percent; and
methyl chloroform at 7 percent.

2c. Limited measurements show that global tropospheric concentrations of
Halon 1211, a bromochlorofluorocarbon containing both chlorine and
bromine (vhich is potentially more effective at depleting ozons), have
. been growing rscently at 23 percent anmually. Concentrations have
been msasursd as one pptv.

2d. ::ﬁu of tropospheric concentrations of Halom 1301, another
compound that is a potential ozons dapleter, estimate that

concentrations are approximately ons pptv. No trand estimates have
been published.

2 The chapter references refer to the main body of the risk assessment.
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Gases vhich are photochemically inert accumulats in the lower
atnosphers. Their emissions migrates to the stratosphers slowly.
Estimates of their atmospheric lifetimes (generally calculated base
on the time vhen 37 percent of the compound still remains in the
atmosphere) are the following: CFC-11 i{s 75 years (107/58 years);
CFC-12 is 111 years (400/55 years); CFC-113 is 90 years; CCl4 is 50
years; Halon 1211 is 25 years; N20 is 150 yesars; and Halom 1301 is
110 years. (VWhere provided, the range in parentheses shows one
standard deviation).

Becsuse of their long atmospheric lifetimes, the concentrations of
these gases are currently far from stsady stats and will increase
over time unless thers is a large raduction in future eaissions.

Because of their long atmospheric lifetimes, these gases would
continue to contributs to possible future ozons depletion and climas
changs (CFCs and other gases affecting ozone are also grsenhouse
gases) long aftar they ars emittsd. Full recovery from any depleti
or climats changs would taks decades to centuries.

From 1960 to 1974, the combined production of CFC-11 and CFC-12 fro
both aerosol and nonserovsol applications gresw at an average annual
rats of approximataly 8.7 percent. Total global CFC-1l and -12
production peaked in 1974 at over 700 million kilograns.

From 1976 to 1984, sales 6f CFC-11 and CFC-12 for aerosol
applications declined from 432 million kilograms to 219 million
kilograms, an average annual rate of decline of over 8 percemt.
During “the same period, sales for nonaerosol applications grew from
318 million kilograms to 476 million kilograms, an average annual
compoundsd growth rats of 5 percent. By 1986, total CFC-11 and -12
: 2 global production was nearly that in 1974.

-r

A large mumber of studies of future global demand for CFCsz were
conducted by experts from six countriss undsr the auspicss of the
Unitsd Nations Environment Prograsme. These studies used a variety
of methods for estimating both nesar- and long-term periods. In
general, these studies assumed that: (1) demand for CFCs was drive:
by economic factors; (2) no additional rasgulations on CFC use wera
imposed; and (3) comsumers or producsrs do not veluntarily shift aw
from CFCs becauss of concern about ozone depletion. These studiess
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provids a range of growth ratas for developing alternative baseline
scenarios of furure CFC use and emissions.

In general, these ‘studies projected that CFC asrosol propellant
applications would remain constant or decrsase further in many
regions of the world. . e e~t.am

In the U.S. over ths past four decades nev uses of CFCs have
developed first in refrigeration, then in asrosols, then in foam
blowing, and then in solvents.

Studies have projected that growth in developed countries for
nonasrosol applications i{s expectsd to be driwen by increased use in
foan blowving (primarily for insulation) and as solvents, and by the
continued introduction of new uses. The wide range of estimates of
future growth reflects the large uncertainties related to population
and economic growth, and technological change.

Studies suggest that future CFC use in developing countries will grow
faster (i.e., at & higher rats) than future CFC use in the davelopad
world. Nevertheless, the projectsd ratss for the developing
countries are lower than the historical rates that have been
experienced in wealthier coumtries. WUhile thess studies were done
using aggregate relationships of GNP and CFC use, they made different
assunptions about how closely the pattsrn of CFC use in daveloping
nations would replicats the pattern in developed nations, generally

- assuming lower use rates. However, evidence from ons recently
. completed study (not completed at the time of the UNEP workshop)

indicates that in developing countries the penstration of CFC-using
goods may be occurring fastsr than expected on the basis of the
historical relationship in developed mations. If that study is
correct, growth in dsveloping nations would be larger than projected
in the above-mentioned studies, wvhich generally assumed less
penetration in developing u:im than had occurred in developed
nations. s
Three long-term studies of CFC demand psport annual average ratss of
growth for CFC-1l1 and CFC-12 over 69"-”:: 65 ysars ranging from 0.2
pcte.at:o67pum:. with a median estimats of about 2.5 percent.
The t-1£" scenarios used for quantitative risk assessment in

18 span & wider rangs of growth, n:ch:u.n;msccmiovi:h

tial decline. v T E
Limited studies on CFC-113 and CFC-22 project that in the absence of
regulation or‘voluntary shifts away from these chemicals, their
growth will increase at a fastsr rats than CFC-11 and -12 as nevw
markets develop and existing ones expand (c.g., use of CFC-113 as a
solvent in metal clsaning).



6a. Mathyl chloroform is primarily used as a gemeral purpose solvent.
Global use in 1980 vas estimated at nearly 460 million kilograms.
Limited analysis of futurs demand indicatss that it is expectad to
grow at the rats of growth of ecomcmic activity (as measured by GNI
Factors affecting futurs demand includs possible control om it or
other solvents dus to their health effects. Thus, use' of methyl
chlorofora could incrsase if other solvents ars found mors dangerou
Similarly, its use could be incrsased 1f CFC-113 use is restricted.
Becsuse methyl chloroform has s substantislly shortsr atmospheric
lifetime than CFC-113, it has relatively less potential for depleti
ozona.

6b. Carbon tetrachloride is primarily used to make CFCs in the U.S. 1Ir
daveloping countries it is also sometimes used as a general purpose
solvent. In general, future production and emission of carbon
tetrachloride is u.pccud to follow the pattarm of prodnc:ion of

7a. Halons have been used in hand-held and total-flooding fire
extinguishers since the 1970s. Annual production has been limited
(approximately 20,000 kilograms) and emissions have been assumed to
be only a small fraction of production based on the assumption that
the halons remain inside the fire extinguishers. Recent research
suggests the proportion of Halons released may be substantially
higher. In the U.S., industrial response to concern about depletic
from halons is likely to lead to some voluntary steps to curtail
emissions.

- Th. A stn;lc study has projectad futurs demand for Halons. 3 It indicat
. that near-tarm demand is growing zapidly and that production may
double by the yesr 2000. In that study, longsr-tarm demand is judg
uncertain and may range from §5 average anmual decline of 1 percent
_tza- 2000 to 2050 to an snmudl increase incresase exceeding 5 percent.

Te. ﬂ. expectad rats of Halon emissions is very uncertain. The one
" study assumed most production would remain within fire extinguisher
systaas as part of a growing Halon *bank.® That study has been the
basis for scenmarios used in this snalysis.

7d. The hiscoric growth in Halon 1211 concsntrations (rscsntly measured
at over 20% per year) is significantly higher than the rate assumed
for futurs years in the one existing study.

3 Since the ‘Risk Assessment was drafted, amother study has bsen developed
see Chapter 3 Appendix. That study was not included in this Risk Assessaent.

. —
et P
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7e¢. Discussions with Halon users indicate that Halon 1301 emissions may
be undarestimated in the study used for this risk assessment. A
recent survey showed that existing systems are undergoing widespread
tssting and sccidental dischu;o occurs more fresquently than assumed
in prior s:udiu

7£.  Additional analysis of Halon emission estimates are necessary to
assess more adequately the risks associated with this trace gas.

8a. The size of existing source tsrms (wetland aress, for example) is not
inown with certainty today for all thess trace species. CGreatsst
uncertainty exists for methans, least for C02. To estimate future
enissions reliably requires estimating the growth of source terms
(e.g., acreage of rics paddies, wetlands area), which will be
determined by many uehnieal political, envirommental, and socm
factors.

8b. Current emission factors for each source term must be estimated; some
ars not known today or have not been Teliably estimatad (emissions
from soils, for example).

8c. Possible changes in emission factors dus to changes in the
suvirorment must be projected. Projection of changes is difficult
because the undarlying physical or biclogical procssses that
deterunine enissions are not well undsrstood and because changes in
the enviromment that could alter emissions are not sasy to project.

8d. Biogeochemical cycles that control the fate of emissions once
released into the atmosphere must be undarstood to determine future
concentrations of thess trace species; severe limitations to our ’
- current understanding of these cycles limits our capacity to
deternine the consequences of changing emissions in the future.

8e. Pouibhchnguin:hnobiopoebuﬁnlqcludmuchmgun:h.
environment must be projectad; again deficiencies in existing
inegledge makes this task difficult. =

4 Since this risk assessment vas originally completed, Halon users in the
U.S. have taken a varisty of steps to reducs emissions. This step is not
considered in this Risk Assessment.
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9a. The scenarios used in this risk assessment are consistent with that
commonly used by the ataospheric commmity and assume the following
changes in trace gas concentrations:

(-]

for CO2, a scesnario daveloped by the National Academy of
Sciences (its 50th percentile, i.s., pre-industrial CO2
concentrations doubling by sbout 2063);

for CH4, a linear incrsase in concentratiouns of 0.017 ppa
per year; .

for N20, concentration incrsases of 0.2 percant per year.

9b. Additional scenarios used to snalyze risks will include:

- for CO2

-]

NAS 25th percentile (pre-industrial concentrations
doubling by 2100) -

NAS 75th pctcon:iio (pre-industrial concentrations
doubling by 20350) ’

- for Q4

0.01275 ppm per year growth in concentrations (75
percent of the historically observed 0.017 ppm per
year increase)

0.02125 ppm per year growth in concentrations (125
percent of the historically observed 0.017 ppm per
year increase)

1 percent compound growth per year in concsntrations

1 percent compound growth per year in concentrations
from 1985 to 2010, followed by constant concentrations
at 2.23 ppm

1 percent compound growth per ysar in concentrations

°
= from 1985 to 2020, growing to 1.5 percent compound
. annual growth by 2050 and thersaftsr

- for N20

0.15 pcrﬁnt: per year compound growth in
concentrations

0.25 percent per year compound growth in
concentrations
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UARMING (chapter &)

10a. The standard assumption in most atmospheric modaling has been, by

10b.

dafault, that gresnhouse gases will be allowed to increase without

limit regardiess of the level of global warming that occurs or is
projected. .

