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about the state and trends in the atmosphere, but presumably adds neither to the
understanding of the relation of economic activity to pollution, nor the relation
of climate to social wellbeing. A point to be borne in mind is that each link in
the chain of causes and effects in the climate modification problem suggests
types of, and areas for, monitoring. Afmospheric monitorning adds to zthe
understanding of only one Link in that chain. However, that Link appears to be
the most difficult, and most imporntant one Lo wndens tand.

A monitoring system can be based on the ground or at sea, aboard aircraft or
satellites, or in any combination of these. A monitoring system has myriad
technical specifications. The main concern in this report will be not with
monitoring platforms nor with technical specification, but with the economic
benefits--broadly construed--of monitoring. The implementation of a monitoring
system requires scarce resources, such as scientific, engineering and mana-
gerial manpower; and such as electronic components and possibly booster rockets.
Insofar as these resources have alternative uses, the issue of devoting them to a
monitoring system rather than some other use is an economic issue. Generally,

this report deals with the economics of environment monitoring systems.

1.2 Objective

The goal of research in this field is to improve government decision making
in issues related to monitoring. Questions such as which constituents to moni-
tor, what types of platforms, where to locate instruments, how much should be
spent, and when to start and stop, arise with increasing frequency. The syste-
matic application of economic analysis can improve the efficiency of resource
allocation in both the technical sense of minimizing the cost of any given system
and the social sense of providing society with the mix of monitoring systems it

most desires.
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Figure 1.1 Cause-Effect Linkages in the Applications Model.
(Algebraic Signs Indicate Direction of Effect,
i.e., Sign of Partial Derivative)
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might alter the trend in another, thereby complicating the benefit
assessments.

As mentioned above, this §ield is Laden with uncerntainties. 0f
necessity, these uncerfainties must influence the neliability of our
nesults., The philosophy underlying this wornk is simply that decisions
about monitoring systems will be made, and decisions will probably be
bettern if all available information is synthesized in a coherent
gramework, and is made availabfe to decision makens. This, in no way,
mitigates the presence of uncentainty, yet it does afginm the belief

that some .infowmation is usually betten than none.

1.5 Impact of Recent Regulations

The issue remains as to how these results are affected, or indeed
whether they are pre-empted, by the recently enacted regulations banning
the propellent uses of CFMs. Since this research effort was begun prior
to the enactment —-- even prior to the serious consideration -- of the CFM
propellant ban, the models were not constructed with the ban as the
baseline case. This means that in simulating the policy response to the
projected trend detection of an EMS, the policy choice of banning propellant
uses of CFMs was allowed to be chosen as a consequence of monitoring
actlvity. Thus, insofar as banning propellant uses of CFMs is predicted
to contribute to benefits, those benefits (or at least the quicker realization
of those benefits) are ascribed by the model to the monitoring system. In
fact, of course, since the implementation of the ban has predated any EMS
which might be considered, no benefits induced by that ban can logically be

ascribed to an EMS. Moreover, in using the model to evaluate the EMS given






is put in place, because the development time for the system may be sub-
stantial (not to mention the time to accumulate observations). In this
case, the monitoring system serves as a check on the previously implemented
policy. It may show the poliey to be correct, or too weak, or too strong.
The policy can be adjusted if necessary. In this case, the value of the
monitoring system lies in its ability to properly adjust policy, not to
induce it.

The monitoring systems in place before problems are known to exist
obviously detect the problem before it would be detected otherwise, and
the corrective policy may be implemented more quickly. This can be thought
of as the usual, or more typical, case in the sense that a monitoring system
spends most of its life in the ''standby" state. In this research, the value
of a system operating in this "standby" state has been analyzed. There is
an understandable lack of any knowledge of an unknown problem that the
system might detect in the future. Since an unknown problem could poten-
tially drive the calculation of benefits, the system has been simulated to
conclusively detect the CFM and aircraft problems sooner than would other-
wise have occured. Thus, the model calculates the value of an EMS in
the "standby" state which'happens' to detect the CFM and aircraft problems.
If one accepts that there may be other problems in the future whose magni-
tudes are similar to the CFM/aircraft problems, then the current study can
be considered a suggestive "case study,' which indicates thét a standby 0,
and aerosol monitoring system can be economically justifiable.

In sum, the perspective of the quantitative results is this: Suppose
that the time is 1976 and we have a choice of implementing an advanced
stratospheric ozone and aerosol monitoring system, or simply retaining

the extant system. Further, there is a suspicion that CFMs and aircraft may be

10
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C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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SECTION II
THE ECONOMICS OF MONITORING THE ENVIRONMENT:

METHODOLOGY

2.1 Introduction

The monitoring of atmospheric constituents is a relatively new undertaking.
Insofar as there are myriad choices about target species, methods, scale acti-
vity, timing, etc. -- all of which are issues of resource allocation -- the
discipline of economics should have useful contributions to make toward improv-
ing decision making as it relates to environmental monitoring.

This section of the report describes the development of an economics of
environment monitoring: a framework for analyzing environment monitoring deci-
sions. The goal is to develop a methodology which can ultmately be implemented
to estimate the economic benefits of specific environment monitoring systems,
and to aid in performing engineering/economic tradeoffs in designing such sys-
tems. This section develops that methodology. The following section describes
its implementation.

This section first places atmospheric modeling in perspective by showing,
through the development of an econometric model, that monitoring the entire
sequence of linkages in the systems model is necessary for complete under-
standing, prediction, and control of anthropogenic atmospheric trends. It is
also shown what assumptions are necessary to derive the simple trend model as the
appropriate target for investigation. Next, it is shown how the time-to-detec-
tion curves can be derived from the mathematical and statistical properties of
the estimated trend equation. The minimum detectable trend is seen to depend on

the natural variability of the concentration of the subject element in the
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atmosphere, on the accuracy of the monitoring system, and on the number of
observations the system can record. This last variable depends, in turn, on the
system's rate of accumulating observations, and on the length of time the system
is in service. After a brief illustration of how the model developed thus far
can be used to perform engineering/economic trade-off analyses, the policy
choice model is introduced.

The model is built on the assumption that the same policy is ultimately
chosen with both the baseline and proposed systems. The difference is that the
policy is implemented sooner with the proposed system. This formulation permits
the economic value of a monitoring system to be expressed as a function of both
the policy it induces and the delay averted in policy implementation. It might
be noted that while the methodological guide assumes the same policy is chosen in
either case, that restriction is later relaxed in the actual application.

Finally, using Net Present Value (NPV) as the measure of the value of the
proposed monitoring system, an explicit form for NPV is determined, and pre-
dictions regarding the sensitivity of NPV to the various parameters is derived.
It is shown that increases in system accuracy and in rate of observation can be
expected to increase NPV, as can larger natural variability of the concentration
of an atmospheric constituent. Tending to reduce the proposed system's NPV are
better baseline system accuracy and and rates of observation, as well as larger
discount rates used in the NPV calculation. The effect of a larger true trend,
however, can either increase or decrease NPV, depending on the specific circum-
stances. Table 2.1 summarizes the notation used in the models in the following
sections.

2.2 Monitoring Models

In this subsection a very simple model of the monitoring process is devel-
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oped which illustrates some of the key issues. One of the goals of an environ-
mental monitoring system is to corroborate the causal relationship between ter-
restrial activity (typically the economic activities of production, distribution
and consumption) and ambient pollution concentrations. Once the causal rela-
tionships are known, the offending activities can be controlled in an efficient
manner, and standards for ambiant pollution concentrations achieved at minimal
costs.

A one dimensional world is assumed in which only a single observation can be
made at one time. In the real world, of course, many spacially separate observa-
tions can be taken at once. Our assumption is tantamount to having an implicit
aggregating scheme which reduces all cotemporal observations to a single summary
statistic (such as an average), which is then used in the model. 1Indeed, a
series of mean global or regional averages is often the raw data for pollution
trend analyses. Our primary interest in this simple model is in a specific
atmospheric constituent. The constituent may be naturally present in the atmos-
phere, or it may be present due solely to anthropogenic causes as are CFM's. In
general this concentration may be due to both natural and anthropogenic forces.

The observation recorded by the monitoring system is assumed to be the true
concentration plus the independent error term which is assumed to be normally
distributed. The true concentration can be considered the sum of two terms: one
due to natural forces; the other due to anthropogenic forces. The natural
concentration may follow complex daily, seasonal, or annual and/or multi-year
cycles. These cycles are assumed to be known from prior observations in a period
characterized by the absence of anthropogenic perturbations. The true natural
concentration then, is the sum of an explained term -the known cyclically varying

concentration - plus an independent error term.
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The role of a monitoring system is to collect data from which information
can be inferred. In the context of our model, the data are observations on the
various atmospheric constituents, levels of production and consumption, and le-
vels of pollution damage. Thus a monitoring system whose goal is the optimi-
zation (or even improvement) of environmental management decisions is not one
monitoring system, but very many. Comprehensive monitoring systems which pro-
vide data for estimation of this information are not now available and are not
likely to be available in the near future. Instead, there are disparate data
collection efforts run by various private and public agencies, for reasons not
necessarily related to environmental quality. One might easily speculate that
the lack of comprehensive monitoring systems is due to the lack of a demonstrated
need. Coupled with this is the confidence that should a non-zero, non-natural

trend in an atmospheric constituent be detected, enough would be known or could
be quickly be learned about the.underlying causes that the trend could be re-
versed, albeit through inefficient policies, before serious damages are experi-
enced. The recent ozone depletion issue, for example, is being attacked with
policies based on a small amount of dapa coupled with educated guesses, in a
state of substantial uncertainty about the true transport-reaction properties of
chlorofluoromethanes.

One could easily argue that because of the great cost of establishing and
operating a comprehensive monitoring system for any atmospheric constituent, and
because of the large number of atmospheric constituents which are potentially of
interest, the establishment of comprehensive systems is neither a desirable, nor
even politically feasible strategy. The economic desirability of such systems is
an empirical issue, but insufficient data are now available to resolve it. In
any case comprehensive monitoring systems are not within the feasible set, and

,

this report focuses on the realities which are developing.
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2) any anthropogenic contribution to Y concentration, YAt

3) the random monitoring system error, Uf

4) and the random unexplained component of the natural concentration,

N
t.

U
The key issue in the evaluation of any monitoring system is how quickly it can
detect any given trend, and with what degree of confidence. The characteristics
of the monitoring system germane to the issue are its rate of observation {number
of observations per time period), and the nature of the monitoring system error
term. By assumption, the error term Uf is normally distributed with mean zero
and variance(zi. It is the variance, then, which describes the "accuracy" of the
system. The smaller the variance, the closer to the true concentration each
reported observation is likely to be.
In using the monitoring system data to estimate the parameters of a pre-

diction model, we would adopt as the null hypothesis that the trend, B is 0.

17
The alternate hypothesis would be, of course, that B1 is not 0. For any true non-
ZEro B1, how long would it take to be detected? Figure 2.1 illustrates the
meaning of the question. Clearly, we would not reject the null hypothesis only
if the estimated trend (ﬁ1) differed slightly from 0. After all, the random

process (the U,'s) may not average out to 0 in any given sample. Thus, there

t
would be some range around 0 that, should the estimated trend fall into it, it
could be concluded that the observations are consistent with the null hypothesis,
and that hypothesis would not be rejected. By chance, the estimated trend could
fall outside the range even if the trend were truly 0. This would cause rejec-

tion of the true hypothesis - a Type I or Alpha error. This error can be

controlled by adjusting the size of the range of trend values which we deem
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consistent with a 0 trend. The larger the range, the smaller the chance of
committing this type of error. Typically, the acceptable chance of committing a
Type I error might be set at 5%. In Figure 2.1, the acceptable range for
accepting a 0 trend is for the estimate of B1, 51, to fall between BL and BU
(given we accept a 5% chance of a Type I error). But now suppose that the true
trend is ﬁ}. Again, because of the random disturbance term, the estimated trend
will likely not be exactly B1. There would be a range ar'oundTB_1 into which %1
should fall. If4]_3_1 is close to 0, there is the possibility that the estimated
trend, even if B, is true, falls in the B to By range. This is the chance of
accepting a false hypothesis - that the trend is 0 -- when it is truly-§1, and is
indicated by the shaded area in Figufe 2.1.Accepting a false hypothesis is known
as a Type II, or Beta error. If the shaded area is X% of the area under the
curve, we can say that we have a (100-X)% chance of detecting a trend of B1
against a null hypothesis of 0 trend tested at a .05 significance level with a
two tailed test. In general, we would like X as small as possible. X can be
reduced by simply shifting BU to the left. However, this results in a corres-
ponding increase in the chance of a Type I error which, if we wish to maintain the
chance of that error at 5%, is unacceptable. X can also be reduced by increasing
the number of observations on which the trend estimate is based. This, of
course, does not cause a corresponding increase in the probability of a Type I
error. The larger the number of observations, the tighter the bell curves fit
around 0 and B1. The idea would be to increase the number of observati§ns until

some BU can be found so that 2.5% of the area under the curve centered at 0 lies

to the right of that By, and just some minimal acceptable amount, say 5%, of the

area under the curve centered at By lies to the left of By- Using these ideas, we
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and

BE BBl

I\l >0 ,BA ~ = 0. (5)
aag Els) 30

u u u

Figure 2.2 depicts the general shape of (3). The greater the number of obser-
vations and/or the smaller the estimate of the standard deviation of the dis-
turbance term, the smaller the trend which can be detected at the specified

levels of significance. Put another way, for given gﬁ, it takes a greater number
of observations to detect a smaller trend. In general, there &5 a
trade-of§ between gaining moxre observations through more monitoring
ngtations” oven Less chronological time and Through fewer monitorning
stations over morne chronofogical time. The foamer entails greatern
investment cost but poses Less nisk of Letting a deleterious en-
vinonmental trend go undetected.  We will return to the point below.

Consider again the disturbance term Ut' It is the sum of two assumably

unrelated errors, namely, the natural unexplained disturbance U§ and the moni-

toring system detection error Ug Since both components of Ut are assumed
normally distributed, then so Ut:

2 2 (6)
U, - N(O, Oy + cN).

It is convenient to think of the variance of the monitoring system error term as
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a percentage of the natural variance. Define:

Q
=N

(7)

|

Q
2

from this it follows

s =o. Vinp . (8)

" Substituting into (6) yields:

O‘ N ~
= N V1 + o .025 .05
B. = ——2"PFP [t (N-2) + t (N-2)1,
1 E(t_t—z) c c (9)

assuming On, the value of Oh, is known from previous experimentation, and

~2

- OM ‘2 “2 -2

p = :5— where OM = OU - ON .
°N

2.4. Cost-Effectiveness Analysis of Environment Monitoring Systems

As mentioned above, the model of monitoring systems performance developed
above can be used to perform trade-off, or cost-effectiveness, analyses among
alternative methods of achieving given trend detection capability. The purpose
here is to sketch briefly the construction of such a model.

In general, the costs of an environment monitoring system will consist of
development, procurement, installation, operation, and maintenance costs. These
costs, in turn, depend on

P the ratio of the monitoring system error variance to the variance

the natural disturbance term, i.e., 0=0%/0l as in (10).
I the number of monitoring "stations" or instruments.
s the rate of instrument observation, i.e., number of observations

per instrument per year
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2.5 A Policy Choice Model

Ultimately, the social value of an environment monitoring system depends on

what difference that system makes, which in turn depends on the policy choices

which would be made with and without the monitoring system in question. "Policy
choices™ refer to government actions like banning the use of fluorocarbons as
spray can propellents, or banning stratospheric (mainly_SST) flight; and, in
general, banning, controlling, limiting, or mandating modification of any pro-
duct or production process.

The a priori determination of the value of an EMS is necessarily based on
predictions of policy choices which will be adopted with and without the subject
EMS, and is based on the conditionally forecasted environmental trends which the
monitoring system is predicted to detect. Regarding the former basis, it 1is
obvious that the most sophisticated monitoring system is worth little or nothing
if the information gained from that EMS is not made available to policy makers or
not used by them in formulating policy. If the policy makers' choices are
essentially independent of the EMS information, there is no reason to implement
that EMS -- it would have no social value*. Regarding the latter basis, some
reflection will suggest that the social value realized from an EMS depends, but
in no especially clear cut way, on the true underlying environmental trend being

sought out by the EMS. If the true trend were zero, and if policy makers

¥O0ne might argue that knowledge for its own sake has social value. Even if
policy makers do not respond to the information, science would progress using an
EMS would not (presumably) alter the choices made by policy makers, for the EMS
that information. This line of thought leads directly to debating the social

value of science, and we could not hope to resolve such an issue here.
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TABLE 2.2 TIllustration of Policy Choice Model

Calender Time 0 1 2 3 4 5 6 7 8 9 10 ....
System A CA -~ -~ V1 V2 V3 V4 V5 V6 V7 V8 cees
System B CB - - - - - - V1 V2 V3 V4 cens

Vi = Value to society, year i

Investment cost, System A

Investment cost, System B
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will be seen in the following section, (16) can be used as the basis for deriving
a useful explicit expression for the value of an EMS.

2.6 The Value of an Environment Monitoring System

Consider now the time path of the Vi‘s. A policy implemented in response to
information on the existence of a presumably anthropogenically induced environ-
mental trend will, in general, effect some changes in the processes or products
of the production sector of the economy. As examples, one might think of a
policy banning or curtailing the use of CFMs in the production of foams or a
policy banning the use of CFMs in consumer spray can products. The former is an
example of a policy affecting a production process, the latter an example of a
policy affecting a final product. These changes necessarily impose costs on the
economy -- costs of changing existing production processes and/or costs of con-
suming inferior products. With time these costs diminish as the production
changeover is completed and/or as the modified consumer products are improved up
to their previous level of quality and consumer acceptance. Eventually, the
policy results in benefits as damages which would have resulted from the un-
checked environmental trend are averted. Just as we can assume the damages would
ultimately achieve an equilibrium level, so the benefits (of damage averted) can
be assumed to ultimately achieve an equilibrium level. Figure 2.3 depicts the
assumed path in the Vi's. For convenience, the path is modeled as a function of

the form:

-k, t
= — . 18
V=k k.e 2,k0,kl,k2>0. (18)

The initial cost of the policy is ko - k,, the ultimate equilibrium {asymptotic)

anl—ﬂnko

Ky

Using the result established in (16), the value of one EMS over another depends

benefit is kO’ and benefits and costs net to zero at time t =
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Figure 2.3 The Path of Annual Net Benefits for an
Environmental Policy.
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on PV. PV is defined in discrete form in (17). However, given the continuous

form of V in (18), it is more convenient to express NPV as

t_-t

) + ) 7 (19)

(141) B r +rk

NPV, ,p = (€ )

A"Cs
The most interesting part of (19) is tB -tA, which depends on B1,pA,pB,5&, (the
last two terms are the annual number of observations for each EMS).

Given some proposed EMS, designated as System A; and given an extant (per-
haps crude) EMS, designated as System B; the principal concerns are to construct
a good estimate of the NPV of System A, and to examine the sensitivity of that
estimate to changes (or errors) in the underlying parameter values. Of course,
an estimate of NPV must be based on the data, and cannot be inferred from the
model. However, the model can be used to predict and explain the sensitivity of
NPV to underlying parameters. Specifically, this concern is with the influence
on NPV of:

the actual environmental trend, B1

- the standard deviation of the natural disturbance termﬁ;N

- the accuracy of the observations of the proposed monitoring

~

system as measured by p = ; [ o ;

- the rate of observation of the proposed EMS,IA' Sa

the discount rate used in the NPV calculation, r.

The investigation is carried out by examining the partial derivatives of (19).
Since the calculations are tedious, only the results are presented. The first
result is that the direction of the effect of B} on NPV cannot be determined from

the model. (This relation was discussed in the previous section.) The issue is

strictly empirical, involving the particular parameter values. However, jumping
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the discount rate were r = .10, then a benefit (or cost) of $110 next year would
be equivalent to a benefit (or cost) of $100 this year. The parameter r appears
in both bracketed terms in (19). It happens that an increase in r will always
decrease the first bracketed term, but the effect of a change in r on the second
bracket depends on the value of r. At low values of r, an increase in r will
decrease the value of the second bracket, but at high values of r, an increase in
r will increase the value of that bracket. The overall effect of the two
bracketed terms is that NPV initially decreases with increases in r, but even-
tually tends to increase as r continues to increase. However, the eventual
tendency to increase is not so strong as the initial tendency to decrease, and
the tendency to decrease occurs over a fairly large range.

In sum, the model suggests that the value of a proposed EMS, in lieu of an

~

extant EMS, depends on B1’GN’QA’IA' Sy» and r; as well as onF>B, IB'sB, CA and CB.
Table 2.3 summarizes the expected direction of impact of these parameters on the
value (as measured by the Net Present Value) of a proposed EMS called System A,
when another EMS called System B, is already in place, and where System A is

assumed to be the more sophisticated system.

2.7 Application to Monitoring Stratospheric Ozone and Aerosols

The model described in the preceding sections has been applied to the
problem of estimating the benefits of an EMS designed to monitor both strato-
spheric ozone and aerosols. Since the value of benefits (actually present value
of benefits), and not NPV is estimated, the results must be interpreted as the
maximum (present value of) costs which can be incurred yet still retain non-
negative NPV. The reason for this approach is that the EMS under consideration
is strictly a postulated system, defined by its performance specifications, and

no reliable cost estimates are available.
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In carrying out an application of the model, a number of issues which may be
subsumed, suppressed, or otherwise sidestepped on the theoretical plane now must
be faced squarely. Thus, on balance, the modified and extended model used to
carry through actual calculations turns out to be considerably more complex than
the foregoing model which subsumes it. In practice, the NPV model becomes a
simulation model, which steps through time year by year simulating monitoring,
detection, policy choice, policy implementation, and policy costs and benefits
for many scenarios.

