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Global Climate
Research to Be
Proposed by Us.

Los Angeles Times

The Bush administration will pro-
pose next week an international
research program on the “green-
house effect” and the threat of glob-
al warming.

The proposal will be offered at a |
White House-sponsored conference
Tuesdap and Wednesday, where
economic and scientific research on
climate change will be assessed by
science, environmental, and finance
ministers from 17 countries and the
Organization for Economic Coop-
eration and Development.

President Bush will open and
close the gathering, which will con-
sider not only what is known about
the greenhouse effect, but also
“more importantly what we don't.
know, what the uncertainties are,
and how we might reduce those
uncertainties,” presidential science
adviser D. Allan Bromley said.

Critics of the administration’s
response to evidence of global
warming have charged the agenda
will focus on uncertainties rather
than addressing response strate-
gies, such as conservation and re-
newable energy sources.

“The president is using this con-
ference as a leadership facade,”
Ruth Caplan, executive director of
the Environmental Action Founda-
tion, said yesterday.

“When he should be leading the
international call for action, he is
using debate to buy time and delay
action,” Caplan said.
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How climate changes

NLY two things are certain about the
world’s climate—and one of them is
that it will always be unpredictable. The
forces that govern it are preposterously inter-
twined, linking the chemistry of the deep
oceans to the physics of the stratosphere, the
ice-fields of the Arctic to the forest canopies
of the tropics. It is as difficult to find a single
cause for a climate change as it is to pinpoint
the sneeze on which to blame an epidemic of
influenza. Such complexity leads to the other
certainty about climate: it is in perpetual flux.
The change that concentrates the minds of politicians and
scientists today lies in an abundance of carbon dioxide. This
colourless, tasteless and non-toxic gas, constantly produced
by every animal around, seems an unlikely source of worry.
But it has special talents: it is a much better trapper of heat
than are the gases that make up the bulk of the atmosphere.
That much is a certainty of molecular physics. There is no
doubt that carbon dioxide—as well as several other gases, in-
cluding methane and the man-made CFCs—enhances the
atmosphere’s greenhouse effect. Because its level has been ris-
ing ever since people took to burning wood, coal and what-
have-you in industrial quantities, the amount of heat being
trapped by it must be increasing.

This greenhouse effect is not controversial. Neither is it
synonymous with global warming. Evidence from the ice ages
shows that the carbon-dioxide greenhouse has always played
a crucial role in shaping the climate, but only as one part of a
symphony of effects which few people pay attention to (see
pages 95-100). Other factors may redistribute extra heat in
the atmosphere so as to leave temperatures at ground level
unchanged. Spreading high wispy clouds might reflect sun-
light back into space. Other mechanisms may need study,
too, as climatic theories evolve. New discoveries always bring
in their wake modish theories to explain them.

The politicians who will gather in Washington in the com-
ing week for President Bush’s meeting on climate change will
hear the climatologists’ current estimates: a warming of be-
tween 2°C and 6°C before 2100. They will also hear how ut-
terly uncertain those estimates are. The uncertainties will not
go away: political decisions about global warming will always
be made on a teetering balance of probabilities. If and when
the warming starts (it is not clear that any greenhouse-caused
warming has taken place so far) its future rate and effect will
remain in doubt. Arguments about whether greenhouse
warming is already happening miss the point. It does not mat-
ter whether this May’s darling buds are shaken by greenhouse
winds or ordinary ones. What matters is whether future
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droughts will kill the trees they bloom on.

People who seek to shape the climatic fu-
ture should bear in mind the past. This re-
veals that climate change, once triggered,
tends to gather a momentum of its own. Falls
in atmospheric carbon dioxide—smaller than
the rises predicted for this century and the
next—appear to set off ice ages. Once carbon-
dioxide levels are up, they stay up for centu-
ries. Another message from the past is that
even if a “greenhouse world” in which many
places are warmer and damper may be attrac-
tive, getting there will not be. Most environments do not take
kindly to sudden changes. Forests take time to migrate,
deserts do not bloom overnight. Even a couple of degrees Cel-
sius of warming in a century would still be much quicker than
anything since the end of the most recent ice age. Rich coun-
tries may be able to ride out such ecological upheavals. Poor
ones may not.

Such lessons from the past need to be mixed with tomor-
row’s uncertainties: it may never happen. For now, the wisest
course is to let the risk of global warming act as an extra spur
for doing only those things that would be wise even if there
were no such risk. These include banning the ozone-chomp-
ing CFCs, encouraging cleaner and more efficient engines, sav-
ing tropical forests from the torch and saw, exploring energy
sources like the sun and the wind, and improving nuclear
power. To go beyond such prudence is a large step, betoken-
ing the beginning of a new endeavour: planet management.

The one-millennium manager

Man has often changed nature—wiping out a species here,
stripping a region of woodlands there—but in a piecemeal
sort of way. Now people wonder whether to wield the power
that two centuries of technology have given them and have a
shot at global air-conditioning. Waging war on carbon diox-
ide by cutting down on the use of fossil fuels would be only a
first step. The climate changes constantly, and once man
thinks he has seized the controls to avert some disastrous
man-made alteration, he will be forever jiggling them to steer
his world through natural changes that will follow.

If today’s politicians worry about the greenhouse effect,
their successors the day after tomorrow will have to worry
about ice ages. The next ice age is probably nearer in time
than the death of Julius Caesar, perhaps closer than the coro-
nation of Charlemagne. Such stretches of time sound thank-
fully huge to politicians. But if they start to play at planet
management, they will need to learn to think in centuries.
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White House Balks at Hosting

WP 10/25/89 A2

Talks on Global Warming - 5

By Michael Weisskopf
Washington Post Staff Writer

White House advisers have rejected a bid
by Environmental Protection Agency Ad-
ministrator William K. Reilly to invite rep-
resentatives of other nations to the United
States next year to begin negotiating an in-
ternational convention on global warming,
administration sources said yesterday.

Reilly had sought to extend the invitation
at an upcoming conference in the Nether-,
lands, but it did not, become clear until yes-
terday that he will be allowed to attend.

Last May, President Bush committed the
nation to an international convention to
identify the problems posed by global
warming as the first step toward a possible
treaty to limit the man-made gases that
trap solar heat like a greenhouse and raise
the Earth’s temperature.

But when a working group of the White
House Domestic Policy Council met Friday
most participants opposed Reilly’s sugges-
tion that the United States host the first
session, sources said.

The sources‘added that most members of
the group,' chaired by the president’s sci-
ence adviser, D. Allan Bromley, also ex-
pressed opposition to U.S. participation at
the meeting of 70 environmental ministers
next month in the Netherlands, where pro-
posals are expected on limiting the burning
of fossil fuels. Only Reilly and the State De-
partment representative said a U.S. dele-
gate should attend.

The group was expected to ask Bush to
referee. But reporters’ calls to the White
House yesterday appeared to hasten a de-
cision.

According to White House spokesman
Steven Hart, “The decision is Mr. Reilly’s
to make.”

Last week, Reilly said he would attend
the conference.

Hart would not comment on other deci-
sions at Friday’s meeting, which was at-
tended by top officials from the Depart-
ments of Energy, Interior and Commerce,
Office of Management and Budget, Council
of Economic Advisers and Council of Envi-
ronmental Quality.

Environmentalists are closely watching
administration moves because such key
players as White House Chief of Staff John
H. Sununu are known to question the sci-
entific consensus on global warming and the
economic wisdom of curbing use of fossil
fuels, including coal and oil.

Sununu originally opposed U.S. support
for an international convention last May.

In addition, Bromley raised concerns
among environmentalists when he sug-

WILLIAM K. REILLY
... wanted to issue invitation at Dutch session

gested at his confirmation hearing that dra-
matic temperature changes would only oc-

cur after atmospheric levels of carbon di- |
oxide—the principal greenhouse gas— |

more than doubled from concentrations that
existed before the industrial revolution.
Most scientists predict that lower levels of
carbon dioxide would result in significant
warming.

At the Nov. 6-7 meeting in the Nether-
lands, the Dutch government is expected to

propose an international freeze on carbon
dioxide at current levels by the year 2000.

Sen. Timothy E. Wirth (D-Colo.), noting
the administration’s indecision on participat-
ing in the conference, said in a floor speech
that the United States should be the “point
man in the drive to summon a global will” and
that staying home would be “disastrous.”

Sen. John H. Chafee (R.I), ranking Repub-
lican on the Senate Environmental and Public
Works Committee, wrote Bush last week
with four other Republican senators, urging
that Washington propose a “forceful and spe-
cific agenda” at the conference.
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CLIMATE CHANGE

Wetter clouds dampen global
greenhouse warming

Tony Slingo

VariaTions in cloudiness can signifi-
cantly affect the Earth's radiation budget
— the absorbed solar energy and the
thermal energy radiated back to space’.
This conclusion is supported by various
‘modelling studies of the ‘greenhouse’
effects of increased CO, concentrations™.
In these studies, the CO, forcing induces
changes in the cloud coverage and liquid-
water content. which alter the radiation
budget further and thus modify the
original perturbation, On page 132 of this
issue'. Mitchell ez al. add a new twist to the
story. showing how changes in the reiative
amounts of ice-crystal and water«drop
clouds substantiaily reduce the sensitivity
of their mode! to changes in concentration
of CO.. Indeed, it is becoming apparent
that uncertainties in the treatment of
clouds severely undermine mode! predic-
tion of climate.

Mitchell et al, used various versions of
the UK Meteorological Office atmos-
pheric general circulation model® coupled
to a 50-m ocean mixed layer’. Replacing
the standard cloud prediction scheme
based on relative humidity by a more
sophisticated prescription including liquid
water and ice virtuaily halves the average
equilibrium surface warming due to
doubled CO,— from 5.2 K t0 2.7 K. They
argue that this spectacuiar semsitivity to
details of the cloud scheme is caused by
the replacement of ice clouds by water
clouds near the freezing level, In the new
cloud scheme, the fall-speed assumed for
water drops is much smaller than that for
ice crystals, so that liquid-water clouds can
dissipate more slowly than ice clouds.
According to Mitchell e a/., this leads to
the predicted relative increase in water
clouds near the freezing level, which cons
sequent'y reduces the amount of solar
energy absorbed in the system (more is
reflected back into space) and hence gives
a smaller warming. When, in addition,
cloud radiative properties are allowed to
depend on the liquid-water content of
¢louds. the surface warming drops still
further, to only 1.9 K.

The strong dépendence of the magni-
tude of cloud feedback in this work on the
derails of the model parallels results pre-
sented recently’ by a large ad hoc group
(including Mitckell and myself) led by
Robert Cess of the State University of
New York. We compared 14 general
circulation models and found a three-fold
variation in global climate sensitivity,
caused largely by differences in the cloud
feedbacks. The models disagreed not only
as to the magnitude but also the sign of the
net cloud feedback. For this reason, it is

104

|

clear that uncertainty in how to formulate
clouds represents a formidable obstacle to
reliable climate prediction.

This underlines the continuing need for
physicai parameterizations to be compared
with results from field studies. This is par-
ticularly important now that modsis are
becoming increasingly complex. Mirchell
et al, argue that the assumptions in their
model are "at least qualitatively realistic’,
but if climate change simulations are to be
pelievable. then all parts of a model must
be validated quantitatively, and important
processes that are ignored must be identi-
fied. Of particular relevance to the cioud

\ problem is the FIRE programme {first

regional experiment of the international
satellite cloud climatology project), bath
in its stratocumulus’ and cirrus” fieid
phases. Several papers are in preparation
that highlight the complexity of the mes>-
scsle dynarmical structure of cirrus, so that
the fall-speed of ice crystals is only part of
the storv. It is also interesting that two
cases of highly supercooled liquid-water
altostratus ciouds at remperatures around
-30 °C were observed (A.J. Heymsfield
et al., personal communication), which

suggests that the transition from water to

ice clouds is more subtle than Mitchell er
al. assumed for their mcdel.

The substantial sensitivity of climate
models to the details of thatr formulation,

and the fact that 14 models give 14 different
answers for the cloud feedback, show
<hat we are far from the goal of accurate
predictions of future climate change.

l Sensitivity studies such as that reported by

Mitchell e/ al. and comparisons between
models as done by Cess et al. are now the
bread and butter of climate modelling.
But at the present rate of progress, it will

| be several years before reliable predictions

of global end regional climate change are
avaiiable from the models. That under-
lines the need for comprehensive monitor-
ing that is capable of unravelling the
climate change signal from the noise and
of providing enough data on the state of
the atmosphere, the Earth's radiation
budget and clouds for the feedbacks to be
determined by observation. Such an
analysis may well yield the fifteenth
answer but at least it will have come from
the real world and will permit a much
needed test of the models. Q
Tony Siinge is in the Climate and Giobai
Dynamics Division of the National Canter for
| Atmospheric Research. POBox 3000, Boulder.
Coiorado 80307, USA
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ECOLOGY

Just proportions in food webs

Joel E. Cohen

IN Foop webs of natursl communities
with varying numbers of species, the
number of green plants and other species
that consume no prey in the web (basal
species) is nearly proportional, on aver-
age, to the number of specics that hsve
both predators and prey in the web /inter-
mediate species), according to studies
reported over the past dozen years -
Empirical rules* of that type dessribe
structural or anatomical properties of
food webs. An imporant questior in
community ecology 18 whether parallel
regularities exist in the way in which {ood

webs function’* On page 142 of this |

issue’, McNaughton et al. report remark-
able regula=ties in measures of food web
function. Their findings indicate the exist-
ence of a physiology of food webs that
generalizes across natural communities.
Their report opens up the distant, but
highly attractive, prospect of linking the
previously known structural regularities

| with new functional patterns.
McNaughton et al. show that the bio-
mass, consumption and net secondary
productivity (NSP) of herbivores are all
related 1o the net above-ground primary
productivity (NAP) ofa natural habitat by
simple power laws. Particularly striking is
that the exponent of the power law that
relates NSP to NAP is not significantly
diffarant from 1: to a first approximation,
NSP and NAP are directly proportional.
In effect, the encrgy converted into herbl-
vores per square metre of surface arca
per year is, on average. about one-
thousandth of the energy that is converted
1 into plants per sqlth metre of surface
area per year. The ecological energy
pyramid has a much larger base than
| second storey.
| This proportionality would be a trivial-
} ity if secondary productivity were pas-
l

sively controlled and limited by primary
productivity. But this trickle-down view of
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TABLE 2 Newtonien error and signal strength

Maximum 1.um shape error Fifth force
Distance Displacement Strain Displacement Strain
’ rig fip 28 %a - IM¥Ya
(m) (mg™?) (7% (md§~3) mis™?

2 4x107:® 2x10°Y  41x10™ 3x10™23
4 13x10™4" 3xqo* 14x1071%  2xi0™
8 4x1072 §x10~" 18x107® 13xi0°4

The results detailed here show that it may be feasible to use
the asymmetric manopole to test the fifth-force hypothesis,
although the ¢xperiment is obviously not easy, and practical
problems remain to be examined in detail. For exampls, :here
are smail elastic distortions in & rotating body as a result of
centrifugal forces. The shape defined by Table 1 is the shape
that mus: be achieved at the final rotation speed. A numerical
calculation would give the correct initial shape for a given
material. Advantages of the experiment are that the experiment
is a null one and one zan adjust the shape to find the nuil, and
that snly octupole-patterned deformations give rise to error
signals as large as in Table 2. Also, the parameters [ have chosen
(size, distance, tolerance and material) are nominal. There is
also the possibility that a refinement of this idea, or an incorpor-
arion of the mathematcal idea into other experimentai tech-
niques (such as torsion balances) may prove effeciive. I note
that the experiment would not depend on any variation of the
fifth ferce with chemical composition, as do many of the recent
experiments. )
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CO, and climate: a missing
feedback?

J.F.B. Mitchel, C. A. Sonlor & W, . Ingram

Meteorological Offica. Lonton Road, BrackneHl RG12 282, UK

-

THE potential of changes in cloud properties to modulate climate
perturbations is well known'2, in cloud sreount xud cload
height’, cloud radistive properties™ and cloud comdemsation
nuclel” (CCN) have sil beea recognized as possible sources of
climate feedbacks. Here we raport results of simulstioms that
indicate that the changes of state of cloud water may provide a
substavrial negative feedback ca climate, The feedback is sonces-
truted in mid-latitudes and a¥ects both the magnitude and dixtribu-
tion of the climate change expected from screases in “greenbouse’
gases. Improved messurements and parameterizations of cloud
processes are neoded to quantify this process.

The model is an 1l-level atmospheric general-circuiation
model on a $*x7.5° (latitude x longitude) horizontal grid
coupled to = 50-m mixed-layer ocean with a prescribed sea.
sonally and geographically varying oceanic heat convergence
to represent neat advection by ocean currents’. In the standard

~—

mode!® cloud cover is a function of relative humidity. A second
version of the model was constructed with an explicit cloyd-
water variable for all but deep convective cloud®. A balance is
maintained between cloud water content and water vapour,
which is sitered by dynamical, convective and boundary.layer
processes. Cloud water content is depleted by precipitation at
a rate dependent on the phase of the cloud water, which is 2
function of the local temperature of the layer. For water cloud
the rste of conversion to precipitation incrzases as a function
of the in-cloud water content and is marginally enhanced in the
presence of precipitation from higher layers. The transition from
water cloud to ice cloud occurs between —15°C and 0°C as a
smoothly varylng function of temperature. Ice-cloud particles
are assumed to stant falling as soon as they form, with a fixed
fell speed of 1 ms™'. The rate of precipitation of ice is, on
average, an order of magnitude greater than that of water even
in the presence of precipitation from the layer above. Cloud
radiative properties were prescribed. Note that although the
revised ¢loud scheme is more detailed, it s not necessarily more
accurate than the less sophisticated scheme. Qur work highlights
how different parameterization schemes can affect the sensitivity
of the climate to CO,.

Two simulations, with CO, concentrations of 320 and
640 p.p.m., were performed for each version of the model. The
results shown here are averaged over five years after the simula-
tions resched equilibrium, On replacing the reiative-kumidity
cloud scheme® (henceforth referred to as RH) with the mode!
bazed on cloud water content’ (CW), the global annual average
surfacs warming is reduced from $.2K to 2.7 K. The largest
fractionsal reduction in the warming occurs in higher latitudes
(Fig. 1a) where the large decreases in total ¢cloud cover with
RH have been replaced by much smailer reductions or slight
increases (Fig. 18).

With RH, reductions ia cloud cover are found throughout the
depth of the mid-latitude troposphere (Fig. 2a), as in earlier
studles’. With CW, the main differences in respense occur near
the freezing ievel (Fig. 25) where, in the warmer doubled-CO,

Tempesaiwe X
//) ‘
%
>

cad
® B YK QR XM TR DN K TR

Latitude

.-
"0y
22

214 b

ol \ \/\v\\\J 7~ \

Y /
! v 7
o \/

1

Feaction w10®)

9y

|
.01
iad

o o g

N ® D ® WG X D NN XKW e e

Latitude
Fill 1 Zone-averagad squiitrivm ¢changes in a surface temperature and &,

fractional ¢ioud cover on doubling CO;, (five-year mesns). $0iia line, simulation
with CW. Dashed line. simuation with RN,

NATURE - VOL 341 - 14 SEPTEMEER 1969

2023953261:48 3




nd
)d-
' is

er

SEBNT BY:RRARS ;10— 2-8S

4:54PM ;

20237155263
LEVIERD 1V INAITUNL

simulation, ice cloud which is depleted rapidly by precipitation
is repiaced by water cloud which is depleted more slowly, so

that cloud cover increases. This ¢an be seéen more clearly in the-

neight-latitude disiribution of the changes in cloud liquid water
and cloud ice (Fig. 3). Also shown are the mean 0°Cand =13 °C
isothermns in the ¢onteol simulation. Because of the increases in
cioud, the enhanced absorption of solar radiation in mid-lati-
tudes found with RH is greatly reduced when using CW (Fig. 4).

One car: define a climate senvitivity parameter A (=AQ/AT)
where AQ is the change in radiative heating at the tropopause
on doubling CO; and AT is the equilibrium ¢hange tn surface
temperature, Assuminp” 3Q=4Wm % A is increased from
0.77 10 1.48 Wm™ K™ on replacing RH by CW. Thus changes
in the phase of cloud water provide a strong negative feedback
on climate, cancelling almost all the previous strong positive
feedback from cloud in RH'', Although our model does not
gliow for this process in deep convective clouds, these have a
small area) coverage and a relatively high liquid-water content,

FIG. 2 Haight-/atituce cross-section of equilibrium changes in cizud aMeunt
an gouoling CO;. The height coordingte i8 o (prazsure/surface pressure).
Areas of reduction are stippied a7d the contours ara every 1% Tna dashed
lines are the O and ~ 15 °C contours from the control simutation & Simulation
with RH. & Simulation with CW. ¢ Simulation with CWH

NATURE - VOL 341 - 14 SEPTEMBER 1888

howsver, suggesting that any radiative feedback from this type
of cloud would be small.

The lower-cloud increases in the simulations arise from the
assumption that under similar conditions ice is removed more
efficiently from cloud than water. In real water clouds, relatively
few droplets become large enough to fal) out, as the available
condensed water is spread over many cloud condensation nuclei
(CCN)™, Very few CCN act ag ice nuclei®, so in ice clouds the
cloud water is spread over fewer, larger particles, all of which
have appreciable fall speeds'“. The microphysics of mixed-phase
clouds are complex and not fully understood, Although our
meodel does not explicitly represent them it effectively includes
their most important aspect, the continugl rapid conversion of
water to ice'®, A more complex representation would certainly
change the partern in Fig. 2 jocally, but the vertically integrated
response would probably depend primarily on the overall
change from pure ice cloud to pure water cloud. Thus our
assuraptions concerning the relative fall-out of ice and water
are at least qualitatively reallstic.

As 1ms~' may be a large value for ice fall speed, we have
rerun experiment CW using a parameterization of fall speed in
terme of ice-water content based on observations'* (experiment
CWH). For typical simulated ice-water contents, this gives fall
speeds of 0.2 ms™" for high ice cloud and 0.7 m 5™ for ice cloud
near the freezing level. Cloud changes (Fig. 2¢) are qualitatively
similar to Fig. 2b and the giobal warming is 3.2 K, only slightly
larger than in CW. The similarity between CW and CWH is to
be expected, given that the depletion rate of ice relative to water
is large near the {reezing level in both experiments.

It has recently been suggested that changes in cloud radiative
properties may contribute an important feedback te climate*'*.
In & warmer climate, greater cloud water content would increase
cloud albedos (8 negative feedback) and emittances (a positive
feedback). A further experiment was carried out using the
revised version of the model with an additional moedification to

FIG. 3 Height-(atitude cross-section of equllibrium changes in cioud water
in CW on doubling CO,. The height coordinate i3 o Areas of reduction are
stippled. The Gaghed lines are the O and =15 °C contoura from the control
simuiation, & Liguic-water content onily. Contours every 4 x 10~ % kg kg™,
P ica.water content onty. Contours avery 4 X 1077 kg kg™
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FIG. 4 Zone-avaraged squilldrium change in net solar flux at he top of the
atmospaars or doudiing CO,p (fva.yasr mean). Solid line, simulation with
CW. Dashed Jing. simulation with RH,

allow the clcud radiative properties to depend on the cloud
water content (scheme CWRP), (Given the similarity between
CW and CWH, this ¢xperimen: was carried out with the CW
formulation only.) Analytical fits of the short-wave albedo and
transmittance as functions of cloud-water path and solar zenith
angle were made to a published scheme'’ based an observations
and theoretical considerations, The long-wave flux emittance
was given by (1—exp(—xq)) where g is the condensed-wster
path and x =0.13m* g~ for water clouds and 0.065m’ g™ for
ice clouds'®,

On doubiing the CO. concentrations the global annual
average equilibrium surface temperature increased by 1.9 K with
CWRP compared to 2.7 K with prescribed cloud radiative
properties (CW), indicating a further increase in A to
21 Wm? K™, This negative feedback from changes in cloud
radiative properties lies between the very strong ne‘gmve feed-
back suggested by one-dimensional calculations'®!® and the
positive feedback fourd in & previous study with a low-resol-
ution general-circulation model (GCM)**. We note that all
existing numerical studies assume that the number of CCN
remains constant under climate chm!:. Changes in CCN are a
further possibie source of feedback™,

The sensitivity of the climate to doubling the CO; concentra-
tions that we have found is substantially smailer than the4-5 K
found in other recent studies'®®. A significant part of this
reduction in sensitivity is due to the different cloud scheme. If
correct this will have two important consequences. First, the
equilibrium warming expected from the estimated 2Wm™
increase in radiative heating at the trapopause since 1860 (ref. 9)
wil! be smaller. Second, the praoportion of the equilibrium
reached will be greater, because the therma! response time of
the climate system |s reduced if climate sensitivity is reduced®.
Besed on calculations using & simpl¢ one-dimensional model
of the oc¢ean, the expected warming to date, using the climate
sensitivity found when smploying CW, is 0.6 K. This is close to
the observed warming since the beginning of the century (0.5 K;
ref. 23). The record of observations shows considerable variabil.
ity on intersnnual and interdecadal timescales, however, includ-
ing a period of cooling during the 1950s and 1960s, 3o that it
is not possible to attribute the 0.5 X rise unambiguously to the
effect of increases in trace gases. O
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Disequilibrium silicate mineral
textures: fractal and
non-fractal features

Anthony D, Fowier®, H. Kugene Stanisyt
& Gérard Daccord:

* Ot:awa-Carteton Geosciencs Cantre, Unlvergity of Ottawa, Ottawa,
Ontaric, Canata K1IN 6N3

+ Cantar for Polymer Stucies and Department of Physics,

Boston University, Boston, Massachusetts 02245, USA

$ Dowell Schiumberger, ZI. Moiina, BP 90, 42003 St Etienne, Cedex 1.
France

IGNEOUS rocks formed (rom lava flows of the Archsean erm
(>2,700 millioa years ago) are oftea fousd to coatain disequili-
brium=textured crystals characterized by spherulitic, branchiag or
dendritic morphologies that occur {n layers near the flow surface.
Wall-kaown examples are the plagloclase spherulites of basaits
and the platy sed bramching spinpifex-textured olivines aad
pyroxenes of komatiites'?. Here we present evidence that, over &
finite range of leagth scales, some disequilibrium textures are scale
{nvariant, This obssrvation implisa that over this range of leagth
scales their random patterns cun be quantitatively characterized
by a unique sumber, the {ractal dimension’. We also demonstrate
that some textures have & crossover from fractal to moa-frectal
behaviour. Ut ix known that most disequilibrium crystals arise in
part from rapid cooling and represeat the case where the growth
rates of the crystals are large compare to the diffusion rates in
the silicate melt'>*, We thersfors formulate a quantitative model
for the growth that is based oa a variant of diffusion-limited
aggregation (DLA) .

Figure | shows a section of small disequilibrium crystals, at
differsnt magnificytions. These form close to the quench/glassy
margin of some lava flows®, and their outline remains the same
as the microscope objective power is increased, Similar remarks
¢an ba made about textures on other length scales, such as the
much larger branching pyroxene crystal of Fig. 22

The concepts and techniques of fractal geometry’ hava proven
useful in understanding other random morphologies, in pant
because a fractal object is characterized quantitatively by a
number, the fractal dimension d;, that relates the increase in
;n.?s;w of the object to its characteristic length scale L, M =~ L

ref. 7).

To determine d, we digitized photographs of the textures using
a video camera with a grid of 65,536 pixels. First we randomly
chose any pixel belonging to the digitized texture. About this
‘local origin® we constructed a sequence of concentric shells of
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Fielding Perceptions
About the Disabilities Act

| am writing to voice my displeasure
with “Disabling Businesses” [Cover Story,
April 13]. The cover, indicating that the
Americans with Disabilities Act will handi-
cap the economy, is very insensitive to the
handicapped. An attitude such as yours is
the reason there has to be a law.
Ann McRae
Director, Special Education
Anderson County Schools
Clinton, Tenn.

Your readers deserve more than innu-
endo and loaded terms about the Amer-
icans with Disabilities Act. In part this is a
response fo your incredibly biased article
and in part an explanation of the act and its
implications. The ADA did not “breeze
through.” Thousands of people worked on
its passage, despite lukewarm support from
the White House. The issue is not fo “give a
break to the disabled,” but to treat human
beings as human beings.

Charlotte Allen cites Marc Fiedler's suits,
filed after he contacted violators and got no
response — and then suggests that we
“depend on . .. goodwill.” For shame. As
Fiedler says, he has no plans to collect
damages. He wants to get in the door. Jerry
Mashaw suggests hordes of people want to
sue because they are “disappointed and
frustrated with the way they've been
treated.” Try being treated as'most people
with disabilities are; disappointment and
frustration have nothing on that.

s an eager supporter of
the ADA, | did not once
hear of plans to picket
large businesses that op-
posed it. We knew our
cause was |ust. Some busi-
ness associations continue,
as you do, fo spread in-
flammatory misinformation
about the act. | know of no
one who supports it who is not working
very hard to correct misinformation, to edu-
cate employers, to direct people to re-
sources, fo make integration a reality.

We have explained carefully some is-
sues. The margin for most businesses is
close. Why would anyone in business will-
fully bar the door, eliminate a substantial
market? [n addition, until changes are
made in medical coverage, most people
who are disabled and who receive assis-
tance cannot afford to work because they
would lose medical coverage. The myth
that hordes of people who use wheelchairs

are. lining up attorneys to sue is just plain
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idiotic. A job, a place o live, the possibility
of a life like any other life. Reasonable. Per-
haps more than Charlotte Allen, terrified
that people with disabilities might join into
community life, perhaps more than her lack
of reason would find reasonable.
Jacqueline T Alfonso
Executive Director
United Handicapped Federation
St. Paul, Minn.

ertainly, people with dis-
abilities have been
treated unfaidy, and [
am certain that many of
them are justly quite an-
gry. But in todqy’s sod-
ety, where hardworking,
motivated employees
are at a premivm, em-
ployers would be foolish
not to hire and make ac-
commodations for quali-
fied disabled people. In fact, long before the
Americans with Disabilities Act became law,
employers were reaching out fo the disabled:
Witness the proliferation of curb cuts, parking
spaces for the handicapped and braille eleva-
tor signs that have been part of the landscape
for more than a decade. All the employers |
interviewed, from giants like Marriott down fo
tiny family businesses, told of positive expe-
riences in hiring the disabled; if accommodat-
ing a disabled work force and customer base
will make the economy more productive, there
is no need for a law forcing accommodations.
But the Americans with Disabilities Act is
not about this sort of thing. It is about using
litigation — an extremely expensive mecha-
nism that adds nothing to a society’s productiv-
ity — to force businesses and state and local
governments to comply with standards that
may or may not have anything to do with the
kind of people who actually need accommo-
dations and that certainly have nothing to do
with whether there is any payoff of benefits
for the cost. Congress refused to define what
a “reasonable” accommodation is, leaving the
task to judges on a case-by-case basis. What
better guarantee of years of lawsuits?
Congress did not even bother to make an
accurate count of the disabled. Only about 5
million Americans actually need the kind of
massive architectural changes the act decrees.
The disabilities act not only requires litiga-
tion to define its parameters but enthusiasti-
cally invites litigation now that disability ad-
vocates have managed to secure their con-
stituents certified victim status under the 1991
Civil Rights Act, which gives them access to
compensatory and punitive damages and at-
torney’s fees in cases of employment and
public-sector discrimination.

If the history of suits under the 1973
Rehabilitation Act (outlawing disability dis-
aimination among federal contractors) is any
guide, future lawsuits are not likely to be over
wheelchair use or leaming disabilifies. They
will be over stress, smoke sensitivity, manda-
tory overtime and so forth — CA.

A Dispute over Factors
in the Ozone Equation

Your article titled “The Ozone Scare”
[Cover Story, April 6] was misleading and
factually incorrect in several instances. It
was seriously wrong: (1) in its assessment
of the motives and scientific basis for the
president’s action on advancing the
phaseout schedule of chlorofluorocarbons;
(2) on the motives of NASA, NOAA and the
scientists in issuing their press release; (3)
on questioning the integrity of the scientists
involved in environmental research; and (4)
on the exclusive role of chemists in shaping
our understanding of ozone depletion.

The information presented in the NASA/
NOAA press release was timely, precisely
scientific and presented in a factual man-
ner. Neither the information nor the process
was alarmist, as suggested by your arficle.
The press release had the complete support
of the scientists involved in the campaign
and the program managers at NASA and
NOAA, and was not a case of “grand-
standing” by the project scientist.
he article suggests that
President Bush was rushed
into making a policy
statement concerning
chlorofluorocarbons and
their accelerated phaseout
based on the NASA/
NOAA press release. This
is totally incorrect. The
United Nations ozone as-
sessments, which were finalized in October
— not the press release — were used by the
administration as the basis for its recent
policy statement concerning the chlorofluo-
rocarbons and their accelerated phaseout.

The scientific data presented in the press
release significantly strengthened the key
conclusions of the peer-reviewed U.N.-
sponsored international scientific ozone as-
sessment. These conclusions are: (1) The
weight of scientific evidence suggests that
ozone depletion observed over the last two
decades at temperate and high latitudes
throughout the year is in large part caused
by chlorine- and bromine-containing chem-
icals; and (2]"As almospheric levels of chlo-
rine and bromine increase in the future, sig-
nificant additional ozone losses are expect-
ed at femperate latitudes and in the arctic.
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President Bush provided the required
leadership fo protect human health and
ecological systems from the adverse con-
sequences of anticipated increased ultravi-
olet radiation. Economics and technology
issues were carefully addressed in the infer-
national assessments and given due consid-
eration by the president. Bush’s decision js
strongly supported by industry; will not cost
consumers “hundreds of billions of dol-
lars”; will not require them to purchase new
refrigerators, because there is an exemp-
tion for chlorofluorocarbons recycling and
production fo service existing equipment;
and will not expose them to risks of a “re-
frigerator blowing up” since these chloro-
fluorocarbon substitutes are not flammable.
he allegations that the pre-
vailing view of ozone de-
pletion has been shaped
largely by chemists with lit-
tle appreciation of meteo-
rology is again incorrect
and insulting to the numer-
ous meteorologists and
dynamicists who have
been involved in the arctic
and Antarctic aircraft campaigns and the
international scientific ozone assessments.
The impact of meteorological processes on
daily changes in chemical composition
and on the long-term depletion of ozone is
an integral component of all analyses.

Your article implied that the press re-
lease was based on limited scientific data
with a new tool, which had not yet under-
gone the scrutiny of peer review. The facts
do not support this implication. The press
statement was not based on data from a
single flight, but rather on data obtained
from more than 20 NASA ER-2 aircraft
flights over a six-month period, in conjunc-
tion with a number of DC-8 flights and
more than several months of “near-global”
satellite observations. All critical data re-
ported at the press conference had been
obtained by instruments that have been
thoroughly tested in the field, and their
prior results were stringently peer-reviewed
in the scientific literature. There have been
over 130 flights of the ER-2 since 1987
studying the chemical, meteorological and
radiative processes controlling atmospheric
ozone, including the Antarctic aircraft cam-
paign in 1987 and arctic campaign in 1989.

The press release correctly stated that
highly elevated concentrations of the chlo-
rine monoxide radical, the key agent re-
sponsible for stratospheric ozone depletion,
were observed in the arctic by both the in
situ sensor on the ER-2 aircraft and the re-
mote sounding sensor on the Upper Atmo-
sphere Research Satellite at high latitudes
in the Northern Hemisphere over populated
areas. Concentrations of chlorine monoxide
as high as 1.5 parts per billion by volume
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(ppbv) were observed over Canada and
northern New England using the aircraft
sensor. Even higher values than 1.5 ppbv
were observed by the satellite sensor over
Europe and Asia. These are the highest at-
mospheric concenirations ever observed.
The release also said the highly elevated
concentrations of chlorine monoxide, and
companion measurements of bromine mon-
oxide, implied that ozone levels within the
arctic vortex could decrease at a rate of

1 to 2 percent per day at ER-2 flight alti-
tudes, depending on how long those chem-
ical conditions persisted under sunlit con-
ditions.

The NASA, NOAA and academic¢ scien-
tists involved in the data collection and
analysis concluded that they had an obliga-
tion to release these findings because of
their importance. The press release cor-
rectly, and rightly, warned that under “un-
favorable” meteorological conditions, sig-
nificant ozone deplefion could occur either
this year or some year in the future while
the concentrations of chlorine and bromine
are comparable to, or higher than, those of
today. The press release did not, however,
state that an “ozone hole” would occur this
year. The atmospheric concentrations of
ozone at northern high latitudes in winter
and spring are highly variable; to ascertain
whether significant ozone depletion has oc-
curred this winter requires careful analysis
of all available aircraft and satellite data.
NASA and NOAA will be in a position to
appraise the extent of this year’s seasonal
ozone depletion during April. An ozone de-
crease is likely to be widely distributed;
hence the term “ozone hole” is a misnomer.
llegations that the sci-
entists involved in re-
search in environmen-
tal issues, such as
ozone deplefion and
global warming, are
driven by funding con-
siderations are an in-
sult to the integrity of
not only the scientists
but also the funding
agencies and my office, which plays a crit-
ical role in the establishment of research
priorities. Government funding is not driven
by alarmism. The U.S. Global Change Re-
search Program was established as a pres-
idential initiative to provide the scientific
basis for national and international policy
decisions by investigating the influence of
all natural phenomena and human activities
that might affect Earth’s environment.

The president recognized the danger of
a continued erosion of the ozone layer at
middle and high latitudes and provided
critical leadership to the international com-
munity by announcing that the U.S. would.
eliminate the production and consumption

of these chemicals by Dec. 31, 1995, faster
than currently required. Bush’s action is not
a crash project at major expense to the
American people. In fact, the costs of pro-
tecting society will be much less than pay-
ing the costs associated with the adverse
consequences of ozone depletion. In addi-
tion, it bears emphasis that the president’s
action has been strongly endorsed by both
U.S. industry and European governments.
These new data on ozone have poten-
tially serious consequences for all humanity,
and it is important that they be made avail-
able both quickly and correctly. So also is it
important that appropriate action based on
them be taken. This the president has done.
D. Allan Bromley
Assistant to the President
for Science and Technology
Washington

M. Bromley is a skilled defender of the
prevailing ideology of ozone and of the pres-
ident he serves. But his letter distorts my arti-
de and, worse, is part of a campaign of intim-
idation directed at those in the sdentific com-
munity who dare dissent from current wisdom.

romley’s assertion
that scientists in-
volved in research in
environmental issues
are not driven by
funding consider-
ations is unfounded.
All sdence is driven
by funding consider-
ations. Furthermore, it is widely known in the
sdentific community that the atmospheric
chemists have been the driving force in
shaping our understanding of ozone deple-
tion. Many do fine work, and the artide did
not “insult” their contribution. It pointed out
that there are many other factors at work in
ozone depletion, factors the public does not
hear about due to an unfortunate conjunction
of sdentific, political and media interests.

That conjunction was a central issue in my
arfide. | am grateful that Bromley is now
backing away from the misleading term
“ozone hole” — a term the ideologists of
ozone, who know better, have done little to
discourage. As | demonstrated, it was the
conjunction of sdentific, political and media
forces that pushed the Bush administration to
accelerate the CFC phaseout, and not merely
the NASA press release and the studies that
preceded it, as Mr. Bromley states. These same
interests give_little thought to the true costs
of a hasty CFC phaseout, which, contrary to
Bromley’s claims, would be high — M.M.

Write: Insight, Dialog Editor, 3600 New York
Ave. N.E., Washington, D.C. 20002. Fox:
(202) 529-2484. Please include an address
and a daytime phone number. Letters may be

edited for space.
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Reprint from Special Issue on "Energy and the Environment:
Intersecting Global Issues,'" Arizona Journal of International
and Comparative Law, Vol. 9, No. 1 (1992), Professor

Lakshman Guruswamy, Special Editor, assisted by Brent
Hendricks.

-

DECISIONMAKING IN THE FACE OF UNCERTAINTY o

. John H. Gibbons*

The art of decision making under uncertainty has a long history; the
science of that activity is still in a rudimentary stage and deserves
imaginative thought. We must not be driven to poor choices by
emotional convictions. But we must not be deferred from action by
rigid ideological beliefs. Thomas Malone, Sigma Xi.

L. INTRODUCTION

Policymakers thrive on uncertainty. The challenge of making educated
guesses, balancing costs and benefits, weighing the consequences of action
versus inaction lures intelligent, creative people into decisionmaking roles.
Scientific uncertainty often serves equally well as sword or shield in the
battles over values that actually result in international and national policy.
In this paper, I hope to bring a bit of the policymaker’s perspective to this
meeting. The facts about climate change play a critical role in policymak-
ing—especially to the extent that they narrow the debatable issues. But
disagreements over current values (traditional economic values vs. new
environmental values) and over issues of equity (global, regional, and inter-
generational) inevitably drive the debate.

