policy statement ol me American Meteorological society
on weather torecasting
A s a d o p t e d by t h e C o u n c i l o n S e p t e m b e r 3 0 , 1 9 7 6

One of the most important activities and vital services
in the field of meteorology is the preparation of weather
forecasts for public and private interests. Weather forecasts are used by individuals to guide their daily living
and by industry, agriculture, forestry, commerce, transportation, and government to guide their operations.
The widespread need for accurate advice on expected
future weather conditions and the critical dependence
of public safety and welfare upon the quality of such
information make it desirable to describe the present
weather-forecasting capability of the meteorological
profession.
In recent years, the calculation of weather predictions
on high-speed computers, the improved descriptions of
our atmosphere, and the development of modern observational techniques, such as radar and weather satellites, have resulted in a significant improvement in
forecast accuracy that has continued through the early
1970s. This improvement, however, has shown a tendency to level off in recent years in part because the
observational networks are not sufficiently dense to resolve weather phenomena of dimensions smaller than
approximately 500 kilometers, and existing computer
methods are not able to forecast such small-scale phenomena. Since human welfare and the national economy both benefit directly from increased forecast accuracy, the value of a weather forecast cannot be judged
on its accuracy alone but must also be judged by the
method and speed with which it is communicated to
users and the manner in which it is utilized. T o decrease the time required to disseminate information to
public and private interests, the weather services are
actively involved in the development and deployment of
automated field operating systems that will allow forecasters to communicate a greater variety of weather information and forecasts to the user more frequently and
efficiently.
Skill in weather forecasting varies with the meteorological situation, geographical area, and season; nevertheless, it is possible to assess the typical accuracy of
different forecasting methods. Forecast accuracy can be
determined objectively by comparison with simple, derived estimates such as predicting that the weather will
remain unchanged (persistence), or predicting average
weather based upon past weather records (climatology),
or variations of these procedures. Unless forecast accuracy exceeds levels achieved by basic methods such as
these, skill cannot be said to exist.
The following statements of skill refer to conditions
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within the Northern Hemisphere and tropics. Skill
levels in the Southern Hemisphere are lower owing to
the reduced number and density of meteorological observations. Weather forecasts prepared by professionally
trained personnel presently achieve the following average levels of skill in middle latitudes:
1) For periods up to 48 hours: weather forecasts of
considerable skill and utility are attained. Detailed
forecasts of weather and its changes can be made
for the first 36 hours. Public acceptance of probability forecasts of weather events is increasing because such estimates markedly improve the information content of the forecasts. Many people, however, are still unaware of what weather event the
probability refers to or of what time period it involves. In periods up to 48 hours, skill is a maximum in predicting the motion and general effects
of weather systems having dimensions of 1000 kilometers or more. However, small-scale features imbedded in these systems cause hour-to-hour variations in weather that are difficult to predict, especially for local areas with irregular topography.
Also, the exact location of certain highly significant weather phenomena, such as severe thunderstorms and tornadoes, cannot be forecast accurately
with any degree of skill beyond a few hours, although the general area of severe storm activity
may be predicted up to 24 hours in advance. Accurate forecasts of infrequent events such as heavy
snow, sleet, and damaging winds are usually limited
to periods not exceeding 24 hours.
2) For periods up to 5 days: daily temperature forecasts of moderate skill and usefulness are possible
for periods extending to about 5 days. Precipitation
forecasts to 3 days, at an equivalent level of skill,
can be made, but the skill drops to marginal levels
on the fourth and fifth days.
3) For periods from 5 days to 1 month: average temperature conditions can be predicted with some
slight skill. Day-to-day or week-to-week forecasts
within this time range have not demonstrated skill.
There is some skill in prediction of total precipitation amounts for periods of 5-7 days in advance;
skill for longer periods is marginal.
4)For periods of more than 1 month: skill in day-today forecasts is nonexistent and skill in seasonal
outlooks and climate forecasts is minimal at the
present time.
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W e a t h e r forecasts achieve a significantly lower level

together with the impossibility of observing every detail

of skill in tropical weather regions as c o m p a r e d to mid-

of atmospheric behavior, impose an u p p e r limit f o r the

latitudes, when tested against climatology o r persistence.

prediction of day-to-day weather changes. T h i s limit is

Skill is lower also in portions of m i d d l e latitudes when
they are invaded by tropical weather conditions during
the warmest f e w months of the year. H e n c e , consistent
with the above definition of skill, skillful weather forecasts of tropical weather are very difficult b e y o n d 12-24
hours.
R e c e n t theoretical work o n atmospheric predictability

believed to be about 1 - 2 weeks, d e p e n d i n g o n the criteria used to define a useful forecast. Present-day forecasting accuracy, as cited above, falls short of the theoretical limit. T h e r e are also limits to the extent of time
f o r which average quantities such as weekly or m o n t h l y
mean temperatures can be forecast, but theoretical esti-

indicates that the intrinsic properties of the atmosphere,

mates of these limits are not yet available.