Underlying the application is the assumption that the equation:

Yt - f(t) = BO - Blt + Ut (21)
is to be estimated. As mentioned earlier, estimates of (1?) - the "time to
detection" curve - have appeared in the monitoring literature. These curves are
presented with time, rather than number of observations, on the horizontal axis.
The curve developed by Hill-Sheldon [18] for the extant ozone monitoring system
is reproduced in Figure 2.5. That extant system is the ground based network of
approximately 120 Dobson spectrophotometers. The alternate system --defined by

its performance specifications -is postulated as a monitoring system with half

the time to detection compared to the extant system.

Implicit here is that it is possible to design and implement such a system.

~ ~

This depends on IA . SA’IB - SpyPp, and OB. It can be shown:
: 1/3
t .
A _ I5- % [ 1tea . (22)
ty I, - 8, 1+15B

tA/tB can always achieve the ratio 1/2, it would appear, by doubling the obser-

vation rate I, . s, of the proposed system over that of the extant system. This

does not consider the constraint (14), which indicates there is a finite maximum
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The list of possible policies in response to the detection of an ozone trend
is listed in Table 2.4, and the corresponding list for an aerosol trend is
presented in Table 2.5. Rather than a once-and-for-all policy choice as implied
by the abstract model, the simulation model allows a sequence of policy choices,
each in response to the current trend which is, quite naturally, affected by
previous policy choices. Thus, the policy choice issue is ultimately modeled as
a dynamic optimization problem over discrete policy choices. While some heur-
istics are involved in the calculations, the solution method is essentially
complete enumeration.

An interesting issue arises when a trend is initially detected in only one
stratospheric constituent, but the policy chosen in response to that trend af
fects the other constituent as well. In this application, it was discovered that
if trends in both ozone and aerosols are postulated, and if the ozone trend is
detected first, the policy response to that trend might mitigate the aerosol
trend as well. This tends to decrease the marginal value of the aerosol EMS.

The simulation model is constructed as a series of modular submodels, where
the output of one submodel becomes the input to another. This modular form
permits easy update when revised parameter values, or revised models become
available. The estimation of the benefits of a specific EMS follows the "with/
without" procedures of estimating the benefits to society both with and without
the proposed EMS, and the difference in benefits is taken as the benefits of the

proposed EMS.
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Table 2.5 Aerosol Related Policies

Nao. Description

1 No Regulation

2 Reduce Projected SST Operations by
1/2

3 X Desulfurize SST Fuel

4 Reduce Projected SST Operations by

1[2 and Desulfurize Fuel

5 Ban All SST Operations
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undergoing gradual destruction due to the catalytic effects of fluorocarbons and
NOx‘s. Other studies suggest SST engine effluents, may, in the future, contri-
bute to ozone destruction. Both fluorocarbons and SST effluents have been
hypothesized to change global average temperature.

In assessing the benefits of alternate systems for monitoring the stra-

tosphere, three concepts must be defined: benefit, benefit assessment, and

benefits of monitoring. For our purposes, benefit is value to members of soci-
ety, through time, of undertaking some project over not undertaking it. Thus,
benefits derive from the difference between scenarios - differences impacting

the members of society. Then, benefit assessment is the determination, in a

theoretically sound, consistent, and reasonably quantitative manner, of the mag-

nitude of benefits. The benefits of monitoring are the values to members of

society of undertaking a monitoring program over not undertaking it. The values
follow from the impact the monitoring system has on the welfare of society. The
impact springs from the influence of monitoring on policies. In the case of
monitoring systems, value can often be quantified as cost savings. Of course,
the benefits of an alternate monitoring system are the values to members of
society of implementing that alternate, rather than the baseline system.

3.1.2 The Benefit Assessment Model

That an alternate monitoring system will have some effect on social well-
being can be readily accepted. The question is, how much of what types of
effects? To answer this question, and thereby perform the benefit assessment,
the causality process which translates changes in monitoring to changes in the
welfare of society must be understood. Once the process is understood, the
relevant impacts may be traced out, quantified and valued. Figure 3.1 illu~

strates the initially unknown causality process as the necessary link between the
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technical monitoring system and its economic value.

Figure 3.2 illustrates the results of investigating and analyzing the
causality process. (See Appendix I - Review of Literature). The figure shows
general causal relations. Monitoring produces data from which information is
inferred. The information affects which policies are implemented. For the
aerosol or ozone monitoring, all potential policies involve the possible inter-
vention in production processes. Two possible causes of man-induced stratos-
pheric ozone destruction are the catalytic effects of fluorocarbons and the Noxin
the exhaust of aircraft flying in the stratosphere. Policies of interest include
banning or controlling fluorocarbon production and/or banning or controlling
stratospheric flight.* The alteration of production processes has two effects.
First, social well-being is directly influenced by the change in consumption
opportunities brought about by bans on the use of some inputs. At the very
least, less preferable substitutes must be consumed and at worst, a lack of
substitutes causes needs to go totally unsatisfied. Second, the change in the
production processes causes less pollutants (fluorocarbons and/or NOX) to be
emitted. Thus, there is an environmental effect whose consequences may be felt
over quite a number of years. In this case, the environmental effect is a
decrease in the amount of ozone destroyed or decrease in the change in global
average temperature. Ozone changes have two potential effects: on ultraviolet
radiation and on global temperature. The ozone layer shields the earth from

ultraviolet radiation, radiation associated with the incidence of skin cancer --

* Fluorocarbons are used as spray can propellants, in refrigerants, and in the
production of some foam products. Their usefulness derives from their remarkable
molecular stability. Ironically, this same stability is the cause for environ-
mental concern. The stratospheric flight of interest is flight by future SST's.
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the human health effect depicted in the figure. Temperature changes have po-
tential effects on agriculture, marine life, forestry, physical and urban re-
sources, and aesthetics.®*® These effects impact final goods and services con-
sumed by society. Thus, the overall level of social well-being is affected by
the final goods and services impacted by the consequences of temperature changes,
and by health effects.

The dotted line in Figure 3.2 illustrates how the impact on social welfare
of monitoring can be used to influence the level of monitoring chosen.

The conceptual system approach to benefit assessment of monitoring can be
operationalized by determining the causality processes involved and modeling
those processes by a series of submodels, or links. This modular approach has
many benefits, among which are ease of development and ease of updating. The sum
of all the submodels is labeled the Benefit Assessment Model. The model lends
itself to computerization, and therefore is capable of generating the many points
necessary to produce graphical, rather than matrix, results. Needless to say, a
computerized model is much more readily subjected to extensive sensitivity ana-
lyses.

3.2 Use of The Computer Model

Figure 3.3 presents the inter-relationships between linkages of the Model
of Environmental Benefits of Satellites (MEBS} and Table 3.1 gives a listing of
inputs and outputs for the eight major linkages of the MEBS. These linkages
model the cause-effect relationships between trends in stratospheric ozone and

aerosols and the resulting biological damage costs and costs due to goods and

¥* These are the categories created by the Climate Impact Assessment Program.
U.S. D.0.T. research program which investigated the environmental impact of the
SST.
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TABLE 3.1

Description of Linkage Models

Link No. Input Output

1 States of Nature Monitoring Information

2 Monitoring Information Policy Selection

3 Policy Selection Change in Production

4 Policy Selection Costs Due to Policies

5 Change in Production Change in Stratospheric

pollution

6 Change in Stratospheric Stratospheric Pollution
Pollution Effects

7 Stratospheric Pollution Cost of Pollution
Effects

8 Cost of Regulation and Total Cost to Society

Pollution
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services foregone. The overall procedure for use of the model as outlined in
Section 3.1 is discussed in more detail here and the overall procedure for
computing total costs is also described.

Inputs to link 1 are monitoring system characteristics. Some character-
istics are number of locations sampled, frequency of observation, and the accur-
acy of each observation. Charécteristics of the monitoring system are then
translated into a representation of monitoring system capability, (a curve re-
presenting the time required to detect a given trend in reduction of stratos-
pheric ozone). This monitoring system capability along with assumed trends in
ozone reduction and aerosol loading are used to determine the time required by
the monitoring system to detect each of the assumed trends. Selection of the
appropriate regulatory policy, given that either or both trends have been de-
tected, depends on inputs to policy makers as to the level of trend and evalua-
tions of the possible consequences of erroneous decisions. The present approach
to policy selection is to run the model for a trial period for all policies
applicable to the trend, noting the total economic costs. The policy which
results in minimum total cost to society is selected.

Once a gi&en policy is selected, bans or restrictions on stratospheric
flight and chlorofluoromethane (CFMs) production are implemented. This de-
termines the quantities of pollutants produced, and it results in economic cost
due to production changes and foregone goods. Changes in level of ozone and
changes in temperature as a result of changes in levels of pollutants injected
into the stratosphere are then determined. Changes in level of ozone or aerosols
influence economic costs in two ways: (1) through effecting changes in surface
ultraviolet radiation and therefore increases in the incidence of skin cancer in

humans and (2) through changes in surface climate and therefore affecting crop
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yields, space heating requirements, etc. The economic costs due to biologiecal
damage and due to production changes and foregone goods are converted into a
single number using the Net Present Value criterion. This procedure is then
repeated for other assumed levels in ozone and aerosol trend.

Once an evaluation has been made for a number of assumed ozone trends for
the baseline monitoring system, the same procedure is followed for evaluating the
performance of the alternative ozone monitoring system. The difference between
the total economic costs of the baseline ahd alternative ozone monitoring system
for each assumed trend in stratospheric ozone is then the value of additional
monitoring conditional on the trend. Next, the model is run using the alternate
aerosol monitoring system as well as the alternate ozone monitoring system. The
difference in costs (for each level of the trends) between the baseline case and
the alternate-ozone, alternate-aerosol case represents the joint benefit of im-
proved monitoring of both ozone and aerosols. The difference between this joint
benefit and the benefits of improved ozone monitoring only represents the mar-
ginal benefits of improved monitoring of aerosols, given that an improved ozone
monitoring is also used. Figure 3.4 illustrates the process.

The approach to modeling economic costs due to stratospheric pollution is
to segment the link between monitoring activity and economic costs into a number
of linkages and to model each particular linkage using work by experts in the
given areas. Each link is independent of any other link and interacts with other
links only through its inputs and outputs. This modular approach facilitates
programming of individual links and provides for ease of model updates. A
significant amount of research is currently.under way concerning stratospheric
pollution, and the modular approach will aid in future program updates.

The modeling approach for characterizing each linkage is to 1) survey
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current literature related to the specific problem, 2) isolate relevant liter-
ature, 3) formulate reasonable assumptions, 4) formulate the empirical relation-
ships between inputs and outputs, 5) quantify the cause-effect relationship
relating outputs to inputs, and 6) document the assumptions. This modeling
approach was carried out for each link. Each link was then computerized and
integrated into the overall model.

Figure 3.5 illustrates the detailed breakdown of the linkage models.
Table 3.1 summarizes the inputs and outputs. Appendix B describes these linkage

models in detail.
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SECTION IV

RESULTS

4.1 The Basic Results

The model, as described in Appendix C and previous sections, was implemented
via computer program. In this section, results of runs of the model are
illustrated.

Table 4.1 indicates the results generated using the computer model. The
entry in the upper left corner of each cell indicates the value of monitoring
ozone alone. The entry in the lower left is the value of monitoring both ozone
and aerosols. The entry on the right is the difference between the entries on
the left, is the marginal value of monitoring aerosols, given the monitoring of
ozone.

Note from the table that the benefits of the alternate ozone monitoring
system are independent of the aerosol trend. Although it is not clear that this
is necessarily the case, it 1is certainly a reasonable outcome. Figure 4.1
indicates the general nature of the results graphically. The cost to society for
each of the trend levels varied considerably, but the benefits of monitoring come
out the same. For trends over 5 percent per decade, the benefits level off.
Again, this is not an obvious outcome, but it seems a reasonable one. For large
levels of trend, the magnitude of the difference in caﬁability between baseline
and postulated alternate systems becomes negligible. For instance, even though
the postulated alternate monitoring system detects a trend in one-half of the
time required by the baseline system, for the larger trends this difference may
be only one or two years.

For both alternate ozone and alternate aerosol monitoring systems similar
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AEROSCL 3
TREMD

(INCREACE 5
X/DECADE)

TABLE 4.7. BENEFITS OF ALTERNATE MONITORING SYSTENS

-BASE CASE

DZONE TREND (Z/DECADE REDUCTION)

3 3 7
o ! ? ! !
! ! ! !
2039, o113, I 564, I 364, I 564,
2118, 7% 1 1211, 79, 1 643, 79, 1 443, 71 443, 79
! t { !
! ! ! !
! ! [ !
! ! ! !
2039, o113t I 544, I 564, 564,
2085, 47. ) 1178, 47. 1 610, 47, 1 610, 47, 1 810, 47,
! ! ! !
! ! ! !
! ! ! |
| ! ! !
2039, I 1131, T 544, I 564, I 564,
2062, 24 1 1135, 24, 1 588, 24, 1 588, 24, 1 388, 24,
! ! { |
! ! ! !
} ! ! i
! ! ! 1
2039, 1131, I 564, TR ! Sb4,
2062, 24, 1 1155, 24, 388, 24, 1 588, 24, 1 588, 24,
! ! i !
! ! ! !
; ! ! !
? ' ! !
2039, P13t b 564, ! 564, I 564,
2042, 24, 1 1135, 24, | 588, 24, | 588, 24, ! 588, 24,
! ! t !
! ! ! |
i n- Trend in Aerosol Incresase (I/decade)
A : xz = Trend in Ozone Raduction (X/decade)
B oc : A = Banefits of an Alternate Ozone Monitoring
¢ System
!2

B & Benefits of an Altermate Ozone and Aerosol
Monitoring System

C = Marginal Benefits of an Alternste Asrosocl
Monitoring System (= B~A) .
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Ozone Monitoring

B. Joint Benefits of Improved
Ozone and Aerosol Monitoring

(3
9sq) C. Marginal Benefits of
Improved Aerosol Monitoring

Figure 4.1 Benefits, Joint Benefits and Marginal
Benefits of Additional Monitoring
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behavior is observed. In this case benefits to society depend on the level of
both trends. The highest benefit resulted at the lowest levels of trend. The
benefits taper off much more quickly for increasing ozone level (reduction) than
for increasing aerosol trend.

The marginal benefits of improved monitoring of aerosols (over improved
monitoring of only ozone) are illustrated in Figure 4.1C. These benefits are
dependent only on the level of aerosol trend. This result also is intuitively
reasonable, but not obvious. It is obvious that the aerosol trend affects the
marginal benefits of improved monitoring of aerosols, but it is not obvious that
the ozone trend should not. Note also thaf the marginal benefits are constant
over the range of ozone trends even though the "ozone benefits" and "joint
benefits™ vary. They vary uniformly, giving constant marginal benefits, for each
unit of aerosol trend.

The parameter values used are those documented in Appendix C as the base or
nominal case. There is great uncertainty in the scientific community as to the
values of many of these parameters. In other areas, there is controversy as to
the basic nature of the models, as well as to the parameter values. Forecasts of
future population, CFM production, and SST fleets are required. It is antici-
pated that ongoing research may significantly change some of these estimates and
forecasts. Thus, it is important to investigate the model results when subjected
to changes in critical parameters. The following sections examine some of these
results.

4.2 Sensitivity Analysis

The procedure used to test the sensitivity of the results to variations in
parameter values is to change the values, one at a time, and note the effects on

the results. A simplistic approach is used, varying the parameter to its maximum
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AEROSOL 3
TREND

(INCREACE 5
2/DECADE)

* Legend

Table 4.2

"BENEFITS OF ALTERNATE MONITORING SYSTEMS

USING THE PITTOCK MONITORING SYSTEM CURVES

QZ0NE TREND (X/DECADE REDUCTION)

1 3 5 7 g

! ! ! ! [
b [ ! L [
! 34245 I 2039, ! 167?. I 1134, I 114,
| 3565, 142, ) 2180, 142, 1 1821, 142, ! 1277, 142, ! 1273, 142,
! ! ! ! !
I ! ! ! I
! ! ! | !
[ ! ! 1 !
| 3424, I 2039, | 1679 0 M3 o113,
! 3503, 79, ) 2118, 79, ! 1759, 7%, ! 12150 79, ! 121, M
! ! ! ! !
! ! ! ! !
! ! ! ! !
! ! ! ! I
1 3424, 1 2039, I 1679, 11134, !o1131,
| 3489, &8, ) 2104, 44, ) 1745, &4, 1 1201, &4, ) 1197, 46,
I ! | ! !
[ [ ! ! I
! ! { ! !
! ! ! ! !
! 3424, , 12039, ! 1679, I 1136, bo1131,
! 3468, 45, ! 2083, 45, ! 1724, 45, ! 11BO0. 45, ! 1174, 45,
! ! ! ! '
! s ' ! s
[ s ! ! !
! ! ! ! !
1 3424, 2039, 11679, 11134, o113,
1 3470, 47, ! 2085, 47, ) 1726, 47, 0 1182, 47, ) 1178, 47,
s ! ' ! !
! s ! ! '
P | X, = Trend in Aercsol Increase (%/decide)
: A : X, = Trend in Ozone Reduction (%/decade)
: B c : A = Benefits of an Alternate Ozone Monitoring
) ' System

Xz B = Benefits of an Alternate Ozone and Aerosol ( $ Million)

Monitoring System

C = Marginal Benefits of an Alternate Aerosol

Monitoring System (= B-A)
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TABLE 4.3 BENEFITS OF ALTERNATE MONITDRING SYSTENS
USING DISCOUNT RATES OF 7 PERCENT

Cmm e e e sl emw tem tma e s cmm A rkm Tmm fEm imm Tem e cew  cwm sWE Pt tEm e e ik aaws b cee

DZONE TREND (X/DECADE REDUCTION)
3 3 7
! I ! ! !
! I | ! '
111259, 1747, 376, o 37, b 376,
1 1323, 66, | Bl4, b6, ! 442, b6, 1 442, &6, 1 M2, b,
! ! ! ! !
! ! ! ! !
! ! ) ! |
! ! ! I !
AEROSOL 3 ! 1259, I 747, I 376, V376, b 376,
TREND 1 1300, a1, 1 789, 4, 1 47, 41, 1 417, 41, 1 47, 41,
| ! ! ! !
.l ! ' ! !
! ! ! ' s
! ! ! | |
(INCREACE 5 ! 1259, I 747, 1 37, 1 3%, I 376,
L/DECADE) ' 1280, A, ! 768, 2., ! X7, A, U W2, A, 1 W 2A,
! ! ' ! !
! ! ! ! !
i ! ! ! !
] | ! ' !
71125, 147, 3%, ' 376, [ 37,
11280, 21, ! 768, 2, ' 7. A, U W 2A, 1 WA,
! ' ! ! !
' ! | | !
; ! I ! !
! [ ! ! j
9 1 1259, 1 747, v 376, i 378, L. ¥/}
1 1280, 2, ' 748, A4, 1 W2, A, VvV 7. 2,V ¥, A,
! i i ! !
! ! | ! !
* Lagend { X, = Trend in Aerosol Increase (X/decade)
ﬁ : A : xz = Trend in Ozone Reduction (%/decads)
: P cC : A = Benefits of an Alternate Ozone nonitéring
| ' System
Xz B = Benafits of an Alternate Osone snd Aerosol ( $ Million )

Monitoring System

C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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AERDSOL 3
TREND

(INCREACE S5
X/DECADE)

* Legend

TABLE 4 4 BENEFITS OF ALTERNATE MONITORING SYSTENS
USING DISCOUNT RATES OF 3 PERCENT

DZONE TREND (X/DECADE REDUCTION)
1 3 3 7
! ! ! ! !
! ! ! ! !
1 3425, 1 1781, ! 880, ! B8O, ! B8O,
1 3520, %3, ! 1876, 95, ! 9N, 95, ! 975, 9. ! 9. 95
! ! ! ! !
! | ! | |
! ! ! | |
! | | ! |
! 3423, I 1781, I 880, I 880, I 880,
| 3477. 52, ! 1833, 52, ! 93, G2, ! 932, . ! 932, 52
| ! ! ! !
| ! 1 ! |
! ! ! ! |
! ! ! ! !
1 3425, I 1781, ! 880, I 880, I 880,
! 3431, 27, V' 1807, 27, ' %07. 27, V %07, 27, U %017, 27,
! ! | [ !
) I ! ! [
[ ! ! ! !
! ! ! ! !
I 3425, I 1781, | 880, 1 880, I B8O,
| 3451, 27, ! 1807, 2. 1 807, 27, ! %07, 2%, 1 %07, 2%,
) ! ! ! !
! ] [ ! !
| | ! ! !
! ! [ ! !
! 3425, I 1781, ! 880, 1 880, I 880,
| 3451, 27, ! 1807, 27, ! %07, 22, ! ®07. 272, ! ®7. 27,
! ! ! ! !
! [ ! ' I
i— ' x1 = Trend in Aerosol Increase (X/decade)
: A : X, = Trend in Ozone Reduction (Z/decade)
: B ¢ : A = Benefits of an Alternate Ozone Monitoring
' ) System
X

B = Benefits of an Alternate Ozone and Aerosol

Monitor

C = Marginal Benefits of an Alternate Aerosol

Monitor

ing System

ing System (= B-A)
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Table 4.5