The issue that brings us together at this conference presents a larger
challenge, in a way, than any previously experienced. Human activities are
altering the concentration of atmospheric gases that affect the earth’s strato-
spheric ozone shield against solar ultraviolet radiation. These gases are also
intimately linked to the earth’s long term heat balance. In terms of geological
time, these alterations—global warming—are occurring at lightning speed,

| but in terms of human institutional foresight and concern, the “greenhouse”
‘ rate of change is barely visible. We know surprisingly little about Earth’s
| HVAC (heating, ventilating, and air conditioning) system, but know for
| certain that failure to govern exponentially expanding human activity—par-
ticularly energy consumption and population expansion—will ultimately
mean an irreversible commitment to climate change on catastrophic levels

for major regions of the world.

The challenges to governance are enormous. Governments are simulta-
neously propelled by centripetal and centrifugal forces. The necessity of

Diractor
* John H. Gibbons is the Shaiaman of the Office of Technology Assessment (“OTA™), a
nonpartisan analytical support agency of the United States Congress. A nuclear physicist who
once worked at Oak Ridge and taught at the University of Tennessee, he was reappointed in
May, 1991 for his third six-year term at OTA.
**Keynote paper, Conference on Energy & Environment :
Intersecting Global Issues," Jan. 17-18, 1992, Turson. AZ.
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Udall Center for Public Policy, and the College 0of Encineer-
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affecting energy consumption decisions that normally take place at very
disaggregate levels forces governments to focus on internal business with an
unusually fine level of detail. Conversely, the worldwide cooperation re-
quired to understand and cope with global warming forces governments to
focus outward on affairs well beyond national boundaries. The question
before us at this conference is whether there are technical and policy
opportunities to diminish the threat of greenhouse gases and still ensure
opportunities for sustained, worldwide economic progress. In the remarks
that follow, I will put the greenhouse debate in context to help us better
understand the fundamental problems we must address.

II. THE NATURE OF THE CRISIS

SCALE makes the global warming problem unique. Those who govern
typically deal with issues that are rife with uncertainties—scientific and
otherwise—and they must usually make decisions before receiving all of the
facts. But they are rarely called upon to set policies or make decisions that
affect as many people, over such a long period of time, as the decisions that
lie at the heart of this issue. Thus, it is essential for our governors to have
the technical certainties and uncertainties surrounding climate change
spelled out as clearly as possible.

A. Certainties

Through activities such as producing and burning fossil fuels, deforesta-
tion, raising animals and crops, heating, air conditioning, and insulating,
mankind releases “greenhouse gases” into the air. These gases are transpar-
ent to incoming solar radiation, but opaque to outgoing infrared radiation.
This process traps heat and slowly warms the atmosphere, earth, and oceans.

Global atmospheric concentrations of several “greenhouse gases” have
risen rapidly over the last 100 years.! Some of these gases (carbon dioxide,
methane, and nitrous oxide) also occur naturally, but their rapid increase is
attributable to human activity. Globally, fossil fuel use—the primary source
of CO2—has nearly quadrupled since 1950.2 The atmospheric concentration
of carbon dioxide is currently increasing about 30 to 100 times faster than

1. Intergovernmental Panel on Climate Change, WMO/U.N. Environment Program, Cli-
mate Change: The IPCC Scientific Assessment, fig. 3, at xvi (John T. Houghton, G.J. Jenkins,
J.J. Ephramus eds., 1990) [hereinafter “IPCC Scientific Assessment”). .

2.T.A. Boden, P. Kanciruk, and M.P. Farrell, Carbon Dioxide Information Analysis Center,
U.S. Dep't of Energy, Trends '90: A Compendium of Data on Global Change ORNL/CDIAC-
36, 89 (1990).
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the rate of “natural” fluctuations indicated in the paleoclimatic record.’
Likewise, the atmospheric concentration of methane is increasing more than
400 times faster than the natural rates of variability.4 Other greenhouse
gases——chloroﬂuorocarbons (“CFCs”) and halons—that did not even exist
half a century ago are causing global impacts (e.g., stratospheric ozone
destruction). ]

We know that if greenhouse gas emissions continue to increase under
“Business As Usual” scenarios, the earth’s average temperature is expected
to increase 0.3 °C per decade, or by about 3 °C by the end of the next century.’
At some uncertain net cost, policy measures could conceivably halve that
rate of change, and allow more time for human and natural systems to adapt.®
We also know that the delay between the time the gases are produced and
the time when the climatic and ecological impacts are fully felt is consider-
able. Atany given time we are emitting gases whose warming effects on the
atmosphere will not be felt fully for another 20 to 60 years, i.e. we are
committing ourselves to future warming. History also tells us that consider-
able delays are involved between the time policy options are identified and
implemented, and when selected policies actually make a significant differ-
ence. In other words, to effect major, lasting change in greenhouse emissions
realistically requires several decades or more of sustained action.

Currently, industrialized countries (including Russia and Eastern Europe)
contribute about two-thirds of all greenhouse gas emissions, mostly from
fossil fuels that are used to power their highly energy-intensive societies
(Figure 1). Projections for the United States’ and several other industrialized
countries® suggest that over the next two to three decades a combination of
conservation, energy efficiency, and alternative energy schemes will allow
developed countries to grow economically while keeping their energy growth
minimal or even negative at little or no net economic penalty. Positive
environmental impacts independent of CO2 changes will also follow.

Because of their technological sophistication and low population growth,
there may be, given time, ample opportunity for industrialized countries to
stabilize or even decrease their annual emissions of greenhouse gases.

3.J.M. Bamnola, et al., Vostok Ice Core Provides 160,000-year Record of Atmospheric CO3,
329 Nature 408 (1987). See also C. Lorius, et al., The Ice-Core Record: Climate Sensitivity
and Future Greenhouse Warming, 347 Nature 139 (1990).

4. ]. Chappellez, et al., Ice-Core Record of Atmospheric Methane Over the Past 160,000
Years, 345 Natwre 127 (1990), and IPCC Scientific Assessment, supra note 1, at 18-23.

5. Chappellez et al., supra note 4.

6.1d.

7. See Office of Technology Assessment, U.S. Congress, Changing by Degrees: Steps to
Reduce Greenhouse Gases OTA-0-482 (1991) [hereinafter “Changing by Degrees”]; Comm.
on Sci,, Eng’g and Public Pol’y, Nat’l Academy of Sci., Policy Implications of Greenhouse
‘Warming—Synthesis Panel (1991).

8. Carbon Emissions Control Strategies: Case Studies in International Cooperation (W.U.
Chandler ed., 1990). .




234 Arizona Journal of International and Comparative Law [Vol.9,No, 1

However, greenhouse gas emissions will surely rise for developing nations
still rapidly growing in population and building industrial bases. Developing
countries are just beginning to supply electricity to their people, and only
starting to use modern methods for cooking, heating, and transportation.
Developing countries currently contribute one-third of the global greenhouse
gas increase, but each year they are increasing their share.® Presently, their
emissions come mostly from land use changes and practices (e.g., carbon
dioxide from tropical deforestation, and methane from rice cultivation and
livestock). Energy projections made for developing countries must recog-
nize that efficiency investments, while crucial to growth, will only decrease
the amount of new power needed, but cannot eliminate it.

Figure 2 shows the great disparity in per-capita energy use in different
parts of the world. Although a person in a developing country uses about
one-fifteenth the amount of energy as the average U.S. citizen, even modest
gains in per-capita and total economic growth in these countries translates
into emissions that will collectively exceed those from the developed world
within a few decades. Developing countries have been increasing their total
energy use by approximately 6% per year, in contrast to a 1% increase in
OECD countries. They also increased their electrical power consumption
by an average of 8 percent per year between 1971 and 1987. Most of the
added electrical capacity was provided by conventional power plants (which
are high CO2 emitters) for manufacturing and use in buildings. Further
increases in electricity generation will be needed since many countries are
continuing to electrify as refrigeration and air-conditioning are becoming
more widely available, due partly to falling relative price. Without question,
rapid population growth, in combination with economic growth, will con-
tinue to fuel increased demands for energy and land resources over the next
few decades and cause major emissions increases (see Figure 3).

Some global warming seems inevitable, according to a strong consensus
that has developed among those researchers closest to the issue. For exam-
ple, the recent report from the Inter-Governmental Panel on Climate Change,
produced by scientists of various disciplines from 25 countries, suggests that
a 50%-80% reduction in current CO2 emissions, as well as significant
reductions in the other greenhouse gases, are required simply to keep the
atmosphere at its already perturbed levels. That extraordinary level of
reduction would require the world to rapidly wean itself from fossil fuels.
The bulk of the reductions would fall on the developed world if the develop-
ing world is to increase greenhouse emissions, as it must, to feed population
growth and raise standards of living. Ultimately, new technologies using
solar and/or nuclear energy must replace fossil fuels if the world hopes to
keep emissions from growing steeply response to the population doubling

9. Office of Pol’y, Planning and Evaluation, EPA, Policy Options for Stabilizing Global
Climate, Draft Report to Congress ch. 9, 5-7 (Daniel A. Lashof and Dennis A. Tirpak eds., 1989).
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again, coupled with the corresponding economic growth. In the interim,
shifts from carbon-rich fuels (coal) to hydrogen-rich fuels (natural gas) will
help.

The fact that most of the actions that can be taken to reduce greenhouse
gases are helpful and desirable in other ways as well, should greatly facilitate
policy making. Strategies that reduce greenhouse gases generally have
ancillary environmental benefits including reducing acid rain, urban smog,
groundwater contamination, and waste disposal. Developing and producing
renewable energy technologies can strengthen trade markets and interna-
tional competitiveness. In the United States, the time is especially ripe for a
sustained increase in our currently modest efforts to mine the considerable
resource of energy efficiency still possible in virtually all sectors of the
economy. We must also enhance our ability to develop renewable energy
resources. Worries over the negative impacts (on the Nation's trade balance)
of increasing the level of oil imports, our national security interests connected
with oil production in the Middle East, and the need for industrial innovation
to restore U.S. competitiveness in world markets, are all addressed by
accelerating the commercial development of nonfossil energy supplies and
conservation technologies.

We can learn many lessons from the experience of past energy crises
although policies implemented then were focussed primarily on cutting U.S.
dependence on oil rather than on all fossil fuels. The energy intensity (energy
consumed per unit of GNP produced) of the United States dropped signifi-
cantly (by about one-third; see Figure 4) between 1973 and 1985. This
widely touted flattening of energy consumption, while the GNP grew 35
percent, was mostly due to increases in energy efficiency (the rest came from
changes in the make-up of the GNP). But for the most part, investments in
energy efficiency occurred when fuel was expensive, when public policies
supported such actions, and when the payback for such an investment could
be realized quickly. The energy crises of the 1970s taught us that price is a
powerful signal, and that there are also surrogates to price (e.g., regulations,
taxes, standards, threat of shortages). Signals to affect the energy system of
production and use, however, need to be consistent and reinforcing; it is
destabilizing to let policy goals get very far away from price-equivalence
(e.g., expensive synfuels production failed when fuel prices failed to rise).
The pace of permanent change in energy use corresponds to turnover of
capital equipment and therefore is measured in decades. Thus government
policies need to track such a time schedule; policies to mitigate global
warming must be long-lived and sustained.

B. Uncertainties

The major uncertainties that remain in the science of climate change are:
1) regional effects; 2) timing of effects; and 3) severity of effects. The
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available General Circulation Models are not equipped to handle spatial
detail and currently give conflicting pictures of climate change for less than
continent-sized areas of the globe. Therefore, we cannot expect science to
provide guidance for regional “‘adaptation” strategies (the domain of most
public policies) in the near future.

Timing of decision-making and action regarding global warming is more
of a policy issue than a scientific one because by the time any effects are
discernible (another decade or two for a clear temperature signal), we will
have committed ourselves to very substantial effects farther down the road.
It could, therefore, be exceedingly helpful to policy makers if science could
provide ways of detecting evidence of climate change that are sufficiently
convincing to sustain political support. Finally, the potential severity of the
greenhouse effect still weighs heavily upon the minds of thoughtful people.
Whether the perturbations from human activities might lead to major unan-
ticipated responses in regional or global climate remains an important
question. There is ample evidence that the planet’s climate has, in times past,
shifted suddenly and rapidly. How certain are we that our actions might not
trigger unexpected and unhappy consequences from seemingly minor insta-
bilities? Despite our propensity to expect nature to inherently provide
negative feedback to man’s foibles, we should not count on it. For example,
recent observations in the northern hemisphere of stratospheric ozone deple-
tion show that the actual effect of CFCs and other gases is much worse than
was predicted by our “best” models.

II1. DEFINING AND ATTACKING THE PROBLEM

While a much more detailed understanding of the greenhouse effect
provides interesting and critical questions for science, it is not the stuff of
which most policy is made. The most interesting and critical question for
policy is how governments can react, individually and collectively, to the
fact that ultimately the amount of greenhouse gas (“GG”) is related to a
product of three terms:

GG = (GG/GNP) x (GNP/P) x (P), where:

GG = greenhouse gas

GNP = gross national product (or, preferably, some better
measure of delivered goods, services, and amenities)

P = number of people

Clearly, from one family, region, or nation to another the different GG
factors vary a great deal. For example, in some countries P is large but GNP/P
is small. Thus, in working out global strategies one clearly needs to take into
account the local situations. If technology were perfect, one could follow a
collection of strategies to reduce the first term (GG/GNP) close to zero,
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theoretically enabling continued expansion of standard of living and/or
population without serious GG consequences.

“GG/GNP” is the technology/marketbasket term. It has attracted most of
our attention in thinking about how to cut the risk of climate change. It lies
close to the realm of certainties, for we know that it can be reduced (over
decades) by: 1) switching to greater dependence on methane and non-fossil
fuels; 2) increasing efficiency of both energy and materials use; 3) halting
deforestation by reforesting, and by changing agriculture; and 4) shifting our
consumer marketbasket to one that is less energy intensive. Whether we can
muster the political will to make these changes is an uncertainty that is highly
dependent on strong leadership and technology development.

“GNP/P” is the goods and services term. It represents the per-capita
standard of living. Governors and the governed balk, rightly, at any sugges-
tion that this term be reduced. International efforts are aimed, again rightly,
at increasing this term for as much of the global population as possible. The
population growth term, “P”, is fundamental and its future size is subject to
great uncertainty. Over the past several decades, many Lesser Developed
Countries (“LDCs”) have made important progress in slowing birth rates.
This has significantly improved maternal health as well as per-capita eco-
nomic growth. But even in the face of this progress, the world population
now grows at an all-time record net rate of 10,000 people per hour, or the
population of Mexico every year, with more than 90 percent of that increase
occurring in the LDCs (see Figure 5).

The reason for continuing high rates of population growth despite declin-
ing birth rates is population “momentum” or the continued growth of a
population in absolute numbers for many decades even when couples have
only as many children as are needed to replace themselves, or about 2-2.5
children per couple.!? Population momentum occurs when populations con-
tain a large proportion of young people so that most people are in or entering
the reproductive years. Then, the population will continue to grow even with
replacement levels of fertility until the population becomes evenly distrib-
uted among all age groups. Africa illustrates this point (see figure 6). If
birthrates in Africa fell until it attained replacement level fertility by 2030,
its population would continue to increase until a stable population of about
1.4 billion is reached. If, however, replacement level is not attained until
2065, just 35 years later, Africa’s population would rise to more than three
times that number and level off at 4.4 billion. Thus, even a short delay in the
date at which replacement rates are reached causes a dramatically different
outcome in terms of total population.

On the other hand, sudden, very large decreases in fertility can also have
undesirable consequences. China realized this after it instituted its one child

10. Population Reference Bureau, 1990 World Population Date Sheet (1990).
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family policy. Strict adherence to the policy would reduce China’s popula-
tion from its current 1.1 billion to about 700 million people by 2050.
However, at that time, about 40 percent of the population would be at least
65 years old, a proportion considerably larger than the working population
would likely be willing to support.!! This realization has led to some easing
of the one child family policy in China.

Different standards of living and technological sophistication alter the
impact of population increases in different countries on GG additions by as
much as a factor of 10. A small population growth rate in a very affluent
society like the United States can increase GG by as much or more than a
large population growth rate in a very poor society—unless the affluent
society’s-technological sophistication enables it to, for example, sustain its
growth while avoiding fossil fuels.

One hopes and trusts that people in the LDCs will grow more wealthy and
that GG additions per person will ultimately stabilize around the planet.
Under those conditions, the imperfections of technology and population size
are the sole drivers of changes in GG and associated risks. Thus, population
stabilization—at home and abroad—is an absolutely essential ingredient in
any comprehensive pursuit of protecting global climate.

IV. SHOULD THE UNITED STATES TAKE THE LEAD?

Before I make suggestions for what government could do in response to
global warming, let me review some arguments as to why the United States
should take the lead. Even though climate change is a “global” problem of
sustainable development, leadership by the United States carries several
benefits, including:

® Many of the policies to avert global warming are of merit in themselves
for economic, energy security, or environmental reasons—the so called
“no regrets” policies.

® Unilateral action, at least to the extent of “no regrets” initiatives, would
indicate the seriousness with which the United States, the largest single
contributor to greenhouse emissions, views the problem and would help
to generate a political environment conducive to full international
participation.

And reasons abound for the United States to foster reduced emissions abroad,
including:

11. Thomas W. Merrick with PRB Staff, World Population in Transition, 42(2) Population
Bulletin 42 (1988).
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® Climate change is a global challenge. While the industrialization

that has occurred over the past century is the main culprit for changes
in greenhouse gas concentrations to date, industrialization over the
next 25 years may have an even greater effect. The effects of climate
change will be felt globally, and every country has an interest in the
problems associated with the issue. Solutions must come from
long-term participation and cooperation by all emitters, as the reduc-
tions by any one country—even the United States—will only make
a small dent in total greenhouse gas emissions.

Greenhouse gas emissions will certainly increase in the less devel-
oped countries and may rise in the Eastern Bloc and Russia. The
less developed countries have higher growth rates for energy use,
population, and GNP than industrialized countries. All of these
indicators suggest that emissions of greenhouse gases will continue
to rise significantly in these countries, just as they have been rising
faster than anywhere else in the world. While the industrialized
world is talking of stabilizing or even reducing greenhouse gas
emissions, general consensus says that a similar goal for developing
countries would be next to impossible to achieve.

Improvements in GG/P may be cheaper and more effective in less
developed countries, Eastern Europe, and Russia. Energy use in all
of their economic sectors (industry, transportation, agriculture, and
residential/commercial) is relatively inefficient when compared to
industrialized countries. Therefore, efficiency gains may be greater
and less expensive than in an OECD country. Also, much of the
energy production and consumption infrastructure is yet to be built
in developing countries; they can take advantage of new technolo-
gies that may be cost-effective for new construction, but expensive
to retrofit.

Many non-OECD countries lack sufficient internal capital to meet
development needs. Large foreign debts coupled with the fact that
state-of the-art, efficient equipment generally has higher first costs
have led many poorer countries to adopt policies that favor short-
term over long-term benefits. Tropical deforestation is but one result
of such policies. Lack of capital is often the motivating force behind
unsustainable policies; the United States and other aid-giving coun-
tries and institutions could make capital conditionally available and
help countries adopt longer term sustainable development policies.

Infrastructure investment that is undertaken now will have a long-
term effect on global warming. Many developing countries will
dramatically increase their energy and other infrastructure systems
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over the next twenty-five years. Decisions they make now will likely
have important long-term effects. China, for example, has expressed
great interest in exploiting its vast coal deposits. Decisions made
within the next five to ten years about how coal will be used will

impact China’s share of greenhouse gas emissions for decades to
come.

V. WHAT CAN WE DO?

The major options available or likely to be available for reducing CO2
emissions in the near-term fall into three categories:

1. Increasing energy conversion efficiency in end-use technologies;
2. Changing patterns of energy consumption; and
3. Shifting energy supply away from high CO2 emitting fuels.

Decisionmakers may choose from policies which comprise two interde-
pendent components: the universe of possible technical (or in some cases,
behavioral) changes and the policy instruments available (e.g., taxes, regu-
lations, financial incentives) to require or encourage the technical change.
There are a large number of technical options to pick from and many targets
of opportunity within each economic sector (see Figure 7). For effective
reduction in CO2 emissions, these options must be pursued simultaneously
through a variety of policy instruments implemented at various levels of
government.

For decades, most people have assumed that a single technical option—
fossil fuels—would supply human energy needs for another two or more
centuries.'? The rising specter of air pollution and climate change casts an
ominous shadow over the already troubled fossil option. In other words, the
fossil era may need to end in less than a century. This means that solar and
nuclear power (fission and fusion) may be the energy sources for mankind
that will be globally dominant, perhaps within fifty years. Unfortunately, for
different reasons, neither nuclear nor solar power are attractive options in
their present state.

Our only serious technological “bet-hedging” to fossil fuels has taken the
form of work on hamness nuclear power—fission and fusion. While the latter
goal remains frustrating and elusive, the former now accounts for 20% of
U.S. electricity, or about 8% of the U.S. total primary energy budget.'> Other
non-fossil fuel (mostly hydroelectric and biomass) adds another 8%. Our
present non-fossil energy budget is thus about 16%. But the nuclear fission

12. U.S. Dep't of Energy, Annual Energy Outlook (1990).
13. John H. Gibbons & Peter D. Blair, U.S. Energy Transition: On Getting from Here to
There, Physics Today, July 1991, at 22, 28.
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enterprise, for several reasons, is in deep trouble — so deep that the require-
ment to rescue it could well be more difficult than the original task of creating
it. Additionally, our commitments to more effectively and broadly harness-
ing renewable energy sources have been comparatively minimal.

Developing and preserving attractive nuclear and renewable options is
certainly possible. For example, photovoltaic conversion efficiency gains
have resulted in half an order of magnitude reduction in installed costs.'¢
Additional gains are promising; wind turbines are now directly competitive
in large areas; and aeroderivative turbines (driven with biomass fuels) and
solar thermal technology are nearing direct economic competitiveness.'s
Despite the gains to date, such options require—and merit—long-term
commitments of research, development, and investment which, in turn,
means we must move ahead on that odyssey now. One candidate goal for
U.S. energy policy would be to reduce the carbon intensity of energy use (i.e.,
net carbon released to the atmosphere per unit of energy delivered) on
average by perhaps 5 to 10 percent per decade for at least the next two
decades.'® This goal could be achieved in part by energy conversion effi-
ciency improvements and changing the fuel mix by replacing (and mixing)
coal use with natural gas, as well as increasing the use of renewables and
nuclear power. The number chosen for this goal is perhaps less important
than the will to define a goal and vigorously pursue it. Increased use of
natural gas and greater system efficiency would dominate the first decade or
two, securing time to allow non-fossil alternative transportation fuels and
sources for electric power generation to develop systematically and effi-
ciently. Technologies that would flow from such a commitment could
position the U.S. advantageously in terms of future economic competitive-
ness.

The continuing turmoil and instability in the Middle East has focussed
attention once again on energy security concems and, in particular, on
strategies for reducing U.S. dependence on imported oil. Figure 8 sketches
the possible impacts—in size and timing—of several aggressive import
reduction strategies in supply, efficiency, and fuel shifting. The options
include improving automotive fuel economy, increasing domestic produc-

14. Office of Technology Assessment, U.S. Congress, Energy Technology Choices:
Shaping Our Future OTA-E-493, at 98 (1991).

15.7d. at 92-101.

16. OTA's analysis shows that a decrease of 5-10 percent per decade would be technically
feasible but “tough.” For Changing by Degrees, OTA developed a “moderate” emissions
reduction scenario (which could be achieved at a net savings but would require substantial shifts
in the economy) that could freeze carbon emissions until 2005 and also developed a “tough”
scenario (technically possible but entailing costs in excess of projected fuel savings) that would
reduce carbon emissions by 20 percent below expected levels by 2005. An emissions reduction

of 5-10 percent per decade brackets the “tough” scenario. See Changing by Degrees, supra note
7.
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strategies, we could consider the concept of “global bubbles™ for
least-cost greenhouse gas reduction. If it is less costly to trap CO2
in the tropics than in the temperate zone, what could be done to take
advantage of that fact?

The government could set some measurable, sensible goals beyond
CFC regulation, e.g., on energy consumption levels, or efficiency
improvement levels, or gains in nonfossil supplies, for the near term
(next 10 years) and the long term (next 50 years). This would define
the path we will follow as a nation and could help us get past the
doldrums of drifting along energy paths that lead to more depend-
ence on imports from insecure sources, increased greenhouse emis-
sions, and loss of global leadership in making a major energy
transition in the coming decades.

For more than a decade, U.S. policy on population growth and family
planning assistance has been counter-productive to the goal of rapid
achievement of population equilibrium. U.S. refusal to support the
U.N. Population Office, policies that block research on contracep-
tion and discourage U.S. production of contraceptives, and policies
to cut teen pregnancies need to be reexamined in light of the crucial
role that population stabilization will play in reducing greenhouse
gas emissions. Where appropriate, these policies should be reversed
or revised. The unmet need for family planning services is tremen-
dous in much of the world and represents a policy arena in which the
United States could make an important contribution. In addition,
research and education in contraception and demographics could be
boosted substantially.

Many traditional public policies that bias actions toward higher
resource consumption need to be fixed. We still measure economic
progress in terms of how fast raw materials flow through our eco-
nomic system. We generally remain hooked on the notion that
exponential expansion is a favored route to salvation, even though
that paradigm is woefully out of date. We must develop a better
appreciation of the need to think in terms of S-curves rather than
exponentials (see Figure 9).

The United States is ideally positioned to lead a global effort to both
minimize and adapt to climate change and help change exponentials into
S-curves so that sustainable development can become a reality. We are
technically sophisticated; we are open and innovative; and we presently use
a major portion of the world’s resources. Confronted by the harsh reality of
resource finiteness, we should recognize and respond to the good news of
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our enormous potential to provide the means for progress through thoughtful
use of technology.

V1. SUMMARY

Public policy-making is frequently done in an environment of technical
uncertainty. Other factors, such as public opinion, special interest pressures,
and fear of alternatives generally dominate. The defense budget is full of
enormous commitments to counter threats that are arguably much less
certain—or damaging— than global climate change.

Public policy is a process, not an event. Itis usually iterative and adaptive,
making “uncertainty” less important that it might be otherwise.

Policy decision-making with respect to global climate must compete with
other priorities. The fact that effective climate policies must include market
interventions, lifestyle changes, long time commitments, and widespread
participation from local and international bodies doesn’t make the challenge
any easier. Fortunately, the vast bulk of actions that can be taken to thwart
global climate change are also helpful in achieving other goals such as
sustainable development, environmental quality, the inevitable transition
beyond fossil fuels for energy supply, and international economic and

military security.
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Figure 1. Greenhouse Gas Emissions in 1985 by Region
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NOTE: Figure shows the share of greenhouse gas emissions by region,
weighted by their contribution to radiative forcing between 1980 and 1990.
It includes all greenhouse gases and CO2 from deforestation and fossil fuel
use. Estimates for CO2 emissions from deforestation range from less than 10
to about 30 percent to total CO2. If the upper range proves to be correct,
developing countries’ shares would be larger.

SOURCE: Adapted from U.S. Environmental Protection Agency, 1990.
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Figure 2. Per Capita Energy Consumption
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SOURCE: U.S. Congress, Office of Technology Assessment, Energy in
Developing Countries, OTA-E-486 (Washington, DC: U.S. Government
Printing Office, January 1991).
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Figure 3. Projected CO2 Emissions in Selected Developing Countries
(including use of biomass).

- China ’////////////////////////)////I/////////////I//I/I////////I//////I/I/////I///;

India
Meéxico
Brazil
South Korea Bl 1935
Indonesia w4 2025 Low
Venezuela (] 2025 High

Nigeria

Argentina

| I l l | [ l l I

0.0 0.2 04 0.6 0.8 1.0 1.2 14 1.6
Emissions (billion metric tons/year)

CO2 emissions in developing countries are projected to rise significantly by
2025, as shown here for four countries in Asia, four in Latin America, and
one in Africa. The “High” scenario assumed no constraints on economic and
energy growth. The “Low” scenario assumed that policies are enacted to
improve energy efficiency and change the fuel mix.

SOURCE: J. Sathaye and A. Ketoff, CO2 Emissions From Major Developing
Countries: Better Understanding the Role of Energy in the Long Term,
Interim Report, LBL-29507 (Berkeley, CA: Lawrence Livermore Labora-
tory, August 1990).
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Figure 4. Index of U.S. GDP, Energy Intensity, Energy Use, and
Electricity Use
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SOURCE: U.S. Energy Information Administration, Monthly Energy Re-
view, March 1991, DOE/EIA-0035(91-03) (Washington DC: U.S. Govern-
ment Printing Office, Mar. 28, 1991).

Figure 5. World Population Growth, 1750-2100
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Figure 6. Population Momentum in Africa
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When a country reaches replacement-level fertility, it might be expected that
the population growth rate would immediately reach zero. However, if the
decrease to replacement is comparatively rapid, the large proportion of
younger persons in the population will cause growth to continue for some
time. In the above UN projections for Africa, note that in all three variants
the population continues to grow after repacement is reached.

SOURCE: Carl Haub, “Understanding Population Projections,” Population
Bulletin, Vol. 42, No. 4, p. 28, December 1987.
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Figure 8(1). U.S. Oil Supply and Demand Futures
Baseline Porjection: Current Trends in Domestic Oil Production,
Net Imports, and 1989 New Car Fuel Economy
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SOURCE: Office of Technology Assessment 1991.

Figure 8(2). U.S. Qil Supply and Demand Futures
Improved Supply, Mileage, and Backout
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Figure 9
Alternative Growth Models

Exponential Model

Time

The change in efficiency of energy use translates to only delaying for a few
years the inevitable growth of demand.

Sustainable Model
----------------------------------------- :-:::-_—_;----;------4
Demand .7
Time

The change in efficiency of energy use translates to a permanent lowering of
demand and, therefore, pollution for a given level of economic activity.
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Severe Uzone Depletion
Likely Again This Year

Large, Deep Hole Opens Over Antarctica

By William Booth

Washungton Post Staff Wnter

The seasonal ozone hole over
Antarctica is back and !ooks as if it
may be as big and bad as the deep
hole that formed in 1987, when rec-
ord amounts of radiation-shielding
ozone were destroyed over the fro-
zen continent, according to scien-
tists monitoring the depletion by
satellite.

Last vear, scientists were sur-

prised to find, the hole wasshallow -

and ozone depletion was relatively
slight. But this year, ozone deple-
tion over Antarctica is closely fol-
lowing the events of 1987, when
ozene plunged on Oct. 5 to the low-
est levels ever recorded, with about
50 percent of the Antarctic ozone
layer destroyed by the chemical
interaction of sunlight, ice clouds
and chlorine-containing chlorofluor-
carbons, the so-called CFCs used in
plastic foams, air conditioners and
solvents.

“It looks as if 1989 couid be as
bad as 1987,” said Robert Watson,
chief" of NASA’s atmospheric chem-
istry program.

This year’s hole covers some 10
million square miles. And ozone is
decreasing about 1.5 percent per
day, according to Arlin Krueger at
the National Aeronautics and Space
Administration’s Goddard Space
Flight Center in Greenbelt, who is
monitoring the ozone hole with in-
struments mounted onboard a
NASA NIMBUS-7 sateilite. “It’s a
horse race between 1987 and
1989,” Krueger said.

Ozone is a natural form of oxygen

that in the upper atmosphere
shields the Earth from the sun’s
cancer-causing ultraviolet radiation.
A one percent decrease in ozone
results in 2 percent more harmful

radiation reaching Earth’s surface,"

an increase that raises skin cancer

rates in white people from 3 te J;

percent.

© 1989 The Washington Po _ .
Congressional Research Service with
fretna oy ke bz
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The discovery in 1985 that a
large hole in the ozone laver formed
over Antarctica surprised scientists
and confirmed fears that man-made
pollutants are disrupting the deli-
cate chemistry of the atmosphere.
In each succeeding vear the hole
returned, generally growing wider
and more severe.

In 1988, however, it failed to ap-
pear. But scientists predicted that it
would return with a vengeance
when weather over Antarctica re-
sembled that of 1987.

The ozone hole is created in the
months of the austral spring, which
iIs occurring now, when sunlight
returns to the South Pole. The
sfage is set during the dark, cold
Antarctic winter when atmospheric
temperatures plummet to 112 be-
low zero Fahrenheit, forming ice
clouds in the lower stratosphere at
an altitude of 6 to 12 miles. When
the sunlight returns, the light acts
with chlorine from the CFCs to at-
tack ozone.

Scientists think that the ozone
hole will probably not get much
worse in coming years. Most of the
ozone that could be destroyed by
chlorine and ice clouds—90 percent
of the ozone in the 6- to 12-mile-
high layer—is destroyed during the
worst years. The width of the hole
will also probably not get much big-
ger, since the ozone is destroyed
within the polar vortex, a mass of
rapidly rotating air that is con-
strained by surrounding weather
systems. :

Scientists have learned that the
worst ozone losses are to be expect-
ed when the polar vortex is unusu-

ally tight and when :emperatures
are especially cold, which allow
more ice clouds to form. These con-
diticns vary from vear to year,
based on the planetary waves of air
that affect not only weather in Ant-
arctica but the jet stream and storm
fronts around the world, according
to Rolando Garcia, an atmospheric
scientist at the National Center for

Atmospheric Research in Boulder,’

Colo.

It is not known what effect this
annual ozone destruction is having on
global ozone levels. Atmospheric sci-
entists have watched ozone levels
dropping a few percent over North
America during the winter,” but
ozone levels appear to rebound in the
summer. Finding a clear pattern of
global ozone depletion has been dif-
ficult, given the variability from year
to vear and season to season.

The United States and some 30
other countries agreed that starting
in 1990 they would freeze CFC pro--
duction at 1986 levels. In 1992,
there would be 20 percent reduc-

tl,-q.wcé ano(-c»i,m,w
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THE OZONE HOLE: HOW DEZP?
Concentraticn of ozone, as measured in Cobson units, a gauge of ultraviolet
radiation retlecting from the Earth’s surface into space.
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tion and by 1998, they would re-
duce CFCs by half. In the past year,
there have been serious discussions
“of a complete phaseout of CFCs by
the year 2000.

“If you want to repair damage in

THE WASHINGTON POST

Antarctica, it will require the com~

plete cutoff of all these long-lived:
chlorine compounds. . . . And even

if you do, the Antarctic. will not;

completely recover until the year:
2075,” said NASA’s Watson. -
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Greenhouse Policy and
Climate Uncertainty’

Robert M. White

National Academy of Engineering
Washington, D.C.

1. Introduction

The global climate warming issue has now become
an international scientific and political happening. It
is difficult today to pick up a newspaper or view tel-
evision without encountering a story or an interview
on the subject of global climate warming, now fa-

miliarly embraced in the vernacular under the rubric

of the “greenhouse effect.”

No ideological or political boundary separates the
calls to action. From General Secretary Gorbachev
of the USSR and Prime Minister Thatcher of the
United Kingdom, to prime ministers Mulroney of
Canada and Brundtland of Norway, calls for inter-
national action resound. .

In March 1989, representatives of 23 nations, in-
cluding many heads of state, gathered in the Hague
at the urging of President Mitterand of France and
other European leaders and recommended that the
United Nations be given supranational authority to
regulate global activities regarded as the causes of
the greenhouse problem.

Not to be outdone, in the bidding for international
leadership on the issue, the United States through the
pronouncements and actions of President Bush and
Secretary of State Baker, is urging action on many
international environmental fronts. The Congress is
no less active. A half-dozen new pieces of climate
legislation are being considered.

Nor have the academies of sciences and engineer-
ing been silent. Quite the contrary, we have been
vocal and forward on the issue. For over a decade
these academies have conducted studies on global
climate change, making assessments that have but-
tressed the legitimacy of the concerns expressed by
our political representatives. Most recently, as a re-
sult of legislation in the last Congress, the academies
have embarked on new studies of climate and the
Kgdrem%sn_emﬁw a move to place its views

“Before the new Bush administration the academies
have issued a “white paper” on global change w1th
broad policy recommendations.

The scientific community has identified an issue

! Speech given at the Annual Meeting of the National Academy
of Science, April 1989, Washington, D.C.
© 1989 American Meteorological Society
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that lends itself to support by leaders everywhere—
the mission of saving the inhabitability of the planet.
It is a mission that now ranks in importance and po-
litical panache with saving the planet from nuclear
destruction. Like the mission to save the planet from
nuclear destruction, it raises politically divisive con-
cerns such as those between the technologically ad-
vanced and developing nations.

How robust is the scientific basis for this grand

- outpouring of world concern? What are the policy

directions that make sense in the light of the certain-
ties and uncertainties in our knowledge? What are
the policy problems that need resolution given the
likely social and economic costs of action or the con-
sequences of inaction?

My colleagues Bert Bolin and Steve Schneider have
ably described the state of our knowledge of the forc-
ing functions (those activities that cause the changes
in the composition of the atmosphere) and the at-
mosphere’s response to these changes, or the ways
in which the earth’s climate is projected to be altered
as a result of such compositional changes.

As scientists and engineers we often eschew re-
sponsibility for policy decisions because they are
laden with judgments balancing known facts, uncer-
tain interpretation, and social and economic costs
more properly made in the political arena. Unfortu-
nately, we cannot totally escape that responsibility
because those political judgments are shaped by the
way we present our conclusions to those who have
to formulate policy. We have it in our power to trigger
political action unwarranted by data or scientific find-
ings. Conversely, we can so allay real concerns that
inaction results when action is desirable.

Whether we in the scientific community like it or
not, we have awakened the political beast and those
communities of scholars who revel in the challenge
of public policy formulation and debate. The ability
of the scientific community to influence actions re-
cedes as groups are increasingly locked into policy
positions.

The fact is that we grapple with an issue that is
noisy in many dimensions. The climate record is
noisy, as are the results of mathematical computa-
tions. Knowledge of likely effects is speculative and
the policy debate is informed with contradictory data
and interpretations. Can we isolate the signals from
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the noise in all significant dimensions? That is our
task. That is our obligation.

2. The knowledge base

Any soundly based policy actions must emerge from

our knowledge of causes and effects and the uncer-

tainties in that knowledge weighed against the risks,
consequences, and costs of action. We know much
about the former and little about the latter. Our
knowledge of the likely causes is well documented.
Our knowledge of the climate system response to
these causes is extensive but fraught with uncertainty

The concentrations of greenhouse gases have been
accurately measured for over a quarter of a century
in many parts of the world and they reveal inexorable
increases. The CO, record of observations taken at
the National Oceanic and Atmospheric Administra-
tion (NOAA) Mauna Loa Observatory in Hawaii is
arguably the most important geophysical record of

" this century. We know much about causes of chang-

ing atmosphere composition—the burning of fossil
fuels, the industrial production of CFCs, and the ag-
ricultural production of nitrous oxides. We know less
about others, the sources of the increases in methane,
for example.

We can assess the climate system response in two

" ways. We can simulate the system with mathematical

models and examine the range of responses to the
known and projected forcing functions. We can also
examine the actual climatic record. Mathematical
models developed by many groups in the United
States and abroad vyield the basic projections on
which our concerns are principally based. As Steve
Schneider has described, they yield projections of
global average surface temperature increases ranging
from 2°~5°C since the turn of the century with greater
increases in polar regions for a doubling of green-
house gas concentrations sometime after the middle
of the next century. The models do not portray re-
gional and local effects well.

The models are approximations to the real world
and their simulation of natural physical processes is
well known to generate considerable uncertainties in
the results, especially as they reproduce critical feed-
back processes.

Our confidence in the mathematical modeis is
based on their ability to reproduce the seasonal vari-
ations of climate, the general reasonableness of the
manner in which climatic factors are portrayed, and
the consistency of results. Some question whether our
confidence in the output of these models is well

Vol. 70, No. 9, September 1989

placed given the uncertainties. Yet there is a prepon-
derance of views among those who have worked the
problem, that a large measure of confidence is war-
ranted but that the uncertainties are troubling and
need much attention.

What about the system response as deduced from
the observational record? Does the observational sys-
tem response support the theoretical response cal-
culations and does the response evidence any
systematic changes in climate.