(Continued from announcements, page 1454)

1976, $3.50, from Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402, stock no.
003-017-00379-5) is an update of the 1970 NODC publication
Computer Programs in Oceanography. The revised version
contains four new chapters: Fisheries; Engineering; Coastal
and estuarine processes; and Pollution. It abstracts 700 programs of 80 organizations from 10 countries. A general index,
supplemented by indexes to institution, language, and hardware, allows the reader to search by parameter, method,
author, etc. Most of the programs are available from the
originators or from other sources identified in the publication.

New

publications

Air pollution and the lung (E. F. Aharonson, Amnon BenDavid, and Marcus A. Klingberg, Eds., 1976, 313 pp., $42.50,
from Halsted Press, 605 Third Ave., New York, 10016) results from discussions at the 20th O H O L O Conference. The
volume is divided into three sections: Penetration and clearance of pollutants; Interaction between inhaled pollutants
and the lung; and Methods for evaluation of air pollution
effects. Each section contains several papers from the conference.
Atmosphere-surface
exchange of particulate and gaseous pollutants, 1974 (ERDA symposium series, CONF-740921, Rudolf
J. Engelmann and George A. Sehmel, coordinators, 988 pp.,
$13.60, from National Technical Information Service (NTIS),
Dept. of Commerce, 5285 Port Royal Rd., Springfield, Va.
22151) contains 60 papers from the symposium, held 4-6
September 1974, at Richland, Wash. The gathering, the first
of its kind on the subject, brought together more than 100
scientists and engineers as an interdisciplinary body concerned with solving two problems. One was to encourage
reporting research results in such a way that they might
serve as boundary conditions for all disciplines concerned
with the atmosphere-surface exchange of particulates and
gaseous pollutants by dry deposition and suspension. The
other purpose was to publish a state-of-the-art reference
book to stimulate research toward solving unresolved problems. All papers presented at the symposium are included,
along with a section of comments and replies after each
presentation. Several papers not given at the symposium, but
important to the topic, are also included. T h e final paper
in the volume is a summary by coordinator Engelmann of
his technical impressions of the symposium.
The climatology and forecasting of eastern North Pacific
Ocean tropical cyclones (NAVENVPREDRSCHFAC Tech.
Paper 7-76, Robert J. Renard and W . N. Bowman, 1976, 79
pp., n.p., from NTIS, above) presents operationally usable
statistics on frequency, initial and terminal positions, track,
speed, and duration of EASTROPAC tropical cyclones, as
derived from a recent 10-year period of adequate operational
satellite surveillance, 1965-74. A selected bibliography and
reference list are also included.
Computer programs in marine science (National Oceanographic Data Center of the Environmental Data Service,

Design of the High Plains Experiment with specific focus on
phase 2, single cloud experimentation
(final report on
HIPLEX design project, B. Ackerman et al., 1976, 231 pp.,
n.p., from NTIS, above) was reported by the Atmospheric
Sciences Section of the Illinois State Water Survey. Several
appendices cover the technical aspects of the experiment: 1)
exploratory research, 2) specific statistical design for a singlecloud seeding experiment, 3) predictor variables in the High
Plains, 4) previous precipitation enhancement projects in
the High Plains, and 5) radar-rainfall measurement and attenuation problems.
Hurricane hazard in the United States; A research assessment (Waltraud A. R. Brinkmann et al., 1975, 100 pp., illus.,
$5.00, paperbound, from University of Colorado, Institute of
Behavioral Science, Boulder, Colo.) is a publication of the
Program on Technology, Environment, and Man Monograph
Series.
Magnetospheric particles and fields (proceedings of the summer advanced study institute, held at Graz, Austria, August
1975, Billy M. McCormac, Ed., 1976, approx. 400 pp., $39.50,
from D. Reidel Publishing Co., Lincoln Bldg., 160 Old
Derby St., Hingham, Mass. 02043) presents selected theoretical and experimental research results from the summer
institute. New data from the interface area between the
geomagnetic field and the solar wind plasma are presented.
Ionospheric-magnetospheric interactions are detailed, and
observational data on global auroral as well as small-scale
structures are presented for field-aligned currents, precipitating particles, and energy input into the ionosphere. Observations of the magnetospheres of other planets, particularly
Jupiter and Mercury, are also presented and discussed.
(More announcements on page 1488)
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policy statement ot the American Meteorological society on
potential atmospheric impact ot chiorolluorocarhon emissions
A s a d o p t e d by t h e C o u n c i l on S e p t e m b e r 30, 1 9 7 6 1

1.