BENEFITS OF ALTERNATE NONITORING SYSTENS

OVER 140 YEARS

OZONE TREND (X/DECADE

REDUCTION)

1 3 3
! ! ! ! !
! ] ! 1 !
§ 12280, t 1228, 610, 1 610, 1 410,
1 2340, 79, 1 1307, 79, 1 489, 7% U 489, 79 1 689, 7%
! ! ! ! !
! ! ! ! 2
| ! s ! !
! ! 1 i H
AERDSOL 3 ! 2280. I 1228, T 510, b 610, 1 610,
TREND 12327, 47, 1 1275, 47, + 457, 47, + 837, 47, 637, 47,
i ! 1 i !
L ! ! ! !
L 1 | ! I
! ! 1 ! I
(INCREACE 5 ! 2280, 1 1228, I 610, b 410, 1 4610,
%/DECADE) I 2304, 24, ! 1252, 4, 1 634, 24, | &34, 24 1 &34, M.
! ; | ' ;
' ! ! ! |
! | i ! |
| ; ! ! !
7 1 2280, t 1228, boo610, b 610, o410,
2304, 4. ) 1252, 24, ! 434, 4. ! 6. A, ! &M 4,
! i | | !
| ! ! | !
! | | i i
H i I i |
9 t 2280, 11228, I 610, 1 610, I 610,
b 2304, 24, V1252, 24, | 4,2 AU, | 434, 24, 1 634, 24,
! ! ! | ;
! I ! ! !
* Legend , b Trend in Aerosol Increase (%/decade)
11 ; A t X, = Trend in Ozone Raduction (%/decads)
: B c : A = Benefits of an Alternate Ozone Monitoring
' ' Systen
lz

B = Banefits of an Alternate Ozone and Aerosol

Monitoring System

C = Marginal Benefits of an Alternate Aerosol

Monitoring System (= B~A)
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AEROSOL 3
TREND

(INCREACE 5
1/DECADE)

* Legend ,

Table 4.6  BENEFITS OF ALTERNATE MONITORING SYSTENS
OVER 25 YEARS
OZONE TREND (%/DECADE REDUCTION)
1 3 7 9
| | 1 '
! ! ! !
1162, v 780, b 396, b 396, Vo398,
1241, 79t B39, 7% 1 475, % 1 475, % 475, 7%
! ! ! !
! ! ! |
! ! ! !
A ! ! !
1162, o780, Lo3%, 3%, 39,
1209, 4, | 827, 47, 1 443, 47, | 443, 47, | 443, 47.
1 ! ! !
! ! ! !
1 ! ! 1
! 1 ! !
1162, v 780, vIvé, 1 394, 1 196,
1186, 24, 'V B804, 24, 1 420, 24, ! 420, 24, ! 420, 24,
| ! ! !
! ! ! !
i ! ! !
! ! I !
1162, v 780, b 394, o396, o396,
1186, 24, ! BO4. 24, ! 420, 24, ! 420, 24, 1 420, 24,
! ! ! !
! ! ! !
! ! ! !
| ! ! !
1142, 780, {39, 39, 3%,
1185, 24, ) B804, 24, ! 420, 24, ! A, 24, 1 420, 24,
| ! | !
! ! ! !
; - Trend in Aerosol Increase (X/decade)
A : X, = Trend in Ozone Reduction (X/decade)
B C : A = Benefits of an Alternate Ozone Monitoring
' System
X

B = Benefits of an Alternate Ozome and Aerosol

Monitoring System

C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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toring, but the same marginal benefits as the base case. The shorter time
horizon results in smaller benefits and joint benefits, but the same marginal
benefits as the base case. This is a reasonable result, since the benefits (in
reduced damage costs) appear after long delays. The benefits of additional ozone
monitoring only, and additional aerosol and ozone monitoring change, but the
difference between these benefits stays the same. Thus the marginal benefits in
this case are the same as for the base case.

4.2.4 Population Projections

Three U. S. population projections made in the Statistical Abstract of the
United States are illustrated in Appendix C. The Series 11 projection is used in
the base case. Series 1 assumes a larger fertility rate (average number of
lifetime births per 1000 women), while Series 11I assumes a lower fertility rate
than Series II, the base case. The Series III1 population run resulted in
slightly lower benefits. The Series I population projection resulted in slightly
higher benefits.  In both cases the marginal benefits, and the general character
of the benefits of additional ozone and aerosol monitoring is the same as for the
base case. Tables 4.7 and 4.8 illustrate the results using the alternate popu-
lation scenarios.

4.,2.5 SST Fleet

In the base case the SST fleet increases linearly to 100 aircraft in
2010, then growth tapers to 200 in 2200. The benefits of additional monitoring
were analyzed using twice this fleet projection, and also with 1/2 the pro-
jection. The results of the runs are given in Tables 4.9 and 4.10. These results
are somewhat unusual. The benefits were generally larger than base case benefits
for both large and the small SST fleets. It would seem that the benefits when

using the smaller fleet projection would be lower. The reason for the unusual
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AERDSOL 3
TREND

(INCREACE 5
1/DECADE)

* Legend

Table 4.7

BENEFITS OF ALTERNATE NONITORING SYSTENS
USING PROJECTED POPULATION SERIES III

OZONE TREND (Z/DECADE REDUCTION)
1 3 3 7
! 4 ! ! |
9 | 3 ; !
b 2035, vo1129, U TX ! 583, b 543,
1 2114, 790 v 1209, 79, ! &42, 79, 1 442, 79, 0 A2, 79
! ! | ! !
} ! | | !
! { ! 4 !
| 9 ! ! !
| 2035, L1129, | 563, | 563, L 563,
12081, 47, 1 1174, 47, 1 609, 4., 1 &9, 47, 1 409, 47,
s | s ' ;
! ! ! ! | —
! ! ! ! !
! ' | ! !
! 2033, 11129, LI 1. X 9 1 963, I 543,
12059, 24, ! 1133, 24, | 3587, 24, 1 587, 24, ! 587, 24,
! | ! | 1
! | ! ! .l
! ! ! ! !
| ! ! ! !
' 2035, ‘1129, I 543, t 563, ! 563,
12059, 24, 1 1153, 24, | 587, 24, | 587, 24, | 587, 24,
! i ! i i
! ! ! i !
; ' ! ! )
! ! i ! !
| 2035, !1129, I 363, b 343, ! 543,
1 2059, 24, ! 1153, 24, ! 587, 24, ! 987, 24, ! 587, 24,
! ! ! ! !
! ! ! ! !
. 1 X, = Trend in Aerosol Increase (2/decade)
; A : X, = Trend in Ozone Reduction (X/decade)
; B¢ : A = Benefits of an Alternate Ozone Monitoring
Y Systen
Kz

B = Benefits of an Alternate Ozone and Aerosol

Monitoring System

C = Marginal Benefits of an Alternate Aerosol

Monitoring System (= B-A)
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AEROSOL 3

TREND

(INCREACE 5

2/DECADE)

* Legend

Table 4.8  BENEFITS OF ALTERNATE NONITORING SYSTENS

USING PROJECTED POPULATION SERIES I

OZONE TREND (Z/DECADE REDUCTION)

1 3 5 7
! ! ! !
! ! ! |
2044, I 1134, , I 545, ' 565, b 5635,
2123, 79 ! 1243, 9. ! M. 79 1 444, 79, 1 A4, 79,
| ! ! !
! ! ! !
! | ! [
! ! ! !
2044, I 1134, I 565, 1 365, b 565,
2090, 47, ! 1181, 47, 1 412, 49, ! 612, 42, 1 612, 47,
! | } |
t ! ! }
| ! [ |
! ! ! !
2044, I 1134, I 565, I 943, -
2068, 24, ! 1158, 24, | 589, 24, | 358B9. 24, ! 589, A,
! ! ! !
! ! ! !
! ! ! !
! [ ! !
2044, ! 1134, 565, I 565, ! 563,
2068, 24, ) 1158, 24, 1 589, 24, ! 589, 4. ! 589, M,
! ! ! !
! [ ! !
! [ | !
[ ! ! [
2044, I 1134, | 385, b 5635, i 5635,
2068, 24, ! 1158, 24, 1 589, 24, ! 58%, 24, 1 589, 24,
! ! ! !
! | i !
; X, = Trend in Aerosol Increase (X/decade)
A : 12 = Trend {a Ozonas Reduction (¥/decade)
¢ : A = Benefits of an Alternste Ozons Monitoring
) Systen
xz

B = Benefits of an Alternate Ozone and Aerosol
Monitoring System

C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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AERDSOL 3

TRENE

(INCREACE 5

Z/DECADE)

* Legend
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Table 4.9 BENEFITS OF ALTERNATE MONITORING SYSTEMS
USING TWICE THE PROJECTED SST FLEET
OZONE TREND (Z/DECADE REDUCTION)
1 3 5 7
! ! ! !
| ! s i !
; ; ; !
| ! t !
! I t |
! } ! I
2039, to1131, IS, {564, 1 564,
2132, 93, U 1224, 93, ! 457, 93, ! &5/ 93. t 837, 93,
! ! ! [
! ' ! !
! ! ! !
[ ! ! [
2039, t 1131, I 544, b 564, v 564,
2086, 4., ! 1179, 47, | 411, 47, 1 811, 47, t 611, 47,
! ! ! t
! ! ! !
! ! ! !
! ! L !
2039, vo1131, I 544, L 544, I 544,
2086 4. 1 1, 47, 1 61, 47, | 411, 47, 1 611, 47,
! [ s !
i ! ! !
: ! I !
! ; ! !
2039, o113, t o Sed, I Sed, TR
2086, 47, ) 1179, 47, ' 1, 47, 1 8L, A7, ! M1, 4%,
! ! ! !
! l ! !
; X) = Tread in Aerosol Increase (Z/decade)
A : X, = Trend in Ozone Reduction (%/decsde)
B C : A = Benafits of an Alternate Ozone Monitoring
1 System
x2

B = Benefits of an Alternate Ozone and Aeérosol

Monitoring System

C = Marginal Benefits of an Alternite Aerosol

Moriitoring System (= B-A)
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AERDSOL 3
TREND

(INCREACE 5
Z/BECADE)}

Table 4.10  BENEFITS OF ALTERNATE MONITORING SYSTEMS

USING ONE HALF THE PROJECTED SST FLEET

OZONE TREND (XZ/DECADE REDUCTION)

1 .3 3 7
! ! ! !
! ! | !
2039, o113, I 564, I 54, b 564,
2078, 40, ! 1171, A0, P 403, 40, V403, 40, 1 403, 40,
| ! | !
! | ! ;
| ! ! !
! ! ! !
2039, Po1131, I 564, b 384, ! Sad,
2082, 23, v 1155, 23, v 587, 23, ' 587, 23, V 582, A
! ! A |
| I ! |
I | ! !
! ! ! !
2039, o113, I 564, I 544, 1 564,
2050, 12, ! 1143, 12, V §74 12, + 8§74, 12, ! §76, 12,
i ! | 1
! ! ! !
! ! | i
| ! | !
2039, P 1131, I 364, ! 544, ! 56,
2050, 12, ! 1143, 12, | 574 12, V574, 12, 1 574, 12,
! [ ! !
| ! I |
! ! ! !
{ ! | |
203%, 1131, LI-T.7 I 564, I 544,
2050, 12, 1 1143, 12, t 576, 12, U 576, 12 + 57, 12,
| ! ! I
! ! ! !
) X, = Trend in Aercsol Increase (I/decade)
A : xz = Trend in Ozone Reduction (X/decade)
B c : A = Benefits of an Alternate Ozone Monitoring
' System
Xz

B = Benefits of an Alternsts Ozone and Aerosol
Monitoring System

C « Margioal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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behavior is the temperature changes which resulted. Some of the SST effluents
tend to increase temperature, while others lead to a temperature decrease (refer
to Appendix C). Reducing the SST emissions results in less positive temperature
change due to the effluents which increase temperature, and less negative temper-
ature change due to tﬁe effluents (and ozone reduction) which cause temperature
reduction. The total positive change, however, is less than the total negative
change, giving a net temperature change that is larger than for the base case SST
fleet.

4,2.6 CFM Production Scenario

The CFM production scenario used in the base case is given in Appendix C.
Two deviations are considered on this base case. The first, assuming twice the
production results in benefits as shown in Table 4.11. The second, assuming one
half of the base case production gives the benefits shown in Table 4.12. The
larger production scenario gives larger benefits and joint benefits than the
baseline case, but the same marginal benefits. The increased production scenario
results in more pollution damage, and therefore the potential benefits of avoid-
ing the damage are greater. The inverse is true for the reduced production
scenario. Since only the CFM's are affected, the marginal benefits of aerosol
monitoring remains the same as for the baseline case.

4,2.7 Skin Cancer Cost

The direct costs of a case of non-melanoma skin cancer were estimated to be
in the range of $1900 per case. 1In the base run, a value of $1000 per case was
selected. Tables 4.13 and 4.14 illustrate the results when $190/case and $1900/
case are used. Again the benefits and joint benefits are directly related to the
skin cancer cost, but the joint benefits are effectively independent, and the

same as those of the base case.
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Table 4.12  BENEFITS OF ALTERNATE MONITORING SYSTEMS
USING ONE HALF THE PROJECTED CFM PRODUCTION

OZONE TREND (X/DECADE REDUCTION)

Cm s imm b e e e tewn emm A e cwe tmmm cem T e i tmmm eum S tmmm Cemb vemm i cmm e tmmm b tem S

1 3 3 7 9
! ! ! i !
[ ! ! ! !
11 1010, 1 560, 279, 1279, 1279,
! 108%, 79 ! 439, 79, 358, 79. ! 358, 7% 1 358, 79,
! ! | ! !
! ! ! ! !
! M ! ! !
! ! ! ! [
AERDSOL 3 ! 1010, I 540, 279, o279, Eoo279,
TREND 1 1057, 47, ! 407, 47, ' 326, 47. V326, 47, | 328, 47,
| ! ! ! !
| ! ! [ !
! ! ' | !
[ ' ! | !
{INCREACE 5 ! 1010, I 540, 279, 1279, ro279,
7/DECADE) 11034, 24, ! 5B4, 24, ! 303, 24, 1 303, 24, ' 3. 24,
' ! ! ! ! !
! ! ! ! !
! ! ! ! {
| ! ! ! ! ,
7 1 1010, I 5360, o279, 279, 1279
! 1034, 24, 'V B4, 24, ! 303, 24, ) 303, 24, ' 303, 24,
! ! ! ! !
! ! ! ! !
! ! ! ! !
! | ! s !
9 1 1010, I 540, 127, 279, 129,
! 1034, 24, ! 584, 24, ! 303, 24, ! 303, 24, ! 303, 24,
[ [ ! 1 !
! ! ! I !
* Legend , X - Trend in Aeroesol Increase (X/decade)
x, * : X, = Trend in Ozone Reductiom (%/decade)
: L : A = Benefits of an Alternate Ozone Monitoring
! 1 Systen -
xz B = Benefits of an Alternate Orone and Aerosol ( $ Million )

Monitoring Systea

C = Marginal Benefits of an Alternats Aerosol
Monitoring System (= B-A)
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AEROSOL 3 !

TREND

(INCREACE 5 !

Z/DECADE)

* Legend

1 3 5 7

! ! [ | !

[ ! ! ! !

1 2070, I 1150, 1573, 573, t 573,
12149, 79, ! 1209, 79, 1 452, 79, ! 65, 79, ! 652 79,
{ | ! i {

! ! ! ! o

! z ! ! !

! ! ! [ |

1 2070, t1150, t 573, 573, ' 573,
V2117, 47, ! 119, 47, 1 620, 47, V620, 47, ! 620, 47,
t | i | i

! ! i | !

! ! ! 2 !

! ! ! ! !

I 2070, I 1150, t 573, 1573, ' 573,
12094, 24, ! 1173, 24, ! 597, 4, 1 597, 24, | S92, 24,
| ! i ! §

; , i ! i

! ! ! ! !

! ! [ ! !

1 2070, 11150, t 573, 1573, 1573,
12094, 24, ! 1173, 24, 1 597, 24, ! 597, 24, ! 597, 24,
§ i | | [

! ! ! ! i

! ! ! ! !

! ! ! ! [

! 2070, '1150, t 573, t 573, | 573, :
1209, 4, ! 173, 24, ! 5972, 24, ! 597, 24, ! S92, 24,
{ i | 1 {

' i ! i !

Table 4. 14

BENEFITS OF ALTERNATE MONITORING SYSTEMS
USING SKIN CANCER COST OF $1900./CASE

OZONE TREND (X/DECADE REDUCTION)

!

A !
!

B C !
!

!

X

"1 = Trend in Aerosol Increase (X/decade)

Xz = Trend in Ozone Reduction (Z/decade)

A = Benefits of an Alternate Ozone Monitoring

Systen

B = Benefits of an Alternate Ozone and Aerosol
Monitoring System

C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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AEROSOL 3
TREND

(INCREACE 5
Z/DECADE)
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Table 4.16  BENEFITS OF ALTERNATE NONITORING SYSTENS

WITH TEMPERATURE COSTS DOWN 10 PERCENT

0ZONE TREND (X/DECADE REDUCTION)

1 3 3 7 9
! ! ! !
! ! ! !
1834, 11019, i 508, 1 508, 508,
1907, 71, 1 1090, 7. v 7 F2 PR B 74 1. 579 71,
! ! ! !
! ! ! !
! ! } !
! ! ! !
1834, Vo101, 508, 1508, 1508,
1878, 42, V1061, 42, ! 4%, 42, | 549, 42, ! 9, 42,
! ! ! 1
! ! ! !
1 ! ! !
! ! ! !
1834, I 1019, I 508, 508, P38,
1858, 21, ! 1040, 20, ' 35290 2o, ! 529, 21, } 329, 2.
! » 1 ! 1
! ! ! 1
! ! ! '
! ! ! !
1834, 1 1019, 508, I 508, I 508,
1838, 21, !V 1040, 21, '} 529, 24, !} 329 20, ! 329, A
! ! ! !
! ! ! !
! ! ! !
| ! ! !
1834, I 1019, 508, I 508, + 508,
1858, 21, ! 1040, 21, 1 329, 21, ! 529, 21, ! 529, 21,
! ! ! !
[ ! ! !
) X, = Trend in Aerosol Increase (I/decade)
A : X, = Trend in Ozone Reduction (X/decade)
Boc : A = Benefits of an Alternate Ozone Monitoring
' Systen
!2 B = Benefits of an Alternate Ozone and Aerosol R
Monitoring Syatem ( $ Million

C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B~A)
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Table 4.17  BENEFITS OF ALTERNATE NONITORING SYSTEMS
ALTERNATE 1 1/2 TIMES "BETTER" THAN BASELINE

QZ0NE TREND (X/DECADE REDUCTION)

1 3 5 /A 9
[ ! ! ! !
! ! ! ! !
11 1495, I 567, I 584, I 564, [T
! 1553, 8. 1 A%, 38, ! 622, 3B, | 822 ., | &2, 58,
| ! | ! !
! ! ! ! !
! ! ! ! !
! ! ! ! ;
RERDSOL 3 ! 1495, 1. 567, b 564, I 564, o584,
TREND ! 1518, 23, } 590, 23, } 587, 23, ! 587, 23, t 387, 2%
! ! ! ; !
! ! ! ! ]
z ! ! ; !
! ! ! ! !
(INCREACE 5 ! 1495, o567, L 564, L 544, I 544,
Z/DECAIE) 11519, 24, 't 591, 24, ! 588, 24, ' S5BB, 24, ! 5BB, 24,
| ! ! ! ;
! ! ! ! |
! ! ! ! ;
i ; ! 1 !
7 1 1495, b 567, I 584, I 544, I 564,
! 1519, 24, V591, 24, !V 588, 24, ! 588, 24, ! 588, 24,
! ; ; ; 9
! ! ! [ !
; ! ! ! !
! ; ! ! ;
7 1 1495, I 367, b 544, b 544, b 564,
! 1519, 24, % 591, 24, ! 588, 24, ! 5BB, 24, ! 588, 24,
! ! ! ! ' ]
! ! ! ! !
* Legend , R Trend 1n Aerosol Increase (X/decade)
X : A : X, = Trend in Ozone Reduction (I/decade)
: LA ; A = Benefits of an Alternate Ozone Monitoring
1 1 Systen
%L
B = Benefits of an Alternate Ozone and Aerosol ( $ Million )

Monitoring System

C = Marginal Benefits of an Alternate Aerosol
Monitoring System (= B-A)
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AEROSOL 3
TREND

(INCREACE 3
1/DECADE}

Table 4.19 BENEFITS OF ALTERNATE MONITORING SYSTEMS
ITERATIVE POLICY SELECTION USED

DZONE TREND (X/DECADE REDUCTION)

1 3 5 7
' l ! !
! ! ! !
2024, ro-2, bLo-24, ! 3 ! Je
2126, 102, ' 81, 102, )} 78, 102, ! 107, 102, ! 107, 102,
! ) ! !
! ! [ )
| ! ! !
! ! ! !
2014, ! S ! 2 ! 0, ! 0.
2016, 0, ! 5 0, ! 2 0, ! 0. 0, ! 0. 0.
[ v I !
! ' l )
! [ [ '
! ! [ !
2014, ! 5 ! 2 ! 0. ! 0.
2016, 0, ! °T) 0. 2 0. ! 0. 0. ! & 0.
! [ ! !
[ ! ! |
! ) [ !
! ! l !
2016, 1S, rooa, 10, b0,
2018, 0. ! 5 0., ! 2, 0. 1 0. 0. ! 0. 0.
! I ! |
! [ [ [
! ! [ !
! ! t f
2016, LS, b2 10, Lo
2014, 0. ! 3 0, ! 2 0. ! 0, 0. ! 0. 0.
! i ! '
! ! | !
y X; = Trend in Aerosol Incresse (X/decade)
A : xz = Trend in Ozone Reduction (X/decade)
B : A = Benefits of an Alternste Ozone Monitoring
' System
Xz

B = Benefits of an Alternate Orone and Aerospl
Monitoring System

C = Marginal Benefita of an Alternate Aerosol
Monitoring System (= B-A)
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Al PRELIMINARY ECONOMIC IMPACT ASSESSMENT
OF POSSIBLE REGULATORY ACTION
TO CONTROL ATMOSPHERIC EMISSIONS OF SELECTED HALOCARBONS

Prepared for
The U. S. Environmental ProtectionbAgency
by

Arthur D. Little, Inc.