It is well documented that climate_is observed-to—
fluctuate on all time and space scales. Drought and
wet climates have been the perennial scourge of
~ mankind. For the past century, during which human-
|tys introduction of greenhouse gases into the at-
“mosphere has increased greatly, the instrumental
record is equivocal. It is a noisy record affected by
the sampling of the global atmosphere through a net-
work of observations established for other reasons—
principally weather forecasting. It is affected by the
accuracy and representativeness of the observations.
It is also affected by external factors such as urban
growth, which produces real, but climatically artifi-
cial, local and regional temperature readings. Such
data reveal that global average surface temperatures
have had a roller coaster history. During the period
1900—40, temperatures increased, cooled during the
1940-65 period, and have increased again from
1965-88.

In over-land-areas of the United States where we
have the richest and probably most reliable data,
there ha n no detectable increase in temperature
since the turn of the century. This could be a sam-
pling problem. The United States may be unrepre-
sentative of the global average temperature. The data
pool also presents sampling difficulties for the globe.
Over many parts of the less-developed world, the
tropics, and the oceans, data are of poor quality,
sparse, and may be unrepresentative. The best anal-
yses of such data reveal a net increase of about 0.5°C
over the past century. This net temperature change is
consistent with the lower end of the projections from
the mathematical models but could also be a natural
phenomenon. Recent findings of the effects of urban
growth suggest that this increase may be an overes-
timate.

But, there are puzzling features.of the observed
global climate record. For example, temperature in-
creases, largely attributable to the records from trop-
ical and ocean areas, are not consistent with model
projections that the largest temperature increases
should occur in polar regions.

Is it too early to extract the signal from the noise
of the record? Many would argue yes. Others would
argue that a century during which the CO, content
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of the atmosphere has increased some 25% should
have revealed a clear signal by now. Those who ar-
gue that the global temperatures of the past five years,
the warmest in the instrumental record, signal the
onset of the greenhouse climate could have come to
an analogous conclusion during the drought of the
thirties. However, they would have encountered the
systematic cooling during the midcentury years,
which incidentally gave rise at that time to predic-
tions by some of a new ice age. In my view, the jury
is out. :

We are confronted with an inverted pyramid of
knowledge; a huge and growing mass of proposals
for policy action is balanced upon a handful of real
facts. Data on likely causes are robust, though future
emission projections vary widely. Projections based
upon mathematical approximations of atmospheric
and oceanic conditions are credible but uncertain.
Evidence from the climatic data is equivocal.

Policy actions must reflect the risk of serious social
and economic_consequences of climatic change.

~They could be severe but are in the realm of informed
speculation. Most of our information is analogue:or
scenario based. We know a great deal about the ef-
fect of weather and climate on agriculture, water re-
sources, forestry, and other economic functions from
extensive study of the effects of droughts or heat
waves or severe winters. We know the devastating
ramifications for economic and social conditions—
witness the effects of the droughts of the Sahel in
Africa in recent years, and the drought of last summer
on the Midwest. Such analogue information is sound
and can be extrapolated. It is the scenario based in-
formation that is speculative. By “‘scenario” | refer to
the “what if” studies. These studies are useful if they
are considered for what they do: provide a range of
possibilities. But frequently they are interpreted as
forecasts. It is here that the apocalyptic nature of out-
comes emerges and penetrates the political con-
sciousness through news stories about imminent
global catastrophe.

If our model projections are correct we can say

some interesting things. For example, we can expect -

an increase in sea level. Recent observations seem
- consistent with this projection. If sea level rises we
can be reasonably certain that coastal areas will be
affected with saline intrusions and increased coastal
erosion. On the other hand, we cannot say much
about local and regional effects of temperature and
precipitation changes and their specific local effects
on agriculture, water resource, and ecological and
economic systems. There would be effects on agri-
culture, but we are not quite sure what they would
be and whether they might be acceptable or even
beneficial. Increased carbon dioxide content of the
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atmosphere favors increased photosynthesis and crop
growth. There would be effects on storm tracks, prob-
ably moving them toward the poles, a result of the
reduced pole-to-equator temperature gradients. Pre-
cipitation belts would likely migrate to more polar
latitudes with consequences for agriculture and water
resources in the Southwest. There would be effects
on natural ecosystems and their resiliency would de-
pend upon the rate of change of climatic tempera-
tures and precipitation. But it is impossible to be
specific beyond such generalization.

3. Policy principles

And so we find ourselves in a classic dilemma of
policy formulation—possibly severe but unknown lev-
els of risk of undesirable consequences of climatic
change in the face of great uncertainty about causes,
costs and consequences. The dilemma is com-
pounded because the consequences will be visited
on future generations unevenly through the redistri-
bution of global climatic resources. Policy principles
in such a situation would suggest (1) investment in
improving the information base to reduce uncertain-
ties so_that policy actions could be based on im-
proved understanding; and (2) adoption of policies—

insurance policies, if you wish—that address causes

and predicted consequences in such a way that future

opti i ections turn

be incorrect, and which may be desirable for other

environ

The policy framework would have to recognize the
inherent international nature of the issue, its potential
divisiveness as between developed and developing
nations, the considerable social and economic costs
attendant on significant actions, and the absence of -
institutions on the international scene in a position to
formulate and implement necessary policies. Let us
examine the policy issues and see to what conclu-
sions they lead.

Improving the information base to reduce uncer-
tainties in our data, in our projections, and in the
understanding of consequences would seem to be a
sine qua non. These actions are not costly, do not
preclude future policy options, and can sharpen pol-
icy decisions. This means investment in improved un-
derstanding of physical processes so that they can be
modeled more accurately, intensified examination of
climate data bases, improved assessments of pro-
jected emission rates of greenhouse gases, and im-
proved space and ground based monitoring systems.
Programs to achieve some of these objectives have
been formulated in President Bush’s proposed Global
Change Initiative and it is expected that strong sup-
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port will be forthcoming from Congress. The World  with what societal disruptions. In the case of the

Climate Research Program of the World Meteorolog-  greenhouse problem, we are forced to address the
ical Organization and the International Geosphere-  fundamental activities of society that relate to eco-
Biosphere Program of the International Council of  nomic growth, the production of food, and the
Scientific Unions are underway and receiving wide-  sources of energy. We are talking about changing the
spread international support. The first international  global energy and agricultural systems, to say nothing
intergovernmental forum has been established to ex-  of the implications for global population growth.

amine the full range of climate problems, including Recently the Environmental Protection Agency
the possibilities for national and international re-  (EPA) issued a most useful report in response to a
sponses under the aegis of the World Meteorological  congressional request for options for stabilizing the
Organization and the United Nations Environmental . greenhouse gas concentrations in the atmosphere. A
Program. sampling of some of their proposals indicates the

The reatly-controverstal-potiey-issues surround the  pervasiveness of the measures that need to be con-
possibilities for intervention-in the climate change  sidered (the social and economic costs were not
process. Can we arrest or slow the processes that  assessed): raise average gasoline mileage of new
ncrease the conce_ntﬁmmﬁe——’ cars to 50 mpg—a doubling of present fleet mileage;

i
answer is yes. Bu h

answer 15 yes. But we have no grasp on the social impose fuel emission fees to reflect full social costs
ande ic ramifications of intervention. We have  of about $30/ton of coal and $3.00/barrel of oil;
a rea:;ri;bﬁegripmmm:\—re?ajﬁmounts of * launch major reforestation programs; and phase out
emissions and we have a reasonable grasp on the  CFCs.

reductions in emissions that would be necessary to Ultimately if the climate warming is to be pre-

constrain the global temperature increase. vented other forms of intervention in the world en-
The possible courses of policy action are in a sense  ergy structure will be required. The logical direction
vi

gely to the production,  for policy is to encourage the develo t and us

-distribution, and end use of energy. If fossil fuels use omgwm.
is the principal culpstin fhe CO; buildup, policies - and technology offer the promise of alternative en-
should be directed to the use of the least polluting  ergy sources, such as nuclear energy. Today the prob-
fossil fuels, the reduction in use of all fossil fuels, and - lems of public acceptability of nuclear power are
| development and use of-nonfossil energy sources. In  severe. Concerns about nuclear power plant safety
| practical terms, we must shift from coal to oil to nat-  and the disposal of radioactive wastes dominate any
| ural gas, undertake major efforts to increase energy concerns about the greenhouse problem. But re-
efficiency, and develop and deploy passively safe  search on passively safe reactors has been underway
and publicly acceptable nuclear power as well as for years and it appears that commercially useful pas-
other nonfossil energy sources. sively safe reactors are on the horizon.

Energy policy actions have great leverage because The world must face up to the fact that within the
they also address a broad set of environmental issues.  bounds of current technological knowledge there
Most environmental problems are interrelated  may be no way out of the greenhouse problem with-
through their physics, chemistry, and biology and  out some recourse to the nuclear option. Other forms
have common causes. Thus certain policies will have  of nonfossil energy have become more promising as
multiple environmental leverage. For example, the  the years have passed. There is new promise in pho-
problems of acid rain, global warming, and local air  tovoltaics, with efficiency increases up to 30% in re-
pollution are largely energy-based environmental  cent experiments. Biomass as a source of energy can
problems generated by the use of fossil fuels. be further emphasized. Policy options aimed at other

Energy policies that move the national energy sys- ~ causes of increasing greenhouse gas concentrations,
tem toward energy efficiency also serve many other  such as the release of CFCs and deforestation, present
national objectives: the lessening of dependence on  their own politically divisive features. The tropical
foreign sources of oil, thus achieving a greater mea-  deforestation issue confronts us with the conflict be-
sure of energy independence; reduction of the energy  tween economic development and environmental

omponent of the trade deficit; and increasing in-  protection in a direct way. Mankind has traditionally
ustrial competitiveness to the extent that energy ef-  used the environment for economic growth and man-
iciency can lower costs of production. kind’s track record is poor. We in the United States

Itis in the implementation of policies that the issues  have polluted our rivers, destroyed our wildlife, and
are joined. It is here that we finally address the eco-  replaced our forests with farms. We continue to over-
nomic and social consequences and the hard ques-  use the last of our natural rain forests in the northwest
tions of who pays, who is affected, at what costs, and  for economic gain.
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Now, recognizing the global consequences of the
destruction of forests, we call upon other nations
emerging from economic penury to arrest their de-
velopment to protect the global environment. Is it any
wonder that countries like Brazil or India or China
perceive our proposals as hypocritical? Nobody has
yet advanced a workable proposal, but many have
been suggested. The swap of foreign debt for the pres-
ervation of tropical forests is an interesting proposal,
but who will pay?

The issue of economic development and environ-
mental protection arose in March 1989 in London at
a conference called by Prime Minister Thatcher to
phase out the production of CFCs. China, India, and
other nations refused to submerge their need for CFCs
and associated economic development in the global
interest in environmental protection. If we are to be
serious about international action, a global bargain

will be necessary. But what kind of global bargain
makes sense?

The divisive nature of the issue is also evident in
the suggestion that we shift from fossil fuels such as
coal to other kinds of fossil fuels such as oil and gas.
But what of countries like China whose energy future
is dependent on their large supplies of coal? The re-
cent United Nations report, Our Common Future
(1987), on economic development and the environ-
ment carried the message on the necessary global
bargain clearly. Global environmental protection will
- only be resolved in the context of the economic de-

velopment of less prosperous nations. '

If we cannot arrest the processes of climate change
then we will need to adapt to them. Adaptation pol-
icies need to be those that will foreclose least on
future options. It seems wise that we introduce into
our long range planning for our coastal areas the pos-
sibility of a sea level rise of the order of one-half
meter over the next fifty years. Water resource plan-
ning must take into account the possibility that
the climatic regimes of the future will be different
and water resource infrastructures and management
techniques will have to incorporate a flexibility
not inherent in present planning. Planning for
agricultural adjustment will need to take advantage
of genetic engineering of plants and animals so that
they can be more tolerant of environmental ex-
tremes. :

Perhaps, however, the policy approaches to the
climate warming issue which we seem to be taking
are inappropriate to the problem. We are dealing
with intergenerational matters where the conse-
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quences of action taken by one generation are visited
on another. Nor do we have guidelines for devel-
oping policies in the face of uncertainties of the scope
involved in the climate problem. We address a prob-
lem in which knowledge and information are being
continually refreshed by new findings and interpre-
tations, and our assessment of risk and uncertainties
are continually changing. _
Robert Lind of Cornell University has suggested
that we should not think in terms of choosing a static
“best policy,” but think in terms of strategies and sets
of options. We should think in terms of a continseus
policy process where we periodically reassess oure-
sponses in Tight of new findings and information. In
such a policy approach, the design of research and
in : . s o =
i : =
This view suggests that what we might do is estab-
lish continuing mechanisms and processes that pe-
riodically, say every three or five years, would be
charged with performing an evaluation of the state of
our knowledge about the science and implications of
various policy options. Through this process, rec-
ommendations for changes in policies and in areas
of scientific investigation would emerge. In this way,
by a series of incremental policy steps, policy would
be kept in lockstep with knowledge. _
..In_the end, scientists and engineers must accept
the responsibility for having triggered a worldwide
movement that may result in policies of a pervasive
nature affecting all humanity. Each of us is respon-
sible for representing the extent of our knowledge and
accompanying uncertainties so that there is a balance
between optimism and catastrophism. Each of us can
make headlines any day by projecting or intimating
that mankind faces a global catastrophe. R i
We have sufficient experience to know that con-
troversy makes headlines and ‘those not as familiar

- with the scientific uncertainties take us at our word. -

Our pronouncements will be excerpted to suit the
needs of an exciting story. We need to make sure that
the uncertainties in our knowledge are well under-
stood and that there are risks in action as well as in
inaction. We need to be true to ourselves and our
work as well as to the humanity we serve.

Let us not confuse selected observations with rep-
resentative samples. Let us not confuse scenarios with
predictions. Let us not confuse short-term fluctuations
with long-term implications. Above all, let us not
confuse our friends and colleagues who must make
the political decisions that will ensure the inhabita-
bility of this planet.
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CFC DISPLACEMENT REVISITED ¢

?@@) Large-scale chlorofluorocarbon users and producers find
that developing subsititutes is just the beginning

C)

hen the Montreal Protocol was
W ratified last year, government

and industry recognized the
decision to stop using chlorofluorocar-
bons as a solid step toward saving the
Earth’s protective ozone layer. Butnow,
large-scale users and producers of CFCs
are reahzmg that the cost of phasing out
the compounds for more-benign sub-
stitutes will be astronomical. Their
estimations include not only research
and development expenses butalso the
cost of redesigning and converting
production systems. And whileall CFC

and that’s the key” to understanding
the economic impact of CFC substitu-
tion, says Bernard Sukornick, director
of fluorocarbon research at Allied-Sig-
nal’s engineered materials sector. Auto-
makers will have to develop new sys-
tems compatible with hydrofluorocar-
bon (HFC-134a), the substitute coolant
they will likely phase in between 1993
and 1994. That will “probably cost in
the hundreds of millions of dollars,”
says Sukornick. And HFC-134a is a
less-efficient heat exchanger, so more
of the compound will be needed than
the three pounds of

e T e it i i A it

users will be affected, the automobile
and electronics industries could be hit
hardest.

Worldwide, automakers use about
30,000 tons of CFC-12 annually for on-
board airconditioners, while [BM alone
uses nearly 6,000 tons of CFC-113 each
year in its global operations. Plastics
manufacturers also will be forced to
make costly changeovers, but with rela-
tively less disruption to their opera-
tions.

Final decisions on the types and
costs of CFC substitutes can’t be made
until toxicity tests by a consortium of
producers are finished in another two
to four years. Users and producers also
cite pending legislation in Congress

making commercial production of some
compounds financially impractical.
“Theseare not drop-inreplacements,

== HOWCFC DEMAND WILL: - °
... BE SATISFIED IN 2000

that could impose fees on alternatives, |

CFC-12 percarused
now, along with a
larger compressor
andanew lubricant,
say spokespersons
with General Mo-
tors, Chrysler, and
Ford Motor. Once
the new system and
lubricant are devel-
oped, already-
crowded engine
compartments will
have ‘to be rear-
ranged.

In Detroit, such
rearranging isnever
minor nor inexpen-
sive. Finding space
to fit larger systems
will be “quite a
challenge” and will “more than likely”
raise sticker prices, notes Toni Simon-
etti of GM. Plus, because of the greater
technical complexity needed to make
HFC-134a, per-unit costs will be two to
five times those for CFC-12, says Tony
Vogelsberg, environmental manager for
Du Pont’s Freon Products Division,
which will make HFC-134a.

Gasoline mileage also will fall, since
HFC-134a-based systems are less effi-
cient,says Mike Schwarz, aFordspokes-
man. The switchover presents “a major
packaging issue,” he adds. And the
costs of these changes don’t account for
the CFC-12 that will still be needed to
service older cars, says Simonetti. Even
now, the price of CFC-12 isrising, as Du
Pont and other producers of the com-
pound reduce production for phaseout
by 1998. That’s when the Montreal
Protocol requires CFC producers to cut

output to 50% of 1986 levels. Demand
for a shrinking amount of CFC-12 is
already starting to increase (CW, April
26, p. 14).

To help conserve the precious com-
pound, GM announced earlier this
month that its 10,000 dealers will be
required to use a new machine to re-
cover, purify, and recycle used refrig-
erant beginning with the 1991 model
year. And General Electric’s Appliance
Division plans to furnish its repair
personnel with equipment capable of
recovering CFC-11 from its home re-
frigerators, says spokeswoman Bonnie
Otto.

Producers are proceeding with cau-
tion in their plans to expand capacity
for CFC alternatives. For example,
Vogelsberg says DuPontand ICI planto
produce about one million pounds of
HFC-134a by the end of 1990—far less
than theautomobile industry will need.
Such limited production plans reflect
the uncertainty over what are perceived
to be imminent congressional actions.
Says Allied-Signal’s Sukornick, “We
are in a serious quandary, because we
have little if no direction from the
government” over how CFCsubstitutes
will be assessed in fees. President Bush
pledged during his campaign not to
impose new taxes on anything, which
should include the substitutes, indus-
try sources point out. But such seman-
tic maneuverings mean little to pro-
ducers forced to reconsider priorities,
says Sukornick. Such reconsideration,
he adds, delays development of CFC
alternatives. “The job of allocating
capital is more difficult in a climate of
uncertainty.”

Allied is “proceeding full speed
ahead at an accelerated pace” to build
commercial production of alternative
compounds, says Sukornick. R&D costs
for its group of substitutes will run to
the tens of millions, he says, excluding
commercialization costs. Vogelsberg
says Du Pont could produce commer-
cial quantities of CFC alterna-
tives “if the business climate
J is attractive.” Du Pont has two
- plants planned for 1990 start-
up; one in Corpus Christi, TX, to sup-
ply HFC-134a; and one in Maitland,
Ontario, to make HCFC-123, a substi-
tute for CFC-11, which is used in mak-

© 1989 Reproduced with permission by the Library of Congress, Congressjonal Research Service with
permission of copyright claimant.
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ing insulation and as a refrigerant.

Yet the challenges automakers
face pale compared with those of ;
electronics manufacturers.
Delco-Remy Division of GM, for
example, is “heavily dependent” on
CFC-113 to clean components used
initselectronicassemblies, says John
Borneman, who heads the unit’s ¥
corporate cleaningaction group. And
although Delco is working with Du
Pontto develop replacementagents,
“there’s no good one,” Borneman
says. Two criteria must be met, he
notes: The replacements can’t be
more hazardous to the employees
using them; and reliability of the
components cannot be compro-
mised. Those being considered in-
clude terpine hydrocarbons and
water, he adds.

Because elimination of CFCs in
electronicassembliesisnotincluded
in GM’s 1993 phaseout, Delco has a
bit more time to find a solution. But
since remaining CFC compounds
will cost more, GM wants to elimi-
nate all CFC use before 2000—the offi-
cial cutoff date for CFC use in elec-
tronic manufacture.

IBM uses 5,650 tons of CFCs (mainly
CFC-113) each year in its worldwide
operations—actually closer to “two to
three times [that] amount due to recy-
cling of CECs at our sites,” according to
spokeswoman Diana Lee. The company
has had “some success in eliminating
the need for CFCs,” she says, largely in
the parts-cleaning processes. At IBM’s
San Jose, CA facility, 1988 CFC emis-
sions (500,000 tons) were reduced 50%
from 1987 levels by using a water-soap
cleaning solution, she notes.

All IBM sites are working toward
meeting the firm’s goal of eliminating
CFCuse completely by the end 0f 1993,
she says. Further research is needed,
she adds, because “substitute chemi-
cals that have been proposed often
present serious problems.” Many, she
continues, “are combustible and often
more toxic than CFCs.” Lee notes that
eliminating CFCs company-wide will
require major technology develop-
ments, but she does not reveal IBM’s
cost projections.

Electronics. Cheryl Russell of the
American Electronics Association sug-
gests a far gloomier scenario for elec-
tronics manufacturers, who she says
account for 11% of the U.S. CFC mar-
ket. While “cost is not an issue,” be-
cause all 3,500 member companies are
committed to substituting CFCs, the
major problem will be to develop sub-
stitutes that do not damage delicate
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Research on CFC substitutes: a costly effort.

electronic components and still clean
as well, Russell says. Some alternatives
leave more dirt than CFC-113, the preva-
lent compound, she adds. Military
contracts, in particular, will be trouble-
some, she says, because each contract
calls for exacting specifications that
cannot easily be changed. But, adds
Russell, “Idon’t know of anyone” who
doesn’t assume the contracts will be
revised to include CFC substitutes.
AT&T plans to replace by 1994 the
three million pounds of CFCs it uses
annually. Like IBM, AT&T will substi-
tute CFCs with terpine hydrocarbons
and water systems, in addition to
modified flux materials that produce

%, likely reduce CFC consumption “by

cleaner results, according to Leslie
Guthof AT&T Bell Laboratories. And
like other companies, AT&T pre-
dicts eliminating CFCs will cost
many millions of dollars. Guth also
explains that AT&T won't accept
shipments from vendors who use
s packaging produced with CFCs. The
company believes such packing
materials will inevitably be banned
by law and wants to be prepared,
. she says.

Plastic packing and foam is one
industry that should weather the
CFC phasedown with relative tech-
. nical ease, according to preliminary
data collected by the United Na-
tions Environmental Program
(UNEP). The foam industry can

¥ 50% to 70% by 1993,” says Jean
Lupinacci of the EPA’s Global
Change Division. Adequate substi-
tutes are available and can be
dropped in without unduly disrupt-
ing production, says Lupinacci,
though she adds that in the case of
foam, operating costs will likely rise by
10%-20%.

Dow Chemical has already converted
much of its polystyrene and polyethyl-
ene fabricated foam operations from
use of CFC-12 and CFC-114 to HCFC-
142b, says spokesman Douglas Draper.
“Wedon’t foresee any major prob- 4 @
lems” switching, he adds, al-
though it will ultimately cost
“several million dollars.” Draper
says the plastic utensil and plate
industry converted “quite quickly”
because “90% [of such products] never
had CFCs” in the first place.
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Nations Urged To Unite in Efforts
To Stem Global Climate Change

Science, industry, and
government leaders discuss
actions, policies, leadership
needed to avert environmental
disasters, face climate issues

The next decade will be critical in
facing the challenge of global envi-
ronmental change, according to sci-
entists, industry representatives, and
government officials who met in
Washington, D.C., earlier this month
to discuss the problem. By the turn
of the century, they warned, the na-
tions of the world must have muster-
ed the will to take steps to ward off
environmental disaster.

“The threats to the global climate
prove beyond a doubt that, if ev-
eryone does as they please in the
short run, we will all be losers in
the long run,” said Norway’s prime
minister, Gro Harlem Brundtland, in
her keynote address to the “Forum
on Global Change and Our Com-
mon Future.” “We need to develop
a more global mentality in charting
the course towards the future, and
we need sound scientific advice and
firm political and institutional
leadership.”

Scientists at the symposium—spon-
sored by the National Academy of
Sciences, Smithsonian Institution,
the American Association for the
Advancement of Science, and Sig-
ma Xi—reviewed the data that link
the accumulation of trace gases such
as chlorofluorocarbons (CFCs), car-
bon dioxide, and other greenhouse
gases to ozone depletion and global
warming. They also bemoaned their
lack of knowledge about the com-
plex interactions among Earth’s at-
mosphere, oceans, and biosphere.

“What really concerns me as a

© Copyright 1989,

scientist,” says Francis Bretherton,
director of the space science and eng-
ineering center at the University of
Wisconsin, Madison, “is how totally
inadequate is our understanding to
answer any but the very broadest of
questions, like ‘Will the Earth warm
up?’ All the specifics are missing. Un-
der these circumstances, a real organ-
ized program of global change re-
search is an investment that we as a
country and a society simply cannot
afford not to make.”

Among speakers at forum on climate
change were (clockwise from above):
U.S.’s Corell, Norway’s Brundtland,
and Switzerland’s Holdgate

The mood at the meeting alter-
nated between optimism and de-
spair. The optimism arose from
the inability to predict rigorously knowledge that some act,iy@_s_t_}lﬁ

But much of the meeting focused
on the necessity of developing pol-
icies to limit global change despite

what changes the future holds in

store. “The options for action must conservation—could be put in plac

be considered now, in parallel with ’%ight_a,wa;LIhe conferees also took
the development of further science ~hope from the fact that political lead-
that will reduce the uncertainties,” ers are growing more concerned
says Martin Holdgate, director gen- about global environmental concerns.
eral of the International Union for The despair stemmed from rec-

the Conservation of Nature & Nat- ognition of the difficulty of design-
ural Resources in Switzerland. ing and implementing other strate-

American Chemical Society
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gies to limit the buildup of trace
gases in the atmosphere. And even
if drastic measures were taken im-
mediately, the world would not es-
cape some measure of ozone deple-
tion and global warming caused by
the CFCs and greenhouse gases that
have already accumulated.

Noting that slowing the buildup
of carbon dioxide is the biggest chal-
lenge, Holdgate proposed that the
industrialized nations set a goal of
halving their carbon dioxide emis-
sions by the year 2020. “That will
make room for Third World growth
without environmental disaster,” he
said, pointing out that the one quar-
ter of the world’s population that
lives in industrialized countries con-
tributes three fourths of the green-
house gas emissions.

Holdgate suggested a series of
strategies for reducing carbon diox-
ide emissions including improved
efficiency in production and use of
energy from fossil fuels; reforesta-
tion; energy generation from organ-
ic wastes; substitution of fuels like
natural gas for coal; removal of car-
bon dioxide from power station flue
gases; more efficient use of fuel in
transportation; the development of
renewable energy sources, like hy-
dro, wind, wave, geothermal, and
solar; and increased use of nuclear
power.

Brundtland, Holdgate, and other
speakers called repeatedly for in-
ternational cooperation in working
toward solutions for global change
issues. Negotiations leading to an
international treaty that could pro-
tect climate were proposed. And the
United Nations Security Council,
Holdgate suggested, could periodi-
cally review major environmental
issues of global concern that might
threaten peace and security.

The consensus, it seems, is that
environmental problems are now a
focus of international concern as
worthy of attention by world lead-
€IS as, say, arms control. “Foreign
affairs have been dominated by se-

.curity issues and economic issues,”

says Robert Corell, assistant direc-
tor for geosciences at the National
Science Foundation. “The environ-
ment is going to join as a third
partner. This truly is a significant
development of political thought.”
Pamela Zurer
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[n Protecting the Atmosphere,
Choices Are Costly and Complex

‘Substitutes for ozone-

destroying chemicals
all have disadvantages.

By MALCOLM W. BROWNE

S the world moves toward a ban
on ozone-destroyving chemicals
to head off an epidemic of skin
cancer, experts. searching for

substitute chemicals predict that the
technical and economic cost of the
change will be high.

Potential replacements for the chloro-
fluorocarbon (CFC) chemicals now ex-
tensively used as refrigerants, propel-
lants, bubbies in plastic and cleaning
fluids have already been identified. But
engineers say the replacements are gen-
erally more expensive and less effective
than the original chemicals. Equipment
using some of the replacements, more-

" over, is expected to consume more

power and wear out sooner.
Environmentalists, chemical manu-
facturers and many governments are in
broad agreement on the need to phase
out certain CFC’s. Released into the air
from the bubbles in plastic foam, from
leaks in defective or abandoned refrig-
erators and air-conditioning systems,
from solvents used to clean computer

circuits and other sources, these com- -

pounds rise over a period of years into
the stratosphere, where intense sunlight
breaks them down. The chemical prod-
ucts of these reactions go on to destroy
ozone, a minor but important component
of the upper atmosphere, which shields

the earth from much of the sun’s harm- °

ful ultraviolet radiation. :
But spokesmen for major chemical

- companies say that $135 billion of equip-

ment in the United States operates using
the soon-to-be-prohibited chemicals, and

- much of this equipment will eventually

have to be replaced to accommodate

substitute chemicals.

The likely substitutes for the three
main ozone-destroying CFC's may, in
many cases, be less effective.

The main ozone-destroying refriger-
ent, CFC-12, could be replaced by a
fluorocarbon called HFC-134a. CFC-12
consists of a single atom of carbon with
two atoms each of fluorine and chlorine,
and is easy to manufacture from two
common chemicals. But HFC-134a con-
tains two carbon atoms, four fluorine
atoms and two hydrogen atoms, and is
much more difficult to manufacture.
Chemical engineers say that the re-
placement chemical is likely to cost
three times as much as CFC-12, and it
may not last as long. The substance can-
not be used in refrigeration equipment
previously operated on CFC-12; partly
because major corrosion  problems
would resulit. 2

The proposed replacement for CFC-11,
a chlorofluorocarbon used to make plas-
tic foam and in central air-conditioning
systems, is a compound called HCFC-22.
This is a chlorofluorocarbon already in
use in home air-conditioners, but it is
more expensive than CFC-11 and its
potential applications are limited by its
inferior characteristics. HCFC-22 is not
as good a heat insulator as CFC-11, and
it is therefore unsuitable as a foaming
agent for insulating plastic foams. More-
over, its boiling point is too low for it to
be useful as a refrigerant in automobile
air-conditioners, unless the latter un-
dergo major modifications.

Yesterday E.I. du Pont de Nemours &
Company announced that it had devel-

oped two potential substitutes for CFC-

113, the third important member of the
ozone-destroying group. This chemical
is used in foaming plastics and in other
applications, but DuPont’s substitutes
are suitable only for cleaning electronic
components. The most promising of the
two products, KCD-9438, a proprietary
blend of organic solvents containing no
CFC'’s, will be available for testing later

this year, the company said, and
‘‘may be acceptable’ for some cus-
tomers. A second product, which con-
tains some chlorofluorocarbons but
in only small amounts, would not be
_available commercially until the mid-
1990s. Both products are expected to
cost about three times as much as the
present cost of CFC-113.

A technician at a Du Pont pilot plant
in Deepwater, N.]J., for chlorofluoro-
carbon alternatives. They are gen-
erally more complicated to make.

© 1989 The New York Times. Reproduced by the Library of Congress,
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The 12 nations of the European
" Community vowed last week to elimi-
nate production of the most harmful
CFC's by the end of the century, and
President Bush has proposed an in-
ternational agreement to do the
same.

Du Pont, which manufactures
about one quarter of the world's an-
nual production of two billion pounds
of chlorofluorocarbons, announced
last March that it would phase out
production of these compounds. Rep-
resentatives of 124 governments are
now meeting in London to discuss
ways to hasten the phasing-out of the
chemical throughout the world.

But the cost of eliminating chloro-
fluorocarbons will be high. According
to Charles A. McCain, Du Pont’s man-
ager for the development of alterna-
tive products, the more rapidly the
chemicals are removed from indus-
trial applications, the higher will be
the cost.

‘““America and the world need time
to replace the equipment that now
uses CFC's, and time to develop ade-
quate substitutes for the chemicals,”
he said in an interview. In this coun-
try alone, he said, 100 million home
refrigerators, the air-conditioners in
90 million cars and the central air-
conditioning plants in 100,000 large
buildings use the chemicals.

Home refrigerators may operate
for many years without replenish-
ment of their supplies of the chemi-
cals and are often junked before they
need replenishment. The ban would
therefore have little effect on the
average household refrigerator. But
central air-conditioning plants in
large buildings periodically need
fresh supplies of chlorofluorocarbons,
and in these cases, replacement of
equipment would be needed sooner.
Home air-conditioners do not use the
ozone-destroying chemicals.

Although the family of chlorofluo-
rocarbons includes many hundreds of
compounds, only the five considered
most damaging to the ozone layer are
being banned: CFC-11 and CFC-12,
which are used as refrigerants; CFC-
113, used mainly as a cleaning agent,
and CFC-114 and CFC-115, which
have a variety of uses. The first three
of these compounds constitute more
than 90 percent of chlorofluorocar-
bons manufactured in this country.

_The chemicals have special proper-
ties that make them extraordinarily
useful. Very little energy is required
to convert them from gases to liquids
or vice versa, owing to their low boil-
ing points and high yapor pressures.
This makes them ideal for refrigera-
tion applications and as propellants
in canned aerosol products. (Al-
though they have bezn banned as pro-
pgllants_ in this country, except for
dispensing drugs, they are still used

in aerosols in other parts of the
world.)

CFC’s are so chemically unreac-
tive that they do not cause corrosion
and are completely non-toxic. When
converted under pressure into lig-
uids, they have an extraordinary abil-
ity to wet any solid material they
touch; they are much wetter than
water. This perfectly suits them for

cleaning the microscopic pores,
scratches and irregularities in com-
puter circuit boards, especially since
they evaporate rapidly, leaving no
residue.

The substitutes in all these applica-
tions, manufacturers say, are a step
backward in product quality, except
for the fact that they will be less dam-
aging to the ozone layer. They are ex-
pected to be less durable, to require
redesign of much equipment, and to
pose potential questions about their
toxicity. Many of the substitutes are
actually other CFC’s whose chemical
structure has been designed to break
down quickly in the lower atmos-
phere.

Leo Manzer, manager of research
at Du Pont, said the search for ac-
ceptable substitutes has already cost
his company $100 million. The quest
has focused on compounds that have
one, two or three carbon atoms, along
with varving combinations of hydro-
gen, chlorine and fiuorine atoms.
“Mathematically,” he said, ‘‘that
gives us 601 chemical possibilities,
and testing them all for flamability,
toxicity, stability and engineering
qualities is no simple matter.”

A contrasting view was offered by
Dr. Mario J. Molina, a chemist at the
Jet Propulsion Laboratory in Pasade-
na, Calif.. who is a leading authority

on atmospheric chemistry. ““There’s
no doubt that eliminating CFC's will
be expensive,” he said, ‘‘but I doubt
that it will be as expensive as many
industry spokesmen contend.”

Dr. Molina disputes claims that the
ban might have dangerous economic
consequences. ‘“‘In 1978, when the
United States prohibited the use of
CFC’s as propellants in spray cans,
lots of experts said the ban would put
a lot of people out of work,"” he said.
“It didn’t. In any case, the world can-
not afford the consequences of contin-
uing to release CFC’s into the atmos-
phere.”

The special merits of the chloro-
fluorocarbons stem from the excep-
tionally strong chemical bonds that
hold their molecules together. The
strength of the moleculer bonds in
CFC-11 and CFC-12 makes them ex-
tremely resistant to chemical attack;
their chemical cousins include Teflon,
the non-reactive polymer used as a
non-stick lining in kitchen pots.

When released into the atmosphere
they resist breaking down almost in-
definitely, until they reach the strato-
sphere where they are exposed to
fierce solar ultraviolet radiation. This

radiation is so strong that even the

strong bonds holding CFC molecules

together finally break apart, and the

resulting fragments start the chain of
chemical events that leads to ozone
destruction. Ozone depletion has al-
ready been observed in both Antarc-
tica and the Arctic. :

When CFC refrigerants were in-
vented in 1930, they were seen by en-
gineers as an answer to a prayer. In

the late 19th century and early 20th .

century, the gases used in refrigera-
tors had included ether vapor, ammo-
nia and sulfur dioxide, all of which
are chemically reactive, poisonous

and dangerous to handle. By contrast,
CFC’s were completely inert and non-
toxic, caused no damage to the ma-
chines in which they were used, and
saved electrical power.

Most refrigerators, air-condition-
ers and heat pumps are based on
gases that can be easily liquefied
under pressure. In a typical refriger-
ation cycle, an electric motor drives a
piston to compress the working gas.
The pressure heats the gas, which is
then pumped into a radiator cooled by
moving air or flowing water.

The cooled, compressed gas lique-
fies in the radiator, and the liquid is
pumped into the cooling section of a
freezer, refrigerator or air-condition-
er, where the pressure is suddenly re-
leased. This allows the liquid to rap-
idly evaporate and cool, chilling the
metal coils with which it is in contact.
The resulting vapor is returned to the
compressor to begin a new cycle.

Lasting for 30 Years

If a refrigeration system contains
CFC-12, the compressor can usually
operate for up to 30 years without a
need to replenish or replace the gas,
experts say. But it remains to be seen
whether a substitute gas not based on
chlorofluorocarbons will hold up for
nearly as long.

A likely substitute for many appli-
cations of CFC-11, which consists of
one carbon atom, three chlorine
atoms and one fluorine atom, will be a
compound called HCFC-22, consisting
of one carbon, one chlorine, two fluo-
rines and one hydrogen.

Technically speaking, HCFC-22 is a
chlorofluorocarbon, but since it con-
tains a hydrogen atom and only a par-
tial complement of chlorine and fluo-
rine atoms, it is regarded as environ-
mentally safer than CFC-11. The hy-
drogen makes it more vulnerable to
attack, and scientists believe that
most of the HCFC-22 released into the
air will be destroyed by sunlight be-
fore ever reaching the stratospheric
ozone layer. The compound would
still destroy some ozone, but only a
negligible amount, it is believed.

The fact that HCFC-22 is already
the refrigerant used in virtually all
home air-conditioners means that
these machines will not be made ob-
solete by the phasing-out of chloro-
fluorocarbons. The compound is not
among the five CFC's singled out for
elimination by the signers of the 1987
Montreal agreement to curb destruc-
tion of the ozone layer.

‘It Would Be a Catastrophe’

“If HCFC-22 were banned it would
be a catastrophe,” Mr. McCain said.
‘‘Everyone is counting on it as a sub-
stitute.”” In response to a Du Pont
initiative, he said, the entire Amer-
ican foam-polystyrene packaging in-
dustry switched this year from CFC-
12 as a foaming gas to HCFC-22.
Questions remain about the stability
and long-term safety of HCFC-22,
however, and testing will continue.

“We all want to save the ozone
layer,” a Federal environmental offi-
cial said. “But let’s hope we don't
inadvertently end up creating substi-
tutes that damage the environment in
some new and unforeseen way."”’
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Still 40 percent of

CFCusein
Europe, butonly .
1 percentin U.S.

Many Uses of CFC’s LA :
hreat that some chiorofluorocarbons pose to .
arth’s ozone shield against cancer-causing
ultraviolet rays has prompted plans to abandon
them. They are used in about $135 billion worth of .
equipment in the United States. Many substitutes
have their own disadvantages. TR

Cleaning, especially for electronics, is
35 percent of use in Asia and Pacific.
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INSULATION
efrigerator insulation, otner forms of
am are 20-25% of market worldwide.

COOLING
Reirigeration, industrial and
automotive cooling are almost half the
usein U.S.. Canada. Latin America.
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Arctic Ozone Loss: Fact-Finding
Mission Concludes Outlook Is Bleak

‘Comprehensive probe finds
Arctic’s winter atmosphere
loaded with same chlorine
compounds that cause the
Antarctic ozone hole

Pamela S. Zurer, C&EN Washington

Scientists have returned from the
first comprehensive probe of the
Arctic stratosphere with unexpect-
edly dire results: The winter atmo-
sphere in the north polar region is
loaded with the same destructive
chlorine compounds that cause the
Antarctic ozone hole: Atmospheric
researchers who only a few weeks
ago were comforted by the thought
that the warmer Northern Hemi-
sphere is strongly protected from
the processes that lead to massive
losses of ozone during spring in
Antarctica now see very little stand-
ing in the way of an Arctic ozone
hole.

The inescapable conclusion is that
only a complete phaseout of fully
halogenated chlorofluorocarbons—
CFCs, the ultimate source of man-
made chlorine in the stratosphere—
can prevent further deterioration of
the ozone layer. Even with an im-
mediate ban on CFCs, their long
atmospheric lifetimes mean it would
take decades to centuries for the
atmosphere to recover.

This new bleak outlook stems
from data gathered during the first
six weeks of the year by the Air-
borne Arctic Stratospheric Expedi-
tion (C&EN, Jan. 2, page 30). Dur-
ing that international mission, two
National Aeronautics & Space Ad-
ministration research aircraft each
flew 14 flights north from Stavanger,
Norway.