Background

Concern among both the scientific community and the
lay public has mounted steadily over the last few years
over potential adverse effects from man-induced pollution of the stratosphere. Initially the concern involved
emissions from the proposed supersonic transport (SST)
and existing aircraft operating in the stratosphere. Concern, however, has recently focused on chlorofluorocarbon compounds (most specifically CFC13 and CF2C12,
referred to as F-ll and F-12, respectively), which are
used as propellants in various aerosol products and as
refrigerants in air conditioning and refrigeration equipment.
F-ll and F-12 were carefully selected as spray-can
propellants and refrigerants because, in addition to
other desirable properties, they are nonreactive in the
air near the earth's surface, nontoxic compared with
other pollutants, and do not react with most products
desirable to dispense in spray-can form. Ironically, it is
this nonreactive nature of the chlorofluorocarbons that
leads to the cause for concern over stratospheric pollution. Because of the apparent lack of significant removal
mechanisms ("sinks") in the lowest atmospheric layer
(the troposphere), the chlorofluorocarbon compounds
are able gradually to reach the higher, stratospheric
altitudes. Once in the stratosphere these compounds are
broken apart by the action of ultraviolet (UV) radiation
from the sun. This photochemical reaction, called photodissociation, releases free chlorine atoms. Chlorine and
chlorine monoxide are the active components, since
these are capable of maintaining a reaction that removes ozone from the stratospheric air. The chlorineozone reaction is one step of a reaction chain that results in chlorine reducing the ozone concentration
without the chlorine itself being removed from the
stratosphere. The ozone reduction is of principal concern because of the resultant increases in the UV radiation that would reach the surface of the earth, and
the possible increase in skin cancer and other potential
adverse effects that might result from the enhanced UV
flux. Concern regarding F-ll and F-12 emissions is great
because of three primary factors: their large emission
i Editor's note: Upon adopting this statement, the Council
noted that these findings and recommendations did not differ
in any significant way from those that had first been announced by the National Academy of Sciences. For a summary of the NAS findings and recommendations, see pages
1467-68 and 1472.
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rates compared to other potential stratospheric pollutants, the possible relative efficiency of the chlorineozone reaction cycle, and the potential for long-duration
(e.g., many decades) effects on stratospheric ozone.
It should be noted that about half of the current
F-ll and F-12 production is outside the United States
and therefore not subject to U.S. federal regulations.
Hence the concern for any regulations that may be required (as well as concern for the potential impact) is
global in scope.
2. C a l c u l a t i o n s o f t h e p o s s i b l e o z o n e r e d u c t i o n
Theoretical calculations of the possible ozone reduction
from F-ll and F-12 emissions prior to the current time
and for various scenarios of future emission patterns
have been carried out independently by several experts.
When each uses reasonably consistent assumptions, results are in general agreement with each other. Current
theoretical calculations indicate a maximum ozone reduction of about 1-2% by the year 1985 if chlorofluorocarbon emissions are continued until 1978 and then
stopped, or an eventual reduction in ozone of the order
of 10% (with an uncertainty of roughly a factor of 3)
if chlorofluorocarbon emissions continue at approximately their 1974 rate. These calculations are based on
recent laboratory studies and are not inconsistent with
atmospheric measurements of F-ll, F-12, and HC1 that
have been made thus far. The main uncertainties that
might affect the calculations are discussed below.
The calculated ozone reductions are very sensitive to
tropospheric removal of chlorofluorocarbons, and knowledge of possible tropospheric sinks, if any, is needed. It
is noteworthy that several potential tropospheric source
and sink mechanisms not originally considered have
been examined and none thus far has been found to
affect the theoretical calculations significantly, although
the possibility of unknown small (but potentially significant) sources and sinks cannot be ruled out at this
time.
Calculated ozone reductions may also be very sensitive to short- or long-term removal of chlorine compounds from the reaction chain in the stratosphere.
For example, the formation and retention of chlorine
nitrate in the stratosphere has been estimated to lower
the eventual ozone reduction by a factor of almost 2.
More detailed study is required before precise statements of the magnitudes of these effects can be made
with confidence.
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The uncertainties regarding potential tropospheric
and stratospheric sinks are broadened by remaining uncertainties involving key chemical reaction rates, transport rates and mechanisms, and intensities of radiation
in the UV spectrum. However, these remaining uncertainties do not cast doubt on the ozone reduction
theory. Rather, they serve to emphasize the current
difficulty in providing an accurate assessment of the
actual amount of long-term ozone reduction that can
occur in the atmosphere for a given amount of chlorofluorocarbon emission. It should further be noted that,
at best, all of the various proposed sink mechanisms
would merely reduce the magnitude of the effect that
chlorofluorocarbons have on ozone. As long as the contribution to ozone removal due to artificial chlorine
sources is not negligible compared to natural processes,
some reduction of ozone will occur.
Estimates of levels of ozone reduction that could have
been produced up to the present time by chlorofluorocarbons are as high as 1%. It is recognized that the
natural variability of total ozone (due to seasonal variations, meteorologically related variations, and possible
changes due to solar activity, etc.) would preclude direct
observational confirmation of man-induced total ozone
changes until reduction reached perhaps 5% and persisted for several years or more, although effects on
vertical distribution of ozone may be recognized sooner.
Ozone reductions directly attributable to chlorofluorocarbon emissions have not yet been observed. However,
there are three complicating factors that suggest that we
cannot afford to wait until detectable levels of ozone
reduction are measured: the lag time on the order of
decades for maximum ozone reduction after surface release of the chlorofluorocarbons is discontinued; the
persistence (in the absence of chlorofluorocarbon sinks
other than stratospheric photodissociation) of the reduction effect for several decades after maximum reduction
is reached; and the indications that skin cancer may be
the result of the cumulative dose of UV radiation. Thus,
if we wait until an observable several percent reduction
is reached, the maximum reduction m^y be of the order
of 10-15% and the reduction and its effects could continue for many decades.
Since the theoretically predicted ozone reductions cannot at the present time be proved or disproved conclusively, decisions regarding chlorofluorocarbon control
run the risk of erring either by 1) banning chlorofluorocarbon emissions when they are not really harmful
(Type 1 error), or 2) not banning chlorofluorocarbon
emissions when they really are harmful (Type 2 error).
In the following two sections, the potential adverse
effects of chlorofluorocarbon emissions are discussed, and
research and governmental action recommendations are
made. These recommendations are made with the assumption that, given our current knowledge of the true
situation, making an error of Type 2 would likely be of
worse ultimate consequence than making an error of
Type 1.