This repoft was prepared for the Strategies and Air Standards Division
of the U. S. Environmental Protection Agency by Arthur D. Little, Inc. (ADL)
in order to proﬁide a preliminary assessment of the economic consequences
following potential restrictions in the manufacture and use of five primary
chemicals in the United States. The chemicals in question are three fluoro-
carbons, F-11, F-12, and F-22; and 2 chlorocarboms, carbon tetrachloride and
methyl chloroform.

A recently concluded study by the Federal Task Force on inadvertent
modification of the stratosphere (IMOS) has concluded that fluorocarbons
emitted into the atmosphere may have harmful environmental effects and are a
cause for concern. Fluorocarbons are used primarily as aerosol propellants
and refrigerants. They are also used in the manufacture of plastic foam and
as special solvents. It is believed that fluorocarbons released in the atmos-
phere eventually reach the stratosphere where they may act to decrease the earth's
ozone layer and permit an increased level of ultraviolet radiation to reach the
earth'é.surface. It is proposed that this increased level of ultraviolet radia-
tion will have serious adverse biological and climatological effects. Since the
‘'ozone ﬁheory has not been proved conclusively because of elements of uncertainty,
it is felt additional research and analysis should be conducted before any final

conclusions are reached.
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This report develops data on 24 halocarbons (fluorocarbons and chloro-
carbons are classes of halocarbons) including the five primary chemicals
already mentioned. Expanding the list to 24 halocarbons anticipates additional
research which may add or subtract from the basic list of five halocarbons,
which have been identified by the EPA as being important contributors to possible
ozone depletion. Data will also be developed to include U.S. as well as world-
wide production use and emissions of halocarbons into the atmospﬁere. The report
will also attempt to identify suitable chemical substitutes, non-chemical substi-
tutes and methods for reducing emissions of halocarbons by improving equipment
and maintenance techniques.

Those industry sectors which might be affected by the potential restriction
of the production or use of the five halocarbons will be identified. A variety
of regulatory scenarios will then be considered and the economic impact expected
to follow will then be'viewed in terms of each industry sector. This report is
preliminary in nature in that relative rather than absolute economic consequences
are assessed.

Report Summary

Carbon tetrachloride,from a production standpoint,is the singlemost important
item of the five principal chemical compounds. However, almost all carbon tetra-
chloride production is used for the manufacture of fluorocarbons F-11 and F-12.
The most important applications for the three fluorocarbons (F-11, F-12 and F-22)
are as propellants and refrigerants. These uses account for an esimated 807% of
total demand for these compounds. Methylchloroform is used primarily as a commerci
cleaning solvent.

Fluorocarbon emissions into the atmosphere stem primarily from the use of
these chemicals as‘aerosol propellants. This source of emission accounts for
an estimated 60% of world-wide emissions. The largest sub-category of aerosols

that are responsible for fluorocarbon emissions are the personal care products,
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economically, on both industry and consumers, than the banning of fluorocarbon
use as a refrigerant.

Fluorocarbon use in foam blowing agents produces emissions that may be
eliminated by switching to methylene.cﬁloride. Methylene chloride may act as
a substitute for F-11 in producing flexible foams. This could eliminate approx-
imately 60% of F-11 foam use. Although the use of other agents in foam use is
possible, important insulating characteristics made possible by fluorocarbon
use would be eliminated. In solvent applications, only one of the five primary
chemicals, methylchloroform, is significant. Methylchloroform is used primarily
as a cleaning solvent. Although substitute solvents are available, they are
not compatible.with existing equipment. Non-halocarbon cleaning systems, though
available, are found to be more hazardous and expensive to operate. Reduced
emissions can be achieved by using existing, but refined, solvent recovery systems
which are often cost effectiﬁe.

The industrial sectors that would be primarily affected from restricting the
use of fluorocarbons would be producers of raw materials, aérosol producers, the
refrigeration and air conditioning industry, the foam products industry, and
solvent applicatiohs.

In the raw materials seétor, the two principal chemicals use@ in the productio
of halocarbons are chlorine and hydrochloric acid. Approximately 137% of chlorine
output by weipht, with an estimated market value of 60 million dollars in 1973,
was used in the production of the five primary chemicals, F-11, F-12, F-22, methyl-
chloroform and carbon tetrachloride. Approximately 427 of hydrofluorig acid out-
put, with an estimated value of 55 million dollars in 1973, was used in the produc-
tion of F-11, F-12 and F-22,

The value of F-11, F-12 and ¥-22 production was approximately 240 million
dollars in 1973, while the value of output for carbon tetrachloride and methylchlor

oform was approximately 590 million dollars. Since this sector is basically
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reduce emissions to various levels, and the economic considerations associated
with these optioms.

The regulatory scenarios have .a range of economic consequences for the
affected industrial sectors that go from basically none to severe. One option
would be to ban F-11, F-12 and carbon tetrachloride after six months. This
would result in an estimated 92% decrease in projected U. S. emissions over
a 20 year period. Narrowing that option to ban the use of these chemicals
as propellants would decrease emissions by 70% over the 20 year
period. Extending the time horizon from six months to three years, effective
January 1976, produces new emission reduction levels of 63% and 54%, respectively.

Banning F-11, F-12 and carbon tetrachloride after six months would have a
severe impact on contract fillers of aerosol cans, manufacturers of aerosol valves
and the refrigeration industry. The aerosol marketeers would be only moderately
affected. Extending the time horizon to three years would reduce the impact on
contract fillers of aerosol cans and manufacturers of aerosol valves from severe -
to limited to moderate. The refrigeration industry might still be severely affect
but it is more probable that the effect would be moderate. The impact on chemical
producers for the six month and three year scenarios would remain the same, limite

If halocarbon émissions do affect the ozone layer, cost and benefits should
be considered on a world-wide basis. Even though the United States acéounts for
approximately one half of totai world emissions, it is believed our emission growt
rate has stabilized and that future growth will occur outside the United States.
Therefore, if effecti?e emission control is to be achieved, world-wide:cooperation

would be necessary.
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data regarding all of fluorocarbons, some of which are not currently suspected
of adversely affecting the ozone layer.

In recent years there has been a growing concern over possible harmful
effects to the earth's enviromment ffom.man-made pollutants. One area that
has been a focal point of attention has been the earth's stratosphere. The
cause of this concern has been that man-made atmospheric emissions may be pro-
ducing stratospheric changes that can have significant effects on human, animal,
and plant life. More specifically, attention has been directed toward those
chemicals which are accumulating in the stratosphere and have the potential
to reduce the earth's ozone layer. A significant reduction in the ozone layer
could result in an increased amount of harmful ultraviolet radiation reaching
the earth's surface. It is proposed that this would result in increased levels
of skin cancer as well as environmental and climatic changes of an undesirable
nature.

Fluorocarbons and nitrogen oxides have been of particular interest because
they tend to diffuse from the earth into the stratosphere with potentially
adverse effects oﬁ ozone concentrations. The process by which this occurs is
as follows: Hydrogen free fluorocarbons from refrigeration equiﬁment, aerosol
sprays, and solvents disperse into the stratosphere where high energy ultraviolet
rdiation decomposes them. It is postulated that the decomposition process pro-
duces free chlorine atoms which are destructive to the ozone layer. The body of
scientific knowledge has not béen sufficiently developed to be able to prove or
disprove this theory. There are a number of other products and natural, phenomena
that may account for variations in the ozone umbrella.

The Commerce Department agrees with the concern expressed in the inadvertant
modification of the stratosphere (IMbS) report concerning the depletion of ozone

by fluorocarbons. However, the Commerce Department is also concerned about
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prematurely restricting the use of fluorocarbons before more comprehensive

- research has been conducted and the results evaluated. This position is
reflected in a statement by Commerce Secretary Rogers Morton which reads as
follows: "In view of the uncertain scientific evidence on the effect of
fluorocarbon use in the stratosphere's ozone shield I would like to emphasize
the importance of obtaining more hard evidence from accelerated Federal R&D
programs before making decisions on specific limitations on fluorocarbons'
use. The Commerce Department sees this research as the most urgent focus for
the national effort to resolve this problem. There is time to conduct a
deliberate, well-thought out R&D program to determine the actual degree of
danger befofe implementing regulatory action.

We all share concern for the possible impact of ozone reduction on human
health and well-being; but since over a million jobs may be associated with
the production and use of fluorocarbon products, decisions on any limitations
and the timing of their implementation should carefully weigh the benefits
against the adverse effects. There must be balanced consideration of the
obvious impacts to the Nation of adoption of restrictions. Such impacts could
result from unilateral VU.S. restrictions without regard to international accord
that would lead only to loss of trade for the United States without sufficient
compensating environmental benefits. Additional impacts could result from in-
sufficient consideration of the time required for industrial adjustment. I
have every confidence that such considerations as these will be weighed very

[12]

carefully against the environmental protection that could be achieved."

The Department of Commerce through the Bureau of Domestic Commerce has
promised to continue its investigation and analysis of the potential economic

-

and industrial impact of fluorocarbon regulation. The BDC will approach this
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in which they were contained is at an end.

In 1974, there were approximately 2.8 billion filled aerosol units shipped
with a market value of approximately $2.6 billion. Nearly'half,‘or approximately
55% of these products use fluorocarbons. Nearly 90% of all fluorocarbons used
as propellants are found in personal care products such as‘hair sprays and deo-
dorants.

Nearly 1.5 million jobs are either directly or indirectly connected with
fluorocarbon production or use, which accounts for approximately 1.7% of the
total employed labor force of 8.59 million in 1974. Of the 1.5 million positions,
approximately 600,000 or more are directly tied to fluorocarbon production and
use. Fluorocarbon dependent employment is most significantly tied to the refrig-
eration and air conditioning industry which accounts for approximétely 83% of
this 600,000 figure.

Suitable substitutes for fluorocarbons in commercial and industrial appli-
cations are not readily available. Further, the time horizon required to develop
replacement products may require a decade or more. Although industry has a number
of research programs currently in progress the consensus is that there is no ex-
pected technological breakthrough that might change this picture. It is also
estimated that any substitute products would be more expensive than those
currently in use.

Fluorocarbons are used almost exclusively as the refrigerants in air condi-
tioning, heat pump equipment, and in refrigeration. Existing substitutes for
fluorocarbon refrigerants all have serious deficiencies such as flammability,
toxicity, and chemical or thermal instability. Manufacturers of air conditioning
and refrigeration equipment continue to seek and improve refrigerants. However,
this is littlé evidence to prompt oftimism over such a product becoming commer-

cially viable in the immediate future.
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direct atmospheric measurements of ozone reduction, none of the effects

have produced seriously conflicting results regarding the theory of ozone
reduction, nor on the magnitude of ozone reduction due to F-11 and F-12. The
finding of fluorocarbon levels in the aﬁmosphere, in amounts consistent with
the world-wide release of these elements to date, seems to offer corroborating
support for the ozone theory.

Several independent research efforts regarding the reduction of ozone
due to yarying use patterns for F-11 and F-12 have produced similar findings.

The release of fluorocaybons to date has resulted in a 0.5% to 1% reduction in
ozone, with the possibility that the reduction might be as high as 2%. Since it
takes a considerable period of time for released F-11 and F-12 to reach the
stratosphere, it is felt that 1f no further releases were made that ozone
reduction would continue and approach a magnitude of 1.3%7 to 3%Z. Moreover, the
ozone reduction theory suggests that furthep reduction in the ozone layer will
continue for about ten years subsequent to the discontinuance of fiuorocarbon
releases into the atmosphere. This would be followed by a very slow period

of recovery in which we would not see the re-emergence of normal ozone levels
for perhaps a century or more.

These forecasts would have to be re-examined if a major natural chlorine
sink were discoveredAor if chlorine were found naturally in such large quantitities
as to dwarf the man-made chlorine levels found in the atmosphere. The latter would
suggest an insufficient understanding of stratospheric dynamics.

There are uncertainties associated with the projected decreases in the ozone
layer due to F-11 and F-12. These uncertainties have not been sufficient to
dampen the expressed concern of the effect of F-11 and F-12 on the atmosphere.

The assumptions of the model could be tested by measuring the change in the equil-

ibrium level of ozone in the stratosphere over time. However, such measurements
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skin cancers in the United States, in light skinned individuals. Estimates
by the National Cancer Institute show that the incidence of non-melonoma skin
cancers in the U.S. is approximately 300,000 per year. Though not supported
by direct human measurement, this link Between non-melonoma and ultraviolet
radiation is strongly supported by clinical and epidemiological statistics on
animals, which show that an increase in exposure to ultraviolet radiation pro-
duces an increased incidence of non-melonoma.

In addition to the linking of ultraviolet radiation to skin cancer, there
are other expected heal§h effects. One is an expected increase in the general
level of sunburning, with its attendant side effects, one of which may be earlier
skin aging. Other possible effects are eye damage and excessive synthesis of
vitamin D in the skin. These last two areas would require further study before
a more definitive statement regarding cause and effect could be offered.

Other life forms show great sensitivity to ultraviolet radiation. Therefore,
a general increase in the cumulative exposure to ultraviolet radiation may have
important biological and agricultural consequences. This may be reflected in the
following ways: changes in the physiological, anatomical, biochemical, and growth
characteristics of certain animal and plant species. 1In addition, health effects
on livestock, alterations to the balance of aquatic and terrestial eco-systems,
and changes in the effectiveness of the stability of agricultural chemicals.

These effects should be viewed as tentative and subjected to further investigation.

Fluorocarbon Industry

The fluorocarbon industry in the United States consists of six progducers.
World-wide production includes another 48 of more producers in 23 additional
nations. The U.S. production of fluorocarbons had been increasing at a yearly
rate of 10% to 20% or doubling approximately every six years. However, in 1974

aerosol sales were 5% - 10% less than they were in 1973 (aerosol sales account
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expensive and would require a considerable amount of time. Consequently,
restricing fluorocarbon use in the refrigeration industry could have con-
sierable economic consequences. One way to approach the potential need for
restrictions would be to reduce 1eakageé and to develop a system for recovering
fluorocarbons when the units in which they are contained are ready for disposal.

There is insufficient data available to evaluate the impact of restricting
fluorocarbon use in the refrigeration and aerosol industries. However, some
general observations can be made. The refrigeration industry accounts for
approximately $5.5 bill;on of gross national product while the aerosol industry
accounts for an additional $2 billion. Approximately 1 million jobs are asso-
ciated with fluorocarbon production and use. Within this framework, the extent
to which industry may be affected by possible restrictions, is to a large extent
dependent upon the severity of the restrictions and the period of time indﬁstry
will have to adjust to new standards.

Federal Structure to Cope with Fluorocarbon Emissions

Three existing federal agencies have jurisdiction over all consumer products
that release fluorocarbons. The Food and Drug Administration has responsibility
for food, drug, and cosmetic products that use fluorocarbons, the Environmental
Protection Agency has similar responsibility for fluorocarbon propélled insec~
ticides, while the Consumer Product Safety Commission has responsibility for all
other consumer aerosol products that are fluorocarbon propelled. In the area
of industrial and commercial applications, such as refrigeration, air conditioning,
including automobile air conditioning, foaming agents, and fire retardants, there

is presently no federal authority to control the use of fluorocarbons. There is

proposed legislation in the form of Toxic Substance Control Act. This legislation.
if passed, would providé federal regulatory authority to control uses of any sub-

stances which may have a potential to harm the environment.
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decreasing the equilibrium amount of ozone. This increases the amount of ultra-
violet radiation reéching the earth's surface with possible biological and clima-
tological effects.

In this study, C.I.A.P. seeks to evaiute whether or not future SST aircraft
will adversely effect the environment., In order to do this, modeling of stratos-
pheric dynamics required further development. Little was known of how climate
affects production, and only inferential conclusions could be drawn concerning
the effects of ultraviolet exposure on skin cancer. The study has produced refine-
ments in modeling techniques which clarified many of these and other questions.

The C.1.A.P. study has also helped to define which chain of events have potentia
danger and which do not, and the standards needed to maintain a predetermined level
of protection, along with the cost of this protection. Of the several sources of
ozone pollution that were examined, two effects were isolated because of their
potentially dangerous effects during the next thirty years: the ultra-violet effect
and the climatic effect. These two_chains can be effected by the increase in engine
emissions which follow from an increase in the size of either the SST of sub-sonic
fleets. These effects can be controlled by limiting the number of flight hours
made especially at high altitudes.

The UV Chain is impacted upon this way: high flying aircraft give off NO_, addi

X
to the amounts found naturally in the stratosphere. Through a complicated process,
the NOX reacts with ozone in such a way as to reduce the ozone layer. This decrease
in the ozone layer permits an incréased amount of ultra-violet radiation to reach the
earth's surface. However, measurement of the ozone layer is complicated yy natural
events. On any given day, the ozone layer may vary from 300% to 30%. Further, the
distribution changes daily and monthly so that daily fluctuations of 25% are common-
place, along with 107 annual changes in the mean value. Within this framework,

C.I.A.P. has estimated that the man-made changes in the ozone layer are presently

at a level of 0.5%.
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--Skin cancer seems to be the result of cumulative exposures to the sun

since most cases occur to individuals in the 30-80 age range.

~~The incidence of non-melanoma is correlated with both latitude and sunlight;

average sunlight varies with latitude.

If UV radiation ié considered the only factor causing non-melanoma, dismissing
other agents whose role has not been fully determined, then it is estimated that a
0.5% decrease in the ozone layer will produce a 17% increase in ultra-violet radia-
tion, which in turn‘will produce a 1% increase in non-melanoma. A similar 0.5%
decrease in ozone could be caused by a fleet of 125 SST aircraft with current engine
emissions characteristics. These results have added significance because non-melanom
is fairly common, effecting about 250 persons per 100,000 fair skinned individuals
in the United States. The disease, though rarely fatal, 1s expensive to treat, appro:

imately 200-400 dollars per case, and is unpleasant.

Climatic Influences

Aircraft emissions, primarily sulfur dioxide (502) and to a lesser extent
water vapor (H20) and nitrogen oxide (NOX) can produce changes in temperature,
wind and rainfall. These constituents of engine emissions are in the form of
particles. If a sufficient number of particles greater than 0.1 micrometers in
diameter are added to the stratosphere they could affect the climate by altering
the eartﬂ—sun radiative heat transfer system. The increased SOZ’ eﬁgine emissions
that would be generated by a growing SST fleet, therefore, holds potential
concern. With existing engine emission characteristics, this potentially harmful
effect can be curbed by reducing the hours of SST flight, or the sulfur content
of aviation fuel.

There are two ways that SO2 affects the atmosphere and the climate. First,
oxidized stratosphefic 502 interacts with water vapors which produce solid sulfuric
acid particles that build -up fo sizes greater than 0.1 micrometers in diameter.
These particles are then.dispersgd within the stratosphere where they may remain f¢

as long as three years depending upon the altitude they were emitted. These parti
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trends amounting to several tenths of a degree. Additional changes in temperature
due to aircraft 502 emissions could have significant costs attached to it. Using
low sulfur fuels, even with the added cost of 1/2 cent per gallon seems much less

than the cost associated with crop damage from not de-sulfurizing.

Monitoring

In addition to the emissions from aircraft, more than thirty factors contribute
to changes in ultra-violet radiation at ground level. Similarly, many factors con-
tribute to changes in the annual mean temperature besides aircraft pollution. What
is needed is a monitoring system that can identify and estimate the contribution
made from several different sources, so as to establish a baseline. An on-going
monitoring system is also essential for the refinement of analytical models used
for measurement. A direct product of such a program would be a decrease in the
uncertainties of present data and permit more accurate control. An improved moni-
toring system would generate more data with greater accuracy. This would permit
more accurate policy decisions, insure environmental safety and reduce the costs
associated with over-regulation that might be necessary to protect the public in

the absence of reliable data.
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subsonic fleet. However, future generation SST and subsonic fleets will fly
at still higher altitudes, thereby enhancing the problem of engine emissions
in the stratosphere.

The engine emissions that are of éoncern are nitrogen oxide NOX, and

sulfur dioxide, SO Nitrogen oxide can cause a reduction in the ozone layer

X'
and absorb visible suniight. A lower level of ozone permits increased amounts
of solar radiation to reach the earth's surface, which has biological and clima-
tological consequences. Plant and animal life, as we know it, may be altered
by a reduction in the ozone layer which would change the enviromment in which
these life forms evolved. The sunlight absorbtion characteristics of nitrogen
oxide could also produce small net changes in temperature at the earth's surface.
This may also be accompanied by small changes in the level of rainfall. These
small changes may have significant agricultural consequences. SOx, which is
emitted in minor levels, leads to the production of sulfate aerosols. These
aerosols slightly reduce the solar radiation reaching the earth's surface,

and may have an effect on climate.