The goal of the $10 million project

| Arctic stratosphere,
. like Antarctic, holds
- dangerous active chlorine

e Winter temperatures sometimes
drop to —80°C

® Variable polar vortex usually
breaks up before sun returns
to North Pole

® Polar stratospheric clouds are
mostly Type | (HNO5-3H,0)

@ Lots of active chlorine (CIO)

e Ozone loss?

® Winter temperatuies always drop
to —90°C

® Polar vortex lasts well into spring
after sun returns to South Pole

® Polar stratospheric clouds are both
Type | and Type Il (water ice)

® Lots of active chlorine (CIO)

® Massive ozone loss

was to determine to what extent
the heterogeneous chlorine chem-
istry that is responsible for the Ant-
arctic ozone hole also takes place in
the Arctic. The answer—that heter-
ogeneous chemistry has primed the
Arctic air for ozone destruction—
was a surprise to virtually all of the
150 or so scientists who participated.
Specifically, a key experiment by
Harvard chemistry professor James
G. Anderson’s group found chlo-
rine monoxide (ClO) concentrations
as high as 800 ppt within the polar

© Copyright 1989, American Chemical Society

vortex—almost as high as the re-
searchers had found within the Ant-
arctic ozone hole (C&EN, May 30,
1988, page 16). Chlorine monoxide
has been dubbed the “smoking gun”
of ozone depletion, because the
chain reactions believed to destroy
ozone depend on chlorine monox-
ide to carry the chain. (“Normal”
amounts of chlorine monoxide
would be about 10 to 20 ppt.)

Now the atmospheric science com-
munity is anxiously waiting to see
what happens next. The only factor
that is preventing substantial ozone
destruction in the Arctic region is
that the air containing active chlo-
rine is still mostly in the darkness
of the polar night. Once the air is
hit by sunlight, chlorine-catalyzed
chain reactions that chew up ozone
will take off—unless competing pro-
cesses can first reconvert the active
chlorine compounds to nondestruc-
tive inert forms.

“All our observations have shown
that the Arctic stratosphere looks a
heck of a lot like the Antarctic strato-
sphere,” says chemist Susan Solo-
mon of the National Oceanic & At-
mospheric Administration’s aer-
onomy lab in Boulder. “The dan-
gerous chemicals are there. What
we don’t know is how close to the
edge weare.”

So far, there is no large ozone
hole in the Arctic, says Robert T.
Watson, NASA’s program manager
for upper atmospheric research. No
phenomenon comparable to the
massive loss of ozone—up to 50%—
that has been occurring over Ant-
arctica every spring for the past dec-
ade has been observed in the Arc-
tic, he says. Rather, a small, long-
term loss of ozone—on the order of
5 to 6% since 1970—has occurred in
the high northern latitudes in
winter.

However, with the new insight

Reproduced with permission by the Library of Congress, Congressional Research Service with
permission of copyright claimant.
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Watson: new insight provided

provided by the just-completed Arc-
tic campaign, “We can’t rule out
the potential for a very rapid onset
of a decrease in ozone in the Arctic
regions,” Watson says.

Before the scientists left for Nor-
way, there was a consensus that the
Antarctic ozone hole was a result of
Antarctica’s unique frigid meteorol-
ogy. “Antarctica is a very special
place in terms of temperatures, and
because of those special physical
characteristics, man-made chlorine
compounds enter the picture there
in a way that they do not elsewhere
on the globe,” said NOAA’s Daniel L.
Albritton shortly before the mission
began.

Now, that conventional wisdom
has to be revised. The Arctic results
show that the stratosphere does not
have to get so cold as it does in
Antarctica to set up the conditions
that change inert chlorine com-
pounds to destructive ones.

In both the Antarctic and Arctic
regions, stable wind patterns in the
stratosphere known as polar vorti-
ces circle the dark poles in winter-
time. Air within the vortices, isolat-
ed from the sun and from warmer
air from the temperate regions, gets
extremely cold.

The Antarctic polar vortex, how-
ever, gets much colder than does
the Arctic. In winter in Antarctica,
stratospheric temperatures drop to
—90 °C and the vortex persists for

C&EN stall photo

about five months, well into spring.
In the Arctic, minimum tempera-
tures tend to be about 10 degrees
warmer, and the vortex itself only
holds together for a few months,
usually breaking up by late Febru-
ary or early March. The climatic dif-
ferences between the two hemi-
spheres reflect the difference in
land distribution. Much more dy-
namical activity from land masses
in the lower latitudes reaches the
Arctic polar region than reaches
Antarctica, which is surrounded by
ocean.

The winter temperatures at both
poles are cold enough for two types
of clouds to form even within the
extremely dry stratosphere. It is
these polar stratospheric clouds that
are the key to the Antarctic ozone
hole—and as it turns out, whatever
is happening in the Arctic. One kind
of cloud (Type I) is composed most-
ly of nitric acid trihydrate and forms

at about =77 °C. Type II clouds are

mostly water ice and require still
lower temperatures to grow—about
=85°C,

On the 1987 aircraft expedition
to Antarctica to study the ozone
hole, wherever researchers found
high levels of active chlorine, they
also found low levels of nitric acid
and water vapor. “From our experi-
ence in Antarctica, we had come to
correlate high chlorine monoxide
with denitrification and dehydra-
tion,” Watson says.

The scientists reasoned that that
correlation could be explained by
the occurrence of Type II polar strat-
ospheric clouds. The clouds provide
surfaces on which inactive forms of
chlorine are converted to destruc-
tive forms. The heterogeneous re-
actions convert chlorine nitrate
(CIONO3,) and hydrogen chloride—
molecules that are relatively inert—
to more active molecular chlorine
and hypochlorous acid (HOCI):

HCl + CIONO; — HNO; + Cl,
H,0 + CIONO,; — HNO3 + HOCI

The molecular chlorine and the
hypochlorous acid fly off into the
gas phase, where both can be easily
photolyzed by even small levels of
light to radicals that can catalyze
ozone destruction. In contrast, the
nitric acid (HNO3;) that is produced

sticks to the cloud particles, tying
up nitrogen species that, if free,
could react with the reactive chlo-
rine to reform inert chlorine nitrate.

As the ice crystals of the Type II
clouds grow large enough, they pre-
cipitate out of the stratosphere, re-
moving both water and nitric acid.
When the sun comes up in the Ant-
arctic spring, the active chlorine
compounds begin to destroy ozone
photochemically. The process stops
only when the Antarctic polar vor-
tex breaks down after it has been in
the sun for a month or more,
allowing air full of nitrogen oxides
to rush in.

In the Arctic, however, it is rare
for the temperature to get down to
—85 °C, the temperature at which
Type II clouds form, Watson says.
And, indeed, on this year’s Arctic
expedition, the scientists observed
very little of the dehydration that
would be expected to accompany
Type II clouds. Although they did
occasionally observe Type II clouds,
the Type I nitric acid trihydrate
clouds were much more frequent.
Nevertheless, they saw very high
levels of chlorine monoxide.

“This means that Type I [clouds]
are enough to perturb the chemis- -
try,” Watson says. “The surprise is *
you only have to get down to =77
°C to allow reservoir chlorine to be
converted to active chlorine. That

C&EN staff photo
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Tuck: much depends on the vortex
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happens much more frequently in
the Arctic than —85 °C.”

That the north polar vortex usu-
ally breaks up before the sun comes
up is probably what has prevented
a full-blown Arctic ozone hole so
far. However, in some unusual
years the vortex has held together
until April or May, notes NOAA's
Adrian F. Tuck.

“If the vortex holds together for
a few more weeks, we should see
an ozone loss,” Tuck says. “The de-
gree of Arctic ozone depletion [that
will actually appear] depends on the
rate at which normal partitioning
of chlorine species is re-established.
We don’t know how much expo-
sure to sunlight the primed air is
going to get; we don’t know how
much the vortex is going to wobble
about.”

Ozone losses in the Arctic region
if the vortex continues to hold to-
gether could range from 5 to 20%
this year, the scientists estimate.
However, even if the vortex does
break down soon, there will likely
be smaller, harder to measure,
changes in ozone.

“One way or another there will
be some ozone lost,” Watson says.
“There is nowa very large volume
of air, roughly reaching from the
North Pole to about 70° N, with
very high chlorine monoxide lev-
els. When the vortex breaks down
and that air gets sent out to lower
latitudes, it will indeed destroy
ozone. The amount of ozone de-
struction will be limited by how
quickly the chlorine will be con-
verted back into its reservoir forms.”

“It’s a race between how fast mo-
lecular diffusion can bring in nitro-
gen oxides to react with the active
chlorine and how fast the chlorine
chain can destroy ozone,” says Mi-
chael J. Kurylo III, a chemist on
assignment to NASA from the Na-
tional Institute of Standards &
Technology.

Unfortunately, the Arctic expedi-
tion scientists left Norway with the
their instruments in mid-February
and so will not be able to track any
upcoming changes in ozone with
the sophisticated array of equipment
that was assembled on the NASA
research aircraft. The expedition,
planned well in advance, was sched-
uled for early in the winter to make
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computer-modeled predictions of atmospheric chemistry effects

sure the researchers would be in
the Arctic at the right time to ob-
serve the formation and distribu-
tion of the polar stratospheric clouds.
By the time the team realized how
greatly the chemistry of the winter
Arctic stratosphere is perturbed, it
was too late to extend the program
long enough to follow the breakup
of the vortex.

The official statement of prelimi-
nary findings from the Arctic expe-
dition asserts that it is too soon to
say whether the perturbed chemis-
try the researchers found in the Arc-
tic can quantitatively explain the
decreases in ozone reported last
March by the International Ozone
Trends Panel (C&EN, March 21,
1988, page 6). That study found that
since 1970, ozone between about 40°
and 60° N had decreased 5 to 6% in
the winter months.

Despite the scientists” reluctance
to say so definitely, it is clear that
blobs or streamers of air rich in
active chlorine from the Arctic vor-
tex drifting into sunlight at lower
latitudes could account for that
wintertime decrease in ozone in the
Northern Hemisphere. Although
not nearly so striking as the Antarc-
tic ozone hole, such small changes
in ozone over a populated area are
still significant. The Environmental
Protection Agency has estimated
that each 1% depletion of ozone
leads to a 2% increase in skin can-
cer among fair-skinned people.

The latest findings in the Arctic

are leading both scientists and poli-
cymakers to step up their calls to
strengthen the terms of the Mon-
treal Protocol on Substances That
Deplete the Ozone Layer. That in-
ternational treaty, which went into
effect Jan. 1, calls for a 50% reduc-
tion in output of CFCs by mid-1998.
However, the photochemical models
that were used as a basis for negoti-
ating the treaty did not include
any heterogeneous processes, now
known to be so devastating to ozone.
“We’re much more concerned
than before we went to Norway
about protecting atmospheric ozone,
especially in the polar regions,”
Watson says. “It's now absolutely
clear that the terms of the Montreal
protocol will not lead to adequate
protection of ozone in Antarctica

‘and probably not in the Arctic.

“There’s about 3 ppb of chlorine
in the atmosphere today,” he says.
“Under the Montreal protocol, chlo-
rine will continue to increase to
about 6 ppb. Even if we were to
stop producing the fully halogenated
CFCs today, the Antarctic ozone hole
would be here for centuries to come.
Time is of the essence. Every year
we continue to put chlorine in adds
10 years to the time it will take to
remove it.”

Meanwhile, the Arctic polar vor-
tex is still holding together. Atmo-
spheric scientists are monitoring
ozone in the Arctic through satellite-
based instruments and balloon
flights. o
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A Character Sketch

of Greenhouse

by Dr. David Rind

he Greenhouse Effect has caught the

imagination of the general populace
in the last decade. What's more, the
respected, generally conservative
scientific establishment has become
associated with relatively dire
predictions of future climate changes
the Greenhouse Effect may cause.

But how much do we actually know
about the Greenhouse Effect? Can we
really establish how much the climate
will change, and when? Perhaps by
separating the “hard” science—that
which can be verified and is considered
well-understood—from scientific theory
or estimates, we can investigate the
likelihood of near-term climate changes
that have been projected. The series of
questions which follow will help us
explore what we currently know, or
think we know, about the Greenhouse
Effect.

Question: Do we really understand the
“Greenhouse Effect”?

The “Greenhouse Effect” is the name for

the physical p?ﬁé?s??v_hgrg%g energy
from e syvpassee TuoUsh B > hrough the
atmosphere relatively freely, while heat
radiating from the earth is partially
blocked or absorbed by particular gases
in the atmosphere. Because the sun is
warmer than the earth, its energy is
radiated at a higher frequency which is
not absorbed well by gases such as
carbon dioxide (CO,) or water vapor. In
contrast, these triatomic gases (gases
with three atoms per molecule) are
effective absorbers of the
lower-frequency energy radiated by the
earth. Since the gases responsible for
his selective absorption make up only
about one percent of the atmosphere,
they are known as “trace” gases. In
general, we can calculate very
accurately the energy absorbed by
different gases, although there are some
uncertainties, and when the

4 Reproduced by the Library of Congress. Congressional Research Service.

concentration of a gas changes, we
know how much more energy is being
absorbed. This additional absorption by
itself warms the planet: for example,
doubling the concentration of CO; in
the atmosphere would eventually lead
to a global air temperature increase of
1.2° Centigrade (C)—about 2.2°
Fahrenheit (F)—if there were no other
changes in the climate system.
However, what we do not know is
exactly how the rest of the system will
react. The current numerical computer
models of the earth’s climate predict
that the warming due to the increase in
CO, will lead to more evaporation of
water vapor from the ocean. Water
vapor itself is a “greenhouse” gas, so as
its concentration increases in the
atmosphere, the planet will warm even
further. With rising temperatures there

will be less snow and ice to reflect energy

from the sun back to space (snow and
ice are very good reflectors). This
promotes further warming because more
of the sun’s heat is retained in the earth.

These are examples of “positive
feedbacks” in which the system
responds to a warming climate with
changes which amplify the warming
even further. Both of these system
responses are very likely to occur,
although we cannot be sure of the
magnitude of the changes. The models
also predict cloud cover changes that
will provide even more warming, but
clouds are not modeled in a very
sophisticated way because they are not
well understood. Thus, the likely
impact of cloud cover changes is quite
uncertain.

The net result of these different
processes in the various models is the
tripling of the warming caused by the
doubled CO, levels alone, producing a
total warming of about 4° C (or 7° F) for
the global, annual average. Yet it is only
the initial Greenhouse Effect due to
increased CO, or increases in other trace
gases, which we know with great
confidence. :

January/February 1989

Question: Can we use the temperatures
on other planets to determine what the
climate system feedback will be on
earth?

The atmospheres of nearby planets
validate the general concept of the
greenhouse theory, especially in a
qualitative sense, but they cannot tell us
what the magnitude of the changes on
earth will be. Venus, with its massive
atmosphere composed essentially of
CO., has a surface air temperature close
to 500° warmer than would be expected
without a Greenhouse Effect. Mars, with
a very thin atmosphere and thus little
atmospheric capacity to absorb
radiation, has an observed temperature
close to the expected. The earth, with
intermediate amounts of greenhouse
gases in its atmosphere, is about 30°C
(54° F) warmer than it would be
otherwise. The differences among the
planets are very large, and cannot really
be used to estimate sensitivity to
relatively small changes in greenhouse
gas levels. Furthermore, as noted above,
the big uncertainty lies in the
magnitude of the climate system
response (or feedbacks). The most
important feedbacks involve the
reaction or processes related to water,
and the other planets have no
free-standing water.

Are greenhouse gases increasing?

Since the establishment of an
atmospheric monitoring system in 1958,
we have observed the concentration of
CO, growing systematically. During the
past 28 years, CO, values in our
atmosphere have increased from 315
parts per million (ppm) to 350 ppm.
These values are especially significant
since air bubbles trapped within the ice
in Greenland and Antarctica have been
used to measure what CO,
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STRATOSPHERE

TROPOSPHERE A

Carbondioxide and other gases absorb infrared
radiation in the troposphere and warm the earth.

concentrations were like over the past
several hundred thousand years. During
that time, up to just prior to the
industrial revolution. CO, levels had not
exceeded 280 ppm (and thus were well
below current values). The rising CO,
concentrations are believed to be
associated with the widespread use of
fossil fuels such as gas and oil and by
the denuding of the world's tropical and
other forests, a process which lowers
the earth’s ability to use trees as a CO.
absorbent.

Chlorofluorocarbons (CFCs), better
known for their impact on atmospheric
ozone levels, are artificially generated
gases that also have the capacity to
contribute to the Greenhouse Effect. and
which are known to be increasing. They
have no natural sources and probably
did not exist in the atmosphere prior to
the last few decades. Recent
measurements indicate that other
contributing greenhouse gases, such as
methane and nitrous oxide, are also
increasing; however, since we are not
sure of the reason for their increase, we
Have less confidence in their long-term
trends.

Question: Is the temperature record of
the past century consistent with the
increase of gases which contribute to
the Greenhouse Effect?

It is estimated that the average surface
air temperature has increased globally
by about 0.6° C (or 1° F) in the past
century, but there is some uncertainty
as to how accurately the change can be
estimated because there were far fewer
temperature recording stations 100 years
ago. Large portions of the globe were
poorly sampled, especially in the
Southern Hemisphere. Even today, full
global coverage is not available.

The record, such as it is, does not
indicate a continuous worldwide




warming. There was apparently a
cooling period in the Northern
Hemisphere from the 1940s into the
early 1970s. This is inconsistent with
the concept of greenhouse warming, -
but it may be due to other climate
disturbances_such as variations in the
solar energy constant, or a change in the
amount of volcanic discharge into the
atmosphere, or it may simply represent
internal variability within the system.

The overall warming for the past
century is the right order of magnitude
for the expected Greenhouse Effect.
However, given the uncertainties about
the actual temperature change, the
climate feedback factor, the actual
amount of CO; in the atmosphere in
1880, and the rate at which oceans
absorb heat (which slows down the
atmospheric warming), we cannot be
more precise in determining what the
expected warming would have been.
Similarly, we cannot use the record to
establish what the climate-feedback
factor really is.

Despite these qualifications, one
aspect of the temperature record clearly
stands out: during the past century, the
four warmest years, globally, were all
during the 1980s; this does not include
1988, which appears as if it will be the
warmest year of all. This has occurred
despite the eruption of the El Chicon
volcano, putting additional dust into the
air, and a decrease in the sun’s energy
output, both of which should have had
a cooling effect. While modern
temperature records may be
contaminated to some extent by heat
island effects which create warm areas
in cities, the rapid rise of temperature
during the 1980s is consistent with
computer model projections. This
suggests that the anticipated Greenhouse
Effect changes may actually be
appearing at this time.

Question: Are current computer models
adequate to allow us to forecast climate
change?

Numerical models (called general
circulation models) which simulate the
known workings of the earth’s climate
system are used to calculate its response
to increases in trace gases. The four
models in current use all estimate that
the doubled CO, climate will have a
global average temperature some 4° C
(7° F) warmer than todayv. They are thus
all calculating similar climate feedback
factors. However, even though many
climate processes are handled similarly
in the different models, their unanimity
does not guarantee accuracy. For
example, the treatment of cloud cover in
all the models represents a major
uncertainty. The models also differ to
some extent as to the seasonal and
latitudinal distributions of the
calculated warming. It is thought
unlikely that the models could be wrong
by more than a factor of two, but this
cannot be proven.

In addition, a climate change forecast
should indicate when the warming
would be expected to be evident, but
only one model, the Goddard Institute
of Space Studies (GISS) model, has been
used to calculate the temperature
increase over the next 50 vears in
response to a gradual change in
greenhouse gas concentrations. Its
results indicate substantial warming in
the next decade. This calculation is
affected to some extent by uncertainties
in how much heat the oceans will
absorb and the true climate feedback
factor. Nonetheless, by providing an
estimate of how much warming should
be observed in the relatively near future,
the model does give us a chance to test
the accuracy of its projections.

Question: How “dire” is the forecast of
coming climate change?

It is estimated that the ice age climate
was some 4° C colder than today's. At
that time (some 18,000 vears ago), ice
covered the area now occupied by New
York City. Considering that the doubled
CO; climate is estimated to be warmer
to the same degree that the ice ages
were cooler, large changes in the
climate system may well be expected if
this comes to pass. The GISS model's
forecast for the next 50 vears gives
changes of 2° C (3.6° F) by the vear 2020,
which would make the earth warmer
than it is thought to have been at any
point in historical time. Estimates for
summer temperatures in the doubled
CO; climate indicate that Washington,
DC, which currently experiences 36
days of temperature above 90° F would
routinely have 87 such days: Dallas
would go from 19 days with
temperatures above 100° F to 78 davs.

Sea-level rise due to thermal
expansion of the oceans would cause
severe problems in many coastal cities,
and this effect would be exacerbated if
additional glacial melting occurred.
Rainfall patterns would likely be
substantially altered, posing the threat
of large-scale disruptions of agricultural
and economic productivity, and water
shortages in some areas.

We may start experiencing the effects
of a changing climate fairlv soon. If we
define a “hot” summer as the warmest
one-third of the summers during the
period 1950-1980, then, if the models
are correct, during the 1990s we will
experience “hot” summers twice as
often. or two-thirds of the time. The
summer of 1988 may be an
all-too-tangible indication of how dire
such changes in summertime climate
can be.
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Question: Is there any way to prevent
these changes from occurring?

The climate is being altered by the
release of greenhouse gases due to fossil
fuel consumption and industrial
processes, and by deforestation. These
factors are inherent in our current
civilization. It may be possible to limit
specific trace gas increases (such as the
CFCs) and slow down rates of increase
of CO, through increased energy
conservation. Qur ability to manipulate
the climate system deliberately, so as to
offset the warming by some other
process, is nonexistent. It is likely that
the additional greenhouse gases which
have been added to the atmosphere
during the past 50 years have already
built considerable warming into the
system, which we have not yet
experienced because of the slow
warming response of the ocean.

The climate of the next century will
very likely be substantially different
from that to which we have become
accustomed. Uncertainties in our
knowledge of the true climate
sensitivity prevent us from knowing
exactly how different it will be. The
consequences of the climate change that
is currently being estimated would be
enormous. With that in mind, it is
worthwhile for us to factor climatic
change into decision-making processes
related to our future, even though there
are many uncertainties that still exist in
our understanding of what may actually
happen. O

(Dr. Rind is an atmospheric scientist at
the Institute for Space Studies, Goddard
Space Flight Center, National
Aeronautics and Space Administration,
and an adjunct associate professor at
Columbia University. He is a leading
researcher on aspects of the greenhouse
theory of atmospheric warming from
certain gases.)
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(The top chart represents the estimated increase in the Greenhouse
Effect due to manmade emissions of Greenhouse gases in the 1980s.
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at the Goddard Institute for Space Studies. The bottom chart is based
on EPA estimates of each region’s contribution to manmade emissions

of Greenhouse gases.)
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From an
Industry View

by Stephen C. Peck and
Richard G. Richels

he possibility of climate change

presents a unique challenge to
American electric utilities. If there is
indeed a significant warming of the
earth’s climate due to rising
concentrations of greenhouse gases.
utilities may be affected at three distinct
levels. First, they will inevitably play an
important role in any broad societal
response to climate change and have an
opportunity to forge a new relationship
with their customers to achieve
common goals. Second, utilities
recognize that their industry will be

among those whose operations are most
deeply affected by a changing climate,
perhaps within the time-frame of
current planning for construction of
new facilities. Finally, electric utilities
are concerned that costly and
potentially counterproductive
regulations may be promulgated before a
rational basis for policy-making is
achieved.

An overriding consideration in each
of these three areas is the number of
uncertainties that remain in the
scientific understanding of the

Baltimore Gas and Electric Company photo

One of the issues in the debate about how to deal with the Greenhouse Effect is the
role nuclear power should piay as an aiternative to fossil fuel. Shown is the Baltimore
Sas and Electric Company’s Cavert Cliffs Nuciear Power Plant on the Chesapeake Bay
s Marviand

1989 EPA Journal

AN A RY FFRRUARY

Greenhouse Effect and in the likely
effectiveness of various
countermeasures. In particular, the
apparent 0.6° C (1° F) rise in average
global temperature over the last century
lies within the long-term range of
natural variability, although the recent
rate of increases seems rapid. Current
models suggest that a warming trend of
this magnitude could result solely from
the increases in atmospheric CO- and
other greenhouse gases (e.g.. nitrous
oxide, methane, chlorofluorocarbons.
and ozone). However, the observed rise
in temperature over the last century has
not been steady and has been marked by
unexplained periods of cooling. More
research is needed before the time-scale
of present climate change and the
contribution of human activity to this
change are well understood.

Even more uncertain are future
trends. The earth has numerous,
complex feedback mechanisms that
could enhance or counteract the
Greenhouse Effect in still unpredictable
ways. Rising temperatures, for example,
could increase evaporation of surface
moisture, leading to a greater cloud
cover that could influence the warming
by both reflecting more sunlight away
from the earth and trapping more
outgoing radiation. No one knows
which of the opposing feedbacks would
dominate.

Perspective on Regulation

In spite of these uncertainties,
legislation has been proposed that
would reduce U.S. CO, emissions 20
percent from current levels by the year
2000 and 50 percent by 2015. Achieving
these goals—which many
knowledgeable observers doubt is
possible—would involve tremendous
costs for electric utility customers and

. for the economy as a whole.

Unfortunately, it is impossible to say,
given the current state of knowledge,

Reproduced by the Library of Congress, Congressional Research Service. 25




The reliability of electricity delivery systems could be
affected by weather changes caused by the Greenhouse
Effect.

whether such measures would
significantly affect any global warming

‘that might occur.
|'/ At issue is whether we can afford to

wait for greater scientific certainty about
the Greenhouse Effect and its likely
impacts. The answer requires weighing
the possible costs of delay against those
of premature action, such as the
imposition of tremendous costs on the
U.S. economy unnecessarily if the
warming trend turns out to be more
modest than some current projections.

Calculations by Irving Mintzer at the
World Resources Institute indicate that
if no action is taken for 30 vears to alter
current trends, we would probably have
to deal with an additional average
warming of between .25° to .8° C.
Clearly, a significantly higher degree of
certainty on a wide range of critical
scientific issues could be gained in a far
shorter period of time. The first order of
business for the research community,
therefore, is to develop a better
understanding of both the consequences
and likelihood of an additional
commitment to global warming within
the range calculated by Mintzer. Such
an understanding would tell us what is
at stake by waiting.

Research is not onlyv needed to tell us
when to act but also how to act.
Although the focus of recent debates has
been primarily on strategies to reduce
emissions, it is not at all clear that the
point of emissions is the best place for
intervention. There is, in fact, a wide
variety of options potentially available

for counteri reenhouse Effect.
~Th r main options

® Reducing greenhouse gas tion:
Examples are reducing energy use, fue
switching from coal to natural gas,

increasing the use of nonfossil sources,
and reducing the rate of deforestation.

® Removing greenhouse gases from -
effluents or the atmosphere_Examples
are removing CO; from power plant
emissions as well as starting forestation
programs.

® Making countervailing modifications,

in climate and weather: One example is
cloud seeding; another more speculative
example is changing the atmosphere’s

reflectivity by releasing particles in the
stratosphere.

® Adapting to changing climate:
Exampies are heating and cooling of
buildings, compensation of
disadvantaged regions, and changing of
agricultural practices.

Thus, another important research
direction is to conduct analyses of the
feasibility and cost-effectiveness of such
options so that an informed judgment
can be made on the appropriate °
combination of options, when action is
required.

Regardless of when action may be
taken, however, it is clear that unilateral
emissions reductions by the United
States or its utilities would do very little

There is, in fact, a wide
variety of options potentially
available for countering the
Greenhouse Effect.

to slow global trends. While wo ide
emissions of ma more than

tripled between 1950 and 1980, the U.S.
share of the total steadily decreased,

from about 42 percentto-acurrent level

-of abeut-22-percent~By contrast, the

portion attributable to developing
countries grew during the same period 7
percent to more than 20 percent, and
these countries may produce two-thirds
of CO, emissions by the middle of the
next century.

American utilities, on the other hand,
now produce about 35 percent of U.S.
and 8 percent of global emissions—an
amount which, even if it were reduced
significantly, would delay the date of a
doubling of atmospheric CO, from
pre-industrial levels by a fraction of a
decade at most. Paradoxically,
premature restrictions on American
utilities could actually increase CO,
emissions by driving up the domestic
price of electricity and forcing more
industries to move offshore, where the
efficiency of energy use is frequently
lower. Clearly, any regulatory attempts
to counteract global warming must be

_international in character.

Effects on Utility Operations

Because of the large amounts of capital
and time required to build generation
and transmission facilities, electric
utilities must plan for decades ahead.

Recent studies indicate that if
significant climate change occurs, some
effects may be felt within the current
planning horizon for utilities. The need
for more air conditioning during longer,
hotter summers, for example, would not
only raise the annual demand for
electric energy but increase demand
peaks as well. Utility planners must
therefore consider both the likelihood of
having to build new power plants to
meet higher peak demand and the
probable need to purchase more fuel for
increased generation.

Planners will also need to consider
potential changes in energy supply
resulting from climate change. Stream
flows that affect the availability of
hydroelectric energy, for example,
depend on both the amount and timing
of precipitation, which could be altered
in some regions by even small changes
in the average global temperature. In
addition, the reliability of electricity
delivery systems could be affected by
shifts in the frequency and intensity of
weather extremes, such as tornadoes,
hurricanes, and severe storms. Power
plant operations in some coastal regions
could also be hampered by even a
moderate rise in the sea level resulting
from thermal expansion of the oceans
and possibly increased melting of
glaciers and Antarctic ice.

To meet these challenges, utilities’
will need to adopt more sophisticated
strategies of risk management. Although
many of the effects of climate change
remain unpredictable, the cost of
adapting will be much less if some
prudent contingency plans are made
well in advance. Recognizing this need,
the utility industry is sponsoring a
program of research to provide a better
understanding of the linkages between
climate change and electric power
operations, and to develop strategies for
considering climate-related uncertainties
in capacity planning, long-term fuel
commitments, and transmission
investment.

Helping Society Respond to Climate
Change

Beyond facing immediate regulatory and
operational challenges, electric utilities
will play an important role in the broad
societal response to any climate change
that does occur. Several of these
initiatives, which are quite diverse,
represent extensions of ongoing 7
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cooperative efforts between utilities and
their customers and are being taken to
use our natural resources more
effectively:

® Energy conservation: Many utilities
hdve longstanding, customer-focused
conservation programs in place,
involving such actions as helping
finance home insulation or the purchase
of efficient electrical appliances. Such
efforts, on a global scale. probably
represent the most cost-effective means
of slowing the accumulation of
greenhouse gases.

®_End-use efficiency: The utility
industry, largely through the activities
of the Electric Power Research Institute
(EPRI). is co-sponsoring research on
increasing the efficiency of electricity
use in the residential, commercial, and
industrial sectors. Such efficiency
improvements are contributing to a
longstanding trend of electrification of
the world economy, which will also aid
adaptation to climate change.

e [Electric vettteles: Electric vehicles,
chafg:/dgﬁé%tﬁmg off-peak power
from the most efficient baseload power
plants, could significantly reduce urban
pollution and—depending on the use of
nonfossil power plants—could
potentially reduce overall emissions of

greenhouse gases as well.

® Generation technalogy: The efficiency
of existing plants is being improved.
one of the many benefits of the clean
coal program. In addition, new
technologies are being developed that.
over the long term, can help reduce
emissions of greenhouse gases from

More research is needed
before the time-scale of
present climate change and
the contribution of human
activity to this change are well
understood.

power plant operations. These include
more efficient ways of burning coal.
development of renewable sources such
as wind and solar energy, and design of
smaller, advanced nuclear plants with
improved safety features.

® Technology-transfer—Since the major
contribution of greenhouse gases may
eventually come from developing
countries, utilities in industrialized
nations can play an important role in
making advanced technology more
widely available for both the generation
and use of electric power. Such
technologies could help raise the
currently low efficiency of power
generation and hence reduce CO,
emissions in the Third World.

apparent, utilities will need to work
closely with government agencies and
the public to make plans for adapting.
These plans should include
multifaceted responses to population
shifts, economic dislocation. increased
irrigation needs in major agricultural
areas, and possibly the pumping of sea
water in extensive coastal dike svstems.

U.S. electric utilities represent a
relatively minor part of the problem of
global warming, but potentiallv a major
part of the solution. Thev remain an
easy target for regulation. but national
resources would now be better spent on
contributing to the scientific basis for
policy-making and providing future
options to help the world manage
climate change if it occurs. Since both
utilities themselves and the
communities they serve will inevitably
be effected by climate change. now is
the time to forge a new partnership for
creatively addressing the challenges that
lie ahead. O

(Peck is Director of the

Environmental Risk and Health Science
Department at the Electric Power
Research Institute. Richels is

Manager of the Environmental Risk
Analysis Program at EPRI.)
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® Planning for adaptahilitv: As the
effects of climate change become more



CLIMATE NEGOTIATIONS WASHINGTON

NGO NEWSLETTER

Eco has been published by Non-Governmental Environmental Groups at major international conferences since the Stockholm Environment
Conference in 1972. This issue is produced cooperatively by groups attending the Intergovernmental Negotiating Committee on a Framework
Convention on Climate Change, Westfields Center, Chantilly, Virginia

NEGOTIATIONS FACE FAILURE?

By Eco Reporter

Climate convention negotiations at
Chantilly near Washington, DC start their
second week with delegates gloomy at the
prospect of achieving a meaningful draft
treaty by the meeting’s scheduled close on
Thursday. The US Administration faces the
possible embarrassment of seeing the US$2m
gathering it has hosted, ending amidst
disagreement over procedures as well as
policy.

Failure will mean that the process is not
living up to the Ministerial Declaration of
the Second World Climate Conference held
in Geneva in November 1990 and which was
cited by the United Nations General
Assembly Resolution of December 1990,
which established the climate convention
International Negotiating Committee on a
Framework Convention on Climate Change
— the climate convention negotiations. The
UN Resolution refers to preparing ‘an
effective framework convention on climate

change, containing appropriate
commitments.’
Working Groups Confusion,
No Draft

Countries have been so far unable to even
agree on which draft text to start discussing,
although several are in existence. Moreover,
nations have yet to put in place the key
Working Groups which will hammer out the
practicalities of a climate treaty. Some
favour one group to debate sources and sinks
of greenhouse gases (such as forests to absorb
carbon dioxide) as well as financing
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mechanisms for this, with another to
develop an institution to run the
negotiations. The US in particular opposes
the specific and binding mandates for
Working Groups which the developing
countries want to see. Nevertheless, despite
frequent side-meetings, the Lesser Developed
Countries and others in the Group of 77 have
yet to agree on a clear common position.

Europeans Divided

Observers say the Europeans, frequently
profiled as the most progressive countries on
climate change issues because of a
commitment to stabilize net emissions of
carbon dioxide from the European
Community in 2000, are failing to put much
pressure on more recaltricant major polluters
such as the US, because of internal political
divisions. The United Kingdom opposes the
granting of any real authority to the
European Commission in order to work out a
fiscal instrument (such as an energy tax) in
order to equitably achieve the necessary
carbon cuts, a position which if unchanged,
could render the joint target largely
meaningless. Germany, which has detailed
domestic policies to cut its own carbon
dioxide by much more than countries such as
the UK, has so far remained silent in
discussions among the EC delegations.
France has departed from the common
European position by talking of carbon cuts
based on per capita calculations, a similar
formula to the ambiguous position adopted
by Japan. The French delegation includes
no representation from the Environment
Ministry.

Continued on back page, column 2

Almost $1m Shortfall in

Climate Fund

By Eco Reporter

A key fund established to enable
developing countries to take part in
negotiations for a world climate treaty has
barely half the money needed to make it
work effectively. Observers and delegates at
the first session of the Intergovernmental
Negotiating Committee for a Framework
Convention on Climate Change have pointed
to the inadequate representation of
developing countries at meetings as one

Continued on back page, column 1
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FOCUS ON IMPACTS

Interview With
Robert F. Van Lierop and

Colleagues

Last week, ECO spoke to the recently
elected Chairman of the Alliance of Small
Island States (AOSIS), Vanautu’s
Ambassador to the United Nations, Robert F.
Van Lierop. Renagi Lohia Ambassador to
the UN from Papua New Guinea and Naresh
Singh, delegate of St Lucia, also contributed
to the discussion.

On a day to day basis, Robert Van Lierop
spends time on Manhattan Island,
representing the interests of his diminutive
island state on the world stage down at
United Nations Plaza. But increasingly
often, he and his colleagues in AOSIS are to
be found dealing with climatology, ecology
and the international economics of energy,
taking news of the problems faced by nations
in the front-line states of global warming,
and their ideas for solutions, to publics and
decision-makers the world over. AOSIS
countries made quite an impact at the
Second World Climate Conference in
Geneva, and the eyes of many developing
countries are now upon them as they
constitute the first readily identifiable bloc of
potential ‘victim’ countries in climate
negotiations.

ECO: What does global warming mean to
the people of the Alliance of Small Island
States?

Ambassador Van Lierop: Really it's a
question of survival — it's that simple. A
number of the smallisland states are actually
low-lying and sea level rise of a foot or less
could have disastrous consequences. Atthe
very least it could destroy the ecosystems —
at worse whole countries could disappear
underwater. Others are already experiencing
increased tropical storms: we take that as an
indication of what may be to come. Andeven
countries as large and wealthy as the United
States already have serious climate-related
problems, for example with soil erosion.

ECO: In Geneva your group likened the
drowning of a nation and the extinction of a
culture, to the loss of a species like the blue
whale. Do you feel you have to resort to
comparing yourselves with wildlife to get
the attention of people in the ‘north’?

Ambassador Van Lierop: It is a sad
commentary but a truth that there are some
people who care more about endangered
animals than endangered humans. Already
whole indigenous cultures have disappeared
through economic and cultural expansion
from other regions — now environmental
and ecological destruction caused by
economic expansion threatens to wipe out
our cultures.

ECO: Are you getting your message
across?

Ambassador Van Lierop: The test will be
the result of the negotiations: the real proof
will lie in what gets included in the convention
and what types of action are required to be
taken.

ECO: It seems bizarre to many people
outside this process that shortage of even
the modest finance to support participation
by developing countries may be preventing
the active participation of many of them in
negotiations over the worlds most important
environmental issue, in which they are the
principal victims. We understand that the
UN has only been able to provide money for
one air ticket and that some countries didn’t
receive notice of that until the week before
it started. Would you comment on that?

Ambassador Van Lierop: We have been
encouraged by the US statement this week,
which mentioned a US intention to provide
assistance in the form of per diems as well as
travel costs. To the developed countries it is
not mucr: mongey but to developing countries
the cost of attending such a meeting is
enormous. You'll notice there are plenty of
empty seats which ought to have been filled
by developing country delegates. Ten days
here with no extravagances costs about
$US1500, which could pay a graduate
teacher for two months in our country. Itis
important to be here: we need to ensure our
survival and the future well being of our
countries but it is really important to have two
people present to coveranegotiation. AOSIS
helps with that: it's not just a joint
representation of interests but a way to
cooperate and help keep each other up to
date.

Naresh Singh: Countries need to know
what is going on in the negotiations and the
presence of the Alliance at these negotiations
is a chance to see our views taken into

accountbut itis also a way for nations to start
planning their own strategies. In the past we
have been presented with conventions and
asked to sign them. That naturally makes
developing countries suspicious of such
processes themselves. As for finance, it is
now generally accepted that the ability to
obtain justice shouldn't be dependent on
wealth. In practice there are many countries
who have been unable to afford to attend this
meeting.

Ambassador Renagi Lohia: Yes, and to
be effective, countries need to know ahead
of time what is happening - everyone in small
developing countries has more than one job
to do.

ECO: AOSIS has spoken of the need for
‘compensation’: what do you have in mind,
how would it work?

Ambassador Van Lierop: We mean
economic assistance for adaptation as well
as compensation for damage. As to how it
would work, that's too early to tell. Generally
AOSIS states prefer a multilateral approach
as it is more objective and less prone to
improprieties.

ECO: Have you personally experienced
impacts you attribute to climate change?

Ambassador Van Lierop: Yes, we have
experienced intense tropical storms in recent
years. One did damage to the capital city of
Vanautu amounting to ten times the national
budget. The storm came from a different
direction to many which had come before,
the people were unprepared for its direction,
intensity and timing. That was in 1987. Its
impact was very similar to that of Hurricane
Hugo in the Caribbean. Similarly, equally
unusual storms had occurred a few years
before in Samoa, the Solomon Islands and
Fiji. The Vanautu storm caused flooding and
wind damage to buildings, houses and crops.
It cost $US28m.

ECO: Is there a problem with insurance?

Ambassador Van Lierop: Yes, there
is! And if the government eventually
has to become the insurer of private
concerns, that will only increase the
foreign debt.