3. P o t e n t i a l a d v e r s e e f f e c t s
Two potentially serious adverse consequences of chlorofluorocarbon emissions are recognized: increased incidence of skin cancer and climatic changes. Some economic losses might result from damage to commercial
products that are sensitive to UV radiation, but this
would probably not be large compared to economic
losses from substituting other compounds for the presently used chlorofluorocarbons. Significant increases in
exposure to the biologically active UV radiation of 300
nm wavelength could produce potentially serious, but
at this time unknown, biological effects. Unfortunately,
there is no specific evidence available as to whether or
not any such potentially dangerous effects could be
caused by ozone reductions of the amount that could
be attributed to chlorofluorocarbons. Experiments to
clarify this situation are difficult to carry out and long
term in scope; hence, for some years to come, this potential effect will likely remain of unknown magnitude.
The primary impact of this potential effect on decisions
regarding chlorofluorocarbons will be therefore in its
implications on the relative consequences of making an
error of Type 2 or Type 1, as discussed in Section 2.
Although the potential exists for climate effects associated with a reduced ozone amount, it appears likely
that a separate climatic impact of the chlorofluorocarbons would be produced by the direct influence
(through an altered radiation balance) on surface temperature. Calculations from highly simplified representations of radiative-convective processes have suggested
that increases in mean surface temperature of the order
0.5°-l°C may result from an increase of tropospheric
chlorofluorocarbon concentration from present values of
0.1 ppbv (parts per billion by volume) to the 2 ppbv
expected if the 1973 emission rates were continued indefinitely. Where the vertical distribution of ozone is
altered, even though the total ozone amount is unchanged, the redistribution would produce changes in
the temperature distribution in the atmosphere, which
could modify atmospheric transport patterns. Therefore,
the climatic implications appear potentially more significant than originally envisioned. However, it is now
very difficult to assess the actual degree to which these
calculated changes in the radiative balance would produce a similar effect in the climate. This is because the
climate is a complicated balance between a large number of competing processes whose effects and feedback
mechanisms have not been considered in the simple
radiative-convective theory used thus far in making the
temperature effect estimates.
Of the potential effects due strictly to ozone reduction, the best substantiated and quantified is the effect
on melanoma and nonmelanoma skin cancer. Even here
there is some range of uncertainty of the magnitude of
the effect, with estimates of 2,000-15,000 (6,000 median)
new cases of nonmelanoma skin cancer per year in the
United States for each percent reduction in long-term
average ozone concentration. It is recognized that po-
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tential chlorofluorocarbon-produced ozone reduction
would probably be small in magnitude compared to
natural short-term local or seasonal fluctuations. The
reason for concern is the potential effect on the longterm global average ozone concentration and resultant
long-term increases in the cumulative dose of UV exposure at the earth's surface.
4.