It is.not known at present whether the combined effects of NOx and SOx will
produce an increase or decrease in temperature, although the latter seems more
likely. Temperature changes of more than a few tenths of a degree seem unlikely
even for a large fleet of SST's. The redistribution of rain would be difficult
to assess, The tropical regions would be least affected, while the sub-polar
regions would experience largef changes. Marginal farming in the sub-polar
region may disappear due to shorter growing seasons and increased temp%rature
variability. It is not possible to determine at this time whether these changes
would be beneficial or not.

The period of time the DOT's Climatic Impact Assessment Program has been

underway 1is too short to permit full evaluation of the effect of ultraviolet
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(UV) radiation on life forms. However, the deleterious effects of U.V.
radiation on higher plant forms has been inferred from laboratory experiments.
The effect on human beings of UV radiation is skin tanning and sunburn. De-
creased ozone levels would increase ékin tanning, sunburn, and skin cancer due
to incréased UV radiation.

There are two forms of skin cancer. Nonmelanoma is found in older
people suggesting a cumulative effect over many years. Death is rare, being
6ne in 100,000 population. Nonmelanoma is.easily diagnosed and can be success-
fully treated with x rays and surgery. This disease effects the sun-exposed
areas of the body. It is also a recurring illness that can result in disfigure-
ment. Melanoma is the more dangerous form of skin cancer, with a few deaths
per 100,000 population -annually., This disease affects individuals in the 30 to
50 age range; This disease also affects the sun exposed or lightly covered areas
of the body. Statistics show that the incidence of this disease is greater for
light-skinned caucasians, and at low altitudes, than for d;rker skinned groups
at higher altitudes. These facts suggest a strong probability that the incidence
of skin cancer is connected with increased exposuré to solar radiation.

The potentially harmful effects of ozone reduction caused by SST flights
on climate and life forms may be controlled in a number of ways. Existing air-
craft engines may be modified so as to reduce NOx emissions. However, while
technically feasible, this would require technology and materials that are.not
currently available. Fuels can be desulfurized to reduce'SOx emissions. The

technology for sulfur reduction is available but it will increase fuel costs.

t
t

Emission reductidh can also be achieved by limiting SST flight over certain
altitudes, either in part or in total.
Deciding which emission control option to select would be a very difficult

assignment for a single nation, since the actions of other nations must be taken
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into account as well. The most effective approach lies in international
cooperation. The organizations needed to achieve multinational goals already
exist. The International Civil Aviation Organization (ICAO) sets minimum
standards for member nations to follow. Most nations belong to ICAO and have
adopted their standards, However, on engine emission standards for strato-
spheric flight ICAO concluded that the primary responsibility rests with the
World Meteorological Organization (WMO). The WMO would have responsibility to
monitor changes that take place in the stratosphere.

Although there is.gncertainty associated with measuring the climatic
effects of engine effluents on the stratosphere, those effects associated with
human well being can be measured with greater accuracy. The effects of air-
craft emissions on the stratosphere are better understood. Methodological
imperfection still exists none the less. The NAS Panel on Atmospheric Physics
and Chemistry has concluded that a decrease in the ozone layer can be achieved
by the emissién of NOx into the stratosphere., Further, if the size and engine
characteristics are known along with traffic routes and flying hours the mag-
nitude of the decrease in the ozone layer can be predicted. This in turn will
permit increased levelé of U.V. raﬂiation to reach the earth's surface, which
can also be predicted.

Based upon the modeling just described a fleet of 300 to 400,ypreviously
considered U.S. type, SSTs would in most likelihood produce a 10% decrease in
ozone and an increase in skin cancer of about 20%. Similar results can be
achieved by a new generation wide body subsonic fleet. The data suppOﬁtS the
contention that a large number of aircraft flying in the stratosphere will pro-

duce increased levels of skin cancer.
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A6 Aircraft Emissions:
Potential Effects on Ozone and Climate

A Review and Progress Report
Prepared for

High Altitude Pollution Program
by
Institute for Defense Analyses

This report presents a critical review of the State-of-the-Art (as of
1976) modeling of ozone reduction and climate change due to aircraft emissions.
The review indicates that effects of the emissions are highly dependent on
the altitude at which they are injected. The large uncertainties present in
the models emphasize the need for further research. In fact ongoining
research may change the nature of the results reported.

The report reflects on and compares with several previous studies
(CIAP, 1974; NAS, 1975; COMESA, 1975). Consideration is given to stratos-
pheric chemistry as altered by the chlorine chains (NAS, 1976).

The report indicates uncertainties larger than had previously been in-
dicated. The fleet growth rates projected by CIAP were considered to be
high. The NO x emission index may be several-fold low, and emission reduc-
tion schedules envisaged in CIAP may be hard to realize. Larger uncertainties
about ozone chemistry as affected by NO X and more complexies exist than was
previously recognized. The current chemistry indicated possible ozone
enhancement at certain altitudes. Climatic modeling efforts have addressed
individual species rather than a comprehensive emphasis on the overall effects
of aircraft exhaust.

Problem areas were identified. They are as follows:
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1.

Improved Nox emission data and forecasts are needed. Estimates

should be made as a function of altitude, latitude and season.
More detailed regional study is needed in the primary air traffic
corridor: 30° to 55° N at altitudes 6Km to 20Km.

Additional measurement and study is needed for ozone-forming

reactions, reactions involving the HO, radical, and reactions

2
3 NOB’ NZO5 and .

0Ozone reduction models should incorporate stratespheric NOX,

forming and/or destroying HNO

chlorine, and water content.
The transport, chemistry, and climatic impacts of stratospheric water
vapor should be given more attention.

Modeling uncertainties for ozone should be reduced. Present uncer-
tainties in 1-D, 2-D and 3-D models are unaccep;ably large.

Overall interactive effects of aircraft exhausts on climate should
be modeled. The feedback effects will require at least a 2-D model.
The problems assoclated with the monitoring of aircraft effects will
require additional study, measurements, and modeling. The many
potential sources of ozone change (aircraft NOx, solar proton fluxes
NZO from fertilizers and power plants, halocarbons, etc.) should be
separated in time and place where effects could most easily be
discerned. Model exercises are necessary to guide efforts aimed

at distinguishing among these presently small and complex

effects.
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the globally averaged reduction (a three-fold range). Stratospheric chemistry
modelers also employed 1-D techniques. Uncertainties in seven of the rate
constants cause a five-fold uncertainty range in predictions of ozone reduc-
tion by CFM's. Additional uncertainties in the photochemical processes and
the concentrations of natural species are estimated to increase the overall
uncertainty range assoclated with stratospheric chemistry to a six-fold range.
Other factors contributing to the uncertainty are 1) Inactive Removal;
2) Competing Reactions; 3) Feedback Mechanisms; 4) Natural Sources of
Stratospheric Chlorine and 5) Overall uncertainty in ozone reduction.

No direct verification of model predictions has been accomplished due
to inadequate measurement and monitoring capabilities. It is pointed out,
however, that if current CFM production rates continue, significant change
will be unavoidable by the time current monitoring systems detect the
problem. It is also pointed out that world-wide regulation is needed for

effective reduction of CFM related damage.
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Improved measurement programs will improve predictions of ozone
reduction.
Many improvements in knowledge are attainable, but others will take

longer to attain.

If CFM releases continue at a constant rate, it will take approximately

50 years to reach one half of the steady state value.
After a drastic reduction in CFM releases ozone reduction would

continue to increase for at least a decade before subsiding.

If CFM use were to continue at a constant rate, approximately 50 years

would be required to reach 1/2 the steady state climatic effects.
Climatic effects due to infrared absorption and emission would
decrease almost immediately after a reduction of CFM release.
Effects of Increased Ultraviolet Radiation would be:

Increased incidence of malignant melanoma

Increased incidence of basal-and squamous-cell carcinomas

Effects on plants and animals of unknown magnitude
The most important impacts of climate change would be on agriculture
particularly in "boundary-regions".
Worldwide CFM releases grew 10 percent in 1974, but declined 15
percent in 1975, primarily due to decreases in US releases.
Uses of CFM's differ significantly in magnitude and importance.
Reducing CFM production in 1978 and 1980 would alter ozone reduction
by only 1/6 percent.
Halving CFM uses in 1978 or 1980 would alter the total amount of
CFMs in the atmosphere by no more than 10 percent of the amount

now present.
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the observations are generated by a process represented by

= + N + _
Yt 1 10t Ut (B-4)

Ut distributed N(0,4) . : (B-5)

Assume there are 10 equally spaced observations per year. B- 1 can be used to
construct the time-to-detection curve, which appears in Figure B.1l. The
curve prediets that it will take 12 years to detect the true trend of .10
when the null hypothesis is a trend of 0, and significance levels of

.05 are used for both Type I and Type II errors.

Table B.l is constructed to simulate an experiment of 160 observations
by a monitoring system over a sixteen year period. The first column 1s the
time of the observation; the second column the true concentrétion value cal-
culated as Y = 1+ .1t; the third column contains random normal (mean O,
standard deviation 2) numbers representing the combined natural and monitor-
ing error; the final column, the sum of columns two and three, represents
the monitoring system observation.

At the end of each "year," the current simple linear regression equation
is determined. A test of the hypothesis B=0 is carried out by computing the
Student's t statistic

(B - B) th

Student's t = cu ' (B.6)

and comparing it to the appropriate critical region. The hypothesis B=0
is then accordingly accepted or rejected. In addition, the 95% confidence

interval for the trend estimate is calculated.
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Table B. 1 Trend Monitoring Simulation

H
H

Y U Y
t t t
o1 1.01 -.69 .32 Estimated Equation: Y = .79 - .44t
o2 1.02 11 1.13 ' -
3 1.03 - 64 39 Student's t = —-.43
A 1.04 -3.09 -2.05 Critical Region = + 2.31
.5 1.05 1.02 2.07 . _
.6 1.06 .13 1.19 - Accept B = 0
.7 1.07 1.22 2.29 95% Confidence Interval = [-2.75, 1.87]
.8 1.08 .54 1.62
.9 1.09 -.40 .69
1.0 1.10 -3.28 =2.18
1.1 1.11 3.51 4.62 oo
1.2 1.12 ~al 71 Estimated Equation: Y = .16 + .43t
1.3 1.13  =-2.43 -1.30 Student's t = .70
1.4 1.14 .54 1.68 o _
1.5 1.15 ~.81 .34 Critical Region = + 2.10
1.6 1.16 -.24 .92 .. Accept B = 0
1.7 1.17 -1.21 -.04 N ] _
1.8 1.18 3.52 4.70 95% Confidence Interval = [-.52, 1.04]
1.9 1.19 -1.08 .11
2.0 1.20 -1.21 -.01
2.1 1.21 LAl 1.62 ~
2.2 1.22 -1.81 -.59 Estimated Equation: Y = .84 - .08t
2.3 1.23 -=1.63 -.40 ' o
2.4 1.24 -1.18 .06 Student’s t = -.39
2.5 1,25 .37 1.62 Critical Region = + 2.05
2.6 1.26 -1.83  -.57 . ~
2.7 1.27  -3.07 -1.80 - Accept B = 0
2.8 1.28 -.82 .46 95% Confidence Interval = [-.50, .34]
2.9 1.29 -.78 .51
3.0

1.30 1.87 3.17
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Table B.1 Trend Monitoring Simulation (Continucd)

t Yt U Yt

6.1 1.61 3.24 4,85 . o

6.2 1.62 1.92 3.5 Estimated Equation: Y = .82 + .10t
6.3 1.63 1.30 2.93 ' _

6.4  1.64 .82 2.46 Student’s t = 1.71

6.5 1.65 1.56 3.21 f L. . _

6.6 1.66 —.45 1.01 Critical Region = + 2.00

6.7 1.67 -5.37 -3.70 . _

6.8 1.68  1.66 3.34 Accept B = 0

6.9 1.69 -3.48 -1.79 95% Confidence Interval = [-.02,.22]
7.0 1.70 -1.76 - .06

7.1 1.71 2.87 4.58 .

7.2 1.72 -2.89 -1.17 Estimated Equation: Y = .83 + .10t
7.3 1.73 .28 2.01

7.4 1.74 2.58 4.32 Student's t = 2.08

7.5 1.75 1.23 2.98

7.6 1.76 -=3.46 =-1.70 Critical Region = +2.00

7.7 1.77 1.38 3.15 .

7.8 1.78 -1.05 .73 > Reject B8 =0

7.9 1.79 -2.70 - .91 . _

8.0 1.80 26 2.06 957 Confidence Interval = [0, .20]
8.1 1.81 - .98 .83

8.2 1.82 - .91 .91 . .o

3.3 1.83 03 1.86 Estimated Equation: Y = .89t + .08t
8.4 1.84 -2.69 - .85 . _

8.5 1.85  1.32 3.17 Student’s t = 1.99

8.6 1.86 .39 2.25 . ,

8.7 1.87 - .74 1.13 Critical Region = + 2.00

8.8 1.88 -1.77 .11 . _

8.9 1.89 -1.92 - .03 "© Accept B = 0

9.0 1.90 1.99 3.89 95% Confidence Interval = [0, .16]
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Table B.1 Trend Monitoring Simulation (continued)

t t Ut Yt

ig:% g:g% _g:gz _i:gg Estimated Equation: Y = .63+ .14t
120 o2 e Student's t = 6.03

igzg g:%é —2:2; i:gg Critical Region = +1.98

1208 2028 - .60 1l o Relect8 =0

i%:g g:gg _i:gg 4:;2 95% Confidence Interval = [.09, .19)
13:3 g:g% : :%g i:ég Estimated Equation: § = .64 + .13t

13:2 3:32 ~2:gé _3:22 Student's t = 6.25

}3:2 g:gg 1:%8 g:gg Critical Region = + 1.98

138 2% -l 1o - Reject =0

ii:g g:zg 1:8; g:zg 95% Confidence Interval = [.09, .17]
}2:% %:Z; :2:33 1:§§ Estimated Equation: § = .54 + .15t

12:2 3:22 é:gg g:gé Student's t = 8.00

}2:2 3:22 i:gg g:?; Critical Region = + 1.98

148 245 210 s o Releer§ =0

i;:g 5;23 zjig g:gg 95% Confidence Interval = [.11, .19]
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The results show two things. First, because the observations are
generated by a random process, and because we are willing to accept a speci-
fied chance of error, errors are possible and, indeed, do occur in the example.
Specifically, after 50 observations the 95% confidence interval for the trend
errs on the high side and after 110 observations the confidence interval errs
on the low side. Second, the time-to-detection curve predicts 120 observa-
tions are necessary to detect the .10 trend and it happens that beginning at
exactly 120 observations, the 0 trend indeed begins to be continuously and
soundly rejected in favor of a positive trend. This result can also be seen
noting that the confidence intervals about the estimated trend, as depicted

in the figure, continually fail to embrace 0 past 120 observations.

140






C.2 _Description of Linkages

Link 1 - States of Nature »+ Monitoring Information

The "states of nature" of interest in this work are the levels, over time
(trends)'of stratospheric ozone and aerosols. Inputs are postulated states of
nature (trends), and outputs are times required to detect the states of nature.
Link 1.1 concerns the ozone monitoring system, while Link 1.2 is the aerosol
monitoring system.

Link 1.1 Ozone Monitoring

A major assumption implicit in this link is that a good measure of the
effects of ozone destruction is trend (percent per decade) as opposed to
changes in peak variations or other. This assumption is consistent with the
approach adopted by the Climatic Impact Assessment Program (CIAP) [1]. However,
it should be mentioned that no extended effort was made by CIAP to justify such
a measure and some research should be directed toward an evaluation of
its value and whether-pr not it adequately represents the significant
types of stratospheric changes brought about by pollution. Peak
variations in stratospheric ozone concentration result in peak variations in
surface UV. Present studies, however, indicated that incidence of non-melanoma
skin cancer is dependent upbn cumulative exposure to UV rather than peak varia-
tions. Therefore, ozone trend is an acceptable measure of stratospheric pertur-
bation, based on these conclusions.

The first ozone observations began in 1925 in Oxford, England. Since
then, the network of ozone measuring stations has expanded into a global moni-
toring system. As of 1974 there were 128 active stations reporting ozdne mea-
surements to the World Meteorological Organization (WMO). The WMO compiles

this data and publishes it in "Ozone Data for the World."
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Although the current ozone data goes back to 1925, the number of stations
reporting, and number of observations per station have varied considerably.
This results in the necessity of averaging into global monthly means.
Unfortunately, it also creates statistical problems in the trend analysis.
Thus, the trend detection ability of a monitoring system depends on the data
analysis method, as well as the data acquisition method.

A most widely accepted estimate of the global trend detection ability
of the baseline monitoring system is based on analysis by Pittock[7]. As
seen in Figure (.1, this estimate is a curve relating trend in global ozone
to the number of years of monitoring required to detect the trend at a given
level of confidence (based on two sided student's t-test).

A more recent work by Hill[l8 ]and associates indicated a twofold reduction
in the time required for the baseline system to detect trends. TFigure C.l
illustrates a comparison of results of the two analyses. The work by Hill
will be used in the base case, however Pittock's will be used in a sensitivity
analysis run.

Under the various scenarios for production of pollutants, it was recog-
nized that the trend in ozone may change with time. The most likely case
would be for a trend in ozone increasing in severity. For example, the
trend in ozone may go from 1 percent per decade to 3 percent per decade over
a period of, say, 5 years. Clearly, an increasing trend would be detected
in less time than if there were a constant trend of 1 percent. Likewise the
increasing trend would require a longer time to detect than a constant trend
of 3 percent. Since the character of the change in trend is unknown (and
probably non-linear), rigorous analytic derivation of the time-to-detection
is difficult. As a first cut, the problem is mitigated by using a three year

running average of the trend as input to the monitoring system.
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The average trend is checked in the computer model at each iteration
through the program (once per year). A counter is kept to determine how many
years have elapsed since the last trend was detected. When the average trend
is detected, the counter is re-initialized, and the policy choice model imple-
mented.

Link 1.2 - Aerosol Monitoring

Essentially the same model is used for detecting trend in ozone reduction,
and trend in aerosol increase. There is little documentation about the
"baseline" aerosol monitoring system, and less on its capabilities for detec-
ting trends. 1In short, there is no analysis similar to Pittock's or Hill's
on ozbne. The approach taken in the absence of any definative information
has been to use the same curves for aerosol increase as are used for ozone
reduction. Little can be offered in defense of this approach other than to
say that some assumption must be made, and that seemed as reasonable as any.
Sensitivity of the results to this assumption is included in later sections.

Link 2 - Monitoring Information > Policy Selection

Based on information supplied by the monitoring systems, decisions
must be made as to what policies are implemented to deal with the problems.
In'"real life," the outcome of this decision process depends on many variables.
The current political and social situation, the power of various lobbying
groups, faith in the monitoring system and many other factors come into play.
In this effort, policy decisions are based only on perceived costs to society.
The same method is used for aerosol-related policy selections as for ozone-
related policy selections, so Link 2.1 and 2.2 are combined in this description.
Two methods of policy selection have been considered. The first method
was to use the monitoring information (# of years required to detect the trend

with confidence) to determine when a policy was to be implemented. Each policy
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due to restricting production, but the benefits (in reduced damage costs)

occur some years down the road, possibly beyond the planning horizon. Also,
discounting serves to diminish the "weight' of the future costs as compared with
the immediate costs of regulation.

The process of running trial policies to determine the best one occurs
at each point in time that either trend is detected. Following each "trial",
the model state is returned to what it was before the trial.

The policy 1is adhered to until a trend is again detected by the monitoring
system. At this point, the policies are reconsidered, and possibly a different
policy is chosen. The minimum time between policy changes was considered to
be five years.

Though the second policy selection method may be somewhat more realistic
than the first, it has some difficulties. It was found to be sensi-
tive to factors such as the minimum time between policy selections. In
some cases, the baseline monitoring system was indicated to be better than
the alternate monitoring system, simply because its policy selection oppor-
tunities were spaced more advantageously. Clearly, this does not reflect
the real situation. Another problem was that this decision rule required
extensive computer time,making meaningful sensitivity analysis unfeasible.

The first method of policy selection, though less elaborate than the
second method, seems a reasonable ¢riterion for comparing monitoring systems.
Though it does not mirror reality, it does provide a consistent measure for
inspecting results of differences in monitoring systems. Thus, for a base

case, the first method of policy selection is used.
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CFM's were developed in the late fifties for use in refrigeration systems.
Figure C.2Z gives the time history of the production. There are now four pri-

mary end-use categories for CFM's. They are summarized in Table C. 3.

Of primary concern in this effort will be the propellant and refrigerant
end-uses, since these categories constitute over 80% of the total production,
and some study of the costs of their regulation has been made.

A number of policies and implementation scenarios have been considered.
For the purposes of this study the number of policies was reduced to three.
These three are representative of the type and range of policies which have
been considered. An implementation period of 3 years is assumed.

Policy 1 - "do nothing" - no regulation

Policy 2 - ban "non-essential" propellant uses of CFMs

Policy 3 - ban all use of CFMs

Under policy two virtually all propellant uses are considered non-
essential.