ECO: We have heard a lot about coral
bleaching: what is - ::ztu3 of that prob-
l,

]
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Ambassador RenagiLohia: The bleaching
is now more evident than ever before. It's
due to a warming of the sea.

Naresh Singh: The most recent information
has come from Dr. Hays of Howard University
at the Discovery Bay Marine Laboratory in
Jamaica. He has reported this to the US
Congress. He studies one area in some
detail. It'simportant to realize that when the
corals die, it affects the whole marine life
cycle, and that is the basis of food not only for
fishbut for human communities. And fisheries
here include industrial fishing significant for
government economies and subsistence
fishing on which many local communities
depend.

ECO: What do you and AOSIS hope to get
from this meeting at Westfields?

Ambassador Van Lierop: Realistically, a
draft text. But we also need to bring the need
for urgent action to the attention of the world
community. There are only 16 months
between now and the target date of June
1992. We need a very good draft text to take
forward.

Robert F. Van Lierop

Millions Could Become
Climate Refugees

By Nicola Pain

In 1987, President Gayoom of the
Maldives, warmed the United Nations that,
as a result of sea level rise induced by global
warming, his country could literally
disappear beneath the waves. Like many
small island states in the Indian Ocean,
South Pacific, the Caribbean and
Mediterranean, the Maldives lie only a few
meters above sea level. Thus, the rise of 30
to 110 an predicted by the IPCC to occur by
2100, would have a devastating effect.
Exacerbating the problem is the fact that

many of these islands are densely populated,
giving rise to the specter of sea level rise
creating thousands, perhaps millions of
landless “environmental refugees.”

To address the acute problems which
global warming and its effects pose to these
vulnerable countries, the Alliance of Small
Isalnd States (AOSIS) was formed during the
Second World Climate Conference in Geneva
in 1990. In order to prepare for the INC
meeting this week, AOSIS held a scientific
and political briefing for its members on
February 2 and 3 in Washington, DC.

Coral

The serious problems of coral reef
bleaching was discussed at length by Dr.
Raymond Hays, of Howard University. He
described coral bleaching as “one of the
earliest signals of climate warming by a
biological ecosystem.” Bleaching occurs
when coral reefs undergo severe stress,
which Dr. Hays believes is occuring as a
result of changes in water temperature. The
AOSIS participants saw dramatic evidence of
the link between bleaching and temperature
when Dr. Hays displayed a chart showing
that bleaching has occurred sim-ultaneously
with peaks in water temperature.

Plea For Action

The 20 countries of AOSIS last week
called on industrial nations and others at the
Climate Convention Negotiations in
Washington, to take immediate action to
curb greenhouse gases and avert the growing
threats of sea-level rise, storm surge, cyclones,
tropical storms, and salt-water intrusion.
The AOSIS countries called for the
Convention to be ‘comprehensive, equitable,
and meaningful.’

The island states want to see an
agreement based on six principles. They are
seeking ‘immediate and significant cuts in
the emissions from industrialized countries of
carbon dioxide and other greenhouse gases
into the atmosphere.” The island nations
also call for ‘a preventive approach based on
the precautionary principle, new funding
mechanisms including compensation, the
‘transfer on an equitable basis of appropriate
and environmentally sound technologies,’
‘application of the Polluter-Pays Principle to
the consequences of climate change’ and a
‘commitment to binding energy conservation
and efficiency requirements and the
development of alternative energy sources.’

One Caribbean delegate stated, “there is
clear evidence of hurricane increases and

coral bleaching as would be expected with

global warming.” The delegate added, “we
need to go much further than fuel effidency
- steps which we will all take anyway.”
Alliance of Small Island States
‘Member’ countries of the Alliance of
Small Island States (AOSIS) (underlined) and
other states with an interest in the alliance.
(The number of states involved is actively
increasng).
Caribbean
Antigua and Barbuda
Barbados
Bahamas
Dominica
Grenada
Montserrat and Anguilla
Jamaica
St. Christopher and Nevis
9. Saint Lucia
10. Saint Vincent and the Grenadines
11. Trinidad and Tobago
12. Guyana
13. Belize
14. British Virgin Islands
15. Turks and Caicos Islands
16. Cayman Islands

Pacific

NI

17. Fiji

18. Kiribati

19. Tuvalu

20. Samoa

21. Marshall Islands
22. Vanuatu

23. Soloman Islands
24. Paria New Guinea
25. Federated States of Micronesia
26. Nauru

27. Cook Islands

28. Tonga

29, Nive

Pacific Non-Self Governing Territories
30. New Caledonia
31. Palau (TTPI)

32. American Samoa
33. Guam

34, Tokelau

35. Tahit

36. Wallis and Fatuna
37. East Timor

Indian Ocean
38. Mauritius
39. Maldives
40. Comoros

Mediterranean
41. Malta

Atlantic Ocean
42. St. Helena
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Policy, Science,

Get

Policy makers and scientists dominate the negotiating sessions on
climate. Their credentials are experience in making international and
national laws and understanding why 400-560 ppm of CO, will create a
rise in temperature 1-2 degrees centigrade. The beneficiaries of their work
will be the people of the world, most of whom are unaware of what has
begun in Chantilly, Virginia on their behalf. What if they were here?

Imagine adding to the negotiating sessions at Westfields the
indigenous peoples of the Amazon, farmers from the US midwest,
Norwegian fishermen, Indian villagers, ecologists from the Central
America, women from rural Africa, youth from the islands of the Pacific,
industrialists from Singapore and Japan, and students from Eastern
Europe. Would the pace of the negotiations increase? Would the
decisions reached be more equitable?

An experiment along these lines was tried by the Economic
Commission of Europe in Bergen last May. The ECE, in part of the
regional preparations for the 1992 United Nations Conference on
Environment and Development, brought together representatives of
governments, youth, industry, labor, science and voluntary organizations
to build an agenda for action that could be pursued at least in part by each
sector.

What difference did the new players make in the negotiations? The
words of the agenda were hammered out in all night negotiating sessions,
not unlike ones we can expect in the months to come. Partisanship was
evident. Youth argued for expenditures that would benefit future
generations; scientists saw the benefits of monitoring and research. Yet it
was different. These major constituencies understood much better the
tradeoffs needed to reach agreement on energy, economics, technology
transfer and public participation. They were better prepared to
implement the agenda immediately. Governments began to think in a
different time frame, too. When youth insisted on an economic goal of
reducing military expenditure, it was hard to argue it was not their
business.

The 1992 UN Conference on Environment and Development is seeking
toinvolve even more sectors of society in negotiations and events leading
to Brazil. The experiment of Bergen is expanded to include most
countries of the world and many more issues than the four addressed by
the ECE. As in Bergen, only Ministers can ultimately sign an agreement
that will bind countries to actions to slow global warming or save
biological diversity. People, however, will be the ones to allow these
agreements to be implemented and will set the pace for change. If they are
involved from the beginning, the odds improve that efforts here and over
the next eighteen months will make a difference.

and People

The Road to Brazil

By Fran Spivy-Weber

June 1992 will see the United Nations
Conference on Environment and
Development (UNCED) in Brazil. The
Climate Convention will be a centerpiece of
this event. The UNCED comes twenty years
after the 1972 Stockholm Conference on the
Environment which led to the creation of the
United Nations Environment Programme.
The UNCED will be the largest conference
ever to address the dual needs of people and
the environment, today and in the future.

However, climate is not the only issue of
the summit, nor is the climate treaty the
only convention winding its way down the
road to Brazil.

The products of the UN Conference on
Environment and Development are expected
to include:

a) three or four new conventions (climate
and forests, biological diversity, possibly
biotechnology and ocean pollution from
nonpoint sources),

b) Agenda 21, which will include coordinated
and independent actions by all sectors of
society, regionally and globally, to achieve
the summit goals,

c) a redefinition of roles and responsibilities
for several United Nations agencies, and

d) an Earth charter of environmental rights.

The issues that will be discussed at the
summit include: climate change,
transboundary air pollution, deforestation,
desertification, biodiversity, biotechnology,
ozone depletion, marine pollution, living
marine resources, freshwater, poverty and
environmental degradation, toxic waste
disposal, urban environment, environment
and health, new/renewable energy sources,
financial resources, technology transfer, legal
instruments, institutions, economic
instruments, and education and information.

In addition to the June 1992 meeting of
the Parties, a meeting of Ministers is
planned. Other meetings are planed for
parliamentarians, scientists, industry, Non
Governmental Organizations, and indigenous
peoples. This is a potential bonanza for
people and the environment, but preparation
is the key to success.

As chair of the US Citizens Network on
UNCED, Fran Spivy-Weber is deeply
involved in the preparations for the 1992
conference. She can be contacted at National
Audubon Society, 801 Pennsylvania Avenue,
S.E., Suite 301, Washington, DC 20003
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To Brazil (distance 16 months)
United Nations Conference on Environment and Development

o NewYork _ GLOBAL FOREST AGREEMEN
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NGO PROFILE

FORUM 1992

Brazilian nongovernmental environment
and development organizations have created
the National Forum of NGOs in preparation
for the United Nations Conference on
Environment and Development - Brazil
1992.

The Forum subscribes to the view put
forward by many groups that a main task
over the next 18 months will be to formulate
a grassroots perspective on environmental
and development issues, to bring a citizens’
commentary to the policy debate, and to
confront the official negotiations in Brazil
with this perspective. We see the 1992
Conference not so much as an event unto
itself, but as a stimulus to dialog and
networking. The occasion of the conference
provides us a focus for action and a deadline
to meet. It must be regarded, however, only
as a point on a continuum stretching far
beyond June 1992. This process must lead to
international networks of citizens groups
dedicated to identifying priorities and
strategies for preserving life on the planet
through new paradigms of equitable and
sustainable development.

The Forum is aware that undertaking
these activities will require substantial
resources. At present, we are contacting
foundations and other funding sources in
order to support our activities at both
national and international levels.

Magda Lombardo

ISSUE 4-FEB 11 H

Brazilian NGO representatives were part
of the NGO Climate Change Network
observing the Second World Climate
Conference in Geneva at the end of October
1990. Forum members were also represented
at the second meeting of the Intemnational
Facilitating Committee held at Geneva the
following month.

The Forum is comprised of members,
observers, and 400 NGOs whose shared
objective is to promote an alternative model
for economic development. It has naminated
a representative and alternate to IFC
(International Facilitating Committee),
CELSI (Environment Liason International
Center), and CIMA (Brazlian Governmental
Commission of the Conference on
Environment and Development).

The Forum has the duty to coordinate, in
collaboration with foreign NGOs, the
planning and organization of events parallel
to the 1992 Rio de Janeiro Conference. It
will also act as an intermediary between the
Brazilian government and foreign NGOs.

For more information contact:

PhD. Magda Lombardo

Geography Department

University of Sao Paulo

USP. Cidade Universitaria Cx Postal 8105
S. Paulo SP Brazil 05508

FAX 00 55 11 825-7861

-Present at the meeting

-Can be reached at the Carlyle Hotel

ECO NEWSLETTER

This is the fourth issue of ECO news-
letter, produced as a cooperative effort
by the environmental NGOs attending
the conference. ECO will accept
contributions from delegates and others,
and suggestions as to stories which should
be covered or people who should be
interviewed. ECO is produced at the
National Wildlife Federation's
Educational Facility in Virginia and can
be contacted at (703) 790-4010/4012 or
4013, FAX (703) 790-4011.

THIS ECO HAS BEEN PRODUCED
WITH THE SUPPORT OF MEDIA
NATURA. DTP OPERATORS PETER
COOK AND CAROL SHORT. EDITOR
CHRIS ROSE. PRODUCTION ASSIS-
TANTS KEN SNYDER, AND SHERRY
TIGGETT. PHOTO-COPIED ON
RECYCLED PAPER. HELP FROM
PAM WEXLER, ANNIE RONCEREL,
T.J. GLAUTHIER, NAVROS DUBASH,
AND MAGDA LOMBARDO.
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NGO PROFILE

Environmental Defense
Fund

The Environmental Defense Fund (EDF)
is a US-based, non-governmental, non-profit
organization with a membership of over
200,000, dedicated to creating innovative,
economically viable solutions to major
environmental problems by linking science,
law and economics. EDF’s international
program has been a pioneer among US
groups in connecting development issues to
environmental protection by questioning
some of the development policies of
multilateral development banks on
environmental grounds.

It’s global atmospheric program comprises
the largest assemblage of scientists,
economists and lawyers of any national non-
governmental organization working on
climate change. This collection of expertise
has placed EDF on the cutting edge of
climate change developments. As examples,
EDF’s senior scientist chaired the Working
Group on Limitation strategies for
Greenhouse Gases of the Advisory Group on
Greenhouse Gases (AGGG), and the
organization's primary international lawyer
represents EDF on two advisory bodies on
atmosphere and oceans to the Secretary
General of the UN Conference on
Environment and Development. In addition,
EDF attorneys have participated as observers
at the meetings of the Intergovernmental
Panel on Climate Change at the recently
concluded Second World Climate Conference
— actively contributing to both the
Ministerial Declaration and Scientific and
Technical Statement — and at a preparatory
meeting for the current session of the
Intergovernmental Negotiating Committee.

Climate Action Network

While undertaking independent studies
on the scientific and institutional
complexities of the climate change issue, the
organization works closely within an
international coalition of NGOs — the
Climate Action Network. While the Climate
Action Network has played an effective
coordinating role over the last few years, its
scope has, until recently, been limited to
North America, Western Europe and
Australia. Recognizing this limitation, EDF
has recently undertaken to expand the
network of NGOs working on climate change
to include Central and Eastern Europe and

the USSR, and Asia, Africa and Latin
America. Through a gradual process of
identifying and soliciting the interest of
individuals and groups in these parts of the
world, a wide reaching network is currently
being established.

As a result of this initiative, twelve NGOs
from various Eastern European and
Developing countries — encompassing
scientific, legal and rural development
expertise — attended the Second World
Climate Conference in Geneva, and eleven
NGOs from these regions are currently
participating actively in the first session of
the International Negotiating Committee for
a Framework Convention on Climate
Change. This initiative will continue and
expand as the negotiations on a convention
unfold up to June, 1992, and beyond 1992 to
negotiation of related instruments and their
implementation.

The benefits fram participation of NGOs
from Asia, Africa, Latin America and Eastern
Europe in the Climate Action Network are
considerable.  First and foremost, strong
representation from and involvement of
NGOs from these regions is crucial to
developing credible and balanced NGO
positions on the range of climate change
issues that can then be presented to
delegates. Developing country NGOs bring
detailed knowledge of the realities of
development efforts and natural resource use
— at community, regional, and national
levels — that must be a fundamental part of
any climate change limitation or adaptation
strategies.

Second, participation in international
negotiations and meetings serve to inform
NGOs on the issues so that they can
disseminate information on the subject to
other NGOs and interested parties.

Regional Networks

However, since few NGOs in developing
countries.have ongoing programs on climate
change, mere attendance at and participation
in international meetings and negotiations is
not sufficient to ensure full involvement of
many in the issue. Recognizing this, EDF is
currently expanding its international
activities on climate change to assist local
indigenous NGOs develop regional networks
on climate change in Asia, Africa and Latin
America. Regional networks will:

¢ disseminate effectively information on

1

climate change issues to loc:!

seek to raise public awareness of the issue;

* develop expertise among local NGOs on
climate change issues, thereby
strengthening their advocacy of long-run
sustainable development policies in their
own countries and internationally;

* organize research by local NGOs on climate
related issues relevant to their region, and
subsequently prepare working papers to
address specific issues relevant to the
climate change negotiation. Such research
work will serve to inform and develop
Climate Action Network positions so that
they emphasize the legitimate aspirations
of the people in developing countries.

EDF is committed to halting global
warming. This commitment is put into
practice by undertaking substantive research
work on the scientific, economic and policy
aspects of the issue, and by working closely
with government agencies, and other NGOs
within the Climate Action Network to
positively influence climate change
negotiation and discussions. Internationally,
EDF has taken the lead in ensuring that
NGOs from hitherto under-represented
regions will have the necessary expertise and
opportunities to represent their views on
climate change to the world community.
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reason why it may be difficult or impossible
to agree on a climate treaty by the deadline
set for the United Nations Conference on
Environment and Development (UNCED) in
1992. Almost one million dollars (US
$946,000) are missing from the fund to date.

Delegates from virtually all industrialized
countries — including M. Jean Ripert of
France, the new chairman of the negotiations
— have spoken of the need to ensure that
work on a climate change convention and
related protocols is a truly global effort. A
Trust Fund has been set up to cover the
travel and daily costs of representatives of
developing countries participating in the
negotiations. ECO understands however that
contributions made to this fund indicate that
the commitment of some industrialized
countries is so far more rhetorical than
actual.

The United Nations Secretariat, set up to
organize the convention talks between now
and the UNCED meeting in June, 1992, has
calculated that $2,140,000 is needed to ensure
that two representatives from each of 63
countries (the Least Developed plus the
Small Island developing countries), can
attend the several 1991 negotiating sessions
planned for the expected climate change
convention. Total contributions to this point,
as outlined below, are barely 50% of this
total.

Observers point out that the shortfall is
even more significant than it appears, due to
four additional factors. First, it will not
cover the costs of representatives from
developing countries outside the 63. Second,
it will not allow any developing country
representatives to participate in the IPCC

(Intergovernmental Panel on Climate

Change) process, the science grouping which
preceded the negotiations and continues to
assess new scientific findings to advise the
negotiators.  Third, it cannot support
preparatory work in any developing
countries, and fourth, it does not cover the
costs of a third delegate from any of the 63
countries. Many such delegations point out
that a third delegate might be useful when
two sessions of the negotiations are being
held concurrently. By contrast, the
delegations from countries such as Japan and
the US may include a dozen or more
officials, enabling such countries to be
represented on many committees and

working groups.

Continued from page 1, column 2

EFTA Split

Meanwhile EFTA (European Free Trade
Association) countries remain severely split
over carbon reductions following the
breakdown of an attempt to achieve a
common position at the Second World
Climate Convention. While Switzerland and
Austria are committed to firm policies to
reduce carbon dioxide emissions from traffic
and other sources, the Nordic countries,
normally among environmental leaders, are
refusing to commit themselves to measures
to achieve a freeze on the gas by 2000 in line
with the EC position. Finland in particular
is believed to be a problem to the Nordic
group, although neither Sweden nor Norway
have issued a clear policy statement showing
that they will achieve cuts.

Thus, observers suggest, with a few
exceptions such as Australia and New
Zealand, key developed country blocs are
presently proving ineffectual in developing
political momentum to develop a climate

Country Commitment ($US)
Switzerland $240,000
European Community $150,000
Netherlands $150,000
United Kingdom $108,900
Denmark $100,000
Germany $100,000
Sweden $ 85,000
France (and bilateral aid) $ 80,000
Norway $ 50,000
United States $ 50,000
Spain $ 50,000
Canada $ 30.100
TOTAL $1,194,000
TARGET $2,140,000

New Zealand and Australia: Committed to
providing bilateral assistance to AOSIS
members of the South Pacific throughout the
negotiations.

Finland No amount yet committed
Austria No amount yet committed
Iltaly No amount yet committed
Japan No amount yet committed
Portugal No amount yet committed
Belgium Unknown
Greece Unknown
Iceland Unknown
Ireland Unknown

convention with teeth.

US Energy Bill Cut

In particular, despite internal chaos over
climate policy, the United State Government
has felt no particular pressure to adopt
stronger or clearer policies. On Saturday, the
Washington Post carried a leaked report
showing that administration supporters had
excised parts of a draft Energy Bill concerned
with energy efficiency, which would be key
to achieving any significant cuts in US
carbon dioxide emissions, the worlds largest.
The Administration had hoped to keep the
draft Bill from becoming public during the
climate negotiations which began with the
publication of a widely criticized and vague
US ‘climate strategy.’

US Department of Energy officials who
had drafted the deleted text, have been
ordered to keep quiet. Observers believe that
the Administration’s opposition to specific
mandatory measures to require increased
energy efficiency is largely ideological. Last
week the Congressional Office of Technology
Assessment reported on a two year study
which showed that the US could, using
existing technologies reduce its CO,
emissions 29-35%. “This is the abdication of
any attempt to connect US energy policy to
greenhouse negotiations,” said Richard Mott,
of WWF International. “It's much worse
than had been feared — the eleventh hour
elimination of energy efficiency provisions by
a group of White House insiders has fended
off all attempts by others, such as EPA, OTA,
Department of Energy, and the State
Department to get the Government more in
tune with what’s going on internationally.”

‘Magnificent Keystone’Missing?

If delegates fail to reach agreement on a
draft treaty text at the Washington meetings,
the next opportunity for an all-nation
discussion will be at a Nairobi meeting
scheduled for summer or winter 1991. The
meeting schedule, already crowded, looks
increasingly difficult to meet. A statement
by UN Secretary General Javier Perez de
Cuellar opening the current negotiating
sessions said that it would be ‘the most
magnificent keystone in the building of a
new world order’ if a treaty was ready for
signature at the June 1992 United Nations
Conference on Environment and
Development due to be held in Rio de
Janeiro, Brazil. In the words of one observer
‘it now looks as if the UN’s ‘new world order’
may be missing its keystone unless
governments get their act together in the
next few days.’
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Executive Summary

hree major national priorities—environmental quality, economic

competitiveness, and energy security—provide a new and urgent
rationale for saving energy. None of these ends can be fully attained
without also achieving an energy-efficient economy.

Energy efficiency offers U.S. leaders a practical means of achieving
national goals. It protects the environment—in the short run by reducing
acid rain and in the longer run by reducing the risk of global climate
change. It strengthens U.S. security at a time when domestic oil produc-
tion is declining and we are becoming excessively dependent on oil
imports. Energy efficiency enhances the competitiveness of U.S. indus-
tries in world markets by reducing the cost of production, and serves the
consumer by cutting lighting, cooling, and heating costs in homes and
offices. It creates jobs and helps hold down interest rates. No energy
supply option can provide all these benefits.

Energy efficiency works. It has permitted the United States to hold
energy use to 1973 levels while expanding the economy by 40 percent.
(See Figure 1.) Efficiency improvements now save the U.S. economy
$160 billion per year. If the nation pursues energy efficiency aggressively
and adopts the policies proposed here, the economy can continue to grow
while energy use remains constant or declines.

New policies are needed because the United States is losing momen-
tum in energy efficiency. Automobile fuel economy has leveled off after
improving steadily for ten years. Industrial energy intensity, correcting
for changes due to structural shifts, leveled off in 1983. Japan and West
Germany now use only half as much energy to produce goods and
services as the United States, making them more competitive in interna-
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Figure 1: Energy Intensity Reductions, 1973-85
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Energy Efficiency Works

Before 1973, most analysts thought that energy use and GNP moved
together in lock-step. But energy demand has increased little since the
early seventies, while GNP has grown by 40 percent. Energy-efficiency
improvements now save the U.S. economy $160 billion annually.

Nevertheless, Japan and West Germany use half as much energy per
unit of economic output as the United States. This fact gives those
nations a competitive advantage.

SOURCE: International Energy Agency

tional markets. Oil prices have fallen below their real cost to society,
causing U.S. oil imports to jump 35 percent since 1985.

To protect and enhance the U.S. environment, its economy, and its
security, we urge the United States to place efficiency at the top of its
energy agenda. We propose that the nation set a goal of reducing energy
intensity—the rate of energy used per dollar of economic output—by at
least 2.5 percent per year well into the next century. This rate would
approximate the efficiency improvements of 1976-86, during which two
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oil price surges accelerated energy-efficiency improvements. It can be
achieved using available, cost-effective technologies, which are often
overlooked because of low energy prices and market imperfections.

This report describes six energy-efficiency policy initiatives—and
twenty-one specific policy actions—critical to meeting the energy-effi-
ciency goal. (See Table 1.) Our list is not meant to be all-inclusive, for
other measures can supplement the effort. Specifically, we propose that
the nation:

» Apply energy-efficiency to protect the national and global environ-
ment;

« Double car and light truck fuel economy to cut oil imports;

« Promote least-cost utility services;

« Enhance industrial competitiveness with energy-efficiency re-
search;

« Make buildings more efficient to improve their affordability;

« Help developing countries acquire skills and technologies for en-
ergy efficiency.

These policy priorities have been selected for four reasons. They ad-
dress problems that the marketplace cannot completely solve. They rep-
resent the largest of many opportunities to save energy and accomplish
other objectives cost effectively. They ameliorate critical problems that
energy use causes for the global environment, the economy, and national
security. And they are compatible with ongoing efforts to reduce the
federal deficit—indeed, the revenues generated in implementing these
policies will far exceed expenditures.

We do not advocate saving energy as an end in itself. It makes sense
only when saving energy costs less than providing energy, including envi-
ronmental damage and security risks in the comparison. (See Figure 2.)
Moreover, energy efficiency does not require sacrifice. The challenge is
to use public policy in ways that complement the market, enabling the
nation to realize the multiple benefits of greater energy efficiency.
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Table 1. Policies for an Energy-Efficient Economy

Goal: Reduce U.S. energy intensity by 2.5% per year

Applying energy efficiency to protect the national and global environ-
ment

1.

2.

Reduce the risk of climatic change through an international en-
ergy-efficiency protocol.

Establish Soviet, American, and OECD cooperation to promote
energy efficiency on a global basis.

Develop technologies that simultaneously save energy and protect
the stratospheric ozone layer.

Use emissions ceilings for acid rain control.

. Encourage integrated energy and environmental planning at the

state and federal levels.

Doubling car and light truck fuel economy to cut oil imports

I

3.

Raise gasoline and diesel fuels taxes by 10 cents per gallon for at
least three consecutive years.

Raise car and light truck fuel economy standards to 45 and 35
mpg, respectively, by the year 2000.

Establish a gas-guzzler tax, gas-sipper rebate program.

Promoting least-cost utility services

L.

2.

3.

4.

Provide utilities with financial incentives to promote energy effi-
ciency and least-cost energy services.

Allow energy-efficiency investments to compete with energy sup-
ply options in competitive bidding schemes.

Encourage least-cost planning through federal regulation of inter-
state power sales.

Conduct research and evaluation to improve utility, state, and local
energy conservation programs.
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Table 1: Continued

Enhancing industrial competitiveness with energy-efficiency research

1.

Increase the commitment to federal energy-efficiency research and
development and re-establish the federal role in demonstrating new
energy-efficient technologies.

Establish research centers for energy-intensive industrial processes.

. Establish a program to monitor and distribute information on for-

eign energy efficiency research.

Making buildings more efficient to improve their affordability

1.

2.

3.
4.

Improve the effectiveness of and increase funding for low-income
weatherization, especially for multi-family buildings.

Establish federal minimum efficiency standards for fluorescent
and incandescent lamps.

Improve the energy efficiency of federal buildings.

Expand federal technical assistance for conservation efforts.

Helping developing nations acquire skills and technology for energy
efficiency

L.

2

Modify the energy planning and lending policies of the World Bank
and other multilateral lending and development institutions.
Provide technology and policy assistance for energy efficiency to
developing countries through U.S. and other American agencies.
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Figure 2: Cost of Energy Saved vs. Cost of Energy Supply
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Energy Efficiency: The Cost Advantage

The cheapest way to satisfy growing demand for energy services is to
invest in energy efficiency. Home insulation costs far less than nuclear
or coal-fired electricity. Auto fuel economy can be built into new cars for
less than the price of gasoline. Industrial retrofits save money even with
today’s low energy costs. The cost advantage shown above does not even
count the environmental and national security benefits that energy effi-
ciency inherently offers.

SOURCE: American Council for an Energy-Efficient Economy

How can energy efficiency protect the environment?

Unchecked fuel use could irrevocably alter the global environment.
Atmospheric warming caused, in part, by the greenhouse effect of fossil
fuel emissions could shift rainfall patterns and raise sea levels. The U.S.
breadbasket could be turned into a dustbowl. East-coast beaches might
be eroded forever, and forests could deteriorate rapidly. Evidence is
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mounting that these changes are already underway, but the world need
not wait for proof—energy efficiency can greatly reduce the risk of
climate change and it can be justified entirely on its own economic
merits.

We propose that the United States sponsor the first and most impor-
tant of a series of protocols to control greenhouse gas emissions: An
agreement among nations to reduce the energy intensity of the world
economy. This initiative would inaugurate an international process for
setting and periodically modifying energy-efficiency goals and reporting
on implementation plans. A reasonable and effective goal is to reduce
global energy use per unit of economic output by roughly two percent per
year for at least the next three decades. We suggest that the United
States set an example by pursuing a goal of at least 2.5 percent per year.
In conjunction with this agreement, we propose a major cooperative
effort among the United States, the Soviet Union, and other countries to
share research and information on technologies for improving the effi-
ciency of energy use.

Acid rain is already seriously damaging forests, lakes, crops, and
materials in the United States. Energy efficiency is not a complete
solution to the acid rain problem, but it can significantly cut emissions
and pollution control costs. We propose that energy efficiency be applied
to reduce the cost of acid rain cleanup for the nation.

In addition, we suggest that a research program be undertaken to
develop technologies that simultaneously save energy, reduce green-
house warming, and protect the stratospheric ozone layer. Such technol-
ogies are needed to avoid increasing energy use when chlorofluorocarbon
(CFC) production is reduced, as agreed by the United States and other
nations in 1987.

How can the United States strengthen its energy security and
reduce dependence on oil imports?

Cars and light trucks account for one-third of U.S. petroleum con-
sumption. Raising their fuel economy is essential to reducing energy
security risks. The technical and economic potential already exists to
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double light vehicle fuel economy. Doing so will help the United States
prepare for declining domestic oil production, and help avoid putting the
nation at the whim of foreign oil producers.

We propose a complementary set of policies to double automobile and
light truck fuel economy. Economic incentives are needed to pull the
market; performance standards are needed to push it. Specifically, a new
transportation fuels tax is needed to more nearly reflect the real, long-run
cost of consuming non-renewable oil resources. We suggest increasing
federal gasoline and diesel fuel taxes by 10 cents per gallon yearly for at
least three years. We also suggest raising the fuel-economy standards for
new cars and light trucks to 45 and 35 miles per gallon, respectively, by
the end of the next decade. In addition, we suggest expanding the gas-
guzzler tax and providing direct rebates to buyers of highly efficient
cars produced in North America.

How can the United States reduce the costs of utility
services?

Utilities accounted for nearly 15 percent of total U.S. investment in
new plant and equipment in recent years. Moderating growth in electric-
ity and natural gas demand would lower this level of investment, thereby
reducing the risk of over-building expensive power plant capacity and
lowering the cost of capital. Likewise, cutting the cost of heat, light,
refrigeration, and other energy services saves consumers money, and
helps the United States become more competitive.

To reduce investment by utilities and the cost of their services, utility
commissions should redesign financial incentives provided to utilities.
Specifically, state utility commissions should offer financial incentives
to public utilities based on their achievements in providing utility ser-
vices at the least cost. We also recommend that efficiency investments be
allowed to compete with supply options in competitive bidding schemes;
that long-term interstate power sales be made consistent least-cost utility
plans; and that federal support be provided for experiments and evalua-
tion to improve efficiency programs.
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How can government support industry’s efforts to become
more competitive?

Although the U.S. is pre-eminent in basic science, it lags in bringing
new technologies to market. And it has lost market shares both in tradi-
tional areas of strength such as steel and automobiles as well as in some
high-tech fields. U.S. industry, however, has the opportunity to open new
markets in energy-efficient products. Furthermore, energy represents a
major cost for many industries, and U.S. manufacturers must cut pro-
duction costs if it is to compete internationally. Government can cooper-
ate with industry to research, develop, and demonstrate new energy-
efficient products and more efficient processes.

We recommend a renewed federal government commitment to cooper-
ate and share the cost with industry of researching, developing, and
demonstrating energy-saving products and processes. Special attention
should be devoted to new technologies that simultaneously cut energy use
and provide other benefits such as improved quality and productivity.
This cooperative effort can be conducted by expanding the U.S. Depart-
ment of Energy’s conservation research and development program. In
addition, we propose that the federal government together with private
industry create research centers in energy-intensive industrial processes.
These centers would investigate common industrial processes such as
metal casting or chemicals separation—key elements of the industrial
infrastructure.

How can buildings be made more efficient and affordable?

Because home energy costs account for one-fifth of poor people’s
income, energy-efficiency improvements could help make housing af-
fordable for millions of households in this country. And in commercial
buildings, which account for 27 percent of all U.S. electricity use, myriad
savings opportunities remain.

We propose to improve energy efficiency in buildings through new or
expanded policy measures. First, we suggest efficiency standards for
lighting products, along the lines of the national appliance efficiency
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standards adopted in 1987. Second, we recommend increasing funds for
low-income housing weatherization programs. We also recognize the
difficulties this program has encountered and suggest ways of increasing
its effectiveness. Third, we urge the federal government to lead the way
by substantially improving the energy efficiency of its own buildings.
Aggressive goals should be set and supported by special incentives,
guidelines, and technical assistance and research.

How should the United States foster efficiency in the
Third World?

The three-quarters of the world’s population who live in developing
countries account for only one-third of the world’s energy use. Nonethe-
less, studies show that energy use in many developing countries is ex-
tremely inefficient. Adopting energy-saving technologies saves money
and frees energy resources for other uses.

The United States has a major stake in the economic development of
poor countries. Their growth means increased trade and jobs for the
United States and repayment of foreign loans. Thus, the United States
would benefit by speeding the transfer of technology and skills for saving
energy to developing countries.

We propose exchange programs and assistance to develop lasting
capabilities in energy efficiency among Third World engineers, indus-
trial managers, and policymakers. We also recommend changes in the
energy planning and lending policies of the World Bank and the other
multilateral development institutions.

In sum, the United States possesses the technical ingenuity and institu-
tions necessary to create an energy-efficient nation. But doing so requires
political determination. Energy efficiency improvements will continue to
slow in the absence of new leadership and coordinated national policies.
By placing energy efficiency at the top of his energy agenda, the next
President can help create a prosperous, secure, and environmentally-
sound nation.
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Energy Efficiency:
A New Urgency

Reducing Risks

Environmental quality, economic competitiveness, and energy secur-
ity provide a new and urgent rationale for saving energy. Environ-
mental protection demands energy efficiency. Few human activities
affect the natural environment more than energy use. And no recent
environmental threat is more alarming than global atmospheric change.
Concern is driven by new evidence that the global atmosphere may be
heating up and by the speed with which a related atmospheric phenome-
non—the “hole in the ozone”—appeared and expanded.!

If current trends in greenhouse gas emissions continue, the earth may
heat up 1.5 to 4.5 degrees C over the pre-industrial average temperature
by 2050.2 Even warming at the low end of the range will alter the Earth’s
climate beyond that experienced during the past 10,000 years. The major
grain-producing regions of the United States, the Soviet Union, and
China could suffer from reduced rainfall. U.S. beaches on the East Coast
could be destroyed. U.S. forests could retreat northward as drought-
induced forest fires, pests, and reduced moisture make survival difficult.
Sudden, unexpected shifts in ocean currents could greatly compound the
expected increase in extreme weather.

Energy use is the principal factor driving climatic change today. At
least three-fourths of the carbon which remains in the atmosphere each
year originates in fossil fuel combustion.? Fortunately, energy-efficiency
improvements can greatly slow the rate of warming over the next 100
years.*

The spread of acid rain damage adds to the importance of using energy
more efficiently.’ Acid rain is already costing the U.S. at least $10 billion
per year in crop losses and materials damage, and the possibility of more
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serious damage cannot be dismissed lightly considering that half of West
Germany’s forests have been affected by air pollution.® Energy efficiency
is not a complete solution to the acid rain problem, but it can significantly
reduce emissions and pollution control costs.

Economic competitiveness also demands greater energy efficiency.
Cutting energy costs in manufacturing would permit U.S. companies to
produce goods more cheaply, making them, by definition, more competi-
tive. Nevertheless, U.S. industry has not cut its energy intensity as
quickly or as much as its trade competitors, especially Japan, West
Germany, and the United Kingdom.’

The energy problem in U.S. manufacturing reflects the larger problem
of slow growth in productivity. The productivity problem, however, can-
not be solved solely by conserving energy.® In fact, innovation appears to
occur more rapidly when new processes offer multiple advantages such
as cutting labor or material costs, raising productivity across the board,
or providing improved services.® Thus, developing energy-efficient indus-
try requires developing manufacturing processes that are efficient in
many ways.

The United States, because it is the world’s largest buyer of imported
oil, can do much to keep OPEC from regaining control of the world oil
market. But when, as now, the United States allows oil imports to climb
rapidly, it risks putting OPEC back in the driver’s seat. When world oil
demand exceeds four-fifths of world oil production capacity, prices can
soar.!% A round of rapid oil price increases could send the debt-burdened
world—including the United States—into a serious economic tailspin.
This possibility is exacerbated by poor prospects for increasing U.S. oil
production, even if oil prices rebound.!! By failing to control its demand
for oil, in other words, the U.S. puts its own economy and the world’s at
risk.

The large U.S. trade deficit demands energy efficiency. Oil imports
now account for about one-quarter of the U.S. merchandise trade deficit.
(See Figure 3.) If government projections are correct, the annual U.S. oil
import bill of about $40 billion could increase to as much as $100 billion
per year by 2000.'2 Efficiency improvements can greatly cut this serious
drain on our economy.

Energy efficiency also strengthens U.S. energy security—and national
security. A handful of countries in the Middle East control over half of

12



A New Urgency

Figure 3: Petroleum and the U.S. Trade Imbalance
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Oil Imports Account for One-Third of the U.S. Trade Deficit

Oil imports contribute more to the U.S. trade deficit than any other
single item. If government projections are correct, the annual U.S. oil
import bill of about 340 billion could increase to as much as $100
billion by the year 2000.

SOURCE: U.S. Department of Commerce

the world’s oil reserves. As the United States learned in the 1970s, its oil
supply can be disrupted when it relies too heavily on oil imports from this
volatile region.

Regaining Momentum

The United States has made impressive gains in energy efficiency
since the 1973 oil price shock. The nation has reduced energy intensity in
every major energy-consuming sector. Industry has made the largest
gains, cutting energy requirements per unit of output by 30 percent
between 1973 and 1984.' Households cut energy use by about one-fifth
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over the same period, while owners and operators of commericial build-
ings cut energy use per square foot by more than one-tenth. The fuel
economy of automobiles improved by 35 percent between 1973 and
1985.14 Stringent national appliance efficiency standards were adopted
in 1987 and will go into effect in the early 1990s. And the use of energy-
efficient lighting products has proliferated in recent years.!s

The country, however, is losing momentum in energy efficiency. The
United States reduced energy use per dollar of output by an average of
2.7 percent per year between 1976-86. But the energy intensity of the
U.S. economy dropped minimally in 1987, and an overall slowdown in
efficiency improvements can be discerned in major energy end uses.!®
Industrial energy intensity, correcting for changes due to structural
shifts, leveled off in 1983.!7 Automobile fuel economy also is leveling off.
And light trucks, which now represent about 30 percent of new light duty
vehicles, have exhibited almost no fuel economy gain since 1982.13

There are two main reasons for the slowdown in efficiency improve-
ments. First, energy prices in general and the price of oil derivatives in
particular have fallen in recent years. Corrected for inflation, the average
price of gasoline in 1987 was nearly half that in 1980.!° Natural gas and
electricity prices have also fallen. The price-driven impetus for consum-
ers and businesses to conserve has thus been diminished.

The other reason is that the federal government substantially reduced
its commitment to energy conservation during the 1980s. Automobile
fuel economy standards were rolled back; conservation research funding
and federal support for state and local conservation programs were dra-
matically reduced; and implementation of national building and appli-
ance efficiency standards was resisted by the Department of Energy.

U.S. leadership has failed to fill the policy vacuum formed by unstable
energy prices. Today’s energy market does not reflect the real national
security, economic, and environmental costs associated with energy use,
and government has not moved to correct this deficiency. Filling the void
requires a reasonable goal for energy efficiency and a means of achieving
it. We recommend a goal of reducing the energy intensity of the U.S.
economy by at least 2.5 percent per year well into the next century. This
will mean holding energy use constant or achieving a small decrease in
total energy use by 2000 if the economy grows at 2 to 2.5 percent per year
as now anticipated.
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A 2.7 percent annual rate of reduction in energy intensity was achieved
in the United States between 1976 and 1986. But the price shocks and
many of the easier energy savings opportunities of the 1970s are gone.
The U.S. Department of Energy forecasts relatively constant prices for
coal and electricity, and only a 0.9 percent annual reduction in energy
intensity through the year 2000.2° Achieving at least a 2.5 percent annual
rate of improvement well into the future will take political leadership and
policies that will spur consumers, manufacturers, utilities, and other
sectors of the economy.