In order to provide dacision maksrs with adequats information to
assess thé risks of ozons modification dus to rising CFCs and Halons,
alternative assumptions about ths futurs of greenhouse gases need to
be examnined. Two scenarios are examined:

-- limiting global warming to 2°C.
-« 1limiting global warming to 3°C.
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Models that incorporats current scientific understanding are used as the
primary tool to project the potsntial consequances of futurs changes in
sbundances of trace gases. These modals can be partly tasted by comparing their
results with measurements of the atmospheric, historically observed changes in
ozone, and in the case of climate, with paleoclimatic and extraterrastrial
enviromments. While current modals accuratsly rspresent some aspects of the
ataosphers, they fail to replicats other characteristics. This section
sumarizes the currsntly availsble evidence on how changing atmospheric
sbundance could modify total column ozone, altsr columm distribution, and change
global climats.
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Phatochemical theory continues to support the conclusion that
chlorine, nitrogen, and hydrogen can uulyueauy dastToy ozons in
the stratosphers, thus depleting column levals.

Om-diumioml (1-D) models currently predict a 5»9 percent
depletion for the equilibrium concentrations of chlorine that would
result from constant emission of CFCs at 1977 levels. While useful
for intercomparing modsls, these valuss cannot be used to assess the
risks of dspletion in an atnocphc:c in vhich other gases are also

changing.

One-dimensional (1-D) models predict aversge column ozone will
dscrease if global emissions of CFCs and other ozone depleters
continue to rise from current levels, even if concentrations of
methane, carbon dioxide, and nitrous oxide continue to grow at past
rates. For a 3 percent growth of CFCs, sodsls predict over a 25
percent depletion by 2075 4if the other gases continus to grow.

Tvo-dimensional modsls (2-D) used in stesady state multi-perturbant
studies that include chlorine, methane, and nitrous oxids project
depletion higher than global averages at latitudes puur than 40°N,
especially in the spring.

Time-dependent simulations of stratospheric change in which 2-D .
models are used predict that depletion over 4 percent will occur at
sose latitudes for all cases of positive growth in CFC emissions.
Such models even predict ozons depletiocn of up to 3 percent at
inhabited latitudes for s scenario in which emissions of chlorine-
bearing substances are reduced from current to 1980 levels and in
vhich halon emissions are eliminated, but in which the grsenhouse
gases that countsr depletion are allewsd to growv at historical rates.

Timgedependent simulation with one 2-D model, with CFCs growing at 3
m:chm rising at 1 percent, nitrous oxids at 0.25 percent

dioxide growing at 0.6 percent, projects sanual average
dspletion at 40°N of approximately 1.1 percent by 2000 and 5.2
percent by 2030. At S0°N, depletion is projected to be 1.5 percent
by 2000 and 6.5 percent by 2030. At 60°K, depletion is projectsd to
be 2.1 percent by 2000 and 8.1 percent by 2030. Springtime dspletion
would be higher.

Tine-dependent simulation with ons 2-D model, with CFC-11 and -12
emissions rolled back to 1980 levels, CFC-113. capped, other
chlorinated emissions and bromine emissions eliminated, msthane
rising at 1 percent, nitrous oxide at 0.25 percent, and carbon
dioxide at 0.6 percent, projects depletion by 2030 of about 0.5
percent at 409N, 0.7 percent at 50°N, and 1.1 percent at 60°N {these
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dapletion values ara from 1985 levels). If carbon dioxide
concentrations ars preventsad from growing from currenc levels,
depletion would.be anticipatad to be higher.

1lh. Time-dependent simulations with two other two-dimensional sodals sho
roughly comparable Tssults to those rsported bete, with a slightly
less latitudinal gradient. However, these models also project
lacitudinal gradients from equatorisal to polar and regions.

114. Because of possible incressses in the emissions of bromine molecules
(see Chapter 4), Halons present a mors important risk for
stratospharic depletion than has gensrally been apprsciatsd.

12a. While accuratsly reproducing macy measursments in the current
atmosphers, current modals fall to reproduce some msasursments; the
amount of ozone at 40 kilomaters is undsrestimatsd, for exampls.

12b. while including representations of most atmospheric processes,
current models fall to includs all thes procssses that influencs
stratospheric composition and.structurs in a realistic mannsr.
Transport processes, for example, ars represeutad in a simplified
sammer that doas not encompass all the complications of movement in
the real atmosphers. '

12¢c. The inability of modals to wholly reproduce messuresents of the
current atmosphers lowers our confidsnce in them to predict the
futurs; it is possible that models are over- or under-predicting
futurs dapletion.

AND PE A . ) R0 M4 .\ uS).

13a. Uncertainty analyses mu«i?{& one-dimensional models predict
depletion for a variety of CFC levels.

13b. Wncertainty analyses using different sets of kinetics and cross
Beections have not been tssted in two-dimensicnsl models. However,
different 2-D models have used different spproachas for transporting
species. This provides a useful tast of ths sensitivity of model
predictions to the uncertainty of how transport actually works.
While differing somewhat in the latitudinal gradients of depletion,
the models vith different transport both predict depletion that :
increases with distancs from the equater. .

13c. Not all uncertainties can be tsstad in .the modsling process. The
possibility that aissing factors may lead to a greatsr or lesser
depletion than indicatsd in formal uncertainty analyses cannot be .

excluded. . . - —

LS
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Measursments by balloons and Umkshr show 3 percent depletion at
mid-latitudes in the upper atmosphere, 1.3 percent depletion in the
lower stratosphers, and 12 percent increases in the lower
troposphers. Uncertainty exists about the accuracy of all thess
observations. These results, however, are roughly comsistent with
the expectations gensrated by one-dimensional and tvo-dimensional
models. The ground based msasuremsnt systsa covers only a saall part
of the Earth and is limited at high latitudes. ,

Nisbus 7 measurenents sppear to show a decrease in global ozones,
especially at both poles. However, the dacreass in Arctic ozone from:
1978 to 1984 may have occurred only in the last several years.
Concern exists about calibration problems, which maks an exact
deternination of the absoluts magnituds of dapletiom difficulc.
However, the latitudinal variations in depleticn seem to indicate
that & rsal phenomenon is being observed, not just instrumental -
drife.

The cause of these apparent ozons decreases messured by Nimbus 7 has
not been sufficiently analyzed to determine whether the changes (if
they ars real) can be attributed to marnmade chemicals. Other
possible explanations include natural variations caused by solar .
cycles or other processes. The latitudinal gradients of the changes,
are, however, roughly consistent with those projectsd by 2-D modsl
results, although the magnitude is substantially larger than modals
predict. Until further analysis is performed to detarmine vhether
depletion is actually occurring and whether it can be attributed to
man-sade chemicals, modals to assess risks to the stratosphere should
not be revised. ’

Msasurements in the Antarctic spring show that the gradual depletion
that occurred in the :id-1970s over and nsar Antarctica has given way
to a steep non-linesr dspletion from-1979 to 1985. The ozons maximum
outside Antarctica (between 50°S and 70°S) appears to be showing a
decline. The depletion of all areds South of 80°S sppears to be 16
peresnt.

3.. .
Nodfffs with conventional chemistry do not predict "the Antarctic
osags hole.® Care should be exsrcised in intsrpreting the meaning of
the phencmenon. Several hypotheses have been put forward, including
a chemical explanation that attributss the loss of ozons to mammads
sources (bromins and chlorine), & chemical explanation that
attributes the loss to natural sources (MOx, solar cycls), or an
wlmunthutchmmphmununly“umm-
in clinmate dynamics. Until more is understood sbout the true causes
of the hole, it is impossible to determine whether the hole is a
precursor of atmospheric behavior that will eecur in other regions of
the world. Until a better understanding of the mechanisms creating
the depletion is obtained, the existsnce of the Antarctic ozons hole
should not be used as a basis for making regulatory decisions.

- .
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This risk assessment will assume that Antarctic ozone and global
trends have no implications for global projections. Futurs rsvievs
should updats this conclusion as necsssary.

Trace gases that act as stratospheric perturbants also m greenhous:
gasss--as their concentrations incrsase in" the troposphers they will
retard the escape of infrared radistion from earth, causing global

varaing.

Increases in methane (CHS4) will also add water vaper to the
stratosphere, thersby enhancing global waraing. Nethane increases
will also add ozons to the troposphsrs, vhare it scts as a strong
greenhouse gas that will further increase global warming.

In all model-gensrated scenarios of ozone depletion, ozone dacreases
in the stratosphars sbove 28 km. This allows more ultraviolet
radiation to penetrats to lower altitudes whers the “self-healing
effect® increases ozone to partially compensats for the ozone loss
above. In soms scenarios sufficient dspletion occurs so that ozons
eventuslly decrsasss at all altitudes.

Decresses in ozone at approximately 28 km or above will have a
warning effect on the Barth. Thers iz a small net gain in enexgy
because the increase in ultraviolet radiation (UV-B) allowed to reach
the sarth’s surface mors than compensatss for the infrared radiation
that is allowed to sscape dus to dspletion of ozons above that
altituds.

Belov approximatsly 28 ka, incrsases in ozone are more effsctive as
absorbers of infrarsd radiation. Counsequantly, incrsases in ozone
belowv 28 km also vill produce a net waraing. In this cass, the
additional UV blocked by mors ogone is less than the additiocmal
infrared that is blocksd from escaping ths sarth. Conversely, a
decreass in ozone below 28 km will tend to cool the Earth’s surfacs.

dirsct effect of columm dapletion of ozone on global tamperatures

depend on the magnitude of the depletion. Until the depletion
48 of sufficient magnituds that {t occurs at the lower part of the
column, ozone dapletionm will be a net coutributor to global warming.
1f the stratosphers countinmues to deplets so that ozons is dapletsd
below 28 im, this depletion will cause a cooling. One-dimensional
models diffsr fromw two-dimensional models in the vertical
distribution of ozone change, with dspletion occurring at all
altitudes in the higher latitudes in two-dimsnsional models, rather
than just at high altitudes. Thus, according to 2-D modsls, the
changss in radiative balance will be latituds dependsnt. At the
current time, no studies have been undertaksn to deternine the net
radiative forcing of changes projectsd by 2-D models.

.-
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Radiative forcing msy vary strongly vith changes in ozone at
different altitudes and latitudes. Consaquently, until comparisons

ars mads between the sodals in terms of thair global impact,
estimates of the effescts of changes in the vertical column of ozone
on global warming mads with 1-D models must be viewsed csutiously. In
addition, changed vertical distribution of ozons could influsnce

stratospheric dynamics.

Two National Acadewy of Sciences panels have consluded that the
equilibrium warming for doubling atmospheric councentrations of C02,

or for an squivalent incrsase in the radiative forcing of other trace
gases, vill most liksly be between 1.5° and 4.5°C.