Recommendations

In Section 2, attention was called to the potentially long
time-lag in maximum ozone reduction after discontinuance of chlorofluorocarbon release. Validation of the
theoretical calculations of total ozone reduction is thus
not feasible in the next few years from direct observation of ozone reduction, particularly in view of the
masking of long-term trends by short-term fluctuations.
Valuable insights should be gained, however, from special measurements and coordinated research directed at
evaluating ozone reduction mechanisms. Measurements
should therefore not only include continuous global
scale monitoring of total ozone and vertical ozone distribution, but also stratospheric measurements of chlorine and its compounds.
In addition to F-ll, F-12, and oxides of nitrogen from
aircraft operating in the stratosphere, other chemical
emissions have been cited as possibly affecting the ozone
balance, for example, hydrogen chloride emissions from
the Space Shuttle, other chlorine compounds emitted
from industrial sources, bromine (released from methyl
bromide, an agricultural fumigant), and nitrogen compounds produced from nitrogen fertilizers. Research
programs should also include the study and quantification of the potential effects of these and other compounds that could affect the ozone balance.
Until the potential dangers to mankind of long-range
ozone reductions can be evaluated fully and unambiguously, the arguments presented in this statement suggest specific lines of further scientific research and lead
us to recommend specific actions by the federal government.
Recommended
ments):

scientific research (including measure-

1) Continuous systematic global monitoring of ozone
(both total amount and vertical distribution in the
stratosphere) with attention to improvements in
measuring techniques.
2) Measurements of stratospheric constituents that affect the ozone balance, including observations of
chlorine and its compounds.
3) Continued study and quantification of the potential effects of the sum of all compounds, whether
industrial, agricultural, or some other origin, that
could affect the ozone balance. (At some point, a
judgment will be required on what is the socioeconomically acceptable level of ozone reduction
that could be tolerated on a long-term basis.)

4) Improvement of the theoretical representation
(model) of stratospheric dynamics and chemical reactions (including model sensitivity tests) and determination of critical chemical reaction rates. The
study of stratospheric dynamics should especially
emphasize the role of transport in the distribution
of important minor constituents.
5) Further consideration of sources and sinks in the
atmosphere, especially the possibility of weak tropospheric sinks for chlorofluorocarbons and stratospheric reactions that could inactivate chlorine
atoms by converting them to chemically inactive
forms, both of which could affect ozone reduction
calculation results.
6) Continued study of infrared radiative effects of
chlorofluorocarbons, radiative balance effects of
ozone reduction and shifts in its vertical distribution, and their relation to the problems of understanding climate and climate change.
Current actions recommended
ment:

to the federal govern-

1) In recognition of the international nature of the
problem, and the fact that half the F-ll and F-12
production is outside the United States, urge and
actively promote the establishment of appropriate
mechanisms and channels for international regulation and controls as necessary, especially including
international agreements on the nature and magnitude of the problem and the desired goals of possible control programs.
2) Enact all necessary legislation to insure federal authority to regulate, when and if necessary, the use
of all products that contain chlorofluorocarbons
that could be released into the atmosphere, and
establish the federal procedures whereby regulations to restrict use of chlorofluorocarbons can be
implemented.
3) Be prepared to rapidly enact, implement, and enforce restrictions that prevent atmospheric release
of chlorofluorocarbons and other stratospheric pollutants, if warranted after further study.
4) Rapidly institute labeling requirements that will
allow product consumers to determine if F-ll is
used as the propellant medium in the product.
It is recognized that 1978-80 is probably the earliest
possible time for implementation of restrictions on
chlorofluorocarbon emissions from aerosol propellant
applications in the United States and other countries,
and that suitable replacement of F-12 as a refrigerant
would require a longer time. Nevertheless, all appropriate steps, national and international, should be taken
to insure that mechanisms are available for possible
implementation of chlorofluorocarbon emission controls
and that adequate time is allowed for implementation
of such controls before ozone reductions could reach
unacceptable levels.
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