Our efficiency goal is both technically achievable and economically
justified. One study shows that it is technically and economically feasible
to reduce the energy intensity of the U.S. economy even more—by 3.5
percent per year through 2020.2! Our goal reflects a more cautious view
regarding the speed at which institutional barriers and other limitations
on implementation can be overcome, and the rate at which the building
and equipment stock can be replaced.

Our 2.5 percent goal can be accomplished by: (1) learning from experi-
ence with energy policy; (2) supporting existing policies and programs
that already are improving energy efficiency; and (3) adopting the new
policy initiatives described in the next part of this report.

Aggressively pursuing energy efficiency has potential pitfalls that
should be recognized and avoided. The federal government should avoid
over-management and an overly short-term perspective. Close coopera-
tion between government officials at all levels and the private sector is
essential. Equity problems—among regions of the country as well as
income groups—should be resolved, for example, when devising fuels
taxes. Moreover, these concerns can and should be addressed by policy-
makers, not used to justify inaction.

Learning from Experience

Regaining momentum will require careful attention to what public
policy can accomplish. The most important lesson gained from the en-
ergy policy experience of the past 15 years is that energy conservation
works. Nothing has so dramatically improved the American energy
situation as energy efficiency. The United States today uses little more
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energy than in 1973, yet produces 40 percent more goods and services.
Efficiency has, in effect, cut the nation’s annual energy bill by $160
billion. With little fanfare, efficiency improvements have become our
most important energy resource.

Second, we have learned that oil and natural gas price controls are
counterproductive. Energy price increases during the 1970s provided the
basic impetus for the impressive U.S. conservation response. Two oil
price shocks, oil and natural gas price deregulation, and escalating power
plant construction costs each pushed up energy prices. Price increases
helped to spark operating changes, technology improvements, and other
conservation actions throughout the nation.

Third, we have proven that technological ingenuity can substitute for
energy. A “quiet revolution” in technology has transformed energy use.
Numerous efficient products and processes—appliances, lighting prod-
ucts, building techniques, automobiles, motor drives, and manufacturing
techniques—have been developed and commercialized by private com-
panies in the United States and other industrialized countries.?> Energy
productivity rose as more-efficient equipment and processes were incor-
porated into our building, vehicle and factory stock.

Fourth, we now know that complementary policies work best. Federal,
state, and local agencies, including public utility commissions and the
public utilities they regulate, have demonstrated the effectiveness of
policies and programs that supplement price incentives and technology
developments. Such initiatives helped overcome some of the barriers
impeding greater investment in conservation—barriers such as lack of
awareness and low priority among consumers; lack of investment capital;
reluctance among some manufacturers to conduct research and to inno-
vate; subsidies for energy production; and the problem of split incentives,
exemplified by the building owner or landlord who does not pay the
utility bills.??

Domestic appliances provide a good example of effective, comple-
mentary policies. First, the federal government established standardized
test procedures, testing requirements, and a labeling program in the
1970s. Then, using these test ratings, states such as California and New
York passed regulations prohibiting the sale of inefficient appliances.
And these state efforts led to federal standards banning the production of
less efficient models beginning in 1990. In addition, some utilities began
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to offer rebate incentives to stimulate purchase of highly efficient appli-
ances. Moreover, public agencies such as the U.S. Department of Energy
and the Gas Research Institute supported the development and dem-
onstration of innovative, efficient appliance technologies. These com-
bined efforts along with rising energy prices led to a 25-80 percent
improvement in the energy efficiency of new refrigerators, freezers, and
air conditioners between 1972-86, with further improvements expected.¢

Fifth, conservation policies are not automatically successful. A nota-
ble case of a poorly designed policy was the residential energy conserva-
tion tax credit. The credit proved to be the single most expensive federal
conservation effort, yet little evidence exists to show the credit stimu-
lated much additional conservation. Such incentives cannot easily be
crafted to avoid rewarding consumers for actions they would take any-
way as a consequence of price increases or to make homes more comfort-
able. And despite the large cost to the government, the subsidy was
probably not large enough to induce substantial investments.2’ Similarly,
the Residential Conservation Service and the Federal Energy Manage-
ment Program did not provide sufficient incentives to encourage wide-
spread energy-efficiency improvements.

Other policies have been highly successful, though. Without the auto-
mobile fuel economy improvements prompted in part by Corporate Aver-
age Fuel Economy Standards, fuel economy improvements would have
been less impressive and U.S. automakers would have been less prepared
to meet the surge in consumer demand for more efficient cars which
arose after the oil shock of the late 1970s. Federal support for energy
conservation research is another success, having contributed to the devel-
opment and commercialization of numerous energy saving technologies
during the past twelve years.2

Sixth, the private sector is the primary vehicle for delivering efficiency
improvements, but government-industry cooperation is essential. Ex-
perience has taught that governments must work with the private sector
to foster conservation actions. Private companies produce the cars, build-
ings, appliances, and machinery that use energy. They retrofit conserva-
tion measures in buildings and factories, and consume energy them-
selves. Research and development efforts aimed at new energy-efficient
technologies or methods will only succeed—that is, end up penetrating
the market—if private companies are directly involved in the research
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and development process. Likewise, program managers and policy-
makers will benefit from involving equipment suppliers, builders, and
retrofitters in the design and implementation of efficiency standards as
well as conservation information, financing, and incentive programs.

Seven, some utilities have learned how to benefit from conservation.
A growing number of utilities and regulatory agencies view demand-side
management as a legitimate means of avoiding costly and risky energy
supply investments. Consequently, utilities are increasingly investing in
efficiency and load management measures, with total spending now at
least $1 billion per year.?’

And, eighth, we have seen that political leadership matters. Leader-
ship from the federal government is essential. Federal programs can
strengthen and reinforce the efforts of states, localities, private busi-
nesses, and consumers. Many conservation efforts, including fuel econ-
omy standards and research and development, work best at the federal
level. Other efforts, such as utility regulation and incentive programs,
work best at the state and local levels. Overall, a renewed commitment to
energy efficiency is needed at every level of government in the United
States.
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Applying Energy Efficiency to Protect the National and
Global Environment

concerted effort to accelerate energy efficiency is needed to reduce
A the magnitude and risk of climatic change, ozone depletion, acid
rain, and major land impacts associated with energy use.?® Energy supply
alternatives to fossil fuels, unfortunately, cannot redress these problems
soon enough. Nuclear power is too expensive and problematic. Renew-
able energy technologies are either too costly or can make only a small
contribution to reducing these environmental problems over the next two
decades. On the other hand, a multitude of energy-efficient technologies
already exist, are highly cost effective, and can substantially reduce
environmental damage.?® These technologies can ease the transition to
renewable energy sources.

Conservation of energy by itself cannot solve these major environ-
mental problems; complementary efforts are necessary. For example,
improved energy efficiency can only partly reduce sulfur emissions from
burning coal; other sulfur control technologies such as scrubbers or clean
generating technologies are still needed. Efforts must be undertaken to
control other greenhouse gases and deforestation resulting from non-
energy activities. But efficiency improvements will be most critical to
reduce the risk of climatic change.

Fossil fuel combustion produces three-fourths of the carbon emissions
caused by mankind. These emissions along with other trace gases act like
a blanket in the atmosphere to hold in heat. This greenhouse effect could
produce rapid climatic changes and profoundly disrupt American for-
ests, farms, coasts, and energy supply systems.?! Traditional cultures in
less-developed countries may be particularly affected because they do
not have the means to adjust to changing rainfall and temperature pat-
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Figure 4: Global Carbon Emissions and Energy Efficiency
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The above cases show two future carbon emissions scenarios which
differ only in their assumption for the global rate of energy-efficiency
improvement. Relatively high economic growth would be permitted in
either case. To achieve the higher efficiency scenario, implementation of
policies such as those suggested in this document would be necessary.

SOURCE: W. Chandler, “Carbon Emissions Control Strategies: The Case of China,”
forthcoming in Climatic Change.

terns or rising sea levels.’> Reducing energy consumption across-the-
board offers the best hope to slow climatic change due to carbon emis-
sions.?3 Efficiency gains would simultaneously slow climate change as
well as reduce acid rain production, oil spills, and coal-mining impacts.

Significantly, energy efficiency can be justified entirely on its eco-
nomic merits.>* This advantage makes efficiency both an effective and
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appealing strategy for averting global environmental problems. Because
energy efficiency bolsters economic growth and offers an immediate,
practical means of reducing the risk of environmental degradation, we
urge the United States to lead a global initiative to promote energy
efficiency.

Proposal: Reduce the risk of climatic change through an international
energy-efficiency protocol.

This proposal would establish a process for an international protocol to
reduce the energy intensity of the global economy. The process would
have twin goals: reducing the risk of climatic change and promoting
economic growth. The resulting protocol would produce an agreement to
reduce global energy use per unit of economic output to a technically
achievable and economically justifiable level by a specified date. By the
year 2025, most countries should be able to reach the 1985 efficiency
levels of Denmark, Switzerland, or Japan, which rank best today.?® This
level of efficiency can be accomplished with available technology and is
justified at current energy prices.’ It could be reached by continuing
rates of energy-efficiency improvements experienced by many nations
over the past 15 years. All nations, including less-developed countries,
would achieve higher rates of economic growth by accelerating their rate
of energy-efficiency improvement.

Discussions are needed to identify workable protocol criteria, promis-
ing areas for cooperation, and mechanisms for promoting compliance.
The resulting agreement could establish energy-intensity reduction goals
for individual nations, and provide for periodic review of the adequacy of
goals and implementation plans. The United Nations Environment Pro-
gramme offers an appropriate forum for these discussions.

While the agreement could involve different goals for different na-
tions, we suggest a minimum 2 percent annual rate of reduction in energy
intensity for the world as a whole. Twenty-one industrialized nations
achieved this rate between 1973 and 1985, with the United States,
Japan, and Belgium doing substantially better.>” China has reduced en-
ergy intensity 3.7 percent per year since 1979, and plans to continue rates
of intensity reduction greater than 2 percent.’® Note that we propose a
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higher rate of intensity reduction—at least 2.5 percent per year—for the
United States.

Certain nations that have both very low income and low energy-inten-
sity levels could be exempted from the protocol. These nations typically
have made little progress in the transition from traditional to commercial
fuels. This category, however, does not include the most populous devel-
oping countries such as China, India, and Brazil which have large indus-
trial sectors. Nations such as Japan and Switzerland, which are relatively
efficient, could be expected to continue improvements over the period,
but at a rate commensurate with the greater difficulty of gaining effi-
ciency from an already low level of energy intensity. Additional issues
such as the different climates of each country and trade in energy-
intensive materials will require attention as an agreement is hammered
out, but should not present insurmountable problems.

The Montreal Protocol On Substances That Deplete The Ozone Layer,
signed by 38 countries in September, 1987, presents an important
precedent for such an agreement. If fully implemented, this agreement
could cut global emissions of chlorofluorocarbons (CFCs) by as much as
40 percent by the year 2009.* Like the proposed energy-efficiency ac-
cord, the Montreal Protocol represents an international effort to control a
threat to the global environment based on long-term projections of envi-
ronmental damage. An energy-efficiency protocol may be more difficult
to achieve, though, because energy use pervades virtually every aspect of
human life.

Implementing the proposed protocol would substantially reduce pro-
jected world energy demand, which some analysts expect to rise from
roughly 300 quadrillion BTU at present to more than twice that amount
by the year 2025.0 Reducing energy intensity 2 percent per year would
cut this growth by about two-thirds, saving 225 quads per year by the end
of the period.*' And as a result, global carbon dioxide emissions would be
at least one-third lower than projected for 2025.

This achievement would increase economic well-being. Cutting energy
intensity at the 2 percent rate could save world economies $500-750
billion in 2025, the equivalent of 5 percent of projected global economic
output in that year. Econometric modelling results indicate that every
region of the world, including the United States, would be richer with
higher energy-efficiency levels.*?
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Proposal: Establish Soviet, American, and OECD cooperation to
promote energy efficiency on a global basis.

An energy-efficiency protocol would establish efficiency goals and a
means of encouraging compliance. A complementary component of in-
ternational cooperation will be essential. Indeed, we consider energy
efficiency in developing countries to be so important—for improving
living standards as well as protecting the environment—that we deal with
it separately, later in this report. Here we propose extensive Organisation
for Economic Cooperation and Development (OECD) and Eastern Bloc
collaboration to promote energy efficiency.

The countries would by formal agreement exchange scientists, indus-
trial leaders, technicians, and students to promote the creation and use of
energy-efficiency techniques in their own and other countries. The na-
tions would sponsor both short and longer-term visits by qualified person-
nel to research institutes, universities, factories, and government agen-
cies. The focus of these exchanges would be technologies for saving
energy, means of fostering energy-efficiency policy, and the application
of energy conservation to ameliorate environmental problems, particu-
larly the greenhouse effect. The pervasive and decentralized nature of
energy-efficiency techniques would offer the opportunity for many useful
exchanges.

The United States has a long tradition of sponsoring scholarly ex-
changes with other nations in order to improve relations. The Fulbright
scholarships program is the premier example. The United States and the
Soviet Union first signed a bilateral agreement for exchanging scientific
and technical personnel in 1954. During the Kennedy era, the Partners
program sponsored exchanges with Latin American nations, setting up
“sibling” universities between the United States and other nations of the
Western Hemisphere. Many of these exchanges continue.

U.S. cooperation with West Europe and Japan and the newly-industri-
alized nations on the Pacific rim should be expanded, particularly in joint
efforts involving cooperative research and information exchange on state-
of-the-art conservation technologies. Precedents include the Interna-
tional Energy Agency agreement to share information and conduct joint
research on heat pumps. The United States could benefit, for example,
from learning about European advances in energy-efficient manufac-
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tured housing, or from collaborative research on the highly efficient
Elred and Plasmasmelt steel-making techniques. Other promising areas
for cooperation include building retrofit techniques, automotive technol-
ogies, and energy-intensive industrial processes. Cooperation with East-
ern European countries could also be fruitful, for those nations are
particularly inefficient and need capital and technology to reduce their
energy intensity.

Proposal: Develop technologies that simultaneously save energy
and protect the stratospheric ozone layer.

Chlorofluorocarbon (CFC) emissions deplete the stratospheric ozone
layer shielding the earth from harmful ultraviolet radiation and contrib-
ute to greenhouse warming.** CFCs are important to energy conservation
efforts because they are used as the working fluid in refrigeration and air
conditioning equipment, and as the blowing agent in foam insulation.
Roughly 40 percent of CFCs produced in the U.S. in 1985 was used in
energy-related applications.*

Currently available substitutes for CFC-11 and CFC-12, the com-
pounds which most seriously deplete ozone, are less energy efficient. For
example, replacing CFC-12 in refrigerators or mobile air conditioners
could result in a 10-20 percent increase in unit energy consumption.
Replacing all uses of CFC-11 and CFC-12 with presently available
substitutes could increase U.S. energy use by 4 percent.

To avoid these energy penalties, we propose that the Department of
Energy and the Environmental Protection Agency (EPA) undertake an
urgent research, development, and demonstration program on promising
technologies which could both reduce or eliminate CFC use and increase
efficiency in energy-related applications. Some possibilities include:

« Evacuated panel insulation—highly insulating panels that could re-
place foam insulation.

« Alternative refrigeration systems and less damaging CFCs such as R-
22 and R-134a.

« Advanced automotive glazing—improved windows and other tech-
niques for reducing automotive air conditioning requirements.
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Evacuated panel insulation appears promising because it requires no
CFCs to produce and it could cut the electricity use of refrigerators and
freezers by 25-50 percent. Although evacuated panels might add $75-
100 to the initial cost of a refrigerator or freezer, net economic savings
should total $300 or more over the life of the appliance due to large
energy savings.* U.S. private companies are not developing evacuated
panel insulation and some of the other options because they are techni-
cally unproven, highly novel, somewhat long range, and high risk. An
intensive search is underway for direct CFC substitutes, but this research
tends to overlook the potential for new systems—refrigeration cycles,
insulation, and glazing, for example.

This critical research should be supported by a combination of federal
and private funding. The effort would integrate and expand smaller,
separate research projects on CFC substitutes and energy efficiency now
conducted by federal agencies.

Proposal: Use emissions ceilings for acid rain control.

Acid rain, caused in large part by sulfur emissions from coal-fired
power plants, now seriously affects many areas of the United States and
Canada.*” The most commonly proposed ways to reduce acid rain are to
cut emissions by installing flue gas scrubbers, switching to low-sulfur
coal, or using some of the “clean coal” technologies under development.

Opponents of acid rain control proposals have stalled legislation for
years by arguing these control measures are too expensive. But acid rain
control need not be expensive. In fact, a combined program of electricity
conservation and acid rain control can yield cheaper electricity services
(the cost of the electricity plus the cost of conservation measures) than if
neither program were adopted.*® Electricity services can be less expen-
sive under the combined program for two reasons. Conservation pro-
grams that pay for themselves through energy savings reduce the de-
mand for electricity, which reduces fuel consumption and emissions at
power plants. And conservation programs can defer construction of ex-
pensive new power plants, saving more than enough money to pay for
other control measures.

Unfortunately, many federal legislative proposals would discourage
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states from incorporating electricity conservation into their acid rain
control programs because these proposals use statewide average emission
rates to limit emissions. Statewide average emissions rates are calculated
by summing a state’s emissions from major pollution sources and divid-
ing by fuel consumed at those sources. Statewide average emission rates
discourage conservation because conservation can lead to reduced use of
power plants whose emission rates are below the statewide average emis-
sion rate. This will cause the statewide average to rise, even though total
emissions decrease. In other words, conservation-induced emissions re-
ductions will move a state away, not toward, its emissions reduction
target.

The problem can be avoided if federal acid rain legislation uses emis-
sions ceilings instead of statewide average emission rates. Emissions
ceilings simply impose a limit on the total tons of pollutants that can be
emitted in a state. Thus, emissions reductions achieved through any
measure, at any power plant, whether it be from conservation or direct
pollution controls, will be fully credited toward a state’s emission reduc-
tion goal.*

Combining ceilings with the least-cost approach to acid rain control
and power supply could stimulate conservation and cut electricity use
perhaps 10-20 percent over the next 15-20 years in states such as Indiana,
Ohio, and West Virginia.’® Over the same period of time, major acid rain-
producing states could save $10-20 billion.

Some opponents of emissions ceilings have argued that ceilings may
limit economic growth because they put a cap on total emissions. Rapid
economic growth does not necessarily mean high growth in electricity
demand, however. California has demonstrated that conservation pro-
grams can hold growth in electricity demand well below economic
growth rates.’! Furthermore, a wide variety of emissions control technol-
ogies are available for limiting emissions without constraining economic
growth.
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Proposal: Encourage integrated energy and environmental planning
at the state and federal levels.

The functions of planning and managing energy conservation pro-
grams, energy supply facilities, and environmental protection in most
states are housed in separate divisions and agencies. Environmental agen-
cies, for example, regulate power plant emissions but are not involved in
decisions regarding whether a new plant is needed and whether there are
more cost-effective alternatives. Likewise, energy authorities order and
approve conservation programs but usually do not consider the environ-
mental impacts of energy production and use—as in coal surface mining,
for example—or how greater efficiency can serve environmental objec-
tives. Similar divisions exist at the Federal level.

Acid rain control is one area that could benefit greatly from integrated
energy and environmental planning. Federal and state acid rain legisla-
tion could encourage state energy and environmental agencies to work
together to consider efficiency improvements and least-cost utility strate-
gies when developing statewide environmental protection plans. To pro-
mote such cooperation, federal acid rain legislation might include, for
example, funding for the development of state least-cost utility plans.
The EPA could provide grants to states for integrated planning, with
states required to provide matching funds. If regional planning is appro-
priate, states could be permitted to pool their federal grants.

A few states already recognize the importance of integrated environ-
mental and utility planning. In Wisconsin, the Department of Natural
Resources and the Public Service Commission jointly developed a
regulatory strategy for implementing the state’s acid rain bill, and pre-
pared a study of the potential to reduce compliance costs through effi-
ciency improvements.*? State officials in Wisconsin are strongly promot-
ing electricity conservation, in part to reduce pollutant emissions.

Similar integrated planning recommendations and assistance could be
of value for addressing pollution problems other than acid rain. Attain-
ment of urban ozone standards, for example, has been extremely difficult
in smog-prone areas such as Southern California. Improving vehicle fuel
economy through efficiency standards or incentives should be considered
as one strategy for meeting existing or tougher ozone and ozone precursor
standards.
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Doubling Car and Light Truck Fuel Economy to Cut Oil
Imports

A growing gap between oil production and demand threatens U.S.
energy security. If current trends continue, U.S. oil production will fall
by one-third by the end of the 1990s—a drop from 9 to 6 million barrels
of oil per day.** Meanwhile, U.S. demand for oil is growing rapidly again.
As a result, oil imports have increased 35 percent between 1985 and
1987, from 4.3 to 5.8 million barrels per day. The Department of Energy
projects that oil imports could reach 8 to 12 million barrels per day by the
end of the 1990s, with an annual import bill of $100 billion.5*

Vehicle fuel economy ranks first in priority for reducing oil imports.
Cars and light trucks account for the largest share of U.S. oil use—fully
one-third, a volume equal to imports.>* Even though the fuel economy of
cars has improved since the 1973 oil crisis, many opportunities for im-
proving automobile fuel efficiency and performance remain to be imple-
mented.

The 1973 oil crisis awakened American interest in automobile fuel
economy. Consumers demanded more fuel-efficient cars faster than the
U.S. automakers could supply them. And in 1975, the U.S. government
passed its most effective and forward-looking energy legislation, the
Energy Policy and Conservation Act (EPCA), which required new car
fleets to obtain an average 27.5 mpg by 1985. The EPCA standards,
though,recently reduced to 26 mpg, helped sustain momentum in fuel
efficiency even after the oil price collapse of the early 1980s. In fact, fuel
economy improvements in the U.S. light vehicle fleet since enactment of
the fuel economy standards contributed about one-fifth of all the oil
savings achieved by OECD countries after 1973.57

The technical and economic potential for again doubling fuel economy
of cars and light trucks already exists.’® The electronics revolution has
made possible the use of sensors and microprocessors for more precise
engine control. New transmissions will be able to continuously shift the
gear ratio to match the most-efficient engine speed with the desired
speed of the wheels. Though it would work at first only for small cars, this
continuously variable transmission would provide a smoother ride and
improve fuel economy about 12 percent. Numerous other fuel saving
technologies could help double auto fuel economy.* (See Table 2.)
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Table 2. Technologies for Automobile Fuel Economy Improvements

Percentage Gain in
Fuel Economy
Technology by Mid-1990s

New Engine Designs (e.g., improved shape of

combustion chamber) 4
Variable Valve Timing 8
4 Valves Per Cylinder 8
Multi-point Fuel Injection 7

Improved Lubricants and Friction Reducing Materials 4-5

Electronic Transmission Control 3
Continuously Variable Transmission 12
Improved Tires 5
Improved Aerodynamics 5
Efficient Accessories 2

Note: Percentage gains are not additive.

SOURCE: Energy and Environmental Analysis, “Analysis of the Capabilities of
Domestic Auto Manufacturers to Improve CAFE,” 1986.

A major barrier to the introduction of these new technologies is first
cost. Cars twice as efficient as the current generation of cars will cost
perhaps $200-800 more.5® And though this first cost would be more than
recovered through fuel savings over the life of the car, manufacturers

29




Energy Efficiency

probably will not install features if consumers will balk at their added
cost at the time of purchase.®’ On the other hand, some innovations will
both save fuel and cut manufacturing costs.

Accomplishing the goal of doubling fuel economy will require bold
new policy initiatives. We have examined the effectiveness of a fuels tax,
an oil import fee, a gas-guzzler tax, and fuel economy standards as means
of doubling automobile fuel economy. We conclude that no single
approach can accomplish the desired improvements in fuel economy.
Raising gasoline and diesel taxes high enough to stimulate demand for 45
mpg cars would be politically difficult. Enforcing fuel economy stan-
dards in the absence of economic incentives such as rebates would also
present problems. We therefore recommend a complementary set of
policies that will both push and pull the market.

Proposal: Raise gasoline and diesel fuel taxes by 10 cents per gallon
for at least three consecutive years.

The market price for imported oil does not reflect its real cost to the
U.S. economy. Some studies estimate that the national security cost of
importing oil amounts to at least $10 per barrel.®? The costs of air
pollution and the risks of climate change from using oil make the real
costs even higher.

Logically, these costs should be internalized through a tax on oil
regardless of where it is used in the economy. A tax on transportation
fuels, however, would be more practical. The potential for increasing the
efficiency of oil use in the transportation sector is large. Taxes on trans-
portation fuels would cause fewer problems for competitiveness and
employment than taxes in other sectors. Moreover, the collection mecha-
nism is already in place for a new tax on gasoline and diesel fuel.

Thus, we propose a tax on vehicle fuels sufficient to capture a portion
of the long-run costs of high oil use, coupled with rebates for low-income
persons. Specifically, we urge the application of a tax on gasoline and
diesel equal to 10 cents per gallon beginning in 1990. If world oil prices
remain low (under $30 per barrel), the tax should be increased 10 cents
each year until it reaches a maximum 50 cents per gallon. If oil prices rise
substantially higher, the tax should be increased 10 cents each year to a
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Figure 5: Gasoline Price Levels, Selected Countries, 1987
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Foreign nations tax gasoline heavily, encouraging efficiency

Gasoline in Italy and Denmark costs four times as much as in the
United States. This difference is due almost entirely to differences in
gasoline tax levels. Low U.S. gasoline prices encourage consumption
and place the nation at risk of new oil supply disruptions, price hikes,
and reduced flexibility in foreign policy.

SOURCE: International Energy Annual, /986 Energy Information Administration, U.S.
Department of Energy, October, 1987.

maximum of 30 cents per gallon. The intent of such a tax structure is to
make the tax responsive to market changes so that whatever happens,
consumers are given a price signal that better reflects the real cost of the
resource and encourages conservation.

Precedents abound for taxing fuel to reduce its consumption. The price
of gasoline at the pump in countries as diverse as Japan, Italy, and Brazil
is two to four times that in the United States, mainly because of tax
policy.®* (See Figure 5.) The United States also has imposed gasoline
taxes, both at the federal and state level. Generally, the intent of such
taxes has been to raise revenues to pay for road construction and repair
rather than to strengthen national energy security or some other national
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goal. The current average combined federal, state, and local gasoline tax
is only 30 cents per gallon in the United States.

A fuels tax will have the major drawback of adversely affecting low-
income people since they spend a disproportionate fraction of their in-
come on energy. A portion of the tax collected could be rebated to low-
income households. Many mechanisms for rebating the tax are already in
place. For the working poor or retired persons, the income tax and social
security systems could be used. For those not paying taxes or receiving
social security benefits, other mechanisms such as aid to families with
dependent children and public housing subsidies could be used to offset
the tax increase.

The federal budget deficit demands reduction and may provide impe-
tus for enacting a fuel tax. A 30-50 cent tax in the year 1995 would
generate about $40-60 billion in revenues, and even after rebates to the
poor, would provide significant new sources of revenue to the govern-
ment.5 Part of the revenue could be used to continue filling and perhaps
expand the Strategic Petroleum Reserve, fund other energy conservation
programs, or support maintenance of roads, bridges, and other elements
of the U.S. transportation infrastructure.

Proposal: Raise car and light truck fuel economy standards to 45 and
35 mpg, respectively, by the year 2000.

Fuel efficiency regulations will be essential to capture the full poten-
tial of automobile and light truck fuel economy. The incremental savings
attributable to fuel economy levels above 30 mpg are small compared to
the total cost of owning and operating a car.¢ Moreover, it may take auto
manufacturers years to respond to anticipated fuel price increases in the
1990s.

We propose that the government require new passenger cars and light
trucks to obtain, on average, 45 and 35 mpg, respectively, by the year
2000. Interim standards should also be set. The penalty for failing to
meet the standards would be a substantial tax on the manufacturers,
based on the number of vehicles failing to meet the requirement and the
amount of the shortfall. This approach differs from the original legisla-
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tion which placed manufacturers in violation of the law for failing to
meet standards.

We emphasize that light trucks are a high priority for fuel-economy
policy. Purchases of light trucks have grown at an annual rate of over 6
percent during the 1980s. Most people now use these trucks as they
would cars—for commuting, running errands, and recreation. As a re-
sult, the fraction of total gasoline consumption attributable to light
trucks over their lifetimes is climbing toward 50 percent. Present law,
however, requires that light trucks attain an average of only about 20
mpg. Light truck fuel economy could be increased with the same technol-
ogies available for improving the fuel efficiency of cars.

The proposed legislation would provide an opportunity to correct cer-
tain flaws in the original Energy Policy and Conservation Act. By setting
an industry-wide standard that all manufacturers had to meet, the law
discriminated against mainly American, full-line manufacturers that pro-
duced a range of car models, in favor of mainly Japanese automakers
that produced mostly small cars. Annual increases in the fuel economy
standards proved particularly burdensome because manufacturers do not
change model lines nearly so frequently.

Careful structuring of new fuel economy standards could avoid these
and other problems of fairness. The standards could, for example, require
the same percentage increase in fuel economy for each manufacturer, or
a fuel efficiency level based on interior volume.” We recommend that the
final formula be established only after careful analysis and discussions
with the auto industry to minimize unintended effects.

Opponents of fuel economy standards have argued that the standards
reduce automobile safety.®® But this need not be so. The United States
doubled new car fuel economy since 1975 while cutting traffic fatalities
per mile by one-third. Had fatality rates continued at 1975 levels, an
estimated 17,000 more persons would be dying each year on American
roads. The reduced fatalities came about in part due to lower speed limits
and the crack-down on drunk driving, but better safety design also
contributed. The 2,000 pound Volkswagen Rabbit, for instance, has a
better safety record than the Chevrolet Impala and Ford Crown Victoria,
which weigh almost twice as much.®

Additional auto safety improvements are possible without compromis-
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ing fuel economy. For example, installing air bags or automatic seat belts
in all cars and light trucks would avoid an estimated 12,000 deaths
annually. Improved protection against side collisions could save over
4,000 lives per year. The key issue for safety—as it is for fuel economy—
is design.”

Proposal: Establish a gas-guzzler tax, gas-sipper rebate program.

The fuels tax and fuel economy standards would raise average fuel
efficiency, but would not address two important problems. The first is the
need to discourage production of very inefficient cars and trucks—gas
guzzlers—and the second is the need to encourage the production of
highly efficient vehicles. A gas-guzzler tax would address the first prob-
lem; a rebate mechanism would address the second.

Since high fuel economy levels do not greatly reduce the costs of
driving, U.S. manufacturers face a high barrier to fuel economy innova-
tion. Manufacturers thus run considerable risks with innovative vehicles
and have little prospect for rewards in the marketplace.

To help assure a market for super high-efficiency cars, we propose that
a rebate like those offered by car dealers in promotional campaigns—on
the order of $1000—be offered to consumers purchasing high-efficiency
vehicles. The rebate would be paid by the federal government, using
revenue collected through the gas guzzler tax. Manufacturers could
qualify a limited number of vehicle models for the rebate by producing
cars that meet a specified level of fuel economy, such as 50 percent
higher than the most efficient models now available, and other important
.criteria, such as safety and low emissions. Different fuel-economy crite-
ria could be set for different size classes of cars, and eligibility would be
limited to models produced in significant quantities. Eligibility might be
restricted to cars manufactured primarily in North America, but it
should not be restricted only to U.S.-owned firms.

In addition, the existing gas-guzzler tax ought to be modified. The
current tax mainly affects extremely inefficient luxury cars. A new tax
schedule should be adopted that applies to vehicles with higher levels of
fuel economy than presently covered by the tax. Tax levels in the sched-
ule need to be increased, too. The combination of changes in the tax
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schedule and level should be sufficient to generate at least enough new
revenue to fund the gas-sipper rebate program.

Together, these proposals can lead to oil savings of approximately 1.0
to 1.5 million barrels of oil per day by the end of the century. Such
savings would cut U.S. oil imports in 2000 by 10-15 percent and would
directly cut the import bill by $9-16 billion, based on government fore-
casts of future energy supplies and prices.”" Furthermore, the savings
represent 20-30 percent of the anticipated increase in oil use in all
countries outside the Soviet Union, Eastern Europe, and China between
1985-2000.7 A successful effort to raise vehicle fuel economy would
significantly reduce pressure on world oil markets.

Promoting Least-Cost Utility Services

Energy supply facilities such as power plants and transmission lines
are highly capital intensive. During the late 1970s and early 1980s,
utilities accounted for nearly 15 percent of all investment in new plant
and equipment in the United States.

Utilities absorb more capital than any sector of the economy other
than real estate. And some utility supply investments—recently com-
pleted nuclear power plants, for example—have turned out to be finan-
cial disasters. Increasing efficiency reduces the need for investment in
energy supply, which reduces the risk of wasteful power supply invest-
ments. It also frees capital for investment elsewhere, for example in
industrial modernization. Efficiency improvements are helping the util-
ity industry cut its capital expenditures from $50 billion in 1982 to
around $17 billion per year expected by 1990.7

A least-cost utility services approach has emerged in recent years as a
means for reducing capital investments in the power sector. The objec-
tive is to provide services such as heat, light, refrigeration, and motor
power—not energy per se—at the lowest possible cost.”* For meeting new
needs for power, a kilowatt-hour saved from waste is indistinguishable
from a kilowatt-hour delivered by a new power plant.

Under the least-cost utility services approach, all feasible conservation
and other “demand-side” resources are evaluated along with new energy
supply options and are ranked according to cost effectiveness. Since
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Figure 6: Least-Cost Planning in the Pacific Northwest
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Least-Cost Planning in the Pacific Northwest

The Pacific Northwest Power Planning Council thoroughly analyzes
supply and demand-side electrical resources. It developed least-cost
power plans in 1983 and 1986. Utilities in the region have acquired the
capability to implement efficiency measures in order to avoid construct-
ing numerous costly power plants, should the need arise. If population
and economic activity grow moderately, the most recent plan calls for
cutting electricity use 13 percent by 2006 at an average cost of about 2
cents per kilowatt-hour.

SOURCE: “1986 Northwest Conservation and Electric Power Plan,” Northwest Power
Planning Council, Portland, OR, 1986

energy-efficiency measures typically cost less than generating or pur-
chasing a commensurate amount of energy, investing in efficiency be-
comes a top priority for utilities using this approach. And when flexibil-
ity, safety, environmental impacts, and social concerns are included in
the analysis, efficiency looks even more attractive.
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The least-cost approach was first adopted in 1980 in the Pacific North-
west.” (See Figure 6.) Since then, at least 16 states have adopted least-
cost planning policies and requirements.” Some utilities have demon-
strated that they can significantly reduce load growth in a cost-effective
manner. For example, the Austin, Texas, municipal utility, Northern
States Power Company, and Southern California Edison Company have
been able to reduce electricity use and peak demand by 0.4 to 1.4 percent
per year by offering rebate incentives to purchasers of efficient appli-
ances and other equipment. This represents a 20-40 percent reduction in
the rate of electric load growth. Ultilities with rebate programs are paying
only $200 to $300 per kilowatt saved, thereby acquiring savings at a
fraction of the cost of new power supplies.””

But the least-cost approach to providing energy services is still not
routine in the utility industry. Only a handful of utilities are committing
more than a few percent of their total budget to conservation and load
management. The majority is still encouraging load growth.’® Further-
more, some forecasts predict or call for rapidly increasing investment in
power supply facilities during the 1990s in order to avoid shortages of
electric generating capacity.” This strategy could be very costly and
risky, and it could result in utilities once again absorbing large amounts
of investment capital.

The proposals in this section are intended to enhance economic growth
and competitiveness by advancing the United States toward least-cost
energy services, to increase support among utilities for energy efficiency,
and to strengthen their ability to implement effective conservation pro-
grams. The proposals are addressed to the U.S. Department of Energy
(DOE) and the Federal Energy Regulatory Commission (FERC) as well
as to state officials and utilities. Electricity is the main focus, but a
number of the proposals also apply to gas utilities.

Proposal: Provide utilities with financial incentives to promote
energy efficiency and least-cost energy services.

Regulators should encourage utilities to pursue least-cost energy serv-
ices by linking a utility’s profitability to its progress in acquiring cost-
effective sources of generating capacity and end-use efficiency. Utility
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commissions should also abandon ratemaking procedures that financially
reward utilities for increasing short-run sales of electricity and gas.

Financial incentives and penalties could take a number of forms. For
example, if a utility performs well in acquiring conservation resources, it
may be appropriate to increase that utility’s rate of return or earnings. If,
on the other hand, a utility performs poorly in acquiring conservation
resources, regulators could penalize the utility by lowering its allowed
rate of return. Establishing performance-based incentives will safeguard
consumers from paying for ineffective or overly expensive conservation,
load management, and alternative generation programs. Regulators
could base incentives (or penalties) on the amount of savings achieved,
the cost effectiveness of conservation programs, or on a utility’s ability to
reduce the total energy bill of its customers.

A few state utility commissions have used incentives and penalties and
rate adjustments along the lines suggested here. In 1979, the California
utility commission penalized Pacific Gas & Electric Company (PG&E)
for failing to make reasonable efforts towards developing the
cogeneration potential in its service territory.®* PG&E subsequently con-
tracted for large amounts of cogeneration and independent power. The
Massachusetts utility commission reduced the allowed rate of return for
Boston Edison Company (BECO) in 1986 because of its poor record in
developing and implementing conservation and load management pro-
grams and performing integrated planning.!' Since then, BECO has
established or expanded about 20 demand-side management programs.®?
Also, Wisconsin is using performance-based incentives as part of its
effort to stimulate much larger and more effective conservation pro-
grams among its utilities.®

Adjusting electricity and gas rates provides another means of encour-
aging efficiency. Utility rates are usually based on near-term projections
of electricity and gas sales. Utilities generally profit if sales are greater
than projected in the last ratemaking case. This situation can be avoided
by periodically adjusting rates so that profits are decoupled from fluctua-
tions in sales volume. The California utility commission has established
such a revenue adjustment mechanism.® State commissions could go
even further by increasing or decreasing a utility’s revenues and profits in
proportion to the degree it is able to lower sales or energy service costs.®

Giving utilities a financial stake in encouraging cost-effective effi-
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ciency improvements is not without difficulties. Some states reward
utilities for conservation program expenditures rather than for achieving
energy savings or lower service costs. Paying incentives based on pro-
gram expenditures is much easier but is far less desirable than incentives
based on performance. Experimentation and careful evaluation will be
required if incentives are going to be based on conservation program
performance or a utility’s overall progress in reducing customers’ bills.

The federal government can assist state utility commissions in address-
ing these problems. We propose that DOE analyze alternative incentive
schemes, including conducting case studies of recent initiatives through
its Least-Cost Utility Planning project. Also, DOE or FERC could pro-
vide recommendations to states on how to structure incentive schemes
and disseminate information on emerging least-cost strategies.

Proposal: Allow energy-efficiency investments to compete with
energy supply options in competitive bidding schemes.

Providing utilities with incentives for pursuing least-cost energy ser-
vices encourages comparison of energy supply and conservation options.
A parallel strategy would allow energy conservation projects to compete
with new energy supply projects through bidding procedures. This form
of market testing would aid utilities in developing least-cost plans.

In early 1988, FERC proposed new regulations to stimulate greater
competition in new power generation by allowing non-utility sources of
energy such as cogeneration projects to bid competitively for rights to
provide power to utilities. But FERC devoted minimal attention to the
role that conservation projects could play in meeting resource needs at
least cost. We propose that FERC remedy this shortcoming by directing
or encouraging states to allow conservation projects to compete with
proposals for additional generating resources.

Utilities in both Maine and Massachusetts have solicited bids for
electricity savings.® Central Maine Power is paying 1 to 2 cents per
kilowatt-hour saved in response to its pilot demand-side bidding pro-
gram.*” The utility offers to pay up to 50 percent of the initial cost for
conservation projects in order to shorten the payback period to two years.
Actual payments depend on measured savings. Conservation projects
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implemented through this program include installation of efficient
motors by a wood products manufacturer and installation of an energy
management system at a college. In late 1987, Central Maine Power
received approval to allow supply and efficiency projects to compete
directly.

Because there has been limited experience with conservation bidding
and because there are a number of questions concerning how it would
work, it is essential to experiment with the concept and carefully monitor
impacts. Utilities must establish methods for determining savings, mini-
mizing transaction costs, and maximizing program impacts. Also, special
efforts are likely to be needed if demand-side bidding is to elicit conserva-
tion in hard-to-reach markets such as low-income and multi-family hous-
ing. DOE and FERC should assist states and utilities by evaluating
demand-side bidding experiments and pilot programs and by disseminat-
ing information to further this concept.®

Proposal: Encourage least-cost planning through federal regulation
of interstate power sales.