The magnituds of warming that would be directly associatsd with
radistive foreing from increases in trace gases without feedback
enhancement would increase tamperaturs by approximatsly 1.2°C for a
doubling of CO2, and approxisataly an additional 0.45°C for a
simultanecus doubung of N20 and CH&. Direct radistive forcing from
a uniform 1 ppb increase in both CIFC-11 and CFC-12 would increass
temperaturs by about 0.15°C.

The initial warming from direct radistive forcing would change some
of the geophysical factors that determine the earth’s radiative
balance (i.e., feedbacks will occur) and thess changes would amplify’
the initial waraing. Incresased watsr wvapor and altsred albedo
effects (snow and ics melting, reducing the reflection of radiation
back to space) have been projected by several modeling groups to
incresse the warming by as much as 2.5°C for doubled CO2 or its
radistive equivalent. Large uncertaintias axist sbout the

feedbacks betwsen global warming and clouds, which could further

amplify, or possibly reduce, ths magnituds of warming.

The three major general circulation sodeling groups in the U.S.
estimats an average global warming of eround 4°C for doubled CO2 or
its radiative equivalent. m,wo{mmmuu in the
representation of the cloud contributigms, grsatsr or lesser
amplifications, including a negative fsedback that would reduce the
umnmmwm,mhmm

mngo tamperature has been estimated as having risen about
0.6""over the last century. This increase is consistent with
general predictions of climats models. Attampts to use these data to
derive empirically the tamperaturs sensitivity of the earth to a
greenhouse forcing ars not likaly to succeed. Uncertainty about the
past concentrations of trace gasss in the atmosphers, othsr axogenous
factors that affect the climats (such as esrcsols or solar imput),
and oscillation and inscabilities in the internal dynsmics of the
climats systsm (such as ocsan circulatiom), curreantly prevent the
derivation of the earth’s temperaturs sensitivicty from examination of
the historic.rise of temperaturs. This limitation is liksly to
remain for mors than another dacades. i
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The global warning assoclated wvith incresses in ozone-modifying gase:
varies vith scenarios of future growth in these gases. If the use o
CFCs grows at 2:5 percent per year through 2050, CO2 concentrations
grov at the 50th percentile rats defined by the NAS (approximately
0.6 percent per year from 1985 to 2050), N20 concentrations grow at
0.20 percant per year, and CH4 concsatrations grow at 0.017 ppm per
year (approximatsly 1.0 percent of curreunt concemtrations), then
equilibrium tsmperaturss would rise by about 5.6°C by 2075 (rslative
to observed temperaturs in 1985), based on a tsmperaturs sensitivity
of 39C for doubled C02. Valuss would be about SO percent higher for
a 4.5%C-based temperaturs sensitivity and sbout SO percent lower for
1.5°C. If CFC use remains constant through 2050, ths projectsd
varming would be about 4.39C by 2075 (£ 508), and if use wers phased
out by 2010, projectsd warming would be about -4.0°C (& 508).

Efforts to gather worldvwids time series data for clouds have begun.
If adequats, these data may narrov estimatss of the cloud
contribution to tsmperaturs sensitivity within the next decads.
Hovever, because of the complexity of this issus, this effort may
fail to resolve the large uncertainties affecting this aspect of
clinmats.

AMD SOLAR FACTORS DO NOT SUBSTANTIALLY CRANGR (chapcar 6)..

17a.

17b-

17e.

The dalay in temperaturs rise introduced by absorption of heat by the
oceans can only be roughly estimated. Ths simple one-dimensional
models of ocsans that have been used for this purpose do not
realistically portray the mechanisms for bheat transport into the
oceans. Instesd, these models use eddy diffusion to traat heat in a
parametarized manner so that heat sbsorption is consistsnt with data
from the paths of transient tracers. These modals indicats that the
earth will experience substantial delsys (on the order of several

decadas) mmmﬂmmmpu

The earth’s currsnt sverage tsmpersturs is mot-in equilibrimm with
-the radiative forcing from current concentrstions of greenhouse
gases. Consequently, global averags tsmperaturs would increase in
the futurs even if concentratiocus of gases did not rise any further.
Yor example, if 2°C is the actusl sensitivity of the earth’s climate
system to a CO2 doubling, simpls modals estimats the current
“unrsalized varming® to be approxin:nly 0.34°9C; for a 4°C
tsmperaturs sensitivity, the currsnt unrealized warming would be
approximataly 1.0°C.

Only one three-dimensional gesnsral circulation model has been used tc
simulats changes in temperaturs as concentrations of greenhouse gases
increase over time. This simulacion shows a fastar varming than

pradictsd by simpler ons-dimensional modsls that use ocnn box nodcl:
to simulate time-dependent warming. -
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17d. Future uptake of heat by the oceans may change as global varming
altars ocsan circulation, possibly altering the delaying effect of
the ocsans as well as reducing their uptake of CO2.

17¢. Inadequates information exists to predict how wolecanic or solar
forcings may change over tims. Analyses dons of transient varming
assume that past levels of wolcanic asrvsols will contimue into the
future snd that solar forcing changes will sverage out over
relatively short periods of time. ) :

(dupur. O

18a. In general, as the earth warms, tsmperaturs increases will be greater
with incrsasing distance from the equator.

18b. Global wamming also can be expected to increase precipitation and
svaporation, intensifying the bydrological cycle. While models lack
sufficient relisbility to maks projections for any single region.all
perturbation studies-with ‘three-dimensional models (gemsral
circulation modals) show significant regional shifts in dryness and
wetness, vhich suggests that shifts in hydrologic conditions will
occur throughout ths world. - )

18c. Current general circulation modsls represent ocesnic, biospheric, and
cloud processes with insufficient rsalisa to dstermine how extrame
weather events and climatic norms are liksly to change on a regional
basis. For example, one analysis of general circulation modsl
outputs suggests that the frequency of extreme climatic conditions
will change in many regions of the world. Anothar modal projects
incrsased summer drying in mid-latitudas for perturbation studies,
utilizing either of two different representations of clouds. Still
another analysis suggests changes in latitudinal gradients of sea
surface tsmperaturs will play a critical rols in detatmining regional
climatic effects. o ,

.'_,—\.-'_'

19a. in substances with the potsntial to deplsts stratospharic
ozons--that is, chlorofluorocarbons and nitrous oxides--would
decrease the rats and magnitude of global warming.

19b. Decrsases in methans emissions, which have the potantial to incrsase
stratospheric and tropospheric ozome and thersby buffer czone
depletion, would decrease warming in three ways: by reducing direct
radiative effects from its presence in ths troposphers; by lowering
water vapor in the stratosphers; and by reducing ozons build-up below
28 Im. ) . T,
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20e.
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Decrsases in CO2 emissions would decrsase global warming, but would
also have the effect of increasing the stratosphers’s vulnerabilicy
to ozone depletion.

Dacreases in carbon monoxide concsntrations, which may occur as
snergy production practices change, could rssult in decrsases in
ssthane concentrations by incressing OH-radical sbundance which, in
turn, would shortsn the lifstime of methane and could shorten the
1lifetime of methyl chloroform and CFC-22. .

The key to improving the accuracy of estimatas of global temperature
ssusitivity is to acquire a bettsr understanding of the effect of
clouds. This recommendation has been mads by mumercus groups over
the last decads; yet ressarch dsvotad to this issue remains :
relatively small.

An incrsased understanding of ocean circulation is critical to_
improving estimates of timing and regional projections.

The effect of climate on.biological systsms snd soils and their
impact on climate must be modaled {f regicnal estimates of climate

changs ars to be daveloped.

A better understanding of the radiative propertiss of CFC-113 and
other compounds {s needed for estimating the effects of this compound
ou climats.

Experiments with three-dimensional modsls that have altersd scenarios
of vertical ozons nsed to be undartaksn to assess the possible
impacts on the magnitude of global varming and on general
circulation.
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Ozons shields the earth from UV-B radiation. A decrsase in total
colunn ozone will increase this radiation, especially at its most harmful
vavelengths. For the DNA action spectrum, & 1 perceant depletion would
increase the weighted UV flux by about 2 percent. Changes in column ozone
and increases in global tsmperatures could altsr many enviroumental
conditions. The findings of this section cover the effects of these
changes on human health, ecosystems, crops, matsrials, air pollution, sea
level and other areas that influsnce human welfares.

.
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22.

23.

21b.

2lc.

21d.

21e.

21f.

Nommelancma skin tumors tsnd to dsvelop um-cpoud sites (e.g.,
the head, facs, and neck).

Higher inciderce ratss occur amoug groups subject to grsater exposur
to the sun’s rays because of occupations that n.c.uiut- their

vo:kin; outdoors.

A latitudinal gradient exists for UV-B radiation, and higher
incidence rates of nommelancma skin tumors generally occur in
geographic arsas of rslatively high UV radiation exposure.

Skin pigmentation providas a protsctive barrier that reduces -tho ris
of developing nonmelanosa skin tumors.

The risk of nommelancma skin tumors is highest among genetically
predisposed individuals (e.g., those vith xarodersa pigmentosum).

A predisposition to develop nommelancms skin tumors exists among
light-skinned individuals (skin phenotypes I and I1) who are
susceptible to sunburn and who have rod/bl.ond bair, blue/grsen eyes,
and & Celtic heritage.

o t . 'A- Y R & ALIOUN BAS A
REVELOPMENT OF SCC THAN ON BCC (chaptsr 7).

22a.

23a.

Ths BCC/SCC incidencs ratio decrsases vwith decreasing latitude and
therefors, increasing UV levels.

BCC i{s more likely to develop on normally unexposed sites (e.g., the
trunk) comparsd to SCC.

$CC is more likely than 3CC to .dlvclop on sitss receiving the highest
amulative UV radiation doses {e.g., the nose).

Por a given cumulative level of sunlight exposurs, the risk of
daveloping SCC may be gresatsr than the risk of developing BCC.

UV radiation produces normslanoma skin tumors in snisals. UV-B
vavelengths have besn shown to be mc aitnct:ivt {n producing these
tumoTS. .
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UV-B has been shown to cause a variety of DNA lesions, to induce
neoplastic transformation in cells, and to be a mutagen in both
animal and bacterial cells.

24a.

24b.

24c.

244d.

26e.

24E,

MATED (cheptar 7).

The action spectra for initistion and promotion of basal cell and
squasous' cell skin cancer have not been precisely detarmined. '
Photocarcinogenic studies indicats that the erythesa and DHA action
spectra span a rangs liksly to encompass that of squsmous cell and
basal cell skin cancer. The Robertson-Berger (R-B) metsr, while
providing useful data for dascribing ambient UV radiation, does not
relate as closely to those wavelengths thought to promote sunburn and
skin cancsr. : .