A, Model Development

The model is based on two primary assumptions: 1) future CFM produc-
tion scenarios can be estimated, and 2) proportions used for each end use

remain constant. Let denote the fraction of chemical i production

%44
devoted to end use j. Then if Pi (t) is the projected production of chemical
i in year t, aijPi (t) is the projected quantity of chemical i devoted to

end use j in year t. Letting v_, denote the value of goods and services from

ij
end use j, per unit of chemical i devoted to that end use, the V 15 (t),
defined as:
v = 1
g @ T eyt © | e}
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Table C.3 End-use Percentages of Total Production

Chemical Propellant Refrigerant Foaming Other
Agent
F-11 71 5 16 8
F-12 51 34 2 13
Average*® 10 21 8 11

* Weighted by production amount
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(Substitutes)
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Policy BanTahes Full
Announced Effect Recovery

Figure ¢.3 Assumed Response to (i, j, T, E)

154






B. Parameter Estimation#*

Important parameters are summarized in Table C.4. Note here that rather
than calculating costs for each chemical, F-11 and F-12 are averaged. Thus
the subscript denoting "chemical” in the model development section is eliminated.

The Vj's are the values of one unit of CFM to each of the J end uses. 1In

this work, only propellant and refrigerant (which constitute most of the pro-
duction and value) end-use categories are used.

Good estimates of the v's are not easily obtained, although rough values
of these quantitities can be generated. Very rough lower bounds on the v's
would be provided by the unit cost of chemical i. Estimates of these costs,
taken from BDC and ADL, are shown in Table C.5.

Shreve estimates the total value of fluorocarbon-propelled aerosol
product shipments in 1974 as $1.43 billion (BDC Table V-2), so that this
lower bound accounts for roughly 12 percent of that value. This is probably
too low for several reasons. First, although demand for these goods would
continue in spite of a fluorocarbon ban, it would be unlikely that production
capacity for non-fluorocarbon propelled aerosols and substitute packaging
(mechanical pumps, stick deodorants, etc.) could meet total demand immediately.
Thus, prices of these substitutes would likely increase. Secondly, part of
the cost of aerosol products is due to the container (BDC estimates the average
cost of a metal aerosol can to be 13¢ versus 6¢ average for all metal cans in

1974.) To the extent that discontinued fluorocarbon-propelled aerosols would

*Note that many of the parameter estimates in this section were adapted from
(1) the Arthur D. Little(ADL) Report[11l] and (2) the Economic Impact of Potential

Regulation of Chlorofluorocarbon-Propelled Aerosols [19] by IR&T and (3) the
Bureau of Domestic Commerce (BCD) report [12].
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*
Table C.5 AVERAGE VALUE (SALES PRICE) PER KILOGRAM

Chemical Average Value
$/Kilogram

F-11 $. 77
F-12 « 92
Carbon ietrachloride .13
F=22 1.38
Methyl Chloroform . 20

*Adapted from [11] and [12].
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be replaced by non-aerosol products, the value of these cans would be lost.
Thirdly, in some cases (e.g. alternate propellants), costs of substitues would
likely continue to be higher than the original products, even after the response
time. The omission of these price differences from (2) argues in favor of

biasing the estimates of v's toward the high side.

Very rough upper bounds on the v's can be found by considering the
total value of production dependent on these chemicals. Table C.6 presents
estimates extracted from Table II-3 of BDC.

Since none of the regulatory policies considered here bans replacement
uses In refrigeration, it is assumed that a ban on fluorocarbon refrigerants
would affect only the manufacturing portion of the industry, i.e. no new equip-
ment using the affected chemicals would be produced. Under this assumption upper
bounds on some of the vij are given in Table C.7 .

The estimates in Table C.6 were computed by dividing the total value of
fluorocarbon-dependent production in end use j by the total weight of the
relevant input chemicals. For example total value of aerosol propellant products
deﬁendent on fluorocarbons is given as $1,873 million in Table C.6. Total
combined input of F-11 and F-12 was 486 million pounds (ADL Table VII-3) so
that v, = $1876/486 million 1lbs) = $3.85/million lbs. Converted to millions of
1976 dollars per 103 metric tons, this final number is 8.55 million dollars/
103 metric tons.

The o's represent the percentage of the total production of CFM's used
in each end-use. Estimates of thea's were.adapted from ADL Table VII-3.

Again, only propellant and refrigerant end use categories are implemented.
These categories constitute over 80Z of the total production of F-11 and

F-12. Table ¢.3 illustrates the numbers as adapted from ADL.
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Table C.6 INDUSTRY DEPENDENCE ON FLUOROCARBONS (1974)
Source: BDC Table II-3

End Use Value of fluorocarbon-dependent
production in 1974 ($ million)

Propellant 1,873
Refrigerant
Manufacturing 9,167
Non-manufacturing 13,602
Plastics
Foamed : 840.
Fluoropolymer 125
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P(t) is the amount (in units of lO3 metric tons) of F-11 and F-12 pro-
duced in the United States in year t. Figure C.2 illustrates historical US
and global CFM production figures. It should be noted here that while US
production will be affected by the regulations, non-US production is not.

Several future production scenarios are considered. These scenarios
represent estimates of what the future production of CFM's would be in the
absence of any regulation. There appears to be no practical upper limit on
the raw materials from which the CFM's are made. Figure (.4 illustrates
the nominal-case scenario.

The L's are the response times for acting on regulations. Response times
are estimated in ADL (Table I-5). Actually, the ADL report defines and esti-
mates two response times: primary response times and conversion to substi-
tute chemical time. The primary response times are the elapsed times required
for the consuming industries to introduce substitute products to meet the
demand now satisfied by the controlled chemicals. Conversion times are those
required to develop new chemicals with properties similar to the banned com-
pounds and to modify the products using the banned chemicals.

The shorter primary response times seem relevant to Figure (.3 and these
times are used for L in that figure. To the extent that R & D and changeover
costs are incurred over the longer comnversion to substitute chemical times,
expression (5) should be changed accordingly. Some relevant estimates from
ADL are contained in Table (.S&.

"E" is the length of the policy implementation period. This is the
amount of time that manufacturers are given to comply to regulations.

Most suggested policies allow three years for full compliance, so this is
used in the model.

Research and development costs are modeled as fixed yearly charges over
the response time for each end-use. For the propellant end use, the implemen-

tation period is shorter than the primary response time. For this reason, there
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TABLE C.8

INDUSTRY PRIMARY RESPONSE TIMES

END USE PRIMARY RESPCNSE TIME (years)
Propellant 1 -2
Refrigerant (to absorption), 4 - 6
(to F-22), 1 -4
Plastics 1.75%
Solvent 1 -2

Estimated Primary Response Times by
End Use

Source: ADL Table 1-5

a. unweighted average of 6 months for flexible foams and

three years for rigid foams.
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The various regulatory options lead to the following types of direct
economic costs:

a. curtailing operations leads to idle equipment and costs of increased
travel times '

b. controlling emissions leads to engine redesign and for fuel desulfurization

costs ..
Engine redesign costs are concluded (in CIAP) to be rather insignificant,
assuming orderly development and incorporation of design revisions. Fuel
desulfurization costs are more substantial and are estimated in the CIAP Final
report. Thus if desulfurization were mandated in year t, the direct economic
costs of desulfurization are readily computed from these estimates., If oper-
ations vere curtailed in year t the direct economic costs from increased travel
time could be estimated by estimating extra travel hours per year and multi-
plying that total by an estimated value per hour of passenger time.

B. Parameter Estimation

Table C.9 describes the critical parameters in the SST cost model,

Several SST fleetsize predictions were déscribed in the CIAP work. These
are illustrated in Figure C.5. These forecasts are considered by many [20]
to be unrealistically high. They will be used in further sensitivity analysis,
but for the basecase the projected SST fleet shown in Figure (.5 will be used.

The costs of fuel desulfurization were estimated by CIAP to be .13 per

1liter(1971 dollars). Converted to 1976 currency, this is .24¢per liter.
No estimates for the cost of airline passengers time was found in the

literature. It was estimated, for this effort, to be $500 per aircraft hour.
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Link 5 - Change in Production-—+ Change in Stratospheric Pollution

Link 5 relates production to stratospheric pollution charges. The
sources considered here are CFM's and SST's.

Link 5.1 ~ Stratospheric CFMs

Almost all CFM's produced are eventually released to the atmosphere.
CFM's used as propellants are released almost immediately, whereas those
used in refrigeration units may be released only after several decades
of use. Once released, the CFM's mix quickly in the troposphere. To
date [l7] no tropospheric sinks have been discovered to prevent their
eventual "leaking" into the stratosphere. Modeling of the transport lag
is included in the sections describing the effects of CFM's in the
stratosphere. |

Link 5.2 - SST Effluents

SST effluents differ significantly from CFM's in that they are in-
jected directly into the stratosphere, and thus have no transport delay.

The effluents of primary concern here are NOX’ soz, and‘Hzo.

A. Model Development

Equations 1, 2, and . 3 give the models used for estimating the
fractional change in the stratospheric burden of each of the SST effluents.

FF(t) * EINOX * RTNOX

ANOX(t) = TOWNAT 1)
FF(t) * EIH20 * RTH20

AH20(t) = T50NAT (2)
FF(t) * EIS02 * RTS02

4S02(t) = H20NAT (3)
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Table C .10 gives a brief description of the parameters used above.
The general form of these equations is as follows:

FF(t) * EI * RT

APO(t) =

NAT
where:

FF(t) is the amount of aircraft fuel burned in the stratos-
phere in year t

EI | is the emission index for the given constituent

RT is the residence time in the stratosphere

NAT is the natural (unperturbed) stratospheric burden of
the constituent

APO(t) is the fractional change from the natural burden of

the constituent

B. Parameter estimation

Table C.1l summarizes the values used for each of the model para-
meters.

Emission indices are from [21]page F-12.

Residence times are from [ 1], Figure (.6 shows the various estimates
which have been considered.

The natural burden figures are from [21]page F-12.

Fuel flow is calculated as described in Link 5..2.
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Table C.10 Parameters for Modeling 58T Effluents in the

Stratosphere.
Parameter Description
EIH20 Emission index for water vapor effluent
(mass) per unit mass of fuel burned
EINOX Emission index for nitrogen oxides effluent
(mass) per unit mass of fuel burned
EIS02 Emission index for sulfate effluent (mass)
per unit mass of fuel burned
FF (t) : Fuel flow (mass) burned in the stratosphere in year t
NATH20 Natural stratospheric burden (mass) of water
vapor
NATNOX Natural stratospheric burden (mass) of nitro-
gen oxides
NATS02 Natural stratospheric stratospheric burden (mass)

of particulates

RTH20 Residence time (years) in the stratosphere for
water vapor

RTNOX Residence time (years) in the stratosphere for
nitrogen oxides

RTS02 Residence time (years) in the stratosphere for
particulates
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Table C.11 Parameter Estimates for Modeling SST Effluents in
the Stratosphere

Parameter Estimate Units
EIH20 1250. g/kg
EINOX 18. g/kg.
EIS02 2.04 g/kg.
FF(t) see Figure 3.10 metric tons
NATH20 1.78 x 1012 kg
NATNOX 5.85 x 10° kg
NATS02 5.0 x 10° kg
RTH20 (CIAP) 2.305 years
RINOX (CIAP) 2.305 years
RTS02 (CIAP) 0.90 years
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Link 6 — Stratospheric Pollution + Pollution Damage

Two primary categories of pollution damage are considered. These
are (1) effects of temperature change and (2) effects of increased ultra-
violet radiation. Pollution (CFM's and NOX's) result in a reduction of
ozone. This ozone reduction in turn results in an increase in biologi-
cally effective ultraviolet radiation. CFM's, and SST effluents also
affect the average global temperature directly, as well as indirectly,
through ozone reduction. The following section describes the series of
sub~linkages relating stratospheric pollution to its anthropogenic effects.
Generally the 6.1 sequence of linkages are related to CFM production while
the 6.2 sequence are related to SST operations, but there are inter-
relationships. Figure C.7 shows the linkages described under Link 6.

Link 6.1 - CFM Related Effects

Link 6.1.1 - Ozone Reduction by CFMs

Ozone in-the stratosphere may be catalytically reduced by chlorine

compounds. The following equations describe the process [ 16 pagel].

O+C10->-Cl+02

Cl + O3 + Cl0 + O2

NET:O+O3 +02+02

The rate coefficient of this reaction has been estimated to be five times
the corresponding coefficient for ozone reduction by NOX. Natural, as well as
human produced chlorine compounds are present in the atmosphere. In this effort

ozone reduction from mgnmade ¢hlorine compounds are estimated.

A. Model Development

The destruction of ozone by CFM's is modeled as follows:
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A03(t) = A * p03(t-1) + B * PD(t-D)

where
A03(t) is the percentage reduction of ozone
A,B constant coefficients
PD(t) Production of CFM's in year t
D transport delay
B. Parameter Estimation and Validation

Table (.12 summarizes the parameter values used in this model.

The equation coefficients were estimated using a multiple regression
approach to fit Chang's model results [ 2 ]for three different CFM production
scenarios. The three scenarios were:

1. continue production increasing at 10% per year from 1973 level

2. constant production (at 1973 level)

3. continuing production up through 1978, at which time all production

stops.
Figures ¢.8 , C.9 and C.10 compare the response of the model above to
the three scenarios with Chang's predicted response. The curve marked 'Chang"
is the Chang prediction, while "GT" is the result of the model above.

It is apparent from the figures that this simplified model performs
quite well in predicting ﬁhe response to the three production scenarios.

It is feassuring that the model fits the three scenarios, and the three
scenarios cover the probable range of actual production time histories.
However, it must be noted that the model response to the actual production
(if different from the scenario) may not fit the actual system response as well

as it fits the scenarios. A further caveat is that the analysis involves a

model of a model, thus compounding estimation errors.
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B. Model Development

The approach to modeling the direct temperature effect is to relate
global CFM production, through time, to global average temperature change.
This can be done by choosing coefficients for the two linear first-order

constant coefficient difference equations:

%

CFM(t) = a*CFM(t-1) +£Bi*P(t-i) @)
i=1

T(t) = T(t-1)¢y * (CFM(t) - CFM(t-1)). (2)

Equation 1 represents the mass of CFMs affecting the surface temper-
ature of the earth in year t. The fraction, o, of CFMs remaining in the
atﬁosphere from last year, t-1, is 97% as given in [ 2 ,p.61]; in other words,
the natural depletion rate of CFMs is 3% per year. The summation term rep-
resents a diffusion pattern, into the atmosphere, of new CFM production.
P(t-i) is total CFM production for year t-i, and in the present year, t,
onlya certain fraction, Bi, of the total P(t-i) will actually begin affec-
ting the earth's radiative balance, hence temperature. This summation term
can be fhought of as a weighted moving average of delayed CFM production,
with the sum of the weights themselves being less than or equal to one (if
all CFMs produced reach the upper atmosphere, then ? Bi = 1.0; since they
are depleted at 3% per year, however, the {Bi} shoulé sum to 0.97). The i=
1,2,...,%year diffusion and delay period is based upon aerodynamic mixing
as well as upon the fact that CFMs are not released immediately upon production.
Equation 2 represents the cumulative change in global average surface temp—
erature, T, in year.t relative to global average temperature in the baseline
year, t=0. The parameter y is a conversion factor relating incremental change

in CFM mass to incremental change in temperature. As before, temperature is

in terms of degrees Celsius. Table ¢, 13 summarizes the parameter descriptions.
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C. Parameter Estimation and Model Validation

In order to estimate and validate the remaining parameters for the
model, historical data for annual global production of F-11 and F-12 were
obtained from [2, p. 39] and future values projected according to the
scenarios:

1) continue production increasing at 107 per year from 1973 level; and

2) continue production at constant 1973 level.
Various values of the parameters, %, v, and {Bi} were used in simulating the
above model and scenarios for T, and the results were compared to those obtained
by Ramanathan {17 ]. Using the parameter estimates shown in Table C.14 a reasonable
approximation of Ramanathan's results was found as shown in Figures ¢,1jand ¢,12.
The temperature changes indicated assume uniform global mixing and distribution
of CFMs and assume a maintained state of radiative-convective equilibrium.

Though this model "fits" results published in the literature reasonably
well, there has been considerably less research in this area than has been
reported for other phenomenon. For this reason, this model is not included in

the base-case analysis.
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Link 6.1.3 Ozone ~ Temperature Effects

The effects of ozone change or global average temperature are the same,
regardless of whether the ozone is reduced by CFM's or SST effluents. The
description of temperature effects of ozone is in Link 6.2.2.

Link 6.1.4 Ozone - Ultraviolet Radiation

Observations indicate that there will be approximately a 2 percent
increase in biologically effective ultraviolet radiation for each one percent
depletion in the ozone level [1]. The two~-fold ~ increase will grow
gradually with increased ozone thinning until, when total ozone depletion
reaches 20 percent, the ratio of irradiance increases for ozone decrease
becomes three to one. Figure C.13 gives a plot of percent reduction in
global average ozone versus percent increase in global average biologically
effective ultraviolet radiation.

The primary assumption for this model is that changes in the "average"
level of ultraviolet radiation may be linked directly to change in average
global stratospheric ozone. Ihis is a very simplified model, since many
variables other than ozone certainly effect the incident ultraviolet radiation.
In defense of the simplified approach, it is believed by experts that
biological damage is related to cumulative exposure to ultraviolet radiation.
[17 1. This cumulative exposure has a smoothing or averaging effect.
and therefore reduces errors caused by such an assumption.

Link 6.1.5 Ultraviolet Radiation - Skin Cancer

Both CIAP and NAS report that a reasonable working hypothesis 1is that
the long run incidence of skin cancer (non-melonoma) increases by five cases
per one hundred thousand population with each one percent increase in bio-
logically effective ultraviolet radiation. As has been mentioned previously,

it is cumulative exposure to ultraviolet radiation that is believed to be
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linked to incidence of skin cancer.
The approach for modeling the number of additional cases of non-melanona
skin cancer is indicated in Equation 5.

N(t) = © Auv(t) (5)

6o 6

Where N(t) is the number of additional cases of non-melanona skin cancer
in year t Auv(t) is the percent increase in biologically effective radiation
in year t due to ozone reduction.

This assumes that the skin cancer results from a 60 year exposure to
ultraviolet radiation. The constant six was obtained by fitting Equation 5
to CIAP predictions of increasing skin cancer due to postulated changes in
ultraviolet radiation.

The total number of additional cases of skin cancer is obtained as
described by the following equation:

NC(t) = N(t) x P(t)

where NC(t) is the total number of additional cases of skin cancer
P(t) is the U.S. population in year t
N(t) is as described above

These parameters are summarized in Table (.15,

Population data was obtained from the Statistical Abstract of the United
States [28]. Figure (.14 illustrates population projections under

several scenarios. It was recommended [ 291 that the series II projection

be used. Effects of the other scenarios will also be investigated.
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TABLE (.15

Parameters in the Model of Skin Cancer Due to Ultraviolet Radiation

Parameter Description
N(t) Number of additional cases of skin cancer per 100,000

population in year t

Auv(t) Percent increase in biologlcally effective ultraviolet
radiation in year t

NC(t) Total number of additiomnal cases of skin cancer in year t

P(t) Projected U.S. population in year t (see Figure 3.19)
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A. Model Development

The approach to modeling reduction in 0, due to NOx emissions 1s to

3
relate percentage changes in level of NOx emissions to percentage changes in
level of ozone reduction [1,14,15]. The approach may be further segmented into
the steady-state approach and the transient response approach. The steady-
state response approach accounts for the ultimate reduction in O3 due to steﬁ
increases in emission rate while the transient response approach accounts

for the effects of stratospheric transport and residence times.

Figure (.15 gives steady-state percentage changes in 0 due to step

3°
percentage changes in NOx emission rate for two injection altitudes, 17km
and 20 km. Based on ZANOx for a given year (percent changes are in every
case related back to the base year) the steady-state value of ozone reduction
that will result assuming no further changes occur untll steady-state is
reached is determined from this curve for 17km.
When assessing total costs to soclety due to delays in detection of
ozone reduction, it is necessary to handle time-dependent changes in ozone.
The transient response is approximated with a first order difference
equation, as follows:
80,(t) = A03(t—1) - A+ SSO3(t—1)(1—A)
where : A03(t) is the change in year t of stratospheric ozone from the
base year.
5503(t) is the steady-state change in ozone which would result
from injections in year t
A is the difference equation coefficlent.

The same approach was used in [ 21] to model ozone reduction by NOX.
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The difference equation coefficient A, was found to be .657. This simple
model's results are compared with a more complicated model. This comparison
is shown in Figure C.16 from [21]. Note the close agreement between

the two models.
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Link 6.2.2 Temperature Change by SST Effluents

A. Model Development

SST effluents that have been identified as crucial to global average
temperature are HZO’ SOZ’ and nitrogen oxides (NOx): although the primary
effluent of fuel combustion is CO2 influx. The two primary temperature change
mechanisms are radiative absorption and the "greenhouse effect."

The climatic effects of these effluents have been estimated [21] using
radiative equilibrium, constant relative humidity distribution results from
very complex models. These results have been of two forms: constant cloud
top altitude (CCTA) and constant cloud top temperature (CCTT). There appears
to be no theoretical preference for one or the other. For this treatment, the
CCTT models have been adopted. The temperature effects given by these models
are steady state temperature changes; for a given influx of effluent, the
particular model yields the ultimate temperature change. Therefore, these
models have been adapted to include a time delay so that temperature change is
not instantaneous; in actuality the full temperature change calculated may
require two to six years to be realized {21] Thus the climatic effect of
a particular effiuent, in a given year t, is modeled in two parts:

1) the ultimate temperature change from the effluent influx is calcu-

lated; and

2) the transient response contribution to temperature change for year

t is calculated from the ultimate (steady state) change and from the
delay (transient response) parameter and is taken to be the tempera-
ture change due to the year t influx.