FERC regulates interstate power transfers which account for approxi-
mately 30 percent of U.S. electricity sales. We propose that FERC
require buyers and sellers of electricity to demonstrate that proposed
long-term power sales be consistent with either least-cost plans for the
region involved, or with least-cost planning principles where such plans
are not available. Adoption of regional plans would be encouraged by
creating expedited approval processes for transactions covered by the
plans. An amendment to the Federal Power Act may be needed to adopt
this policy because FERC has refused to review proposed power transfers
on the basis of environmental or least-cost impacts.®

These requirements would ensure that: (1) sellers of bulk power do not
construct costly central station power plants to support transactions until
all less expensive demand-side or generating measures are implemented;
(2) conservation entrepreneurs can compete on equal terms with power
suppliers for out-of-state markets; and (3) buyers do not substitute inter-
state purchases for less costly end-use or supply resources in their own
system.
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Our proposal does not apply to short-term power transfers, which
account for the bulk of FERC-regulated commerce. However, there is
increasing interest in power transfer arrangements covering three years
or more, which are both more lucrative and more significant from envi-
ronmental and resource planning perspectives. The approach recom-
mended here is consistent with that already used by the Bonneville Power
Administration in its long-term power marketing.* Moreover, our pro-
posal will not interfere with efforts to increase access to the transmission
grid for municipal utilities and power customers.

Proposal: Conduct research and evaluation to improve utility,
state, and local energy conservation programs.

Utilities, states and localities are spending at least $1 billion per year
on conservation and load management programs. Only limited research,
however, has been conducted on alternative forms of program design and
delivery. Considerable uncertainty remains about the significance of
different program elements, response rates, and the net effects these
programs have on energy demand and peak loads.®

DOE provides limited support for experimentation and evaluation
related to state and utility conservation programs. But a much more
intensive effort is called for to improve both the quality and understand-
ing of conservation programs. Although not very costly, this effort is
important and should not be overlooked by energy policymakers.

We propose that DOE establish and manage this program together
with the Electric Power Research Institute, Gas Research Institute,
utility commissions, and state energy agencies. The program should: (1)
develop guidelines for conservation program experiments and evalua-
tions, (2) provide technical assistance to utilities, states, and local agen-
cies, and (3) conduct research and demonstrate new techniques for eval-
uating the impacts of conservation programs. As an added benefit, this
program will improve the ability of states and utilities to conduct least-
cost planning.

A number of states and utilities have proven that careful program
evaluation and experimentation are well worth the effort. For example,
Wisconsin used evaluations and experiments to greatly increase energy

41




Energy Efficiency

savings and lower costs in its low-income weatherization program.’? A
well-funded and prominent national evaluation effort could provide simi-
lar benefits throughout the country.

Enhancing Industrial Competitiveness with Energy-Efficiency
Research

American industry has faced few challenges as serious as today’s
international competition. Efficient foreign manufacturers have deeply
penetrated American markets that were once the exclusive domain of
domestic manufacturers. Since the early 1970s, the market shares of
U.S. manufacturers have declined in a wide variety of product areas,
including automobiles, steel, machine tools, telecommunications equip-
ment, and semiconductors.”? To meet the challenge, American industry
must improve its efficiency as well as the value and quality of its prod-
ucts.

Energy costs American manufacturers over $100 billion each year.
Despite impressive gains in the last decade, U.S. industry is far less
energy efficient than most of its major trade competitors. (See Table 3.)
Improving the energy efficiency of American industry, especially energy-
intensive industries, can make U.S. industry more competitive by reduc-
ing the final cost of products. Innovative energy-efficient technologies
such as thin strip steel casting (which eliminates a cool-down/reheat step
in steel making), foam processing for textiles (which substitutes foam for
water in textile processing and thus reduces energy needed to dry fab-
ric), and impulse paper drying (which mechanically forces moisture out
of paper, leaving less moisture that must be evaporated with energy-
intensive processes)® can greatly reduce production costs for industry.

Several studies suggest that successful innovations tend to offer bene-
fits not just in energy use, but in labor, materials, capital, and product
quality. The innovations listed above all provide multiple benefits.*
Foam processing, for example, can greatly improve a textile mill’s pro-
duction rate. Thus, energy efficiency will be advanced by industrial
process innovation aimed at solving many problems simultaneously.

Improving the efficiency of energy-consuming products sold by Amer-
ican industry is also an important means of making American industry
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Table 3. Industrial Energy Intensity, Selected Countries

Industrial energy use Average annual
per unit of industrial change during
value added (a) 1973-85 (b)
Country 1985 (%)
West Germany 0.18 -3.0
Italy 0.23 =2.7
Japan 0.21 —4.7
Sweden 0.29 =19
United Kingdom 0.24 -3.0

United States 0.43 —-2.4

(a) Expressed in tonnes of oil equivalent per 1000 1980 U.S. dollars.
(b) Based on each country’s own currency.

SOURCE: Energy Conservation Indicators in IEA Countries, International Energy
Agency, OECD, Paris, 1987.

more competitive. The vast array of industries that manufacture energy-
consuming equipment, including the makers of residential appliances,
commercial heating and cooling equipment, automobiles, and electric
motors stand at the threshold of an enormous international market for
advanced, energy-efficient products. Japanese and American research-
ers, for example, are engaged in a race to develop gas-fired residential
heat pumps, which promise to be about twice as efficient as the best gas
furnaces available today. And a few strong-selling new technologies such
as low-emissivity windows (which use super thin, transparent metallic
coatings to reduce heat radiated through windows) have demonstrated
the market potential for energy-efficient products.

Unfortunately, U.S. industry significantly under-invests in technology
development.®” This under-investment stems from a number of factors,
including the uncertainty that research will bear fruit, its long payback
period, difficulties in capturing the benefits of research, and the expense
of maintaining research programs during economic downturns. Frag-
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mented industries are constrained in R&D spending because relatively
small companies have little incentive to conduct research that benefits
more than their small part of the market. And in mature industrial
sectors, large firms often are not inclined to develop products or pro-
cesses that make their investment in existing plant and equipment obso-
lete. Therefore, the private sector cannot be expected to conduct the full
range of research the country needs.’

Just as important, U.S. industry often has difficulty commercializing
new technologies it develops. Among the notable examples are video
cassette recorders and industrial robots, both of which were developed by
U.S. companies but commercialized primarily by Japanese companies.
We propose the following policy measures to enhance the technological
capabilities of industry and its ability to introduce new technologies in
the market.

Proposal: Increase the commitment to federal energy-efficiency
research and development and re-establish the federal role in
demonstrating new energy-efficient technologies.

During the past seven years, the DOE conservation R&D budget has
been slashed by more than 50 percent. This occurred despite its many
successful R&D projects which will eventually yield billions of dollars of
energy savings.” Textile foam processing, impulse paper drying, and low-
emissivity windows all have been supported by this program. Andersen
Windows, the largest U.S. window maker, estimates that low-emissivity
windows now account for more than half of the company’s window
sales.'® Electronic ballasts for fluorescent lamps, another technology
advanced by the program, cut electricity use for fluorescent lighting by
about 25 percent and are expected to save consumers about $2 billion per
year by the mid-1990s. Many opportunities remain for similarly impres-
sive advancements. The federal energy conservation R&D program
should, therefore, be substantially expanded.

The federal government should also recommit to conducting low-cost
demonstrations of new energy-efficient technologies. Such demonstra-
tions will give scientists and engineers an opportunity to apply and prove
innovative technology in the real world. Demonstrations are often neces-
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sary to encourage risk-averse companies to adopt new technologies.
Small-scale demonstrations played an important role in establishing the
market viability of many of DOE’s successful conservation R&D
projects.!”" Unlike most energy supply technology demonstrations (for
example, synfuels and the liquid metal fast breeder reactor), conserva-
tion technologies have the advantage of being relatively inexpensive to
demonstrate.

The proposed demonstrations should be conducted in close coopera-
tion with industry, and industry should share substantially in the cost.
This requirement should limit premature demonstrations. As technol-
ogies are advanced, and risks are reduced, the government’s share of
costs should decrease, or in some circumstances, be eliminated. The
appropriate level of cost-sharing should be determined on a case-by-case
basis and be influenced by such factors as the ability of the proposer to
share the costs, the vested interest of the proposer, the residual rights
required by the proposer, and the risk of project failure. The government
should approach demonstrations cautiously.

Both the Gas Research Institute (GRI) and the Electric Power Re-
search Institute (EPRI) recognize the importance of demonstrations in
the innovation process. GRI, which spends about half of its $170 million
budget on efficiency projects, has researched and demonstrated such
important technologies as pulse combustion furnaces, advanced
commerical cooking equipment, and industrial heat recovery devices.!%
EPRI supported research and demonstration of a highly innovative,
efficient variable-speed heat pump, which Carrier Corporation plans to
market soon.!%?

Demonstration programs, and the research that precedes them, should
also be based on a long-term commitment of funding as long as technical
milestones are met. Industry is generally reluctant to participate in re-
search and demonstration without such commitments because federal
programs are often scaled down or re-directed after they have begun.
Some countries with which the United States competes have multi-year
funding commitments for research. The Japanese government’s energy
conservation R&D program approves project funding levels for up to ten
years. Hence, the U.S. government should explore alternatives to annual
R&D appropriations with provision for oversight.
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Proposal: Establish research centers for energy-intensive
industrial processes.

Energy-intensive industries can benefit the most from new, energy-
efficient industrial processes. But like most American industries they
under-invest in research. We therefore propose that the federal govern-
ment establish research centers for energy-intensive industrial processes.

The proposed centers would conduct basic and applied research on
common industrial processes, such as removing contaminants from post-
consumer steel scrap and processing it into high-quality products; mem-
brane separation processes; chemical processing in a molten metal bath;
metal casting, forging, and powder forming; fuel refining; and paper
making. Over 50 areas in manufacturing processes merit federal support
in the form of basic technology centers.!® The centers would not focus
exclusively on energy-efficiency research. Rather, they would research
these processes to develop multiple improvements, one of which would be
energy efficiency.

The centers would serve initially as the catalyst and later as the core of
a larger industry research effort. Assurances of a high degree of coopera-
tion and coordination from industry would be sought before each center
would be established. The centers could be organized as “national user
facilities,” in which government would provide research facilities that
industry could use for conducting proprietary or public domain research.
A strong technology transfer program would be an essential element in
each center.

The research conducted by the National Advisory Committee for
Aeronautics (NACA) after World War I is a good example of this kind
of research effort. NACA did not design aircraft or its components, but it
researched technologies that were fundamental to the aircraft industry,
such as airfoil shapes. After being changed to NASA, it led in the
development of noise-suppression techniques and turbofans for jet en-
gines.!%

The Combustion Research Program operated by Sandia National
Laboratories is a paradigm of the proposed centers. This program fills a
niche between universities and industry and is a catalyst for an aggres-
sive, focused, national program. It conducts basic research on combus-
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tion phenomena and applied research on combustion processes occurring
in internal combustion engines, furnaces, and coal combustors. The in-
sight generated through its research is incorporated into computer mod-
els which can guide the development of more-efficient, fuel-flexible com-
bustion hardware. Industry is deeply involved in research and
management of the program. The center’s core budget is provided by the
government, but companies such as General Motors, Ford, and Cummins
Diesel supplement those funds and conduct research of their own at the
facility.

Results from the Combustion Research Program are being widely
disseminated through a very active visiting scientist program, and more
directly through industry involvement in research. The scientific results
of the program are typically in the public domain, although proprietary
work can also be conducted by firms using the facilities.

Selection of technologies for the proposed R&D centers should not be
confined to applications of newly discovered scientific phenomena such
as lasers, bioengineering, or superconductivity. Many older processes
remain critical to the nation’s industrial infrastructure and are ripe for
technological innovation. In fact, new high technology capabilities have
revolutionized research itself and have created opportunities for new
understanding of phenomena incorporated in traditional industrial pro-
cesses.

Many technologies, of course, have a clear high-technology focus.
Some of these are being addressed in the Engineering Research Centers
created by the National Science Foundation (NSF) and in the University
Research Initiative of the Department of Defense. Care should be exer-
cised not to overlap these efforts.

Creating technology research centers of high quality will require a
gradual but ambitious process. It will also require careful selection of a
lead agency (which could be the Department of Energy or the NSF) and
cooperation among federal agencies. We envision a multi-year program,
with each center assured of long-term support. The average federal
contribution per center would be about $5-10 million dollars annually.
Private industry would be expected to contribute heavily to the centers.
We recommend that about ten such centers be established by the early
1990s. If early experience is positive, the program could be expanded.
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Proposal: Establish a program to monitor and distribute information
on foreign energy-efficiency research.

The United States has been the well-spring of new technologies for so
long that it often ignores foreign technology research and innovation.
Meanwhile, foreign countries have closely monitored new technology
developments in the U.S. The rapid rise in technological capabilities of
many foreign countries now makes it necessary for the U.S. to monitor
more closely their new technology developments.

This initiative would establish a program to monitor and distribute
information on foreign research and development activities for advanced
energy-efficient technologies. It would complement the previous two
proposals by providing current information on key foreign technical
activities related to energy efficiency.

The program would evaluate foreign energy research, technology
developments, and advanced system installations, and would assess the
impact of foreign technology development on the United States, espe-
cially with regard to U.S. technical standing in world markets. This
information would help identify the technological needs of domestic
firms, guide federal research investments, and identify the export poten-
tial for energy-efficient products and process technologies produced in
the United States. The research monitoring program would also maintain
an information service capable of supporting foreign literature and pat-
ent searches and make industry aware of its services.

This effort would accelerate the development of conservation technol-
ogy and would increase opportunities to apply advanced U.S. or foreign
technology. Understanding foreign energy use and research activities
would help the government to avoid “reinventing the wheel.”

Making Buildings More Efficient to Improve Their
Affordability

Each year the United States spends about $170 billion on energy for
buildings, nearly half of the total annual U.S. energy bill. High energy
costs are especially hard on the poor, who tend to live in old, poorly
maintained, and inefficient buildings. Families below the poverty line
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spend an average 19 percent of their income on home energy costs, which
is more than four times the percentage spent by middle-income fam-
ilies.'% According to federal guidelines, a third of renters and almost half
of low-income families are cost-burdened—that is, they pay an
unacceptably high percentage of their income for housing.!9. 198 A recent
analysis estimates that an across-the-board 25 percent reduction in resi-
dential energy use, an amount both technically and economically feasi-
ble, would make housing affordable for an additional 2 million house-
holds, more than half of which would be low-income households.!®

The potential for improving the energy efficiency of U.S. buildings is
large. If all cost-effective conservation measures were employed, energy
consumed in buildings could be reduced by 30-50 percent.!'® But many
obstacles impede further efficiency improvements. For example, split
incentives between builders and building owners, and between landlords
and tenants discourage conservation investments. Builders are more con-
cerned with minimizing first costs than life-cycle costs, and landlords
whose tenants pay their own energy bills have little incentive to make
improvements.''' Consumers also often lack the information and capital
necessary to invest in efficiency improvements or to demand energy-
efficient construction.

Many programs to help overcome these and other obstacles already
exist. Utility conservation programs, such as rebates to consumers who
purchase efficient appliances and lighting products are proliferating.
New efforts to provide least-cost utility services will lead to improved
building efficiency. But these efforts should be expanded, and new
efforts are needed if the United States is to tap even part of the enormous
conservation potential in buildings.

Indoor air quality, an important issue related to energy efficiency in
buildings, also merits further attention. Any adverse effect that caulking
and weatherstripping have on the concentration of indoor pollutants can
be dealt with by addressing pollutants at their source. Researchers have
found that indoor air pollution concentrations have a much stronger
relationship with pollutant sources and source emission rates than with
air infiltration rates.'”> Most tight, energy-efficient houses have accept-
able air quality, while leaky homes are not immune to poor air quality.
With home heating and cooling bills averaging about $500 per year,
haphazard leakiness can be an expensive way to have, at best, limited
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control over indoor air pollution. Indoor pollutants are best controlled at
their source.

The following recommended policy measures are insufficient to reap
all of the potential for energy conservation benefits in the buildings
sector, but they could make a major contribution. These recommenda-
tions support and complement the many successful efforts being made by
state regulatory agencies, utilities, builders, and consumers.

Proposal: Improve the effectiveness of and increase funding for
low-income weatherization, especially for multi-family buildings.

At the current rate of weatherization, at least 40 years will be needed
to weatherize the existing stock of eligible low-income homes. Weatheri-
zation programs operated by the federal and state governments, utilities,
and other organizations reach only a small percentage of the more than
17 million low-income homes that need to be weatherized.

We propose that federal, state and local governments, and utilities
expand their commitment to improving the energy efficiency of low-
income housing. The federal government should at least double its an-
nual investment in low-income weatherization. Doubling is far less than
can be justified, but it would be an important step toward relieving the
enormous energy cost burden of low-income homes. Furthermore, state
and local governments can encourage increased market demand for more
efficient buildings by requiring home energy performance rating sys-
tems, which enable potential renters and buyers to estimate energy costs
before choosing a house or apartment.

The need for weatherization is especially acute in multi-family build-
ings, which have a high concentration of low-income families and have
undergone few efficiency improvements. To help, the federal govern-
ment should increase funds available through the federal Solar Energy
and Energy Conservation Bank, and earmark them for multi-family
housing weatherization. The Bank has been a small but important source
of funds for multi-family weatherization programs because it offers
highly flexible funding that allows local organizations to design
approaches that best suit local needs. Its funds have been used to lever-
age much larger private investment in multi-family buildings. Massachu-
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setts, for instance, uses Bank funds to reduce the principal of private
loans for conservation improvements to multi-family buildings. States
wanting to participate in the multi-family program should commit
matching funds. The combined federal and state funds would be used to
improve the terms of private loans.

The loans could be channelled through existing and newly established
non-profit energy service companies modeled after successful efforts
such as the Citizens Conservation Corporation in Boston, the Center for
Neighborhood Technology in Chicago, and the Energy Resource Center
in Saint Paul, Minnesota. These organizations are suggested as models
because they have been particularly effective at reducing energy use in
multi-family buildings. The Citizens Conservation Corporation, for ex-
ample, provides both technical and financial services to multi-family
buildings through arrangements that use energy savings to service
weatherization loans, and in some cases to reward tenants for conserving.
The organization reports average energy savings in the 20-50 percent
range.'”? Other types of organizations such as local housing agencies
could also help administer the program.

But before greatly expanding funding for weatherization, the technical
ability to weatherize buildings needs to be improved. Evaluations of the
low-income weatherization program indicate that much room for tech-
nical improvement remains.''* A recent research project in Wisconsin
showed that using new technologies and a new procedure for choosing
weatherization measures could produce twice the energy savings of the
old Wisconsin Weatherization Program at about 25 percent less cost.!!s
Another research project in Minnesota tested innovative weatherization
procedures and found that dramatic improvements in the cost effective-
ness of weatherization could be achieved.!'¢ Based on the success of these
and other research efforts, we recommend that a weatherization research
program be established in the U.S. Department of Energy, with a goal of
increasing the energy savings to investment ratio of the low-income
weatherization program by at least 50 percent.

Weatherization programs should also be modified to improve indoor
air quality in low-income homes. National data indicate that at least 15
percent of all households have elevated levels of radon and other indoor
air pollutants.''” Weatherization organizations are in an ideal position to
assess indoor air quality in low-income buildings. With adequate training,
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they could test for radon and combustion gases during weatherization
visits. Measures to mitigate identified problems could be installed by
weatherization crews or other contractors specializing in indoor air
quality.

The seriousness of the low-income weatherization and housing
affordability problem demands the nation’s attention. Rather than con-
tinue with minimal weatherization funding, and little attention to im-
proving its effectiveness, it is time to redouble our efforts to make
housing more affordable for those most in need. Improving energy effi-
ciency is key to that effort.

Proposal: Establish federal minimum efficiency standards for
fluorescent and incandescent lamps.

Lighting accounts for one-fifth of all the electricity consumed in the
U.S. Although high efficiency lamps and lighting equipment are very
cost effective for consumers—with simple paybacks on the order of one
to three years—consumers do not routinely purchase efficient lamps
because they lack information, they fail to examine life-cycle cost, and
because lighting equipment buyers frequently are not the people who pay
for the energy this equipment consumes.!!®

Similar problems impede the purchase of more efficient consumer
appliances. To address the problem, Congress adopted minimum effi-
ciency standards in 1987 for refrigerators, water heaters, air condi-
tioners, and other appliances. These standards are projected to reduce
peak electricity demand in the year 2000 by 22,000 megawatts, equiva-
lent to the output of about 22 large nuclear power plants.''® Further
upgrading these standards, as required by the law, could provide even
greater savings.

We propose that Congress adopt similar national minimum efficiency
standards for a number of common lamps. The standards for fluorescent
lamps should be strong enough to ensure that only lamps as efficient as
those that use improved phosphors could be produced. Standards for
incandescent lamps should be set so that only those as efficient as kryp-
ton-filled lamps could be produced. Such standards would be highly cost-
effective for consumers and could be met by many products already
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commercially available. The standards should be periodically reviewed
by the Department of Energy and strengthened if justified.

The proposed lamp standards would complement efficiency standards
for fluorescent lamp ballasts. California, Massachusetts, New York, and
Florida have already enacted ballast efficiency standards. Congress re-
cently passed a bill that set national minimum efficiency standards for
ballasts.

The lamp standards we propose could by the year 2000 reduce electri-
city consumption by 25 billion kilowatt hours per year, save consumers
about $1.9 billion per year, and reduce peak electric demand by 5,000
megawatts, equivalent to the peak demand of about two and a half
million households.

Proposal: Improve the energy efficiency of federal buildings.

Federal buildings, excluding public housing, annually consume about
$4 billion worth of energy. Largely because of limited resources and lack
of government-wide support, the 12-year-old Federal Energy Manage-
ment Program has had little effect on federal government energy con-
sumption. In addition, efficiency improvements in federal buildings have
been severely hampered by lack of incentives for federal facility manag-
ers to reduce energy costs, lack of capital to make improvements, and
lack of model federal facilities to demonstrate the effectiveness of en-
ergy-efficiency measures.!20

We propose a serious and comprehensive commitment to improve the
energy efficiency of federal buildings. The effort should establish new
incentives and guidelines for federal officials. Agency managers, for
example, could be allowed to retain part of their energy savings to meet
other budgetary needs of their agency. Guidelines for investment in
conservation measures should unambiguously require minimum life-
cycle costs. New aggressive energy conservation goals for federal build-
ings should be set, such as 25 percent savings per square foot of floor
space within ten years. And model federal facilities can be used as
showcases to bolster the overall effort.

The effort should also include technical and institutional research and
information programs, taking advantage of the expertise residing in the
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national laboratories and other research centers. The program should
also seek improvements for indoor air quality and thermal comfort.

Although the conservation potential in all government buildings has
not been analyzed, the age of the buildings, the lack of incentives to make
improvements, and the relatively low-level of conservation retrofit invest-
ment indicate that considerable energy saving potential exists. Reducing
its energy bill could help the federal government reduce its budget
deficit, and help establish the viability of new conservation technologies
and procedures, which, in turn, could lead to improvements in the effi-
ciency of private buildings.

The biggest challenge of this effort is to train and motivate federal
facility managers to make energy-efficient, cost-effective improvements,
show them how to finance these improvements, and help them institu-
tionalize the process for making these improvements. Government em-
ployees responsible for implementing successful conservation projects
should be recognized and financially rewarded.

Increased energy-efficiency efforts should also be directed at feder-
ally-assisted housing, which has a $2 billion annual energy bill. The
responsible agency—the Department of Housing and Urban Develop-
ment—has a dismal record in energy conservation. Evaluations of past
energy retrofit performance and technical assistance for future retrofits
are badly needed.

Proposal: Expand federal technical assistance for conservation efforts.

The experience of the last 15 years has shown that any effort to
improve energy efficiency in buildings should be firmly based on strong
technology development, program evaluation, and technical support.'*!
New technologies are regularly expanding the bounds of energy saving
potential. Program evaluation verifies whether anticipated energy sav-
ings are achieved and provide important feedback for making improve-
ments. Technical support usually makes the difference between success-
ful and unsuccessful conservation programs.

We suggest two particularly important technical support initiatives. A
national technical assistance effort should be established to support utili-
ties and local and state governments adopting building labeling and
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information programs. Building labeling rates the energy efficiency of
buildings to enable prospective buyers and renters to make more in-
formed decisions. Building efficiency labels are akin to the automobile
fuel economy labels and appliance energy guide labels required by the
federal government. The technical assistance program would provide:
guidelines for program design, implementation, and evaluation; access to
simple and accurate building design tools; evaluation reports on the
experience of related programs; and direct consultation with program
experts.

We also propose that the federal government provide technical and
managerial support for state and local governments adopting energy-
conserving building codes. Building energy codes are a convenient and
effective mechanism for accomplishing large energy savings at low cost
in new buildings because it is easier and less expensive to build energy
efficiency into new buildings than modify existing ones. Building codes
also offer one of the few institutional mechanisms that brings together all
people involved in the construction of a building—owners, developers,
builders, lenders, design teams, and government regulators.

Many state and local governments, however, experience difficulty in
developing and enforcing advanced codes because of their technical
complexity. The federal government, which gained substantial expertise
by developing Federal Building Energy Performance Standards, could
provide compliance methods, educational materials for builders and code
officials, and other technical support. This low-cost effort could have a
major impact on the energy efficiency of new buildings, as demonstrated
by California’s success with codes containing stringent energy-efficiency
requirements.'2

Helping Developing Nations Acquire Skills and Technology
Sfor Energy Efficiency

Energy poses serious problems for developing countries and, conse-
quently, the world at large. In the early 1980s, many developing coun-
tries spent 20-60 percent of their export earnings on imported oil.!23
Many countries suffer from shortages of electricity or fuels; others find it
difficult to obtain the financing for costly energy supply projects. Utility
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borrowing in many developing countries already accounts for over one-
third of total foreign debt.'® And fuelwood and crop residues—the
traditional energy sources of the poor—grow increasingly scarce.!

Increasing energy efficiency can reduce the urgent energy problems in
developing countries, stimulate their economic growth, raise living stan-
dards, and improve environmental conditions. Opportunities for cost-
effective efficiency improvements abound.'?® In Brazil, for example,
potential exists to cut electricity demand in 2000 by 20 percent at one-
fifth the cost of new power supply facilities.'?’” A recent U.S. Agency for
International Development (AID) report indicated that through con-
servation, developing countries could avoid $1.4 trillion in power supply
expansion costs by 2008.'2® For the majority of citizens in developing
countries who still use biofuels for cooking, increasing efficiency or
shifting to modern cooking fuels can greatly reduce energy use, fuel
costs, and the long hours spent collecting fuel.'?

Why should policymakers in the United States take an interest in the
energy priorities of developing countries? First, increasing efficiency in
developing countries will improve their economic productivity and free
foreign exchange for essential imports and debt service. Second, rising oil
demand in developing countries—which could account for over half of
the additional demand for oil among all non-communist countries during
1985-2000—places upward pressure on world oil prices.!* Third, the need
for energy efficiency in developing countries has the potential to create a
new export market for the United States. Finally, developing nations
could be responsible for one-third of worldwide coal use and over one-
quarter of total commercial energy use by 1995."! Thus, their energy
efficiency will significantly affect the rate of global warming and other
environmental problems.

But implementing greater efficiency on a large scale in developing
countries requires involvement of governments, utilities, the private sec-
tor, and international lending and aid agencies. Unfortunately, energy
efficiency receives very little support from the multilateral development
banks, AID, and other organizations providing assistance to developing
countries. The ongoing energy crisis in developing countries calls for a
major reorientation. Bilateral and multilateral assistance agencies should
make energy efficiency the centerpiece of their energy programs.
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Proposal: Modify the energy planning and lending policies of the
World Bank and other multilateral lending and development
institutions.

U.S. officials should attempt to reform the energy lending and assis-
tance policies of the World Bank, the regional development banks, and
relevant United Nations organizations. These institutions provide much
of the funding and technical assistance for energy projects in developing
countries. In some cases, these institutions strongly influence the energy
policies of host countries. The United States is a major donor to these
multilateral institutions and can advocate a fundamental reorientation in
energy planning and lending.

We propose that U.S. representatives on the boards of the multilateral
development banks advocate the following reforms.

Apply integrated least-cost planning principles to energy planning and
lending activities.

Provide substantial financing for improving the efficiency of energy
production and use where technically and economically feasible.
Provide technical assistance for establishing and implementing con-
servation programs.

Provide support for policies within developing countries that encour-
age conservation and efficiency improvements—opricing and taxation
policies which reflect the real costs of energy, standards and labeling
policies to help overcome market imperfections, for example.

The Foreign Assistance Appropriations Bill for 1989 passed by the
House of Representatives proposes some measures along these lines.!3

To adopt these provisions as U.S. policy, Congress may have to amend
the Foreign Assistance Act and the International Financial Institutions
Act.

The first reform mentioned above institutionalizes comparison of end-
use efficiency options with new energy supply options and establishes
least-cost energy services as a primary objective for the multilateral
organizations. Of course, other critical objectives such as job creation,
infrastructure building, and self-reliance need to be considered as well
when setting energy priorities. Likewise, energy costs should be consid-
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ered when evaluating a wide range of development options—expansion
of energy-intensive industries or transportation systems, for example.

The second and third reforms ensure that developing countries receive
the funds and technical assistance necessary to implement greater effi-
ciency on a broad scale. Besides funding investments in energy effi-
ciency, it will be necessary to establish efficiency research, financing,
incentives, standards, education, and monitoring programs within devel-
oping countries. These are unfamiliar areas to developing countries and
assistance agencies alike. Moreover, due to the diffuse nature of effi-
ciency implementation, new mechanisms for accomplishing these
tasks—for example, ways to disperse funds and manage programs for
greater energy efficiency—must be developed. Consequently, technical
and policy support, institution building, and program experimentation
will be critical.

The fourth reform concerns policies within developing countries, such
as energy pricing, equipment duties, sales taxes, product standards, and
building codes. While not solely pertaining to energy efficiency, all can
strongly influence levels of conservation and efficiency improvement.

A few precedents exist for these initiatives. The United States often
applies leverage to alter the policies of the multilateral development
banks.!?? In the past, the World Bank has supported industrial energy
conservation and fuel substitution programs in a number of developing
countries.'3* The World Bank also helped to establish a national electric-
ity conservation program in Brazil.!*s Despite these precedents, conserva-
tion still receives minimal funding and attention from the World Bank
and the regional development banks.

Proposal: Provide technology and policy assistance for energy
efficiency to developing countries through U.S. AID and other
American agencies.

We propose that AID and other U.S. government organizations, such
as the Trade and Development Program and the Export-Import Bank,
expand their efforts to help developing nations acquire technologies,
policies, and programs for greater energy efficiency. But rather than take
a traditional project orientation, this initiative would focus on building
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the capabilities of individuals and institutions within developing nations
in both their governmental and non-governmental organizations.

This effort would draw heavily on the wealth of conservation expertise
in the United States among utilities, state and local agencies, the private
sector, non-governmental organizations, universities, and national labora-
tories. U.S. experts would be made available to their counterparts in
developing countries. These individuals could help to strengthen local
capability while assisting in activities such as development of least-cost
energy plans, adapting conservation technologies to local conditions as
well as new technology development, and organizing conservation pro-
grams. Similarly, appropriate institutions in the United States should be
encouraged and funded to host and train professionals from developing
countries.

U.S. AID should set an example for other assistance organizations,
both within the United States and from other countries, by adopting a
least-cost energy services approach and involving representatives from
developing countries in setting energy assistance priorities. In addition,
AID should support related activities such as R&D on efficient fossil fuel
or biofuel-based technologies, technical and program data bases, and
information exchange among developing countries.

Increasing private sector involvement in energy efficiency in develop-
ing countries is also needed. Organizations such as the Overseas Private
Investment Corporation, the Export-Import Bank, and the Trade and
Development Program should actively encourage U.S. companies to
market and establish joint ventures in energy-efficient technologies and
services in developing countries. Also, these agencies and AID should
support, in part, the development and adaptation of American technol-
ogies to local conditions.

Energy conservation assistance and capability building is already sup-
ported to a limited degree by AID. For example, Lawrence Berkeley
Laboratory is assisting Southeast Asian nations with the evaluation of
conservation potential in commercial buildings and establishment of
building codes. Technology R&D and market studies related to more
efficient use of biomass residues are underway. And a new AID project
supports research and development of technologies for the efficient sup-
ply and end use of energy in India.!3

But AID and the other governmental organizations have not made the
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strong, long-term commitment to “person-to-person” exchange and insti-
tution building that is proposed here. We suggest funding on the order of
$50-100 million per year for a number of years in order to make a
significant contribution towards establishing energy conservation capa-
bility and efforts in developing countries. This is a modest proposal
considering that the United States spends about $12 billion per year for
non-military assistance to developing countries—but it could provide
multiple benefits that serve the vital interests of the U.S.
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o doubt policymakers will want to know what will be accomplished
N if the measures recommended here are implemented. How much
energy savings will result and how much money will consumers save?
How much will it cost or save the federal government? And how will our
national security, industrial competitiveness, and environment be af-
fected?

It is difficult to answer these questions. The impacts from some pro-
posals—such as vehicle and lighting efficiency standards—can be calcu-
lated. But the impacts of many of the other proposals such as expanded
R&D efforts and incentives for promoting least-cost utility services are
highly uncertain.

Rather than attempting to quantify the energy savings of these specific
policy proposals, we have estimated what might occur if the national goal
of reducing energy intensity by 2.5 percent per year is realized. In this
section, we present three scenarios for energy use in the United States at
the turn of the century—the current Department of Energy forecast, a
moderate efficiency case, and a high efficiency case.

Both the moderate and high efficiency scenarios are derived from
other recent studies that consider what might occur given varying de-
grees of emphasis on energy efficiency.!”” The moderate efficiency
scenario is based on existing policies and market trends, while the high
efficiency scenario assumes expanded policy initiatives in support of
conservation and widespread adoption of cost-effective efficiency mea-
sures. In short, the high efficiency scenario is consistent with adoption of
our policy agenda.

The moderate efficiency scenario shows energy use increasing to 81
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Table 4. Scenarios for U.S. Energy Use in 2000

Energy Use (Quads)

High Moderate EIA

Actual efficiency efficiency base case

Sector 1987 (a) 2000 (b) 2000 (b) 2000 (c)
Residential 15.7 15.6 17.3 18.3
Commercial 11.9 13.3 14.7 15.1
Industrial 27.2 23.8 28.0 33.8
Transportation 21.2 18.5 21.0 22.3
Total 76.0 712 81.0 89.6

Notes:

(a) “Monthly Energy Review,” DOE/EIA-0035(87/12), Energy Information Adminis-
tration, Washington, DC, Dec. 1987. This source combines residential and commercial
energy use; the division shown above is based on the 1985 breakdown.

(b) Based on Reference 137.

(c) “Annual Energy Outlook 1987,” DOE/EIA-0383(87), Energy Information Adminis-
tration, Washington, DC, March 1988.

SOURCE: American Council for an Energy-Efficient Economy.

Quads by 2000. (See Table 4.) This outcome is still nearly 10 percent less
than the most recent “base case” forecast by the Energy Information
Administration (EIA) of the Department of Energy.!?® In all cases, GNP
is assumed to grow at an annual rate of 2.0 to 2.5 percent. Consequently,
the moderate efficiency scenario represents about a 1.7 percent annual
rate of decrease in energy intensity between 1987-2000.

Our high efficiency scenario shows the United States consuming 71.2
Quads in 2000, 12 percent less than the moderate efficiency scenario and
21 percent less than the 89.6 Quads forecast by the EIA. The average
rate of reduction in U.S. energy intensity during 1987-2000 is about 2.7
percent per year in the high efficiency scenario. The United States
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actually achieved this rate of energy intensity reduction between 1976
and 1986.

The appendix to this report estimates the impact on the federal budget
of our policy proposals. By implementing the measures we recommend,
the U.S. government would receive far more revenue (primarily through
the vehicle fuels tax) than it would spend. The net revenue gain of our
policy agenda could reach about $30 billion by 1992.

Following the high efficiency path would enhance our economic well-
being, competitiveness, national security, and environment. Specific
benefits that would accrue from lowering energy use at the turn of the
century by 10-18 Quads follow.

» The United States would save $1.3-2.2 trillion over the next 20 years
(1987 dollars). The total investment in conservation measures required
to achieve this savings would be on the order of $300-500 billion.

« The nation would reduce the projected increase in oil imports by 2.0-
3.6 million barrels per day. This would cut the U.S. oil import bill by
$18-40 billion, and significantly reduce the likelihood of OPEC regain-
ing control of the world oil market, hiking oil prices, and possibly
threatening the flow of oil to the United States and its allies.

« U.S. industries would improve their competitiveness through lower
energy costs. Deferring the need for investment in new power plants
alone could free more than $100 billion for capital investment in other

U.S. industries.

The poor would benefit from lower energy costs, additional jobs, and
more affordable housing.

« Americans would reduce environmental damage and the need for
costly pollution control measures. For example, carbon dioxide emis-
sions would be 12-20 percent lower in 2000 in the high efficiency
scenario compared to the moderate efficiency scenario or EIA’s fore-
cast.

Last but perhaps most important, the United States would do its part
in a worldwide energy-efficiency campaign. Such a campaign will be
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especially important to the three-quarters of the world’s people who
live in less-developed countries.

The United States possesses the technical ingenuity and institutions
necessary to create an energy-efficient economy. But doing so requires
political determination. Energy-efficiency improvements will continue to
slow in the absence of new leadership and coordinated national policy. By
placing energy efficiency at the top of his agenda, the next President can
help create a prosperous, secure, and environmentally sound nation.
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Appendix

able A-1 presents estimates of the direct costs and revenues to the

federal government for implementing the energy-efficiency policy
agenda. The costs and revenues do not consider indirect impacts due to
changes in tax revenue or interest rates, for example. For many policy
proposals, the budgetary impact will depend to a large degree on the
specific details of the policies. The values in Table A-1 should be viewed
as approximations.

Table A-1 shows that by implementing the proposed policies, the
federal government could receive far more in new revenue than is re-
quired as federal expenditures. The gasoline and diesel fuels tax alone
would provide about $30 billion by the third year of the program, even
with part of the tax revenue rebated to low-income persons. Thus, pursu-
ing energy efficiency can help the U.S. government to balance its budget,
besides providing many other benefits.
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Table A-1. Impact of the Policy Proposals on the Federal Budget

(million dollars)

REVENUES fiscal year

Policy proposal (a) 1990 1991 1992 1993 1994
Vehicle fuels tax (b) 6,100 18,400 30,600 36,700 36,700
Gas guzzler tax 220 340 500 800 1,100

TOTAL 6,320 18,740 31,100 37,500 37,800

EXPENDITURES fiscal year
Policy proposal (a) 1990 1991 1992 1993 1994
International energy efficiency protocol 2 5 10 10 10
International efficiency cooperation 5 10 15 15 15
Research to lower energy use and protect

the ozone layer 5 10 15 15 15
Integrated energy and environmental

planning 2 5 5 5 3
Gas sipper rebates | - - - - 1,000
Utility incentives 1 1 2 2 2
Competitive bidding 1 1 2 2 2
Research and evaluation of utility

conservation programs 5 10 10 10 10
Federal research, development and

demonstration 250 300 300 400 400
Industrial research centers 20 40 60 80 100
International R&D monitoring 2 2 2 2 2
Low-income weatherization 200 240 280 320 350
Energy efficiency in federal buildings

(net of energy savings) ) 260 380 570 710 730
Technical assistance for energy-efficient

buildings 1 1 2 2 2
Energy efficiency assistance for

developing countries 20 50 100 100 100

TOTAL 770 1,060 1,370 1,670 2,740

(a) Policy proposals without budget impacts are not included.

(b) Net revenue taking into account rebates to low-income persons, assuming the tax is
limited to 30 cents per gallon. Greater revenue would be collected in 1992 and 1993 if the
tax increases to 50 cents per gallon.