Several studies have provided estimates of a biological amplification
factor (BAF), vhich is defined as the percent change in tumor
incidence that results from a 1 percsat changs in UV-3 radiation.

The results froa six studies produced an overall BAF range that is
1.8-2.85 for all nonmelsnoma skin tumors.

BAF estimates are generally higher for males than for females and
generally increase with decreasing latituds. In addition, the BAF
estinates for SCC are higher than the BAF estimatas for BCC. This
finding is consistent with observations that the BCC/SCC ratio
decreases with decreasing latitude and that BCC is more likely to
dsvelop on unexposed sites.

Optical amplification (the changs in UV-3 radiation rslated to ozone
depletion) increases the rasponse of these cancers to ozone
depletion, because the relevant action spectra increase more than 1
percent for a 1 percent depletion. Tor example, & 1 percent
depletion has an optical amplification of over 2 for the DNA action
spectrum.

Uncertainty exists in the actual doses of solar UV radiation received
by tions and in the statistical estimates of the dose-response

ients. Therefors, a rangs of estimates must be developed for
chdliges in incidence associated with changes in doss.

Currently available nonmelanoma mortality data ars of uncertain
accuracy because of the discrespancy of rsporting between dsath
certificates and hospital diagnoses and ths low proportion of dsaths
reportad on both hospital diagnoses and death certificates. Based on
published studies, the ratss of mstastasis among SCCs and BCCs have
been estimated to be 2-20% and 0.0028-0.558, respectively. The
overall case fatality rats for nommslancms skin tumors is
approximately 1-2% with three-fourths to four-fifths of the deaths
attributable to SCC.
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24g. Changes in behavior have tanded to increase skin cancer incidence a
mortality. While some evidence exists that this is reaching a limi
skin cancer rataes, even in the absencs of ozons depletion, would be
liksly to rise. Futurs ratss of skin cancsr could be reduced if
people changed their behavior. Care should be taksn, however, in
interpreting such a change as a ‘cost-free’ raspouse.

e .

26.

27.

25b.

MM fncidence and mortality is incrsasing smong fair-skinned
populations. These incrsases appear not to be mersly the rssult of

improved diagnosis and reporting.

In 1987, it {s estimated that thers will be an estimatad 25,800 case
of CMM and 5,800 fatalities rslatsd to melancma in the United States
In the absence of ozons depletion, the lifetime risk of QM in the
Unitad States is expected to be about 1 in 150.

(chapter 8).
26s.

26b.

26¢.

There currently is no animal modal in which exposurs to UV-B
radiation experimentally induces melancmas. )

Thers is also no experimental in ¥itro model for salignant
transformation of melanocytess. :

No epidemiologic studies of CMM have been conducted in which
individual humsn UV-B exposurses (and biologically effective doses of
solar radiation) have been adequately assessed.

- .- - N
27a. Ozone differentially remcves wavelengths of UV-3 between 295 and 320

27b.

27c.

~am; UV-A (320-400 nm) in wavelengths above 330-sm i{s not Temoved, no

is visible light (400-900 nm). Ozone removes all UV-C (i.s.,
wavelengths less than -295 om). .

Vavelengths between 295 nm and 300 nm are generally mors biologicall
effective (i.e., damage targst molecules in the akin, including DNA)
than other vavelengths {n UV-B and sven sors so than UV-A radiatio=n.

Latitudinal varistions exist in solar radiation; modsl predictions
indicats that the greatest variability is seen in cumulative UV-3
(s.g., monthly dosas) followed by peak UV-B (highest one-day doses)
and then cumulative UV-A. Peak UV-A does not vary significancly

- o—
R3S o -
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27g.
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28¢.
284.

28e.

28¢.

28g.
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across latitudss up to 60°N. GCresater ambient variation also exists
in UV-B than in UV-A by time of day.

The bioclogically effective dose of radiation that actually reaches
target molecules depends on the duration of exposure at particular
locations, tims of day, time of year, behavior (i.e., in tarms of
clothes and sunscreens), pigmentation, and other charactsristics of
the skin including temporal wvariations (o.g.. ,ehnp. in ptp-nu:ion
dus to tanning). ST it
Cloudiness and albedo, dwmhgmmh:b
amount of exposurs to UV-B and UV-A, do not greatly changs the ratio
of UV-3 to UV-A.

. - K
Ozone dspletion is predicted to cause ths largest increases in
zadistion in the 295-299 mm UV-B range, less in the 300-320 mm UV-B
zange; UV-A i{s virtually unaffected by ozone depletion.

Cutansous malignant melancms has a mmber of differsat histologic
types that vary in their rslationship to sunlight, site, racial ~
prefersnce, and possibly in their precursor lesions. Assessment of
incidence by types is not consistent among registries, thus
complicating attampts to mluu the zalationship between QM and
solar radiation.

Melanin is the principal pigment in skin that gives it color; melanin
effectivaly absorbs UV radiation; the darksr the skin, the mors the
basal layer is protectsd from UV radiation.

N INA SULAR KA
A (chapter 8).
Whites, vhose skin contains less protective mslanin, have higher
incidence and mortality rates from Gl._:hn do blacks.

Light-skinned whitss, including thogs who ars umable to tan or who
mmly.mauyzmmﬁumumm
whites. gl . aei

- R
w-mummym-wm
I‘lﬁuh!hohmuuulmeydeuﬂhmnuwmumof
QEt; the greatsst risk is associated with a particular type of nsvus
-= the dysplastic nevus.

mmcmtmnm.uwmunw:mkmm
for QMM.

>~ g

Imzm.mmmrmmmmu.mmumnm

changes i{n patterns of sun exposurs,’ ‘particularly with respect to
increasing intsrmittent exposurs of certain snatomical sites.

I-igrnuvhomu-micrclmm‘hMWrtmscfam
populations who rouin in their country of origin. Immigrants

s
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davelop rates approaching those of prior (but native born) immigran
to the adoptad country; this is particularly accentuated in
individuals arriving before the age of puberty (10-14 years).

It has been suggested that QMM risk may be associatad with childhoo
sunburn; other evidencs suggests that childhood sunburn msy reflect
an i{ndividual’s pigmentary charactsristics or axy be rslated to new
davelopasut, rather than being & separats risk factor.

Most studies that have used latituds as a surrogate for sunlight or
UV-B sxposurs have found an increass in the incidencs or mortality «
Q¢ corralatad to proximity to the squator. A rscent ‘study of
incidence using measured UV-B and Q& survey data found a strong
zelatiouship between UV-B and incidence of QM. Another study that
used modaled UV-B data and an expanded database on mortality found .
strong UV-B/mortalicty relationship.

One fora of QNM, Hutchinson’s melanotic freckle, appears almost
invariably on the chronically sun-damaged skin of older people.

QMA (chapter 8).

Some ecologic epidamiology studies, primarily in Europe or close to
the equator, have failed to find a latitudinal gradient for QM.
Outdoor workers generally have lower incidence and mortality ratas
for QMM than indoor workers, which appears incompatible with a
hypothesis that cumulative dose from solar exposurs causes QM.

Unliks basal cell and squamous cell carcinomas, most CMM occurs on
sitss that ars not habitually exposed to sunlight; this contzast
suggests that cumulative exposurs to solar radiatiocn or UV-B is not
solely rssponsible for variatiocus in QWM.

LR
Zaroderna pigmentosum patients Wwho fail to rspair UV-B-induced
‘pyrinidine dimers in their DNA bgve a 2,000-fold excess rats of COMM
by the time they are 20.

UV-B is the most active part of the solar spectrum in the induction
of mutagenesis and transformation ip yvifro.

UV-B {s the most aé:iv- part of the solar spectrum in the induction
of carcinogsnesis in experimental animals and i{s cousidersd by most
to be a causative agent of nommslancma skin cancer-in humans.

UV-B is the most active portion of the solar spectrum in inducing
imwunosuppression, vhich may hsve & role in melsnoma development.
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The limitations in the epidemiologic and experimental database leave
soms doubt as to the effectivensss of UV-B wavelengths in causing

31b.

3le.

31d.

Uncertainty exists about the appropriats actiom spectrum to be used
in estimating dose, the best functional form for dose-response, and
the best vay to charactsrize dose (peak valus, cumulative summer
exposurs, etc.). Histologically different Qs (or possibly QM _
located at different snatomical sitss) are liksly to have different
dose-response rslationships. Most sstimates of QN doss-response
relationships £ail to consider these histological or sits
differences. Nonethsless, by encompassing a range of possibilities,
it i{s possible to estimates dose-response becsuse of the systsmatic
variations in UV-B. _

A Tecent study by the NIH presents a well-dasigned ecological study
of mslancma and UV-B using survey data and measured UV-B at ground
level. VWhile uncertainties exist, this dose-response rslationship,
vhen used with different action spectra and assumptions about the
importance of peak versus cumulative exposure, can be utilized to
estimates a range of valuss for cases. The relationship estimates
that a 1 percent change in ozone i{s liksly to increase incidence by
between slightly less than 1 to 2 percsnt, depending on the choice of
action spectrum. The appropriats action spectrum is likely to be

encompassed in the range of erythesa end DHA.

it S
Mslanoma mortality is estimated at about 25 percent of all cases.
This result is consistent with the grojections of a dose-response
of mortality daveloped by EPA/ICI. It is estimated that a 1l
change in ozons would result in between a 0.3 and a 2.0
change in CMM mortality depending on the assumptions about
the sppropriats dose and UV weighting functions used in the modsl.

Additional uncertainties for projecting futurs incidencs and
mortality of MM in the U.S. include the lack of an adequate database
describing variations in skin pigmsntation and human sun-exposure
behavior among differsnt populations and estimates of how these
ralationships may change in the futurs.

PERINENTS (chaptar 9).

32a. UV radiation administsred at relatively low doses causes a dspression

in local contact hypersensitivity (a form of cell-sediated immunity)
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32,

32.-
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resulting from an inability to tupond to an antigen prasentsd
through UV-irradiated skin.

High doses of UV radiation cause a despression {n systsmic contact &n
delayed type hypersensitivity reactions, that result in an inabilicy

of the animal to respond to an antigen which is presentad to the
animal through unirradiated skin.

Both the local and systemic effects on contact hypersansitivity are

sediated by a T suppressor cell which prtmu the development of
activé immmity to the antigen.