The general form of the model is as follows:

ATss(t) = TC * APO(t) | (1)
AT(t) = (1-TR) * AT(t-1l) + TR * Tss(t) (2)
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Table (.16 Parameters for Modeling Temperature Change
due to Aircraft Emissions (Con't)

Parameter Description

TRNOX Coefficient for difference equation
giving transient response temperature
change due to nitrogen oxides

TRS02 Coefficient for difference equation giving
transient response temperature change due
to particulates

TBH,0 Coefficient for difference equation giving

transient response temperature change due
to water vapor

TRO3 Coefficient for difference equation giving

transient response temperature change due
to ozone

TCH20 Temperature coefficient relating change in water
vapor burden to steady state change in surface
temperature

TCNOX Temperature coefficient relating change in ni-
trogen oxides burden to steady state change in
surface temperature

TCS02 Temperature coefficient relating change in
particulate burden to steady state change in
surface temperature

TCH20 Coefficient for difference equation giving
transient response temperature change due to
water vapor

Note: All references to temperature pertain to annual global average.
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Link 7.2 Temperature Related Costs

This 1ink accepts as input the change in average annual temperature
and determines the economic costs of this change.

Estimating the economic costs (or benefits) of temperature changes was
one of tﬁe main thrusts of the CIAP's Volume 6. While much of that work
was admittedly tentative, it does provide the best information currently availa-
ble. Thus, our modeling is based on the CIAP results. As better information
becomes available, it wiil be incorporated into the model.

Table ¢,18 based directly on CIAP results , is self-explanatory.
It forms the basis for our modeling effort. Note there is no attempt to
aggregate the estimated costs into a '"bottom line'" figure. This reflects the
fact that, by and large, different methodologies were used to arrive at the
different figures, so comparability is not assured. Moreover, as is clear from
the table, some figures reflect more geographical coverage than others.
Finally, there is overlap in some of the figures. Most notably, the indirect
cost estimate of effects on urban and physical resources is a substitute figure
for the less complete, but more detailed, direct cost estimates.

While there are undoubtedly some lagged effects of temperature changes

on natural and human resources, most effects appear to be more or less im-

mediate, That is, a temperature change in a given year affects crops that
year, marine resources that year, etc. Thus, our first cut model will
abstract from the lagged effects of temperature on resources.

Another simplifying assumption is the linearity of the temperature effect
on resources. This assumption was often adopted in the CIAP research,
where it was felt to be the only reasonable approach, given a lack of firm
evidence to the contrary.

Finally, in order to make the model tractable, it is assumed that repofted

economic values of temperature changes for different classes of efforts may
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Table C.18 Estimates of Economic Costs of Temperature Change Assuming ST Discount Rate
(For Changes in Mean Annual Temperature)
] o ]
-1~ Change +5 Change +1~ Change
Sector Impacted (Coverage) Col. 1 Col, 2 Col. 3 Col, 4 Col., S Col. 6 Col. 7 Col. 8 Col. 9
A. Natural Resources
Agriculture
1. Corn (60X World) -21 -420 -916.81 -90.42 14 28 560 1222.41 120.55
2. Cotton (65% World) 11 220 480,23 47,36 -3 -6 =120 -261.84 -25.83
3. wheat (55 World) 92 1840 4016.49 396.10 ? ? ? ? 1
4, Rice (8BS World) 956 19120 41736.56 4116.03 0 0 0 )] 0
Forest Products (U.S.) 661 13220 28857.60 2845,92 ? ? ? ? ?
Marine Resources (World) 1431 28620 62473.87 6161,13 -613 -1226 -24520 ~53524.08 -5278.51
Water Resources (2 U.S.
River Basins) -2 -40 -87.31 -8.61 0.5 1 20 43,66 4,31
B. Human Resources Health
(World) Excluding akin
cancer 2386 47720 104166.78 10272.86 ? ? ? ? ?
Urban and Physical Resources
1. Indirect Cost
Estimate (wages) 3667 73340 160092.02 15788.17 -1551 -3102 -62040 -135425.54 -13355.53
2. Direct Cost Estimate
Residential, commercia) 176 3520 7683.72 7157.76 ~-88 -176 -3520 -7683,72 ~757.76
industrial, fossil fuel to to to to to to to to
demand 232 4640 10128.54 998.87 -116 -232 -4640 -10128.54 -998.87
Residential and commercial
electricity demand - -14960 -32655.80 ~3220.49 353 706 14120 30822.19 3039.66
Housing, Clothing
Expenditures 507 10140 22134.35 2182.87 -253 ~506 -10120 -23090.69 -2178.57
Public Expenditures 24 480 1047.78 103,33 ~-11 -22 =440 ~960.46 -94.72
Esthetic Costs 219 4380 9560.99 942,90 147 294 5880 12835.30 1265.81
Col. 1 Annualized Cost as of 1974 in willions of 1971 dollars (minus sign denotes benefits) as reported in CIAP Report of Findings, page H-26, Table 2.
Col. 2 Present Value of costs as of 1974 =(Col. 1) x 20 since PV = AV =
(T 1 ) = AV x 20
16 1 1.05
Col. 3 Present Value of Cost as of 1990 = (Col, 2) x (1.05)
Col. 4 Equilibrium Value of Costs as of 2025 and thereafter = (Col. 3)/10.14 since PV(1990) = x/36 . 2x /36 + -+ 36x/36 35 + % +-EX_374. . ..
0 1.05 1.05 1.05
1.05 1.05
which implies that x = PV(1990)
10.14
Col. 5 Annualized Cost as of 1974 in millions of 1971 dollars (minus sign denotes benefits) as reported in CIAP Report of Findings, page H-27, Table 3.
Col. 6 Annualized Cost of +1° Change = (Col. 5) x 2
Col. 7 Present Value of Costs as of 1974 = (Col, 6) x 20 16
Col. 8 Present Value of Costs as of 1990 = (Col. 7) x (1.,05)
Col. 9 Equilibrium Value of Costs as of 2025 and thereafter = (Col. 8)/10.14




be meaningfully aggregated. Thus, the annual sum of the effects (at the 2025
equilibrium) of a -1°c change is’24,628 millions of 1971 dollars (this ex-
cludes the indirect cost estimate for urban and physical resources) and of a

+1°c change is -4026 millions of 1971 dollars.

To convert to 1976 dollars the following price indexes [30 ] were used:

Y 1

~Ear Index (Farm products)
1971 112.9

1976 196.5

So, converting to 1976 dollars.

196.5 x (24,628) = 42864
112.9

196.5 % _4026 = -7007
112.9

Therefore, letting

Ct = Costs at time t of temperature change, in millions of 1976

U. S. dollars

AT, = Change in mean annual temperature in °C

t = AT * 42864  AT<D

= AT * -7007 AT>0
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C.3 Representative Benefit Calculation

The purpose of this section is to present a representative procedure
for calculation of benefits of additional monitoring of the stratosphere.
The steps taken by the model to relate postulated monitoring system improve-
ments to benefits to soclety are i1llustrated graphically. Table C.19
presents the major assumptions for this benefit calculation.

Figure. C_, 18 illustrates the postulated trend detection capabilities
of ozone and aerosol monitoring systems. In each case the "alternate' moni-
toring system requires one half of the time needed by the baseline system to
detect any trend. For a trend in ozone reduction of say 1 percent per decade,
the baseline system detects it in 8 years, while the alternate system requires
only 4 years of continuous monitoring for detection with 95 percent confidence.
Since the aerosol monitoring systems are postulated to have the same capabilities
as the ozone monitoring system, the same trend (i.e., 1 percent per decade
increase of aerosol loading) requires the same length of monitoring time. Thus
an increase in aerosol loading of one percent per decade requires 8 years for
the baseline system to detect, but only 4 years for the baseline system to detect.

The method of policy selection was to compute the total cost to society
which would result from each of the policies? then select the one with the
minimum total cost. Table ¢.201llustrates these results for our trial point
(1% per decade increase in aerosols and 1% per decade decrease in ozone).
The minimum cost policy (policy number 4) reflects the costs of pollution
regulation and damage. These cost figures are present worth figures - future
costs are discounted at 5% per year.

FigureC-.19 presents the global production of CFMs for three cases:
both baseline monitoring systems, 2) baseline aerosol and alternate monitoring

systems, 3) both alternate monitoring systems. These three cases will be
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Figure €.18 Postulated Capabilities of Monitoring Systems.
(Trend applies to Ozone Reduction or Aerosol
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presented throughout this illustration. For the baseline case CFM production
abruptly decreases in 1994; when the alternate ozone monitoring system is used,
the decrease occurs in 1985. These decreases correspond to banning propellant
uses of CFMs, which is about 1/2 of the U.S. production of CFMs. It is assumed
that the non-U.S. production of CFMs is unaffected by the policy. Since

the policy does not call for regulation of the amount of flight allowable, fuel
consumption reflects the full projected SST fleet.

FiguresC.20 toC.23 show the global average surface temperature changes
which may result from the SST flights. Note that changes due to NOx and wa-~
tervapor are the same for all three cases, while changes due to ozone, and
aerosols is different. The temperature change due to ozonme is different

because ozone reduction varies according to policy selection, and date of
implementation. Tempecrature change due to serosols also varies since the

policy selected involves de~sulfurization of aircraft fuel.

Figure C.24 indicates the cost of fuel desulfurization in each case. Note
that the difference between the cases with the baseline aerosol monitoring
system and the case with the alternate aerosol monitoring system is simply
when the costs begin to occur.

Figure C.25shows the cost of regulating CFM production. Again the costs
are the same, the only difference being when it occurs. The costs of banning
CFM's in propellant uses has been characterized by a single cost for two
consecutive years.

Figure c. 26 and C;27 show the ozone reduction over time, which results from
each of the scenarios. Note that the alternate aerosol monitoring system

has no effect on ozone reduction, since desulfurization of fuel is the policy

affected by it.
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TABLE C.21 TLLUSTRATION OF BENEFIT CALCULATIONS FOR AN OZONE TREND

OF 1%/DECADE (REDUCTION) AND AN AEROSOL TREND OF 1%/DECADE
(INCREASE)

Marginal
Ozone Monitoring Aerosol Monitoring Cost Benefits Benefit
Systen System (Million %) (Million $) (Million $)
Baseline Alternate Baseline Alternate
X X 82292
Cost (1)-Cost (2)
X X 80253 2039
X X 80174 Cost (1)-Cost (3) Cost (2)-Cost (3)
2118 79
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summarizes the notation used for the model. Y is a specific atmospheric
constituent. The constituent may be naturally present in the atmosphere,
as are CO, C02, 03, NOX’ and SOX; or it may be present due solely to
anthropogenic causes, as are chlorofluoromethanes. In general, its concen-
tration may be due to both natural and anthropogenic forces, as are the

first five mentioned compounds.

The observation recorded by the monitoring system is assumed to be
the true concentration plus the independent error term Uf, which is assumed
to be distributed N(O, cﬁ). The true concentration can be considered the sum
of two terms, that due to natural forces and that due to anthropogenic
forces. The natural concentration may follow complex daily, seasonal,
annual and/or multi-year cycles. These cycles are assumed to be known
from prior observations in a period characterized by the absence of anthro-
pogenic perturbations. The true natural concentration is the sum of an
explained term - the known cyclical concentration - plus an independent
error term, Uﬁ. We assume Uf is distributed N(O, cé). Equations D.1,

D.2, and D.3 represent the model as described thus far. f(t) represents

N
the known cyclical component of YNt'
0y
Yt = Yt + Uf D.1
N N ~
= +
Yo ™ Tne ¥ Vac D.2
v N ,
Nt £(e) Ut
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variables mentioned above, there are 1 + I + Z + J + L series of
interest, wherevE is the number of Xikt variables. In addition,
there is the issue of simply properly specifying the relations D.4
and D.5. While we may now have avallable many Xk series, we don't
usually know which Pi the Xk affect, nor which Pi affect Y.

The upshot of all this is that comprehensive monitoring systems
which provide data for the estimation of D.l - D.8, thereby permitting
optimization of environmental management decisions are not now available,
and are not likely to be available in the near future. Instead,
we have é number of disparate data collection efforts, run by various
private and public agencies, for reasons not all necessarily related
to environmental quality. One might easily speculate that the lack of
comprehensive monitoring systems is due to the lack of a demonstrated
need, coupled with the confidence that should a non~zero, non-natural
trend in an atmospheric constituent be detected, enough would be known
.or could be quickly learned about the underlying causes that the trend
could be reversed, albeit through inefficient policies, before serious
damage is experienced. The recent ozone depletion issue, for example,
is being attacked with policies based on some small amount of data
coupled with educated guesses, all in a state of substantial uncertainty
about the true transport/reaction properties of chloro-fluoromethanes.

One could easily argue that because of the great cost of establishing
and operating a comprehensive monitoring system for any atmospheric
constituent, and because of the large number of atmospheric constitutents
which are potentially of interest, the establishment of comprehensive

systems 18 not a desirable, or even politically feasible, strategy.

The economic desirability of such systems is an empirical issue, but

insufficient data are now available to resolve it.
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It appears that, at least for the near future, environmental
monitoring developments will be mainly in the realm of technology and
hardware for the monitoring of atmospheric constituents, the Yt' In
defense of this strategy, it should be pointed out that this is the
most difficult part of developing a possible future comprehensive
monitoring system, and until the comprehensive system exists, the
ability to monitor Yt is the most useful component of that ultimate
system to have on hand. The use of the limited system would be to
detect unexplained, and presumably anthropogenic, tremnds in Y. When
such a trend is detected, the alarm goes out, bits and pieces of the
rest of a comprehensive system are assembled, and (admittedly inefficient)
stopgap policies are developed and implemented. Then, the need having
been established, the comprehensive monitoring system for that constituent
can be developed over time. Ultimately, but not immediately, efficient
policies can be expected to prevail.

This approach (monitoring only Y for the purpose of trend detection)
can be accomodated within the model developed thus far if we assume that
the production of the "problem" goods and services, the Xikt's’ all

follow a linear trend over time. Specifically, if

Xike =31k T Pqp -t D.9

" "
then the anthropogenic part of Yt’ namely Y becomes a linear function

At’

of time. In this context, Y can be monitored for any unexplained linear
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18

Substituting with D.9 into D.12 leaves

~n I K
- = + -
Y@ = ar, gt Doy | DA (A by 1)
i=1 k=1
or
~
- = + A + I Z Y. A
fem He) = et LIy, A an Ytk Byt
ik ik
D.13
=D Iy A Byt
ik
~
Iterating through the substitution process to eliminate YA -1 yields *
2
1 A
Y - £f(t) = a( oY +Z ZYy, XA a, + Z ZY,A Db -2Z IZYAD
t A, t-2 ik i k ik { x 1t k ik i K ik ik
+ L IZvy,A a,.,+ I ZY,A Db Y b U
ik ik ik ; k k "ik I i k ik
Continual substitution back to t=0 finally yields
t =l
Y - £f(t)= o Y +( Iv¥y ¢z o)
t A,O PR i Ak ik 5=0
t-1 s
+(§ Zyi)\kbikt)( I o)
i k s=0
t-1 s
- I Iy b,, ( £ (s+l) o) + U
DIy by (L t
which can be expressed as
-f(t) B+Bt+U ' D.10

1

where
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3) the random monitoring system error, Uf

4) and the random unexplained component of the natural

concentration, UI:.

The key issue in the evaluation of any monitoring system is how quickly
it can detect amy given trend, and with what degree of confidence. The
characteristics of the monitoring system germane to the issue are its
rate of observation (number of observations per time period), and the
nature of the monitoring system error term. By assumption, the error
term Uf is normally distributed with mean zero and variance Oé.

the variance, then, which describes the "accuracy" of the system. The

It is

smaller the variance, the closer to the true concentration each reported
observation is likely to be.

In using the monitoring system data to estimate the parameters of
D.10, the null hypothesis that the trend, Bl’ # 0. For any true non-zero
Bl’ how long would it take to be detected? Figure D.2 illustrates the
meaning of the question. Clearly, the null hypothesis would not be re-
jected if the estimated trend were not exactly 0. After all, the random
process (the Ut's) may not average out to O in any given sample. Thus,
there would be some range around O that, should the estimated trend fall
into it, the observations could be judged consistent with the null hypothe-
sis. By chance, the estimated trend could fall outside the range even
if the trend were truly 0. This would cause rejection of the true hypothe-
sis - a Type I or Alpha error. This error can be controlled by adjusting
the size of the range of trend values which we deem consistent with a 0

trend. The larger the range, the smaller the chance of committing this

238


















and

JB 3B,

1 9 1
—_— > 0, —— ~— ] = ( D.28
aou 30’u 30’u

Figure D.3 depicts the general shape of D.26. The greater the number of

observations and/or the smaller the estimate of the standard deviation

of the disturbance term, the smaller the trend which can be detected at
the specified levels of significance. Put another way, for given ;u’

it takes a greater number of observations to detect a smaller trend.

In general, there is a trade-off between gaining more observations through
more monitoring "stations' over less chronological time and through fewer
monitoring stations over more chronological time. The former entails

greater investment cost but poses less risk of letting a deleterious

environmental trend go undetected. We will return to the point below.

Congider again the distrubance term Ut' Recall it is the sum of two
. N
unrelated errors, namely, the natural unexplained distrubance Ut and the
M .
monitoring system detection error Ut' Since both components of Ut are

assumed normally distributed, it follows

2

2
M+ oﬁ. D.29

Utd N(, ©

2u4






It is convenient to think of the variance of the monitoring system error

term as a percentage of the natural varilance. We define :

Q
=N

Q
=z N

from which it follows

and substituting into D.26yields

5 = — il [t .'025(n-2) +t " Bwm-2)]
L fen? c e

assuming .En’ the value of On, is known from previcus experimentation,

and
82

P = =3 where Oy = Oy N
N

D.4 Cost-Effectiveness Analysis of Environment Monitoring Systems

As mentioned above, the model of monitoring systems performance
developed above can be used to perform trade-off, or cost-effectiveness,
analyses among alternative methods of achieving given trend detection

capability. Our purpose here is to briefly sketch the construction of

such a medel.
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an=t.1-*s D.35
T>I - s D.36
P,-I, s, £t > Q D.37

Expression D.32 is the objective function. EquationsD.33 and D.34 are
constraints defining the requisite performance of the monitoring system -

a trend as small as B,, must be detectable within time periodiz. D.35 is

1°
merely a definition. D.36 constrains the number of annual observations to
no more than the maximum useful observations. D.37 simply states that the
policy variables must be non-negative. Note that only the explicit form

of D.32, and specified values for ﬁl’ ;; T, are needed for implementation

of the model.

N.5 A Policy Choice Model

Ultimately, the social value of an environment monitoring system

depends on what difference that system makes, which in turn depends on

the policy choices which would be made with and without the monitoring

system in question. ''Policy choices'" refer to government actions like
g

banning the use of fluorocarbons as spray can propellents, or banning
stratospheric (mainly SST) flight; and, in general, banning, controlling,
limiting, or mandating modification of any product or production process.
The a priori determination of the value of an EMS is necessarily
based on predictions of policy choices which will be adopted with and

without the subject EMS, and is based on the conditionally forecasted
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of its significant magnitude. In sum, the value of an EMS can reasonably
be supposed to depend on the true state of nature (true trend), but
whether that value is an increasing or decreasing function of trend is
an empirical issue.

Besides depending on the true trend, the value af an EMS depends on
the difference in policy which it induces. Suppose consideration is
given to the implementation of a specific EMS, called System A; and the
alternative course of action is to simply maintain whatever present
system exists, call that system System B. Both Systems A and B can be

assumed to eventually detect the true trend, and that policies

are adopted based on those findings. Assume System A is the more
advanced system (lower p), so its time to detection is shorter. To
simplify matters substantially, the assumption will be temporarily adopted
that the same policy is implemented under both A and B, except it is
implemented sooner in the case of A. Also, assume that the costs and
benefits of the policy depend only on the elapsed time from policy
initiation, not also on calendar time. Table D.2, as an example repre-
sentation of this policy choice model depicts the case where the time

to detection - point of policy implementation - for System A is 3

years and for System B is 7 years. Vi represents the value to society
(costs or benefits) in year i after policy initiation. CA and C

B

represent the investment costs in Systems A and B, respectively.

In order to generalize the discussion, let t, represent the calendar time

when the policy is implemented under System A, and tB likewise for System

250






B. Letting r represent the discount rate, the Net Present Value of the
decision to implement System A rather than System B, NPVA/B, is the present

value of the annual differences iIn the Investment costs and Vi's, i.e.,

\

vl- 0 V2 -0
N'PVA/B = (,CA - CB) + ~————tA + —-—————tA+l + ...
(1+r) (1+r)
5 b.38
Vet 41~ Ny Ve st w27V

B A B A

+ + + ...
tB tB+l
(1+4r) (14r) J

In terms of the example of Table 2, D.38 1s simply

V. -0 V.-0 V. -V, V, -V
NEV, = (C,=Cp) + 1 -+ 2 s+ =) 71 + -2 82 + ... D.39
(1+4r) (1+4r) (1+r) (1+r)

Equation D.38 can be rewritten as

i v v i
1 2 1 2

= (C,~ + 00y - + + ...

NBV, g = (CyCy) * t, * ! £, €+l
(A+r) (1+1) (1+41) (1+r)
D.40
t,~1
(1) A
Multiplying the first bracket through by <1 and the second bracket
o) A
t -1
(141) B
through by 7 and collecting terms yields
(1+r)
t,~t
B A
) (1+r) =1 .