The ﬁn.mmpprusiv‘ effects of ultraviolet radiation (UVR) have
been found to reside almost entirely in the UV-3 portion of the
ground lml solar radiationm.

Chaptor 93
33a.

Aninmals wvhich ares UV-irradiated develop T suppressor cells vhich
interfere vith the immme response to UV-induced tumors in such a way
that the animals ars mors susceptible to the growth of autochthonous
UV-induced tumors. The contribution of the suppression of the immumae
system to cancer incidance that would result from ozone depletion is
reflectad in the doss-response estimatss of photocarcinogenesis
assuning that the action spectra for the two phancmena are the same.
1£f these two impacts have different action spectra, the estimates
could be either high or low.

(chapter 9)

3Sa.

35b.

3Se.

35d.

Although there is limited information about the effacts of UV
radiation on humans, several studies indicats that the imoune

- response of humans is depressed by UV radiation and is depressed in

UV-irradiated skin.

" Preliminary studies indicats that UV radiation msy prevent an
‘effective imsune response to micro-organisms that infect via the
" skin, thus predisposing to reexpression or chremic infection.

Two human disesses that may be influanced by UV-B-induced immune
suppression ars herpes virus infections and leishmaniasis.

Almost no rssearch has been conductsd on the influsnce of UV-B on
other infectious dissases; additional investigation is clearly
varrgntod.

For at least ome theory of the mechanisms of UV-B-induced suppression
of the.immune system (that involving urocanic acid), a possibility
exists that non-vhitas, as well as whites, would be vulnerable to
increased immime suppression caused by ozone depletiomn. . —
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Because UV-B can produce systsmic immunclogic change, the possibility
exists that changes in UV-B could have resulted in effects on
diseases whose congrol requires systemic rather than local immunity.

Immunologic studies to date have not assessed the effacts of long-

tars, lov-dose UV-B irradiation. Consequently, the magnituds of this
risk cannot be assessed.

x (ch.pm 10).

Many pouiblo mechanisms exist for formation of cataracts. UV-B may
play an important role in some mechanisas.

Although the cornea and aqusous humor of the buman eys screen out
significant amounts of UV-A and UV-B radiation, nearly 50 percent of
tadiation at 320 nmm is transmittsd to the lens. ITransmittance
declines substantially below 320 nm, so that less than 1 percent is
transaitted below approximately 290 to 300 mm. However, the results
of laboratory experiments on animsls indicate that short wavelength
UV-B (i.e., belov 290 nm) i3 perhaps 250 times more effective than
long wavelength UV-B (i.e., 320 mm) in inducing cataracts.

Human cataract prevalence varies with latitude and UV radiation;
brunescent nuclear cataracts shov the strongest relationship.

Difficulties in experimental design, the large mumber of species and
cultivars, and complex interactions between plants and their
mthncpzmtodqmufiudnot total crop loss from
increases in UV-B.

38b. w«u‘ for UV damage to high‘t plants are limited, but

a strong weighting toward shorter UV-3 wavelangths which are
thos® most affected by ozone reduction.

mmm (ehapc.: 11)
39a.

Different cultivars within a species have exhibitad différent degrees
of UV-B sensitivity. While this suggests selective breeding could
limit damage, neither the basis for selectivity nor the potsntial
effect on other aspects of growth has been studied.
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lLaboratory experiments have been shown to inadequataly replicate
sffects in the field, thus the implicacions of cultivar sensitivity
ars not certain.

In some species, mitigation respounses more readily apparsant in the

field (e.g., increased production of UV absorbing flavonoids) have
reducsd adverse impacts.

40a.

41.

Little or no data exist on enhanced UV-B effects on trses, woody
shrubs, vines, or lower vascular plants.

(chapcor 11)

4la.

41b.

4lc.

61‘ .

ble.

Field experiments in which UV-B radiation has been supplesented ares
limited. Several of the sarlier field experiments are of limited
value since UV-3 doses or other factors such as soil tsmperature ve:
not sufficiently controlled or rsprassntative of field conditions.
Dose-respouse studies in the f£iald are particularly different.

The only long-tsrm f£ield studies of a crop involved soybeans. Thesq
studies have found that enhanced levels of UV-B, simulating between
16 and 25 percsnt ozone depletion, caused crop yield reductions of
to 25 percent in a particular cultivar. Saaller reductions in ylelc
wers experienced in years whers drought conditions existed.

Soybean (CV Essex) ylald could be accurataly prsdicted when total
UV-3 dose, daily maximum tsmperaturs, and mmber of_days of
precipitation were included in a regression modsl.

The 1lipid and protein contsnt -of soybean was reduced up to 10
percant; bowever, higher UV-3 doses alons did not consistantly resul
in the largest rasductions.

<
ihile only several cultivars have been tasted in the fiald, two out
of three soybean cultivars tssted under laboratory conditions were
sensitive to UV-B. 1f this relationship holds true in the field, it
suggests (vhen considered in light of yield reduction experiments)
that UV-3 increases could harm the potantial of the world

agricultural systsa to produce soybeans.

limited.
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Reduced vigor in UV-sensitive plants could render the plants more or
less susceptible to pcs: or disease damage and thus rssult in changss
in crop yield.

(chapur 11)

43a.

43b.

44a.

4S5¢.

1f enhanced UV-B favors weeds over crops, agricultural costs (e.§g.,
for increased tilling and herbicide spplication) could increase.
However, insufficient evidencs exists to fors a basis for evaluating
this effect.

Increases in UV-B could alter the ressults of the competition in
natural ecosystems and thus shift commmity composition. Since UV-B
changes would be both global and long term, possible UV-induced
alterations of plant species balances could result in large-scale
changes in the charactar and equilibrium of wegetation in
nonagricultural areas such as forests and grasslands.

The timing of flowering may slso be influsnced by UV-B radiation, and
there is limited evidance that pollen may be suscsptible to UV damage
upon geraination. .

Reproductive structurss enclosed within ths ovary appear to be.
vell-protectsd from UV-B radiation.

UV-B effects may be worsened undsr low light regimes or less apparent
under conditions of limited mutrients or watasr.

Interactions \d.:h other envirommental effects make extrapolation of
data from growth chambers or gresulwiises to field conditions
difficult and often unrsliable. za'.\r:

"‘

-

Theboombined effect of higher UV-B snd other environmental changes
c&t be adequately assessed by current data. Extsnsive, long-temm
stuilies would be required.

WW (chlpur 12).

46a.

46b.

Incrsases in energy in the 290-320 ma mhng:hs that would occur if
the ozone layer ware dnplot.d could hara aqu:ie life.

Various oxpc:i.unu have lhovu that UV-B radiation damages fish
larvae and juveniles, shrimp larvae, crab larvas, copepods, and
plants essential to the marine food web. -
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Up to some threshold level of exposurs, most zooplankton show no
effact due to increased exposurs to UV-3 radiacion. However,
sxposurs above the dose thrashold elicits significant and
irreversible physiological and behavioral effects.

Vhile the exact limics of ulct;nso and current exposurs have not
been precisely determined, estimatas of these two properties for a
variety of aquatic organisas show them to be essentially equal.

The equality of tolerance and exposurs suggests that solar UV-B
radiation is currently an {mportant limiting scological factor, and
the sunlight-exposed organisas sacrifice potential ressocurces to avoid
increased UV-3 exposure. Thus, even small increases of UV-B exposurs
would de liksly to further injure species curreatly under UV-B
stress.

A decrsase in column ozone is reasonably liksly to diminish the tinme
that zooplankton can survive or braed at or near the surface of
vaters they inhabit. For soms zooplankton, the time they spend at or
near the surface is critical for breeding. Whether the population
could endure a significant shortsning of surface time is unknown.

Sublethal exposure of copepods produces a rsduction in fecundity.

Of the animals tssted, no zooplankton possess € sensory mechanism for
directly detscting UV-B radiation; therefors, it would be unlikely
that they would actively svoid enhanced levels of exposurs ressulting
from a reduction in column ozoms.

Exposurs of a commmity to UV-B stress in controlled experiments has
resulted in s decrease in species diversity, and therefore a possible
reduction in ecosystsm resiliencs and flexibility.

One experiment predictsd an 8 percent sannual loss of the larval
anchovy population from a 9 percent reduction in column ozone in a
marine m:u with a 10-..:0: m layez.

48a.

Because aquatic organisas are mmall and do not usually have fixed
locations, it is very difficult to obtain sccurats data nseded to
model the systems and verify results. ZCurrent understanding of the
lifs cycle of organisms is very limitsd. -

SYSTEMS (c!upu: 12) B ] . =
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49a. A comprshensive analysis of sublethal and lethal effects of solar UV
on littoral, benthos, and planktonic ecosysteas is needed.

49b. A modal of energy flow analysis leading to protein production where
solar input is augnmented by incresased ultraviolet radiation would be
required to bettsr evaluats potential effects. Marine organisas
Tesponses to projected incrsases in UV must be considersd in the
concext of the oceans as a dynamic moving fluid.

49c. Bettsr documentation of the effects of present levels of ultraviolet
light on marine organisms is needed.

49d. Intensive resesrch is needed to identify biochemical indices that
reflect UV stress in marine organisams.

[NCREASED UV-B RA

(chapter 13).

S0a. Several commercial polymers (e.g., polysthylens, polypropylene,
poly(vinylchlorids)), although theorstically UV transparent, contain
chromophore impurities that absorb light in the UV-B region of the
spectrun. Other polymers (e.g., polycarbonats) hsve structural
features in their molecules that result in strong UV-B light
absorption. -

S0b. Several polymers have important outdoor applications (e.g., used in
siding and vindov glazing in the building industry, in film and
containers in packaging, in housewares and toys, and in paints and
protsctive coatings). Such polymers are likely to be exposed to
significant amounts of UV-B radiation. Other polymers are stored
outside befors use and could detariorats during these periods.

50c. Absorption of UV-B radiation in polymers causes photo-induced
Teactions and alters important mechanical, physical, or eptical
properties of the polymers (e.g., ysllowing, brittleness) and thus
degrades (i.e., reduces the useful life of) the polymers.

Sla.. Infilsased amounts of stabilizers might adversely affect the
processing and use propertiss of some polymers (e.g., hardness,
thermal conductivity, flow charactsristics). PFor example, increased
amounts of titanium dioxide in poly(vinylchloride) might affect its
pProcsssing properties, increasing its costs of production.

Sib. Changes in the amount of stabilizer (and other additives) would
increase costs of products. Altsrnatively, msmufactursrs could
develop new formulations to avoid or minimize {mpurities in
production. :

Slc. The addition of stabilizers to polymsrs may be limited by practical
problems of material characteristics or sanufacture. However, other

responses .may be possible to limit damage. .



53.

(chcpurn)

52a. Changes in polyur processing pfoportiu can result in mors equipment
shutdmms higher maintsnance costs, and increased utility costs.

52b. 'Inc:und operating costs and material costs (e.g., for stabilizers,
lubricants, and other additives) would have an sdverse econocmic
impact on the polymer/plastic and rslated industries. :

S2c. In s case study using preliminary data and msthods, and a given
scenario of ozone depletion (268 dspletion by 2075), undiscounted
cumulative (1984-2075) economic damage for poly(vinylchloride) is
estimated at $4.7 billion (USA only). Dus to the lack of data,
possible damage to other polymsrs has nmot been assessed.

(chapcer 13-

S3a. Due to lack of relevant oxpot:lmnl data, only aspproximata _
estimstion methods are svailable to detarmins the potentisl extent of
light-induced damage to polymers and other matarials.

S3b. Depending upon the chemical nature of a polymer, the componants of
the compound, and the weathering factors, both tamperaturs and
humidity tend to incrsase the rats of degradation.

S3c. Research on dose-rsspouse rslatiounships for polymers eoﬁld increase
our ability to project the effects of ozons dspletiom.

53d. Actual action spectra need to be developed for diffarent polymers.

53e. The feasibility of different aitigation msasures needs to be
experimentally determined.

33£. The synergistic effects of incraased humidiry and temperature need to
be considazed. .

S4a. According to these studies, increeses in UV-3 associated with ozone
depletion would incrsase the quantity of ground-based ozone
associatad with various hydrocarbon end nitrogen oxides emission
levels. Rasults for individual cities vary, depending on the city’'s
location and on the exsct nature of the pellutien.

£

According to these studies, global warming would eshance the effects
of increased UV-B radiation on the formaticn of ground-based ozone.

S54c. According to thsse studies, ground-based ozone would form closer to
urban cauntars: mmmwmmmuuu to
be exposed to peak values. -
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S4d. More research is needed to verify and expand the results of these
initial studies.-

35a. If hydrogen peroxids increases as predictsd in this study, the
oxidizing capability potsntial of the atnoopho:o. including the
formation of acid rain, would be influenced.

55b. More ruuzch especially a chamber study, i{s needed to verify this
effect.

(bapcer 14.

S6a. 1If UV-B increasss enhanced ozone production, mors U.S. cities would
be unable to meet health-based ground-level ozons standards, and
background ozone would increase. -

56b. Crops, ecosystsas, and nutuls would bc adversely affected by
increased ground-level ozomne.

S58a. Studies of the possible contribution of thermal expansion and alpine
meltwatsr to sea level rise, based on the 0.6°C warming of the past
century, indicate that these two sources are insufficient to explain
the estimated sea level rise that has occurred during this period. -
Consequently, some other source, such as melting of the polar ice
caps, must be considered a possibilicy.

MATER QF THE RISE IN SEA Wi 2BAL SSNID TAKTH 19y St W A b
- ORA BARMING ARE NOT UNDERTAREN S R D CM BY 1N

4 D SO TO 200 COM RY D0- (chaptsr 15)

S9a. According to published studies, thermal expansion of the oceans alona
would increase sea level rise between about 30 ca and 1 byzl .
depending on the realized tsmperature change. nmu most

certain contribution.

59b. Melting of alpine glaciers and possibly of ice on Greenland could
sach contributs 10 to 30 ca through 2100, depending on the scenario.
This contribution also has a high degree of likslihood.

59c. The contribution of Antarctic deglaciation is more difficult to
project. It has been estimated at between 0 and 100 cm; howsver, the
possibilities cannot be ruled out that (1) increased smowfall could

- -
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increase the sizs of the Antarctic ics sheet and tharsby partially
offset part of the sea level rise from other sourcss; or (2)
maltvater and enhanced calving of the ics sheet could increase the
contribution of Antarctic deglaciation to as much as 2 n. The
Antarctic contribution to sea level rise msay be mors sensitive to
time delays aftsr certain thrashold conditions ars rsached than to

the magnitude of total warming.

61'

62.

60b.

6la.

61b.

6le.

62¢c.

62d.

1f a disintsgration takes placs, ;hciologues gonsrally belisve th.
such a complets disintegration of the west Antarctic ics sheet woul:
take at least 300 ysars, and probably at lsast 500 years.

A global warning might result in sufficient thimning of the Ross an
Filcher-Rorme Ice Shelves in the nsxt csatury to maks the process o
disintegration irreversible.

Most of the Atlantic and Gulf Coasts of the Unitsd States--as well .
the Southern Pacific coast--are subsiding 10-20 ca per century.

Louisiana is subsiding 1 = per century, while parts of Alaska are

emerging 10-150 cm per csntury.

Due to subsidence already occurring in arsas such as Bangladash,
Bangkok, and the Kile delta, these areas ars extremely vulnerable t
sea level rise.

mmumcuumtvﬂunbhua:musulml.
Important impacts mld‘hoﬁgtinm Maryland, Delawvare,
Nev Jersey, and in the coastal fegions of ether states.

" A rise in sea level of 1 to 2 m by the year 2100 could dastroy 5O

percent to 80 percent of U.S. coastal wvetlands.

Limited studies pradict that incrsased salinity from sea level rise
would comvert cypress swamps to open watsr and threatsn drinking
vater supplies in areas such as Louisisna, Philadelphia, and New
Jersey. Other areas, such as Southern 7lorida, may also be
vulnerable but have not been investigatad.

Studies of Bangladesh and the Nile uvcr Delta indicetes that these
river deltas, vhich ars already subsiding, would be greatly affnc:n
by rising sea level, sxperiencing significant economic and .
envirommental losses. . i



63.

6S.

66.

67.

R AR - ( u: 15)

63a. Case studies of beaches in New Jersey, Maryland, California, South
Carolina, and Florida have concluded that a 30-cm rise in sea level
would result in besaches eroding 20-60 m or more. Major beach
preservation efforts would be required if recrsational beaches are to
be maintained. .

64a. Flood damages would increase because higher watsr levels would
provide a higher base for stora surgss.

64b. Erosion would increase the vulnarability to storm waves, and
decreased natural and artificial d:d.nap would incrsase flooding
during rainstorms.

65a. The adverse impacts of sea lewel rise could be ameliorated through
anticipatory land use planning and structural design changes.

65b. In a case study of two cities, Charleston, South Carolina, and
Galveston, Texas, accslerated anticipatory plamning was estinated to
reduce net danmages by 20 to 60 percent.

(ehap:cr 15).

66a. Increased droughts might amplify the salinity impacts of sea level
rise.

66b. Increased hurricanes and incresased rainfall in coastal areas could
amplify flooding from sea level rise. ™

66c. Warmer temperaturss might impair mew of salt marshes and
vudt:h BANgTOVe Swamps to taks ever arsas that ars p:oun:ly
salt

66d. Decreased northesasters might reduce damage.

RESEAR (Mu: Tz

67a. The most critical areas of ressarch for :oduc:.u the variation in
estimates of future sea level rise ars ice mslting and runoff in
Antarctica and Greenland and ice discharge.

67b. Research in glacial discharge in Antarctica should focus not just on
West Antarctica, but on Pine Island and Rast Antarctica.
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67c. An improved program of tidal gauge stations, especially in the
southern heaisphere, and satellits altimetry should be used to
measurs ssa level riss and the mass balance of ice sheets.

68.

qualitatively

68b. The paleovegetational rescord shows that climatic change as large as

induce significant changes in the composition and patterns of the
world’s biomes. Changss of 2°C to 4°C have been significant encugh
to altsr the composition of biowss, and to csuse nev biomes to appear
and others to disappear. At 18,000 B.P., the wvegstation in sastern
North America was quits distinct from that of the present day. The
cold, dry climats of that time seems to have precluded the widespread
growth of birch, hemlock, beech, aldar, hornbesm, ash, elm, and
chestnut, all of which are ly abundant in present-day deciduous
forest. Southern pines were limitsd to grov with oak and hickory in
Florida. ;

68c. Available paleocecological and paleoclimatological records do not
provids an analog for the high rate of climats change and
unprecedented global warming predictsd to occur over the next
century. Previous changes in vegstation have been associated with
climatss that were nearly 5°C go 7°C cooler and took thousands of
years to evolve rather than de¢adss, the time during which such
changes are nov predictsd to esogmr. Insufficient temporal resolution
(e.g., via radioccarbon datss) limits our sbility to analyze the
decadal-scale ratss of changs that occurred prior to the present
aillemniun. . T

684." Limited experiments conducted with dynamic vegstation modals for
North America suggest that decresases in nst bicmass may oeccur and
that significant changes in speciss composition ere likaly.
Experiments with one modal suggest that sastern North American
bicmass may be reduced by 1l megagrams per hectare (108 of live
biomass) given the equivalent of a doubled CO2 enviromment. Plant
taxa will respond individualistically rather than as whols
commmitiss to regional changes in climats varisbles. At this tinme
such snalyses must be treated as only suggestive of the kinds of

4 Pindings 68 to 71 are summarized from Appendix B, which provides a
comprehensive reviev of potential impacts of global climatse change.

e . -
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change that could occur. Many critical processes are simplified or
caittad and the actusl situation could be worse or bettsr.

63e. Futurs forsst management decisions in major timber-growing regions
are likely to be affscted by changes in aatural growing conditions.
For example, ons study suggssts that loblolly pine populations ars
likely to move north and northeast into Pernsylvania and Bew Jersey,
while its range shrinks in the west. The total geographic rangs of
the species may increase, but a net loss in productivity may result
because of shifts to less accessible and less productive sites.
While the extent of such changes is unclsar, adjustments will be
needed in forsst tschnology, resource allocation, planning, tree
breeding programs, and decision-making to saintain and increase
productivity. .

68f. Dynamic vegetation modsls based on theorstical descriptions of all:
factors that could influencs plant growth must be improved and/or
developed for all msjor kinds of vegetation. In ordsr to make more
accurate futurs predictions, these models must be validated using the
geological record and empirical ecological response surfaces. In
particular, the geological record can be used to tsst the ability of
vegstation models to simulats wegetation that grew under climate
conditions unliks any of the modern day conditions.

68g. Dynamic vegstation models should incorporats dirsct effects of
atuospheric CO2 increases on plant growth and other air pollution
effects. Improved estimates of future regional climatas are also
required in order to maks accurats predictions of future vegetation

changes.