= - PV D.41

eV, g = Gy Cp) t t-1
' (+r)
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where PV is the present value of the effects of the environmental policy

as viewed from the time of its initiation, i.e.,

v v
PV = —Li _ 4 Z + ... D.42

)t @m?

and where the bracketed term can simply be viewed as a weighting factor
which accounts for both the time elapsing between the present and the point
of A's implementation and the time saved by implementing A over B. Note

that if t i.e., 1f the time to trend detection and hence time of

B~ tar
policy implementation is the same under both Systems A and B, NPVA/B =

C That is, the only value of System A (over B) is the difference in

A—CB .

costs, which are likely to be negative. Note also that as ty gets large
- + . 1

and tA small, NPVA/B approaches CA CB PV. But in general, the value of

System A is the value of its improvements over System B, not its value

over no EMS at all. As will be seen in the following section, DI41 can

be used as the basis for deriving a useful explicit expression for the

value of an EMS.

D.6 The Value of an Environment Monitoring System

Consider now the time path of the Vi's. A policy implemented in

response to information on the existence of a presumably anthropogenically

induced environmental trend will, in general, effect some changes in the
processes or products of the production sector of the economy. As
examples, one might think of a policy banning or curtailing the use

of CFMs in the production of foams or a policy banning the use of CFMs

in consumer "spray" can products. The former is an example of a policv
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affecting a production process, the latter an example of a policy affecting
a final product. These changes necessarily impose costs on the economy -
costs of changing existing production processes and/or costs of consuming
inferfior products. With time these costs diminish as the production
changeover is completed and/or as the modified consumer products are
improved upito their previous level of quality and consumer acceptance.
Eventually, the policy results in benefits as damages which would have
resulted from the unchecked envirommental trend are averted. Just as it
is usually assumed that damages would ultimately achieve an equilibrium
level, so the benefits (of damage averted) can be assumed to ultimately
achieve an equilibrium level. Figure D.4 depicts the assumed path in the

V.'s. For convenience, the path is modeled as a function of the form

0’ kl’ kz > 0 D.43

so that the initial cost of the policy is ko - kl, the ultimate equilibrium

(asymptotic) benefit is ko, and benefits and costs net to zero at time t =

lnkl - lnkO
o . Using the result established in D.41, the value of one EMS

2
over another depends on PV. PV is defined in discrete form in .42,

However, given the continuous form of V in D.43, it is more convenient to

express PV as

th -rt

o -
PV = [ (kg = ke Ye " tdt D.b4
0
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where the term in the parentheses is simply V from (43) and e—rt is the

expression permitting continuous discounting. Carrying out the integration

results in

k k. + rk. - rk

02 0 1 ,
PV = 2 D.45
r +rk
2
Substituting D.45 into D.41 yields:
i N k k, +rk - rk
_ (1+r) -1 . 02 0 1
NPV = (C,=-C,) + D.46
A/B A "B tB-l r2 + 1k
(1+4r) 2
The most interesting part of D.48 1s tB-tA, which depends on B., Pa’ QB,

Eﬁ, IA . Sy IB ) sB (the last two terms are the annual number of observations
for each EMS). It will be useful to find explicit expressions for tA and

tB In terms of the aforementioned variables.

Recall from D.31 that :

a.. Y1+ p
N It .
YI(t-t) 2

025

o |
[}

@-2) +t_ P @2] b.31

which gives the minimum detectable trend as a function of the number of
observations, among other independent variables. The total number of

observations made by a system, say System A, is
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Returning to (46), both k_ and kl might be expressed as positive functions

0
of Ei, for both the equilibrium value of averted damage and the initial
cost of an environmental policy are likely to be higher for higher Ei.
However, since the present interest is in the qualitative behavior of
the NPV of an EMS, that refinement isn't necessary. Rather, the assump-
tion may be adopted that the rightmost bracketed term in D.46, the ex-
pression for PV, is positive. This simply means the envirommental policy
adopted in response to a detected trend has a positive present value

as viewed from its point of initiation, excluding the costs of the EMS

itself.

Given some proposed EMS, designated as System A; and given an extant
(perhaps crude) EMS, designated as System B; our principal concerns are
to construct a good estimate of the NPV of System A, and to examine the
sensitivity of that estimate to changes (or errors) in the underlying
parameter values. Of course, an estimate of NPV must be based on the
data, and cannot be inferred from the model. However, the model cam be
used to predict and explain the sensitivity of NPV to underlying parameters.
Specifically, this concern is with the influence on NPV of

- the actual environmental trend,'ﬁi

- the standard deviation of the natural disturbance term, O

N
— the accuracy of the ohservations of the proposed monitoring
system as measured by p = OMZ/ Oy

- the rate of observation of the proposed EMS, IA "8,

- the discount rate used in the NPV calculation, r.
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The investigation is carried out by examining the partial derivaties of

D.46, where D.51 is substituted into it for t_ - t,. Since the calcula-

B A

tions are tedious, only the results are presented. Our first result is

that the direction of the effect of 5' on NPV cannot be determined from

1

the model. (This relation was discussed in the previous section.) The

issue 1s strictly empirical, involving the particular parameter values.

The influence of O, on NPV depends on the rates and accuracies of

N

observations of the two systems being compared, and on the discount rate.

The sign depends on, and is the same as, the sign of

e -
L 1/3 ~\1/3
) (l+OA) ) (l+OB)
Ty * % s "%
t_ -t ;
o a+r) B A
. : . { <
If IA s, is greater than IB Sgs and if OA OB (both of

t,—-t
expected), then as long as (1+4r) B "A i35 not too large, the
term is negative and the entire expression D.52 is positive.
then, we expect the NPV of System A to be larger, the larger

deviation of the natural disturbance term.

~

OA is a measure of the accuracy of EMS measurements. The smaller

~

D.52

which may be

bracketed

Generally,

the standard

Py the more accurate the measurements. (§ee D.30). As would be expected,

~ ~

NPV 1s inversely related to 0,: the smaller is 0O , the larger is NPV.

A’ A
T .

A" S is the number of observations per year made by System A.

Not unexpectedly the model's prediction is that larger IA .

in larger NPV.
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The discount rate (more precisely, one plus the discount rate) is
the rate at which future and present costs or benefits are traded off.
For example, if the discount rate were r = .10, then a benefit (or cost)
of $110 next year would be equivalent to a benefit (or cost) of $100
this year. The parameter r appears in both bracketed terms in Dpn.46., It
happens that an increase in r will always decrease the first bracketed
term (and vice versa), but the effect of a change in r on the second
bracket depends the value of r. At "low" values of r, an increase in
r will decrease the value of the second bracket, but at "high" values
of r, an increase in r will increase the value of that bracket. The
overall effect of the two bracketed terms is that NPV initially decreases
with increases in r, but eventually tends to increase as r continues to
increase. However, the eventual tendency to increase is not so strong
as the initial tendency to decrease, and the tendency to decrease occurs
over a fairly broad range.

In sum, the model suggests the value of a proposed EMS, in lieu of

an extant EMS, depends on B y O I, - SA’ and r; as well as on

N Par A

- C,, and CB. Table D.3 summarizes the expected direction of

Pg> Iy * sg» Cy

impact of these parameters on the value (as measured by the Net Present
Value) of a proposed EMS called System A, when another EMS called System B,
is already in place, and where System A is assumed to be the more sophisticated

system.
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Table D.3 Predicted Sensitivity of Net Present Value of System A to Variance

Parameters
<
3NPV NPV INPV > 0

/a1y> © f3(2)< 0 13 (3)

1 2 3

Py A 5

cB C,
IA . sA IB . sB

- T

oN

261



262






16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

"The Possible Impact of Fluorocarbons and Halocarbons on Ozone,"
Federal Council for Science and Technology, May 1975.

Halocarbons: Environmental Effects on CFM Release, National Academy
of Science.

Hill, W. J., Sheldon, P. N., Tiede, J. J., "Analyzing Worldwide Total
Ozone Trends," Geophysical Research Letters, Vol 4, No. 1, January 1977.

Cummings~Saxton, J., Weber, M.E., Ayres, R.V., Merrill, J.P. Pifer,

H. W. I1T1, The Economic Impact of Potential Regulation of Chlorofluoro-~
carbon - Propelled Aerosols, Environmental Protection Agency, Food and
Drug Administration, Consumer Product Safety Commission, April, 1977.

Rummel, R. W., "Possible Impact of Regulations on Aviation,” Astronautics
and Aeronautics, May 1975.

Oliver, R. C.; Bauer, E.; Hidalgo, H.; Gardner, K. A.; Wasylkiwskyj, W.;
Aircraft Emissions: Potential Effects on Ozone and Climate, U.S.
Department of Transportation, Federal Aviation Administration, Office
of Environmental Quality, March, 1977.

Harshvard Han and R. D. Cess, "Stratospheric Aerosols: Effect on
Atmospheric Temperature and Global Climate," Tellus XXVIII, 1976.

J. B. Pollack, 0. B. Toon, A. Summers, W. Van Camp and B. Baldwin,
"Estimates of the Climatic Impact of Aerosols Produced by Space Shuttles,
SST's and Other High Flying Aircraft, Journal of Applied Meteorology,
Vol. 15, 1976.

V. Ramanathan, "Greenhouse Effect Due to Chlorofluorocarbons: Climatic
Implications," Science, Vol. 190, 1975.

J. S. Chang, H. S. Johnson, "The Effect of NOx Effluents on Ozone,"
Proceedings of the Third Conference on CIAP, February, 1974.

S. C. Wolfsy, M. B. McElroy, "HOX, NO,, and Cl0yx: Their Role in Atmos-
pheric Photochemistry," Canadian Journal of Chemistry, Vol. 52, 1974.

Crutzen, P. J., Ehhalt, D. H., "Effects of Nitrogen Fertilizers and Com-
bustion on the Stratospheric Ozone Layer," AMBIO, Vol. 6, No. 2-3, 1977.

"United States Population Projections to 2050," Statistical Abstract of
The United States, Bureau of the Census, U. S. Dept. of Commerce, 1976.

Signa Wetrogam, Bureau of the Census, Projections Department, Telephone
Interview, November 1977.

"Wholesale Prices: Summary," Federal Reserve Bulletin, No. 12, Vol. 62,
December 1976.

264



10.

11.

12,

13.

14.

BIBLIOGRAPHY

BIOLOGICAL IMPACTS OF CLIMATIC CHANGE - CIAP VOLUME 5, Department of
of Transportation, The Scientific Panel on the Biological Impacts -
University of Florida, Gainesville, Florida, 7-9 March 1973,

THE PERTURBED TROPOSPHERE OF 1990 AND 2020 - CIAP VOLUME 4, Department of
Transportation, The Scientific Panel on the Perturbed Troposphere of
1990 and 2020, Boulder, Colorado, 28 February - 3 March 1973.

THE NATURAL AND RADIATIVELY PERTURBED TROPOSPHERE - CIAP MONOGRAPH 4,
Department of Transportation - The Scientific Panel on the Perturbed
Troposphere, National Center for Atmospheric Research, May 1974.

STRATOSPHERIC MEASUREMENT REQUIREMENTS AND SATELLITE-BORNE REMOTE SENSING
CAPABILITIES, J.J. Carmichael, R. G. Eldridge, E. J. Friedman,
A.H. Ghovanlou, June 1975.

EARCH RESOURCES SURVEY BENEFIT-COST STUDY, Earth Satellite Corporation
and the Booz-Allen Applied Research Corporation for the U.S. Dept.
of the Interior/Geological Survey, November 22, 1974.

ECONOMIC COSTS OF AIR POLLUTION DAMAGE, C. G. Justus, J.R. Williams, and
J. D. Clement, Georgia Institute of Technology, May 1973.

THE EFFECTS OF STRATOSPHERIC POLLUTION BY AIRCRAFT, A. J. Grobecker,
S. €. Coroniti, R. H. Cannon, Jr., Office of the Secretary of
Transportation, Washington, D.C. 20590, December 1974.

NEWSLETTERS and TECHNICAL ABSTRACT REPORTS, Department of Transportation,
Washington, D.C., 1973-1974,

ENVIRONMENTAL ASPECTS OF THE SUPERSONIC TRANSPORT, Peter G. Peterson,
Secretary, U. S. Department of Commerce, Washington, D. C., May, 1972.

PROCEEDINGS OF THE SECOND CONFERENCE ON THE CLIMATIC IMPACT ASSISSMENT

PROGRAM, Anthony J. Broderick, Editor, U. S. Department of Transportation,

November 14-17, 1972,

A STRATOSPHERIC RESEARCH PROGRAM PLAN, Staff of Langley Research Center,
NASA, December 13, 1974,

\

SIMULATED SAMPLING OF TWO~STATE PROCESSES, Dr. Ronald E. Stemmler,
Mr. Paul D. Meeks, Ohio University, Athens, Ohio 45701.

ENVIRONMENTAL QUALITY PROGRAM SUMMARY, Prepared By EQPO/LaRC, April 24,
1974,

PROCEEDINGS OF THE THIRD CONFERENCE ON THE CLIMATIC IMPACT ASSESSMENT

PROGRAM, Anthony J. Broderick, Thomas M. Hard, U. S. Department of
Transportation, February 26 - March 1, 1974.

265



15. "THE IMPACTS OF CLIMATIC CHANGE ON THE BIOSPHERE, Prof. Martyn Caldwell,
Utah State University, The Scientific Panel on the Biological Impacts,
Department of Transportation, May, 1974.

16. ECONOMIC AND SOCIAL MEASURES OF BIOLOGIC AND CLIMATIC CHANGE, Prof. Ralph
C. D'Arge, University of California, Riverside, The Panel on Econimic
and Social Measures of Biologic and Climatic Change, Department of
Transportation, May, 1974. (Prelim. Rev., March 1973, also available.)

17. AIRSAT -~ FY 77 New Initiative - Summary of Proposal, Langley Research
Center, March 4, 1975.

18. THE ECONOMIC VALUE OF REMOTE SENSING OF EARTH RESOURCES FROM SPACE,
Econ Incorporated, October 31, 1974,

19, ENVIRONMENTAL IMPACT OF STRATOSPHERIC FLIGHT, Climatic Impact Committee,
National Academy of Sciences, Washington, D.C. 1975.

20. EARTH ORIENTED ACTIVITIES - COMMUNICATION, NAVIGATION AND DATA COLLECTION,
James L. Baker, Goddard Space Flight Center, December 20, 1974.

21. ESTIMATES OF POSSIBLE FUTURE OZONE REDUCTIONS FROM CONTINUED USE OF
FLUORO-CHLORO~-METHANES, P. J. Crutzen, National Center for Atmospheric
Research, Boulder, Colorado, 80303, September 1974.

22. AIR POLUTION MEASUREMENTS FROM SATELLITES, C. B. Ludwig, M. Griggs,
W. Malkjnus and E. R. Bartle, General Dynamics Corporation for NASA.

23. ENVIRONMENTAL QUALITY, Annual Report of the Council on Environmental Quality,
December, 1974.

24. REMOTE MEASUREMENT OF POLLUTION, national Tech. Information Service,
U.S. Department of Commerce, 1971.

25. ATMOSPHERIC POLLUTION DETECTION BY SATELLITE REMOTE SENSING, Alden McLellan 1V
The University of Wisconsin @ Madison.

26. STRATOSPHERIC OQOZONE DESTRUCTION BY MAN-MADE CHLOROFLUOROMETHANES,
September, 1974.

27. GENERAL OBSERVATIONAL CAPABILITY, January 28, 1974.

28. ENVIRONMENTAL QUALITY ENHANCEMENT PROGRAM AND NIMBUS G ATMOSPHERIC QUALITY
MEASUREMENTS, The Langley Research Center, February 20-21, 1973.

29. MISSION STUDY FOR AN OPERATIONAL REMOTE SENSING SATELLITE SYSTEM FOR AIR

POLLUTION OBSERVATION, The Federal Ministry for Research and Technology
of the Federal Republic of Germany, January 1975.

266






47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

IDENTIFICATION AND CONTROL OF POLLUTANTS OF BROAD INTERNATIONAL SIGNIFICANCE,
U.N. Conference on the human environment, 7 January, 1972.

HEARINGS ON FREON AND OZONE, NASA, Washington, D.C. December 20, 1974.

THE ECONOMIC DAMAGES OF AIR POLLUTION, Thomas E. Waddell, Washington
Environmental Research Center, May, 1974.

PRELIMINARY ANALYSIS OF SOME BENEFICIAL EFFECTS OF INCREASED ULTRAVIOLET
RADIATION, G. Stone, Hunan Factors Engineering & System Effectiveness
Science Research, 3 April, 1974.

AN ACTION PLAN FOR THE HUMAN ENVIRONMENT, U.N. Conference on the Human
Environment, January 31, 1974,

WORLD ENVIRONMENTAL QUALITY, Department of State, Washington, D.C.
October, 1973.

REMOTE SENSING OF ATMOSPHERIC QUALITY FROM AIRCRAFT AND SPACECRAFT,
James D. Lawrence and Lawrence R. Greenwood, NASA, January 8, 1973.

REGULATIONS FOR THE CONTROL OF SULFUR OXIDE EMISSIONS, Richard B. Engdahl,
Battelle Columbus Laboratories, May 1973.

REGULATIONS FOR THE CONTROL OF PARTICULATE EMISSIONS, Wesley C. L. Hemeon,
Hemeon Associates, May 1973.

SUBSONIC JET AIRCRAFT AND STRATOSPHERIC POLLUTION, A. D. Anderson, Lockheed,
April 30, 1973.

STATUS OF REMOTE SENSING OF THE TROPOSPHERE, C. Gordon Little, Wave
Propagation Laboratory, Chapter 30.

LET AIRCRAFT MAKE EARTH-RESOURCE SURVEYS, Amrom H. Katz, The Rand Corp.,
June 1969.

STRATOSPHERIC SULFATE AEROSOL, A. L. Lazrus and B. W. Gandrud, Nat. Center
for Atmospheric Research, August 20, 1974,

PHOTOCHEMICAL WAR ON THE ATMOSPHERE, John Hampson, Nature, July 19, 1974.

OBSERVATION AND MEASUREMENT OF ATMOSPHERIC POLLUTION, Secretariat of the
World Meteorological Organization , July 30 - August 4, 1973.

ESTIMATE OF TROPOSPHERIC HCL CYCLE, J.A. Ryan and N. R. Mukherjee,
October 1974.

HO, NO, and CLO: THEIR ROLE IN ATMOSPHERIC PHOTOCHEMISTRY, Steven C.
Wofsy and Michael B. McElroy, November 26, 1973.

ENVIRONMENTAL IMPACT OF AEROSPACE OPERATIONS IN THE HIGH ATMOSPHERE, AMS,
San Diege, Calif., July 8-10, 1974.

268



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

DEVELOPMENT OF PREDICTIONS OF FUTURE POLLUTION PROBLEMS, James E. Flinn
and Robert S. Reimers, U.S. Environmental Protection Agency, March, 1974.

APPLICATIONS OF REMOTE SENSING TO THE WORLD WEATHER WATCH AND THE GLOBAL
ATMOSPHERIC RESEARCH PROGRAM, B. Zavos, NOAA.

REMOTE SENSING AND GLOBAL ENVIRONMENTAL MONITORING, Gengt G. Lundholm,
Swedish Natural Science Research Council, Stockholm, Sweden.

REMOTE SENSING OF THE GLOBAL DISTRIBUTION OF TOTAL OZONE AND THE INFERRED
UPPER-TROPOSPHERIC CIRCULATION FROM NINBUS IRIS EXPERIMENTS,
C. Prabhakara, E. B. Rodgers and V. V. Salomonson, February 28, 1974.

OZONE PHOTOCHEMISTRY AND RADIATIVE HEATING OF THE MIDDLE ATMOSPHERE,
Jae H. Park and Julius London, University of Colorado, Boulder 80302,
October 1974,

STRATOSPHERIC POLLUTION: MULTIPLE THREATS TO EARTH'S OZONE, Research News,
October 1974.

STRATOSPHERIC OZONE DESTRUCTION BY MAN-MADE CHLOROFLUOROMETHANES,
Science, September 27, 1974.

TRACE GASES IN THE ATMOSPHERE, Atmospheric Sciences.

LOWER ATMOSPHERIC COMPOSITION AND TEMPERATURE AND ASSOCIATED EXPERIMENTS,
February 14, 1975,

CLIMATIC MODELLING OF THE EARTH-ATMOSPHERE SYSTEM, U.S. department of Defense,

Army, 7-74 to 7-75.

STRATOSPHERIC SINK FOR CHLOROFLUOROMETHANES: CHLORINE ATOM-CATALYSED

DESTRUCTION OF OZONE, Mario J. Molina & F. S. Rowland, Nature, June 28, 1974.

A STUDY OF THE EFFECT OF STRATOSPHERIC AEROSOLS PRODUCED BY SST EMISSIONS ON THE

ALBEDO AND CLIMATE OF THE EARTH, James B. Pollack and Owen B. Toon,
January 1974.

FLUOROCARBONS AND OZONE: NEW PREDICTIONS OMINOUS, Science News of the Week,
October 5, 1974.

PRELIMINARY REPORT OF THE NIMBUS G WORKING PANEL FOR POLLUTION MONITORING
EXPERIMENTS.

ENVIRONMENTAL QUALITY PROGRAM.

A COST-BENEFIT STUDY OF ENVIRONMENTAL MONITORING SATELLITES, EES/Ga. Tech.
6 May, 1975.

REQUEST FOR PROPOSAL NO. 1-18-2459, for STUDY OF AIR POLLUTION DETECTION BY
ACTIVE REMOTE SENSING TECHNIQUES. GA. Tech/ EES, February 15, 1972.

269






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330