(chapter 16). - o=

69a. Climate has had a significant imspaéten fara productivity and
diseribution of crops. Examples include the 1983
» vhich contributed to a nearly 30 percent reduction in corn
45 in the U.S.; the persistant Gresat Plains drought between
1932-1937, which contributed to nearly 200,000 farm bankruptcies; and
the climats shift of the Little-Ice Age (1500-1300), which led to the
abandomment of agricultural settlements {n Scotland and Norway.

69b. World sgriculturs is likely to undergo significant shifts if
trace-gas-inducsd climats waraing in the range of 1.59C to 4.59C
occurs over ths next 50 to 100 years. Climatic effects on
agriculturs will extend from local to rsgiomal and intarnational
levels. However, modern agriculturs {s very dynamic and is
coustantly responding to changes in production, marksting, and
government. Prograas. T -

69c. The main effects 11iu1y to occur at the field level will be ﬁiyiial



70.

69d.

6%e.

69f.

69¢g.
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impacts of changes in thermal regimes, water conditions, and pest
infestations. High temperatures have casused direct damage to crops
such as vheat and corn; moisture stress, often associated with
elevatsd tsmperatures, is harmful to corn, soybean, and vheat during
flowering and grain £ill; and increased pests are associated with
higher, more favorable mamu.

Even relatively small incresses in the mean temperaturs can increase
the probability of harmful effects in soms regions. Analysis of
historical data has shown that an increase of 1.7°9C (3°F) in mean

- temperature changes by about a factor of three the likalihood of a

five-consecutive-day maximum temperature event of at least 35°C .
(95°F) occurring in a city like Des Moines. In regions where crops
are grown close to their maximm tolerance limits, extresme
tamperature svents may have significant harmful effects on crop

growth and yield.

Linited experiments using climate scenarios and agricultural
productivity models have demonstrated the sensitivity of agricultural
systeas to climate change. Future farm yields are likely to be
affected by climate becsuse of changes in the length of the growing
season, heating units, extrems wintsr temperaturss, precipitation,
and evaporative demand. In addition, field evaluations show that
total productivity is a function of the drought tolerance of the land
and the moisture reserve, the availability of land, the ability of
farmers to shift to different crops, and other factors.

The transition costs associated with adjusting to global climatic
change are not sasily calculated, but are likaly to be very. large.
Accommodating to climate change may rsquirs shifting to new lands and
crops, creating support services and industries, improving and
relocating irrigation systems, developing new soil management and
pest control programs, and breeding and introducing new heat- or
drought-tolerant species. The consequances of these decisions on the
total quantity, quality, and cost of food are difficult to predict.

Current projections of the effects of climate change on agriculture
are limited because of uncertainties in predicting local temperature
and precipitation pattarns using-global climats modeals, and dbecauses
of the need for improved research studies using controlled
atmospheres, statistical regrsssion modals, dynamic crop modals and
integrated modeling approaches.

There is evidance that climats change since the last ics age (18,000
years B.P.) has significantly altered the location of lakes --
although the extent of present day lakss is Hroadly comparable with
18,000 years B.P. For example, thers is evidence indicating the
nxistmcaofnuy::opiulhhucﬁu&.plinthoSMa. Arabian,
and Thor Deserts around 9,000 to 8,000 years B.P.
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The inextricable linkages betwean the water cycle and climate ensure
that potantial futurs climats change will significantly alter
hydrologic processes throughout the world. All natural hydrologic
procasses--precipitacion, infiltration, storage and movement of soil
moisture, surface and subsurface runoff, rechargs of groundwatsr, and
svapatranspiration--will be affectsd if climats changes.

As a result of changes in kay hydrologic wariables such as
precipitation, evaporation, soil moisturs, and runoff, climats change
is expectad to have significant effects on water svailability. Early
hydrologic impact studies provida evidence that rslatively small
changes {n prescipitation and evaporation pattarns might result in
significant, perhaps critical, changes in watsr svailability. For
many aspects of watsr ressources, including homan consumption,
agricultural watar supply, flooding and drought asnsgement,
groundwater use and rscharge, and raservoir design and operation,
these hydrologic changes will have serious implications.

Despite significant differences among climats change scenarios, a
consistent finding among hydrologic impact studies is the prediction
of a reduction in summer soil moisture and changes in the tining and
magnitude of runoff. Wincer runoff is sxpectad to incresse and
sumser runoff to decrease. Theses ressults appear to be robust across
a range of climata change scevarios. .

Future directions for research and analyses suggest that improved
estinmatas of climate variables ars nseded from large-scale clinmats
models; irmovative tachniques are nseded for regional assessments;
increased mmbers of assessmentz are necsssary to broadan oqur
knowledgs of effects on different users; and increased analyses of
the impacts of changes in watsr rssources on the econcmy and society
aTs necessary.

SOCIETY (chapter 16).
71a.

71b.

71e.

nad.

Veather has a profound effect on lmman health and well being. It has
been demonstratsd that weather is amsocisted with changes in birth
ratss, outbrsaks of pneumonia, inflnenza, and bronchitis, and relatsd
to other morbidity effects, and is linkad to poucn concentrations

. and bigh pollution levels.

Large incresases mnttautyh:n occurred during previous heat and
cold vaves. It is estimatsd that 1,327 fatalities occurrsd in the
United States as a result of the 1980 heat wvave, and Missouri alone
sccounted for over 25 percent of that total.

Hot weather extremes appear to have a mors substantial impact on
sortality than cold wave episodss.

Threshold tsmperaturas, which rsprssent nxi.-n and ainimm
tsmperaturas associatad with i{ncrsases in total mortality, have been
deterained for various cities. These thrashold tamperatures vary -
regionally; for example, the thrashold temperaturs for winter
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mortality in mild southern cities such as Atlanta is 0°C and for more
northerly cities such as Philadslphia, thrashold temperature is -5°C.

1f futurs global varming induced by increased concentrations of trace
gases does occur, it has the potential to affect mman mortality
significantly. In one study, total summertime mortality in New York
City was estimated to incresase by over 3,200 deaths per year for &
7°F trace-gas-induced varming without scclimatization. If Bew
Yorkers fully acclimatize, the mmber of additional deaths 1is
estimated to be no different than todsy. It is hypothesized that if.
climite waraing occurs, some additional deaths ars likely .to occur
because economic conditions and the basic infrastructurs of the city
will préhibit full scclimatization even if bshavior changes.



QUANTITATIVE ASSISS!!!Thﬁi‘IIS!S ﬁIIB INTEGRATED MODEL

Risks are evaluated by using the intagrated model to simulate the impact of
"vhat-1f" scenarios of production of ozone-depleting substances and scenarios of
other trace gas concentrations on the atnosphere and on human health and the

environment. Sensitivity analyses of altarnative assumptions are also
conducted,

Anzlysis of the results of all the scenarios indicatss that adverse impacts

on health and welfare are lowered with reductions in the production of ozone-
depleting substances.
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72a.

72b.

The range of global average total column ozone change projected for
the year 2075 based on a paramstarized representation of a
one-dimensional modsl could vary from as high &s over 50 percent
depletion, for a case vhere global use of chlorine and bromine
bearing substances grows at an average annual rate of 2.8 percent
from 1985 to 2100 (5.0 percent per year from 1985 to 2050, followed
by no growth through 2100), to incrsased abundance of ozones of
mtmnuly3mem £o:awcvhuo;1¢bdmo£chloﬂu¢nd

substances declines to 20 percent of its 1985 value
by 2010 Exhibit ES-6 displays ths global ozone change estimates
for these two scenarios, as well as estimates for four scenarios in
between; the six “"what if® scenarios examined includs:

° mm Use of chlorine and bromine bearing substances

declinas to 20 percent of its 1985 valus by 2010, and remains .
constant thereaftsr, yielding approximately 3.0 percent increased
ozons abundance by 2075;

o [JNo Growth: mno growth in use of chlorine and bromine-bearing

substances froam 1985 to 2100, yielding approximately 0.3 percent
incressed ozone abundance by .207S;

o J1.2% Growth: 1.2 percent growth from 1985 to 2050, followed by

no growth, yielding approximately 4.5 percent depletion by 2075;

2.2% Growth: 2.5 percent growth from 1985 to 2050, followed by
no growth, yielding approximately 25 percent dspletion by 2075;

2.8% Grovth: 3.8 percent growth from 1985 to 2050, followed by
no growth, yislding over 50 percent depletion by 2075;

o 3.08 Growth: 5.0 percent growth from 1985 to 2050, followed by

no growth, yielding over 50 percent depletion by 2075.

The trace gas concentration u@m used in these six cases are:
C02 -- HAS 50th percentile; CH4 -, 0.017 ppm per year (approximately
1 percant of current Cié emonmuon). and N20 -- 0.20 percent per
year.

Current data ars not sufficient for distinguishing whether CEA
concentrations are likely to incresse in a linsar manner (e.g, at
0.017 ppm per year, or approximataly 1 percent of currant
concentrations) or in a compound manner (e.g., &t 1 percent per year,
compoundad annuslly). The sensitivity of the ozone change estimates
in 2075 was evaluated for the following six assumptions regarding
future CH4 concentrations:

Scenario A: compound annual growth of 1 percent from 1985 to
2010, followed by constant concentrations at 2.23 ppm;

—~. . - -~
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EXHIBIT ES-6
GLOBAL DEPLETION IN 207S

10

40

groater than S0% depietion

Using a parameterized representation of a one-dimensional model, the
potential change in ozone was evaluated for six scenarios: 80t Reduction:
global CFC use declines to 20 percent of current levels by 2010, and remains
constant thersafter; No Growth: no growth in CFC use from current levels; 1.2%
Growth: 1.2 percent growth from 1985 to 2050, followed by no growth; 2.S5%
Growth: 2.5 percent growth from 1985 to 20350, followed by no growth; 3.8%
Growth 3.8 percent growth from 1985 to 2050, followed by no growth; 5.08 Gzowth:
5.0 percent growth from 1985 to 2050, M by no growth through 2100). The
trace gas concentration assumptions used’ six cases are: CO2: NAS 50th
percentile; CBA: 0.017 ppm per year (approiibstaly 1 percent of current Ci4
concentration); and X20: 0.20 percent per year.

Assupptions:

<= ' Current 1-D models accuratsly reflect global depletion; Antarctic ozone
hole has no impact on global ozoms levels.

--  Greenhouse gases that countsr deplation grov at historically-extrapolated
ratss.

-= Growth ratss for ozone d-phticn- ars for global emissions; it is assumed
that enissions do not incrsase aftsr 2050.

== Ozone depletiom limited to SO perceat.
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o Sceparioc B: 1linear growth at 0.01275 ppm per yu.r (75 percent of
the 0.017 ppm growth);

o Scepario C: 1linear growth of 0.017 ppa per year (approximatsly 1
percent of currsnt concentrations);

o Scepario D: linear growth at 0.02125 ppm per year (125 percent
of the 0.017 ppa growth);

o Scenario E: ewmdmdlpouﬁt: :

o Scenaxio F: wmmwlwmlnsﬁ
. 2020, mux.smmmnpmbyzosom
thereafter.

For the 2.58 Growth scenario, the estimats of ozone depletion by 2075
ranges from sbout 14 percent (Scenario F) to 30 percent (Scenario A)
across these six CB4 assumptions evalusted. Exhibit ES-7 displays -
the results for thess six CH4 assumptions. As shown in the exhibit,
the differsnce between the 1 percent linear (0.017 ppm per year) and
1 percent compounded assumptions (Scenarios C and E) is approximately
6 percent depletion. This sensitivity of the ozons depletion
estimates to the assumption about linear wversus compound growth of
CH4 concentrations is much larger than the sensitivity to the range
of assumptions examined regarding future C02 concentrations (froa the
25¢ch to the 75th percentile NAS estimatss) and rsgarding future N20
concentrations (from 0.15 percent umual compound growth to 0.25

percent anmual compound growth).

mmmmmm (chlptor 18)
73a.

73b.

For a case of 3 percent annual growth in emissions of CFCs, no
enissions of Halons, and increases in trace gases of: CO2 --
approximately 0.6 percent per yesar; CH4 -- 1 percent per year; and
K20 -- 0.25 percent per ysar, a 2-D model estimates approximatsly 5.4
percent global average dcplcdoa“ty 2030. Yor the same scemario of
auissions and trace gas concentrsticuns, the parametsrized
gepresentation of a 1-D modsl estimates only 3.0 percent depletion by

Por this same case of emissions snd trace gas concentrations, the 2-D
modsl estimates of ozons dspletion in 2030 at high latitudes are
approximately: 60°N -- 8.7 percent; and SO°N -- 7.0 percent.
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EXHIBIT ES-7

'~ . EISTIMATES OF GLOBAL OZONE DEPLETION IN 2075
R SIX NETHANE CONCINIRATION ASSUMPTIONS

10
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Using a paraneterized repressentation of a ons-dimensional modsl, the
potential change in ozone was evaluated for six sssumptions about future methane
concentration: Scenario A: compound annual growth of 1 perceat from 1985 to
2010, followed by constant concentrations at 2.23 pps; Scsnarioc B: linear growth
at 0.01275 ppm per year (75 percent of the 0.017 ppm growth); Scenaxio C: linear
grovth of 0.017 ppm per year (approximatsly 1 percent of curremt
concentrations); Scenario D: linear growth at 0.02125 ppm per ysar (125 percent
of the 0.017 ppm growth); Scenaxio E: compound annual growth of 1 percent; and
. Scenario F: compound snnual growch of 1 percent from 1985 to 2020, growing to
1.5 percsnt compound snnual growth by 2050 and thereafter.

All estimatss based on the 2.58 Mm 1985 to 2100 (2.5 percent
grovth from 1985 to 2050, followed by no growth thersaftsr). The other trace
gas assumptisus used in these cases ate: CO02: NAS 50th percentile; and N20: 0.20

percent growth per year.
Asmumptions: -

+= Current 1-D modals accuratsly reflect global depletion; Antarctic ozone
hole has no impact on global ozons levels.

.- Grunhm.c gasses that countsr depletion grow at huéorhally-ctrapohud
Tatss. L

<= Growth ratss for ozone depletion ars for global emissions; it is assumed
that emissious do not increase aftsr 2050.

-« Ozone depletion limited to 50 percsnt.



75.

74a.

74b.

74e.

744.

74e.

74€.

74g.

74h.

ES-39

The modals used in this risk assessment assume that Antarctic ozone
depletion has no global implications and that global trends do not
invalidate estimatas of current models.

Except as noted, projectsd effects assuse that: greenhouss gases grow
at hiscorical rates indsfinitely; current one-dimensional models
accurataly project depletion; production of ozona depletsrs does not
grov aftsr 2050; ozone dspletion is limitsd to S0 percent; the actiom
spectrum causing skin cancers is DNA; and the u-pcu::m sensitivicy
ofthcur:htodwblodcozul% : )

In 2100. projections of ozone dspletion range from over 50 psrcent
for the 58 Growth scenario (ozone depletion is constrained at 50
percent in this analysis) to 47 percent for the 2.5% Growth scenario
eominctmotneolunozmchndmoo!mly&potcmforthc
80% Rsduction scenario.

For cohorts born bafore 2075, the number of additional nonmelancms
skin cancers projected ranges from a 261.5 million increase for the
5S¢ Growth scenario to a 115 million increase for the 2.5% Growth
scenario to a reduction of 6.5 million skin cancers for the scenarie
of 808 Reduction in all ozons depletsrs.

For cohorts born befors 2075, the increase in total melanons cases
rzanges from a 1.3 nillion case increase for the 5% Growth scenario to
a 609,000 increase for the 2.5% Crowth scemario to 54,000 fewer cases
for the scenario of an 808 Reduction in all ozone depleters.

For cohorts born before 2075, total mortality froa melanoma and
nonmelanoma ranges from a 5.6 million increase for the 5% Growth
scenario to a 2.4 million increase for the 2.5% Growth scenario to
115,000 fewer cases for the scenario of 80% Reduction in all ozone
depleters.

For cohorts born befors 2075, the increase in total cataract cases
ranges from 26 million for the 5% Crowth scenario to 15.1 million for
ths 2.5% Growth scenario to 9,500 for the scenario of 80% Reduction
in ozone dapleters.

thc:mnglobcltqctamlgaws ranges from 11.6°C in the S%
Crowth scenarioc to 5.6°C in .ﬁlctuthumtotoa"czntho

-sesnario of 80% Reduction in all ozone dnphun

lmpacts are also projectsd for other arsas such as ses level rise,
ground-based ozons, uu:inh .qmttu and soybean yileld.

{chaptexr 18)
75a.

Model projections that extrapolate historical growth rates of
greenhouse gases, which tsnd to counter ozons dspletion, into the
indefinite future assume certain policy decisions from future
decisionnmakers; alternative assumptions are possible.
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If fucure decisionmakers limit the concsntrations of C02, N20, and
Ci4 to prsvent global warming from exceeding 2°C (+508) in 2075, they
would by necessity have to limit growth of ozone depleters to the No
Growth case; for other cases increases in ozons depleters would be
too large to achieve that objective.

Ozons depletion associstad vith the No Crowth or 1.2% Growth
scensrios increases nsarly 3 to 5 percent if global warming is
limited to 39C (+50%); sﬂnm&mmwu percent

" for. pcoplo alive today.

Estimatss of methane-emissions are iﬂnmtly unumin even without
consideration of future policy decisions and eould affsct
quantitative risk estimstas.

For pecple slive today and born befors 2075, additional skin cancer
cases would be reduced 45 percent if one assumes the lower dose-
response coefficients that ars one standard error below the best _
sstimate and 66 percent higher i{f one assumes the higher coefficients
that are one standard error above the best estimats.

For people alive today and born befors 2075, additiomal skin cancer
cases would be rsduced 1l percent i1f the Irythema action spectrum,

rather than the DNA action spectrum, wers used to mesasurs heslth

effacts.
-

Limiting projectad dapletion to 50 percent from what the
parametarized 1-D model would project reduces projected deaths for
later cohorts. For people born from 2030 to 2074, limiting depletion
to 50 percsnt reduces deaths by 13 percent for the 2.5% Growth
scenarioc and 66 percent for the 58 Growth scemario.

For pecple alive today and born Ba¥oere 2075, skin cancer cases would
be reduced 62 percent in ths 2.5¢ @rowth scenario if ths atmosphere
wers less sensitive to potsntial Sitms depleters (using ths 10th
M‘).ﬂm%mu&mnnm
uutun (utn;thc”:hpc:eutﬂn)
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A number of prior us'umu of stratospheric modification and climate
change have been dons. A partial list with descriptions is included below:

STRATOSPHERIC . .
1. HNational Academy of Sciences (NAS), 1973, 1976, 1979, 1982, 1983

Several assessments of anthropogenic influences on the stratospheric ozone
layer wers coordinated by the Kational Acadewmy of Sciencas. The first report,
in 1975, focused-on the effects of proposed fleets of supersonic transports on
ths stratosphsre. Subsequent reports focused on chlorofluorocarbons.

2. National Asronautics and Space Administration (NASA), 1977, 1986

NHASA has convened several technical panels to review modsls and ehonistty
In addition, it completed a scientific assesssent in 1986.

3. World Msteorological Organizatien,
National Asronautics and Space Administration,
Federal Aviation Administration,
Hational Oceanic and Atmospheric Administration,
United Nations Environment Programme,
Comnission of the European Commumnities, and
Bundeninisteriun fur Forschung und Technologie

International assessments of the stratosphere hzve been conducted by the
European Community, the United Kingdom'’s Department of the Enviromment (1979),
and by the United Rations Enviromment Coordinating Committee on the Ozone Layer
(1981, 1984, 1986).

The most recent and most ambitious assessment of the scientific issues
regarding the stratosphers was coordinated by the World Meteorological
Organization with the assistance of several other organizations. Approximately
150 of the world’s leading scientists participated in this assessment.

CLIMATE
1. Climatic Impact Assessment Prograa, 1974

Initial concern over anthropogenic influsnces on the climats and the
stratospheric ozons layer led in 1971 to the establishment of the Climatic
Impact Assessment Program (CIAP). Coordinated by the Department of
Transportation, CIAP’s cbjective was to assess, by a rsport in 1974, the impacts
of climatic changes dus to projected flsets of supersonic transports.

2. HNational Academy of Sciences: 1979, 1982, 1983
Three pansls were convensd by the National Academy of Sciences to assess the

scientific basis and certainty of the effects of carbon dioxide concentrations
on global climate. Rsports wers released in 1979, 1982, and 1983.
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3. World Metsrological Organizatiom,
Intsrnational Council of Scientific Unions, and
United Nations Envirorment Programme

Efforts to achieve an intarnmational scientific counsensus on carbon dioxide,
trace gases, and climats were coordinatsd by the World Mstsrological
Organization (WMO), Intsrnational Council of Scientific Unions (ICSU), and
United Nations Envirooment r:ogr- (UNEP). Assessments wers :.luud in 1979,
1981, and 198S.
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