SOURCE: American Council for an Energy-Efficient Economy
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The new policies proposed here will:

e Save American consumers over Sl trillion
¢ Cut emissions of climate-destabilizing
gases

Reduce acid rain

Make U.S. industry more competitive
Help balance the federal budget

Trim America’s projected oil imports by
more than 25%

We already have the technical ingenuity to create
an energy-efficient economy. Now what we need
is the political leadership. Energy Efficiency: A New
Agenda challenges the next President to take the
initiative.
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Preface

Much of the weather that affects human activity has mesoscale dimen-
sions. In addition, there is growing recognition that atmospheric circulations
on this scale (2 to 2000 km) interact importantly with meteorological pro-
cesses on both larger and smaller spatial scales, including, at the largest
scales, global climate. However, mesoscale weather events are often too
small and short-lived to be observed by the relatively widely spaced and in-
frequently reporting radiosonde and surface observing sites that constitute
the present operational observing network. Thus an improved mesoscale
observational network, along with a research effort that takes advantage of
it, should lead to greater understanding of mesoscale weather events and
their interactions with processes on other scales and to advances in our
understanding of the atmosphere as a whole.

Scientists now recognize that, while there is still much to learn about
the dynamics of weather processes, existing limitations in weather pre-
dictions and warnings are primarily due to limitations in observations,
computers, computer models, data assimilation, and dissemination of fore-
cast information. These limitations are being reduced as new observing
systems, improved computer capabilities, advanced models, and commu-
nications technologies emerge. These new capabilities will enable us to
observe and predict the weather in unprecedented detail and accuracy
provided we develop the necessary knowledge and skills to use the new
capabilities advantageously.

Taken together, the development of enhanced technological capabil-
ities, the scientific and socioeconomic importance of mesoscale weather
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events, and the new opportunity to make progress all point to the need
for implementing the National Stormscale Operational and Research Me-
teorology (STORM) Program. This program will capitalize on the new
observing systems and will create the knowledge base needed to improve
forecasts in all seasons and all sections of the country.

The framework for the National STORM Program grew out of a se-
ries of workshops held by the atmospheric sciences community in the early
1980s. An essential aspect of the program is that it has both research and
operational components. The need for STORM, and its underlying pre-
cepts, was endorsed by the NSF-UCAR Long-Range Planning Committee
in their report The Atmospheric Sciences: A Vision for 1989-1994 (National
Science Foundation, Washington, D.C., 1987). This report recommends
that the program be carried out as planned.

The reader may ask why another report urging that the planned Na-
tional STORM Program be implemented is needed at this time. The answer
is twofold: (1) Despite much planning effort over the last several years, as
indicated in Chapter 1, this very important program has been overshadowed
by other programs and has not made the expected progress toward imple-
mentation, and (2) the imminent modernization of the National Weather
Service, involving bringing sophisticated new observing systems on-line, will
not achieve the maximum possible improvement in weather forecast and
warning services without a complementary scientific program of research
and development. This report restates the need for such a program and
argues that the planned STORM program is well designed to fulfill this
need.

I'am grateful to the Panel on Mesoscale Research and its successor, the
Committee on Meteorological Analysis, Prediction, and Research, for their
thoughtful and stimulating discussions of the issues and for articulating the
needs and opportunities in mesoscale meteorology. We are all indebted
to the staff of the Board on Atmospheric Sciences and Climate of the
National Research Council for their help and counsel and especially to
Kenneth Bergman and Doris Bouadjemi for their assistance in preparing
this report.

Peter S. Ray, Chairman

Committee on Meteorological Analysis,
Prediction, and Research
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Executive Summary

Significant advances in our understanding of mesoscale! atmospheric
processes are needed in order to increase the accuracy of predictions
and warnings of important weather events that occur on this scale. The
opportunity exists to improve the 0- to 48-hour prediction of precipitation
and severe weather through an enhanced fundamental understanding of
precipitation, the hydrologic cycle, and other mesoscale processes, and
through full utilization of the advanced observing systems that will soon be
available.

Mesoscale weather systems play a significant role in global atmospheric
circulation through transport of heat, moisture, and chemicals. The effects
of clouds generated by mesoscale weather systems are the largest variable in
the global energy budget. Therefore, improved understanding of mesoscale
processes is essential for improved understanding of climate processes
and climate change. A recent report, Meteorological Support for Space
Operations: Review and Recommendations (NRC, 1988), recognizes the
importance of mesoscale weather events to the nation’s space program;
thus enhanced understanding of mesoscale processes should contribute in
this arena as well.

1 Mesoscale processes are those that occur on scales of 2 to 2000 km, such as thunderstorms,
tornado outbreaks, local heavy rain and snowstorms, flash floods, windstorms, downslope winds,
and significant air pollution events.
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In order to achieve the goals of improved understanding and pre-
diction of mesoscale weather processes, we need to fully exploit new ob-
serving systems, such as the Demonstration Wind Profiler Network, the
next-generation weather radar (NEXRAD) Doppler radars, instrumented
commercial aircraft, and the GOES NEXT satellite; new data-processing
methods, such as the Advanced Weather Interactive Processing System for
the 1990s (AWIPS-90) and four-dimensional data-assimilation techniques;
and a new generation of computers and numerical prediction models. These
improved capabilities must be used as an integrated system in order to gain
the maximum benefits from each component.

The new mesoscale observing systems that will soon be deployed as
part of the National Weather Service’s modernization have been chosen
to greatly enhance the present national weather observing capability. The
new systems will be critical for understanding and predicting precipitation
and severe weather and for understanding interactions of meteorological
processes on different spatial scales. The new observations will also con-
tribute to improvement of numerical weather prediction models through
use in initialization and verification of the models.

In order to advance understanding and improve weather forecasts, this
report recommends that

e The planned development and deployment of the new weather ob-
serving systems and technologies should continue and be kept on schedule.

e The capabilities of new instruments should be systematically as-
sessed in order t0 maximize their utility for short-term forecasting and
warning and for initializing and testing numerical prediction models.

o Investigation into possible additional applications of the new data
streams should be undertaken in order to realize the full benefits of new
observational technologies.

e The data from the new observing systems should be processed,
archived, and made available to a wide range of users in an efficient,
timely, cost-effective, and easy-to-use manner.

e Data-assimilation techniques should be developed to combine the
many kinds of data into coherent, gridded data sets suitable for a wide
range of weather forecast and research tasks.

e Numerical prediction models should be improved to more accu-
rately account for physical and chemical processes, including those involved
in the hydrologic cycle; sensible, radiative, and latent heating throughout
the troposphere; and energy exchange at the earth’s surface.

e Large observing programs, timed to take advantage of the newly
deployed observing systems, should be conducted. These programs should
make use of the new observing systems to look at the multiscale inter-
actions arising from mesoscale weather events. Additionally, observing




3

programs that cover smaller regions and specific weather phenomena and
that complement the larger-scale programs should also be planned and
carried out.

e Forecasters should be retrained and, where necessary, university
curricula in the atmospheric sciences should be revised, updated, and
expanded to produce a sufficient supply of new meteorologists capable of
using the new observing systems and scientific concepts to best advantage.

The necessary actions to fulfill these recommendations are embodied in
the National Stormscale Operational and Research Meteorology (STORM)
Program (STORM Program Plan [NCAR, 1990]).

Therefore this report recommends that the National STORM
Program be implemented as soon as possible.

By building on the large investment already committed to new ob-
servational technology and capabilities, the National STORM Program
will provide the focus for important advances in basic understanding of
mesoscale weather processes and in the country’s operational abilities to
forecast weather events.




1
Introduction

THE PROBLEM

Each season reminds us of our vulnerability to destructive or incapac-
itating weather events such as tornado outbreaks, windstorms, hailstorms,
heavy snowstorms, and flash floods. Our society relies increasingly on tech-
nology that is vulnerable to the weather, thereby increasing the need for
improved weather predictions and warnings. There is, for example, height-
ened awareness of the crucial role played by weather in major air and space
transportation accidents, such as the Dallas-Ft. Worth airliner crash, the
Centaur Atlas launch lightning accident, and the Challenger space shuttle
disaster. The costs of inadequate warnings of tornadoes, floods, and other
severe weather can be very large.

Events of 1989 alone dramatically reminded many Americans of their
vulnerability to severe weather events. In addition to Hurricane Hugo’s
costly (21 U.S. mainland deaths and about $7 billion in damage) strike
into South Carolina, the nation reported a near-record 845 tornadoes that
caused 48 deaths and much property damage. The outbreaks that caused
the most deaths occurred on November 15 near Huntsville, Alabama,
(21 deaths) and on November 16 in New York State (9 deaths), the
latter tornado activity being very atypical in terms of location and time of
year. Heavy rains brought flash floods to parts of Kentucky in February,
Pennsylvania in May, Louisiana in both June and November, and northern
Florida in October, when up to 40 cm (16 in.) of rain fell in one day.
Fargo, North Dakota, recorded a record snowfall of 62 cm (24.4 in.) from

4
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a local snowburst embedded within a severe blizzard-producing storm in
January. Similar severe weather events, many of them mesoscale, occur
every year, have similar impacts, and typically cause some billions of dollars
in economic losses as well as significant loss of lives.

A singular characteristic of heavy precipitation and severe weather is
that they are often highly localized events that occur over small areas and
for limited times. These mesoscale weather events are the ones that most
directly affect humans, yet many elude detection by the present upper-
air weather observing network, which is built around 12-hourly balloon
soundings at sites some 500 km apart, and even by the surface observing
network, which has typical site spacings of 100 to 200 km. Moreover, these
events cannot at present be reliably predicted with numerical models.

Mesoscale events result from complicated, nonlinear processes that
themselves occur across a wide spectrum of spatial and temporal scales
extending from variations in the global atmospheric circulation pattern to
microscale physical processes in individual clouds. In addition, mesoscale
systems, once initiated, affect the larger-scale atmospheric circulations in
which they are embedded. For example, Figure 1.1a shows an enhanced
infrared image of a mesoscale weather system as seen from a satellite
vantage point over Iowa at 0730 UTC on July 16, 1982. Although the
cloud cover depicted in this image suggests a single weather entity with a
scale of about 300 to 400 km, radar observations of this system made at
approximately the same time (Figure 1.1b) and subsequent visible satellite
imagery (Figure 1.1c) indicate that the system was composed of several
clearly distinguishable elements of distinctly different scales, that is,

1. a broad, roughly circular zone of stratiform precipitation with a
diameter of about 200 km,

2. cyclonically curved bands of heavier precipitation (=50 km wide
and about 200 to 300 km long), and

3. individual thunderstorms, each on the order of 2 to 20 km in scale.

In addition to displaying these directly evident multiscale features, this
system substantially altered the flow field of its larger-scale environment and
produced a large anticyclonic wind perturbation that spanned nearly 1000
km (Figure 1.1d). At smaller scales, high-resolution aircraft observations of
such systems suggest that microphysical processes such as freezing, melting,
drag, and evaporation of hydrometeors significantly affect the circulations
of such systems. These inherently complex systems have so far defied
complete scientific understanding, largely because it has not been possible
to simultaneously measure how the many different scale components of such
systems interact with each other and with their large-scale environment.
As a consequence, consistent and accurate prediction of these systems has
remained elusive, as in the present example (see Figure 1.1), where over
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FIGURE 1.1 (a) Enhanced infrared satellite image for 0730 UTC, July 16, 1982. (b) Des
Moines, lowa, radar horizontal display for 0700 UTC, July 16, 1982. Levels of precipitation
intensity (VIP) are shown along with axes (dashed) of maximum precipitation, suggesting
rotation. (c) Visible satellite image for 2130 UTC, July 16, 1982. Arrows indicate individual
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thunderstorms developing within the vortex. (d) 200-mb perturbation wind field produced
by the mesoscale convective complex shown in (a); valid time, 1200 UTC, July 16, 1982.
Full barb = 5 m/s. (Reprinted, with permission, from Murphy and Fritsch, 1989. (©) 1989
by the American Meteorological Society.)
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10 in. of rain with attendant flash floods occurred as the system moved
into southern Michigan. This example is just one of many such occurrences
of complex mesoscale systems that have resulted in unpredicted severe
weather.

A massive capital investment in technology now under way as part of
the National Weather Service’s modernization will permit weather obser-
vations of increased detail in space and time. These observations should
greatly enhance our ability to observe small-scale weather systems such
as the one discussed above. However, as with all new observing systems,
research on how they can best be used is required to realize the systems’
full potential and bring about improved understanding and prediction of
mesoscale weather.

Mesoscale systems also significantly affect the exchange of water be-
tween the earth and the atmosphere and form a critical link in the hydrologic
cycle. The improved basic understanding of the hydrologic cycle resulting
from a mesoscale research program will support improved water resource
policies and contribute to our understanding of global climate change.

HISTORICAL PERSPECTIVE

Meteorological observations form the basis of our understanding of
the weather. The improvement of numerical weather prediction and the
illumination of physical processes depend on the frequency, accuracy, and
spacing of available observations. Significant weather events can form on
scales as small as 2 km, much smaller than the existing operational networks
can resolve, and hence their origins are often not detected. Mesoscale
weather events also tend to be episodic rather than periodic, which further
decreases the chances of their detection. Furthermore, mesoscale weather
phenomena interact importantly with larger-scale weather systems, but the
exact nature of these interactions is not well understood.

As early as 1969, scientists recognized the need for special programs
to observe and study mesoscale weather phenomena and their interactions
with larger weather systems. As an outgrowth of this recognition, scientists
in 1973 proposed a multiscale program, the Severe Environmental Storms
and Mesoscale Experiment (SESAME; NOAA, 1976), which was designed
to specifically address the vital scale-interaction problem mentioned above.
However, a lack of sufficient resources and observational capability pro-
hibited carrying out a multiscale field experiment. Instead, the program
was separated into two phases: the first phase concentrated on the larger
synoptic and meso-« scales (200 to 2000 km), while the second focused on
the smaller meso-3 (20 to 200 km) and meso-y (2 to 20 km) scales. Also
in 1973, the Cyclonic Extratropical Storms (CYCLES) Project attempted
to examine meso-«- and meso-3-scale disturbances embedded in winter
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cyclones. These projects were followed in 1975 through 1980 by the High
Plains Experiment (HIPLEX) series of field studies and in 1981 by the
Cooperative Convective Precipitation Experiment (CCOPE), both of which
recognized the importance of mesoscale processes and scale interactions
in their plans. However, resources and observational capabilities remained
inadequate for detailed study of scale interactions. Over the years, the
scientific community has nonetheless remained steadfast in its call for a
multiscale, scale-interaction experiment that focuses on understanding and
predicting mesoscale weather processes.

About a decade ago, the associate administrator of the National
Oceanic and Atmospheric Administration (NOAA) requested the National
Research Council (NRC) to “conduct a brief survey of the current mesoscale
meteorological research being conducted throughout the federal govern-
ment and to develop a preliminary assessment of the adequacy of this
research in terms of the important opportunities that exist in this area
of scientific endeavor.” The ensuing NRC report, Current Mesoscale Me-
teorological Research in the United States (NRC, 1981), recommended the
establishment of a national mesoscale program of basic and applied re-
search directed toward better understanding and improved prediction of
mesoscale weather events.

In 1982, a group of atmospheric scientists met at the National Cen-
ter for Atmospheric Research (NCAR). They concluded that significant
improvements could be achieved in local weather forecasts and warnings
of severe weather as a result of then recent and planned developments
in space- and ground-based observing systems. In addition to enhancing
early warning capabilities, these new observing systems were considered to
have the potential for greatly improving physical understanding of small-
scale weather processes. Advances in computer technology, by enhancing
the ability to numerically model weather processes, would enable the new
observations and improved understanding to be translated into better local
weather forecasts and warnings. The scientists recognized that in order to
realize the potential for improved understanding and prediction of weather,
a coordinated, national effort was needed. The proposed effort was named
the National Stormscale Operational and Research Meteorology Program,
or simply the National STORM Program (UCAR, 1982).

The technical opportunities and scientific basis for a national effort
centered on mesoscale meteorology were discussed in detail in The National
STORM Program: Scientific and Technological Bases and Major Objectives
(UCAR, 1983a). It was recognized that the proposed national program
required two parallel efforts: one centered on improved understanding of
the physical processes involved, and the other on applying this knowledge
to improving weather services. The National STORM Program: A Call to
Action (UCAR, 1983b) supported the recommendations of the previous
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two documents, urged the community to capitalize on the emerging obser-
vational technology, and called for implementation of the two components
of the National STORM Program.

In 1986, the National Science Foundation’s Division of Atmospheric
Sciences (ATM) and the University Corporation for Atmospheric Research
(UCAR) were advised by a specially appointed committee on the important
priorities for atmospheric research over the next decade or so. In the
committee’s report, The Atmospheric Sciences: A Vision for 1989-1994
(NSE 1987), progress in mesoscale meteorology was highlighted as one of
the top two research priorities. Also, in 1988, the UCAR, in conjunction
with the Council of the American Meteorological Society, identified the
protection of life and property through improved weather prediction as
one of two top priorities for the United States to pursue in the immediate
future (AMS, 1988).

RECENT DEVELOPMENTS

Many of the recommendations found in the documents referenced
above have been or are in the process of being implemented. The de-
ployment of an advanced national weather observing system has received
particular emphasis. This system, representing an investment of more
than $1 billion, includes the next-generation weather radar (NEXRAD)
Doppler network, the Automated Surface Observing System (ASOS), the
Demonstration Wind Profiler Network, the next generation of geostation-
ary satellites, and the Advanced Weather Interactive Processing System
for the 1990s (AWIPS-90). However, the parallel research and application
efforts needed to maximize the benefits to be derived from this impres-
sive array of instruments have largely been lacking. To help address these
needs, the National STORM Project Office has recently been established
to coordinate improvements in the National Weather Service’s (NWS) op-
erational systems with the nation’s weather research program and to plan
for a national mesoscale program that will further both understanding and
predictive capability.

Experts in numerical modeling, in observational research, and in oper-
ational forecasting from the government, academia, and the private sector
have been involved in planning for the National STORM Program. This
process has resulted in a community consensus on goals, objectives, and
schedules for the program. The preliminary program plans have been
reviewed by this committee and its predecessor, the Panel on Mesoscale
Research.

The proposed National STORM Program has two equally important
goals:
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e Improve the 0- to 48-hour prediction of precipitation and severe
weather events.

e Advance fundamental understanding of precipitation and other
mesoscale processes and their role in the hydrologic cycle.

As this report makes clear, the atmospheric community is now well
positioned to address these goals. The new technologies for observation,
data analysis, and information dissemination will soon be operational. An
effective administrative framework has been established. The atmospheric
sciences community is in agreement on the goals, objectives, and method of
attack. Therefore, a well-focused program of basic and applied research di-
rected toward achieving the full potential of the new observing technologies
for operational prediction and warning is urgently needed.

PURPOSE AND SCOPE OF THIS REPORT

As noted above, little progress has been made in undertaking a well-
focused basic and applied research program that will exploit the full po-
tential of the new observing technologies for improved fundamental un-
derstanding of mesoscale interactive processes. Without this fundamental
understanding, the full benefits of the new technologies for operational
prediction and warning cannot be realized. It is the purpose of this report
to make recommendations that will assure that the full potential of new
observing technologies is realized in terms of improved understanding and
better forecasts. In this report, the committee urges the implementation of
a national mesoscale program that will provide both the scientific under-
standing and the development of the operational techniques required to
make the best use of the large investment in instrumentation and technol-
ogy, leading to improved weather predictions in all parts of the nation.

This report discusses several new technological capabilities relevant
to mesoscale meteorology and their relationship to advances in scientific
understanding; important relationships between mesoscale meteorology,
atmospheric chemistry, and climate are also identified (Chapter 2). The
potential implications of the new technologies for improved operational
meteorology are summarized (Chapter 3).

The report concludes with statements of needs and recommended ac-
tions for capitalizing on the opportunities that now exist (Chapters 4 and 5).
The recommended actions should lead to major progress in understanding
scale interactions, a virtually unexplored frontier in mesoscale meteorol-
ogy. This increased understanding should have the direct, positive impact
of improving weather forecasts and products delivered to the public. In
addition, understanding of the role of mesoscale processes in the global cir-
culation, in the transport of greenhouse gases and other trace constituents,
and hence in climate should be much improved.
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The message is clear. The community has prepared itself well to
undertake a national mesoscale program. There is broad agreement on
the goals, objectives, and plan of attack, and the technological components
are being put into place. This is the optimum time to begin such an
effort. The program should result in a major leap forward in understanding
of mesoscale processes and in developing markedly improved weather
forecasting services for all segments of our society.




2
Status of Technology and Science
in Mesoscale Meteorology

EMERGING OBSERVING SYSTEMS
AND NEW TECHNOLOGIES

Since the first plans for the National STORM Program were formulated
in the early 1980s, there has been progress in the development of new in
situ observing systems as well as ground-based and space-based remote
sensors. In addition to those described below, accurate wind reports from
commercial jet aircraft and satellites are available for meteorological use,
several national ground-based lightning detection networks are in place,
and lightning detection from satellites is planned. Great progress has also
been made in the ability to integrate and use these and similar observations.
The spectacular advance of computer capabilities and digital electronics has
dramatically improved the technical capability for processing heterogeneous
meteorological data for use in forecasting and research.

A key to progress is the ability to process so-called raw observations,
such as radar reflectivity, radar Doppler velocity, and satellite-observed in-
frared radiance, into meteorological information, such as three-dimensional
wind velocity, temperature, and moisture. For example, fields of radial
velocity from Doppler radars have been combined with data from mul-
tiple wind profilers to derive upper-atmospheric wind fields having much
higher horizontal resolution than do those obtainable from traditional
wind-observing systems. Similarly, techniques to process satellite infrared
soundings have improved, yielding higher horizontal resolution of temper-
ature and moisture fields.

13
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The new wind profiler provides an improved capability to observe winds
through the troposphere and lower stratosphere. These wind measurements
are normally derived every hour, although for special studies it is possible to
increase the temporal resolution to 6 minutes. A demonstration network of
such profilers, now being established in the central United States (Figure
2.1), will vastly increase information on the kinematic structure of the
atmosphere.

The next-generation weather radar (NEXRAD) system network will
shortly become operational and will cover most of the continental United
States (Figure 2.2). NEXRAD radars are over 100 times more sensitive
than existing network radars and can detect both liquid- and ice-phase
precipitation much more effectively. Therefore, the NEXRAD radars will
be far more useful than existing systems in defining wintertime snowstorms.
The enhanced sensitivity of NEXRAD systems also permits the measure-
ment of air motions in parts of the boundary layer where precipitation
is not occurring. Recent research indicates that these measurements will
be useful in detecting the initiation of convective storms as much as 2
hours before the first clouds appear. NEXRAD system capabilities are
summarized in Appendix Table A.1.

Another area of significant progress has been the development of data-
assimilation procedures, which allow the integration of data of differing
accuracies and spatial and temporal resolutions into consistent meteorolog-
ical fields. Workshops on data assimilation have been held, and a national
effort is being coordinated to bring together data from both standard syn-
optic and nonstandard heterogeneous sources. Computerized atmospheric
models are planned that will integrate diverse observational data in a phys-
ically and dynamically consistent manner, resulting in improved accuracy
and predictive capability, but much additional research and development
are needed to achieve this goal.

The prospects for rapid technological progress in the observing and
processing of mesoscale meteorological data are bright, and new ideas
continue to be proposed. The Radio Acoustic Sounding System (RASS) is
a simple and inexpensive addition to a radar wind profiler that produces
very accurate measurements of temperature in the lower several kilometers
of the atmosphere. The Doppler velocity of air motion excited by an
acoustic wave is measured by a wind-profiling radar. The measurement
gives the speed of sound as a function of height. Since the speed of
sound is directly related to air temperature, computations of temperature
with accuracies from 0.15 to 0.30°C are possible. Excellent vertical and
temporal resolution allows delineation of important lower-tropospheric
structures such as temperature inversions and fronts. The Japanese have
used a powerful RASS to obtain accurate temperature soundings from the
surface to an altitude of over 20 km.
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Another promising technique is the use of interferometers to increase
the amount of meteorological information that can be derived from infrared
radiation measurements. Plans have been proposed that would use the
GOES NEXT satellite platform in the late 1990s to sense radiation at
infrared wavelengths in over 2000 channels rather than the 20 channels
currently used. This 100-fold increase in channels will permit construction
of vertical profiles of atmospheric temperature and moisture with much
greater resolution than is currently possible. Infrared interferometers may
also be very cost-effective as ground-based thermodynamic profilers.

Advanced airborne Doppler radars are being developed to observe,
over great distances, the evolution of mesoscale systems over both land
and oceans. The latest design synthesizes three-dimensional air-motion
fields through the use of innovative antenna scanning while the aircraft
flies along a straight-line track safely outside of severe storms. A high-
altitude, downward-pointing airborne radar design will measure vertical air
motions in unprecedented detail. Advanced ground-based radar techniques
use polarization diversity for discrimination of the ice and water phases,
detection of hail, and better estimation of very heavy rainfall.

Other remote sensing techniques being investigated include the mea-
surement of temperature, moisture, and winds from ground-based lasers.
Significant advances in laser technology promise much more powerful lasers
at greatly reduced cost. A summary of the principal new observing system
technologies and their current status is given in Appendix Table A.2.

Clearly, the new observing technologies described above require con-
comitant advances in data-processing technologies. The increase in com-
puter performance per unit of cost during the 1960s and 1970s has main-
tained its pace in the 1980s. Industry experts predict that personal com-
puters with power comparable to that of the CRAY-1 will be available
before the mid-1990s. Atmospheric analysis and prediction are particularly
amenable to parallel processing, in which different parts of a program
are run simultaneously on different processors. There are commercially
available computers with high-speed performance in the range of several
gigaflops (10° floating-point operations per second), and prospects are good
for computers with processing capability in the teraflops range in the late
1990s.

Important concurrent advances in computer software have been at
least as important as improvements in hardware in increasing the speed
and utility of computers. Examples include faster routines to solve elliptic
boundary value problems, vectorization of computer codes, and algorithms
for parallel processing of computer programs.
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NATIONAL WEATHER SERVICE MODERNIZATION

Beginning in 1990, a next-generation series of geostationary weather
satellites will provide improved continuous weather surveillance of North
America and its surrounding oceans. This will be supported by an even
more advanced polar-orbiting weather satellite system that will begin op-
erations in 1992. On the ground, the National Oceanic and Atmospheric
Administration (NOAA) will deploy a network of wind-profiling radars that
will provide data in unprecedented detail on the small-scale structure of
intense atmospheric phenomena. Combined with temperature and mois-
ture data from satellites and balloons, wind profiler observations will lead
to improved forecasts of local weather.

Critically important for the detection of locally violent weather is
the NEXRAD system, which is capable of sensing hazardous wind shears,
tornadoes, and downbursts—major causes of loss of life and property in the
United States. The implementation of the NEXRAD network will begin in
1990 and is to be completed by 1995.

In order to exploit the new observing systems, NOAA will imple-
ment a sophisticated data communication, analysis, and product display
system in the 1990s. The Advanced Weather Interactive Processing System
(AWIPS-90) will enable rapid communication and video display of weather
observations and information to forecasters for the timely issuance of storm
warnings. Also, to ensure the most effective use of the new technology, an
organizational restructuring of the National Weather Service (NWS) is in
progress.

A major purpose of NWS modernization is to improve weather warn-
ings. The implementation of AWIPS-90, NEXRAD, and new space-based
sensors on the planned GOES NEXT geostationary satellite is amply jus-
tified by the much-improved weather warnings these new systems will
facilitate. Additionally, these same systems will serve as the basis for im-
proving short-term forecasts, both directly and through their contribution
to research studies that lead to improved weather predictions and warnings.

Research results based on these new observing systems will permit
trained forecasters to use appropriate conceptual models of mesoscale
weather systems. The conceptual models help the forecaster understand
and make proper use of weather depictions produced by the AWIPS-90
integrated displays. Additionally, the results of research will allow the new
observations to be incorporated properly into a variety of diagnostic and
predictive computer models, ranging from comparatively simple algorithms
to comprehensive high-resolution mesoscale models. In particular, a new
operational mesoscale-o model with a domain that covers most of North
America is planned at the National Meteorological Center as part of
the overall NWS modernization. This model will have 80-km horizontal
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resolution, consist of 16 layers, and contain the best available physical and
topographical representations. This and other models will provide the basis
for significant improvements in weather forecasts and warnings. Thus the
full value of the NWS modernization will be realized only by pursuing a
vigorous national mesoscale research program directed toward the optimal
use of the new systems.

DEVELOPMENT OF NEW MODELS

Along with the huge increase in computer power during the past 3
decades has come a commensurate increase in numerical modeling activity.
This increase is particularly evident in mesoscale meteorology, where mod-
els have been developed to investigate a multitude of different mesoscale
phenomena. Regional models with domains ranging from a single state to
the entire United States are able to simulate with fidelity hurricanes, thun-
derstorm squall lines, and other mesoscale convective systems. They also
can simulate mesoscale features such as precipitation bands, sea breezes,
regions of stratiform precipitation, frontal zones, orographic systems, polar
lows, mountain-valley circulations, lake-induced vortices, internal gravity
waves, and areas of heavy precipitation. The large breadth and extent of
mesoscale modeling activity are evident from the great number and diver-
sity of mesoscale models active in 1988 (Appendix Table A.3). It is clear
that modeling has become an important tool in mesoscale research.

Recently some regional-scale models have been modified to assimilate
continuing observational data, such as profiler winds, during a forecast
period. These models have provided much-needed guidance for the design
of data-assimilation routines and special observing networks. Other recent
efforts in mesoscale modeling have focused on the refinement of existing
computer models in order to better simulate individual storm systems. In
particular, models of cumulus clouds have revealed subtle but complex
interactions between gravity waves in the stable troposphere and the orga-
nization of clouds in the boundary layer. Such models have also produced
realistic simulations of microbursts and low-level wind shear.

Three-dimensional models of cumulonimbus clouds have been used
to simulate thunderstorm downdrafts, downbursts, and gust fronts pro-
duced by the outflow from downdrafts near the surface. They have also
been used to clarify the processes involved in the formation of rotating
thunderstorms and to study the effects of thunderstorm rotation on the
formation of tornadoes. Some of these models now also include detailed
microphysics, for example, the physics of ice-phase changes and hail for-
mation. Electrification processes have been added to some cloud models
so that the interaction of cloud-charging processes with storm motions can
be examined. Other models include chemical reactions that occur in clouds
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and precipitation. Explicit simulation of radiative heating and cooling rates
associated with clouds has been added to some mesoscale models. These
models have revealed that convective circulations are highly sensitive to
radiative effects. Cloud models have also been expanded in horizontal
scale to allow, for example, simulation of squall-line thunderstorm systems
and mesoscale convective systems over the Rocky Mountains. Recent in-
creases in computer speed and capacity have made possible the use of
nonhydrostatic models to simulate convection on such mesoscale domains.

A new development in cloud and mesoscale modeling is the use of
interactive, grid-nesting techniques. This approach allows larger scales of
motion to affect smaller scales, and vice versa, and it permits otherwise
impossible model simulations to be made by economically increasing res-
olution in the principal region of interest. Using this technique, regional
models on the scale of the United States are designed to interact with
finer-resolution models of motion on the scale of squall lines and mesoscale
convective complexes. Because interactive grid-nested models allow smaller
scales of motions to affect larger scales, the impact of mesoscale convective
systems on larger scales of motion can be examined. Interactive grid-nesting
techniques have also been useful in elucidating some of the fundamental
physical processes involved in the entrainment of environmental air into
individual cumulus clouds.

In recent years global-scale general circulation models (GCMs) have
obtained sufficiently high resolution to permit exciting opportunities for
studying interactions between global scales of motion and mesoscale weath-
er systems. For example, the European Centre for Medium Range Weather
Forecasts (ECMWF) has a global numerical weather prediction model with
sufficient resolution for the routine prediction of relatively large mesoscale
phenomena, for example, mesoscale convective complexes (MCCs). At the
same time, cloud models have been expanded in scale so that they include
much of the mesoscale domain. Thus we are entering a period when power-
ful new modeling approaches can be used to increase our understanding of
storms and mesoscale phenomena. Despite these promising developments,
much additional research on modeling the mesoscale domain needs to be
done in order to translate the new developments into models useful for
operational mesoscale weather prediction.

ADVANCES IN FUNDAMENTAL UNDERSTANDING

Using sophisticated new observing tools, advanced high-speed com-
puters, and complex computer models, meteorologists have advanced our
understanding of storm structure and dynamics and the physical processes
leading to precipitation and severe weather. (See Appendix Table A.4,
which summarizes the principal U.S. mesoscale observational studies and
field programs that have led to these advances.)
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A greater understanding has been obtained about the processes in-
volved in the formation and evolution of mesoscale convective storms.
Synoptic features such as jet streaks, short waves in the global circulation
pattern, low-level jets, surface fronts, and dry lines have been shown to play
an important role in storm initiation. At the same time, processes of storm
initiation and evolution, such as the growth of convective cloud systems
by individual cloud mergers, the behavior of intersecting gust fronts and
gravity waves emitted by neighboring clouds, the development of large cold
pools by evaporation of precipitation in downdrafts, the systematic release
of latent heat in the upper troposphere by anvil clouds, and the role of
topographic features such as mountains and land-water thermal contrasts,
are all now better understood.

Much has been learned about the structure of individual convective
storms and the processes governing storm intensity. The importance of
nonhydrostatic vertical pressure gradients in driving convective updrafts
and downdrafts is now recognized. Likewise, the contribution of vertical
wind shear (change in horizontal wind speed and direction with height)
to the development of nonhydrostatic vertical pressure gradients in storms
and in establishing rotating storms has been clarified. Recent research has
shown that boundary layer forcing is frequently the dominant mechanism
for convective storm initiation. Progress has been made in understand-
ing the genesis of tornadoes and strong surface winds, the formation of
hailstones, and the relationship between thunderstorm dynamics and cloud
electrification processes.

Significant advances have also been made in understanding the struc-
ture of mesoscale convective storm systems. Observational analysis and
numerical simulation of squall lines have revealed that lines in the tropics
and midlatitudes exhibit many common features. Both consist of a line
of vigorous convective cells and showers along with widespread regions
of steady rainfall. However, in the midlatitudes, where winds usually in-
crease in speed and change direction with height, some squall lines exhibit
features distinctly different from those of squall lines in the tropics. In
the midlatitudes, a line of convective cells may consist of one or more
persistent, severe, rotating cells along with more transient ordinary cells
typical of those found in the tropics. The presence of persistent, rotating
cells alters the kinematics of a squall line and increases the likelihood of
severe weather such as tornadoes, large hail, and strong straight-line winds
occurring with it.

A better understanding of the organization and structure of MCCs
has also been achieved in recent years. An MCC is a comparatively large
mesoscale weather system composed of both convective cloud regions and
stratiform cloud zones. Seen from satellites, the MCC is characterized
by a large, circular high (cold) cloud shield that may be several hundred
kilometers in diameter (see Figure 1.1) and may persist at this size for 6
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hours or more. The system frequently includes one or more squall lines and
often exhibits a warm core vortex structure in the stratiform cloud region.
In some instances, the vortex grows large enough and persists long enough
to become inertially stable and is instrumental in initiating several new
mesoscale convective systems over a period of several days. MCCs typically
produce heavy rains and prolific lightning, and occasionally tornadoes and
hail. Some 25 percent or more of the MCCs produce severe straight-line
winds in swaths that may be 50 to 100 km in width and several hundred
kilometers in length.

Progress has been made in understanding the role of radiative cooling
at the tops of clouds in the formation and intensification of mesoscale
convective systems. Also, the effects of gravity waves, excited by deep
convective clouds penetrating the relatively stable middle and upper tropo-
sphere, on mesoscale convective systems are better understood. Interactions
of gravity waves generated by neighboring clouds are now believed to be
important in the growth of convective systems.

In general, mesoscale wind, cloud, and precipitation features are ini-
tiated by two mechanisms: (1) instabilities in the larger-scale environment
and (2) forcing by inhomogeneities at the surface (such as terrain features).
Recent observations and model simulations have revealed a great deal
about mesoscale instabilities in the larger-scale environment. For example,
mesoscale precipitation bands, associated with locally intense precipitation,
form in both extratropical and tropical cyclones, and evidence has accu-
mulated that many of the bands are manifestations of gravity waves or
conditional symmetric instability (CSI). It is now recognized that CSI is
capable of generating strong vertical motions of several meters per second.
Such motions can account for the anomalously heavy snow bands associated
with extratropical cyclones.

Terrain-forced phenomena, such as cold air damming, are also better
understood. For example, subcloud-layer evaporational cooling not only
enhances the thermodynamic conditions favorable for damming but also
helps to establish a “wedge ridge” in the cold air. Rotationally trapped
Kelvin waves can be instrumental in initiating cold surges that result in cold
air damming.

Sometimes the two general mechanisms for producing mesoscale fea-
tures are combined. This is the case with amplifying mountain waves that
produce severe downslope windstorms. Recent studies have shown that, in
addition to atmospheric thermal and wind stratifications, vertical moisture
stratification is also important in the formation of mountain waves.

Progress has also been made toward understanding the processes in-
volved in the genesis of intense cyclonic storms along coastal areas and in
the lee of major mountain barriers. These storms often result in excessive
snowfall and rainfall. In recent years field research programs along both
the east and west coasts of the United States have revealed the potential
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importance of scale-interaction processes in the explosive development of
extratropical cyclones that produce severe winter storms. Besides confirm-
ing the role of large-scale, upper-level waves in intensification of surface
cyclones, such studies have shown the important contribution of mesoscale
processes to the strength of a storm. Intensification of coastal winter storms
has been related to energy transfers from the warm ocean surface, latent
heat liberated in convective and stratiform clouds, and dynamic instabilities
associated with both lower- and upper-tropospheric wind maxima. Scale-
interactive mesoscale processes can cause severe winter storms to develop
in a surprisingly short period of time.

Although considerable progress has been made in the scientific un-
derstanding of mesoscale weather processes and in their simulation by
numerical models, there are many areas where additional study is required
to gain sufficient understanding and simulation capability that, in con-
junction with the new observing capabilities, should lead to significantly
improved forecasts and warnings. The step from understanding to accurate
prediction is large and will require a focused national effort, involving both
research and operations, if it is to be achieved.

RELATIONSHIPS TO
CLIMATE AND ATMOSPHERIC CHEMISTRY

The scientific challenges of mesoscale meteorology are linked to a wide
range of other underlying problems in climate and atmospheric chemistry.
Mesoscale weather systems transfer momentum, energy, and water vapor
horizontally and vertically; thus they are important components of the
global atmospheric circulation. The latent heat realized through moist
convection is an important source of energy in the maintenance of the
global circulation. Moreover, mesoscale weather systems are the dominant
precipitation-producing systems in the tropics and much of the summer
midlatitudes; thus they are major components in the global hydrological
cycle. They are a link between tropical sea-surface temperature anomalies
and anomalies in the global atmospheric circulation.

A key factor for predicting global climate is the impact of cloudi-
ness on the radiation budget of the earth-atmosphere system. Mesoscale
weather systems often produce extensive layers of clouds that can persist
for days, long after the systems themselves decay. Such residual clouds,
along with clouds produced by active weather systems, greatly alter the ra-
diative properties of the troposphere and, consequently, the global energy
budget. Together with the release of latent heat, the radiative heating of
layered clouds in the upper tropical troposphere is a significant source of
energy for driving the global circulation. Moreover, changes in the global
composition of atmospheric aerosol particles can alter the concentration of
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cloud droplets and ice particles, which in turn affect the radiative budget
of the atmosphere.

A detailed understanding of the behavior of mesoscale weather systems
will contribute substantially to better formulations of the physical processes
in general circulation models and to a better understanding of past, present,
and future climates, including the influence of human activities on climate.

Convective systems also transport large amounts of trace chemical
species, such as sulfur dioxide, nitrogen oxides, ozone, methane, and chlo-
rofluorocarbons, from the earth’s boundary layer to the free atmosphere
above. In the process of transporting boundary layer air upward, the con-
vective systems bring water, ice, and lightning into proximity with trace
chemicals and act as atmospheric chemical reactors to process and trans-
form the chemicals. High in the atmosphere, the chemical species and
reactants disperse and may be transported over great distances by jet
streams. The large amounts of residual pollutants in the middle and up-
per troposphere that are dispersed around the globe significantly alter the
global chemistry of the troposphere. In the polar stratosphere, reactions
involving the chlorine that derives from chlorofluorocarbons take place
in the presence of ice crystals, thereby reducing the concentration of the
earth’s protective ozone.

The deposition of acidic precipitation over a region is frequently dom-
inated by a few major mesoscale events. Organized mesoscale circulations,
such as clusters of individual mesoscale convective clouds within extrat-
ropical cyclones, can sweep large volumes of polluted air into regions of
moist convection, where the pollutants are transported aloft and scavenged
through precipitation. One such system can scavenge enough acidic con-
taminants to dominate the annual average chemistry of a given watershed
or local ecological system.

Lightning is also an important contributor to the production of certain
chemical species such as nitrates and ozone. An assessment of the global
chemical budget of these species requires a knowledge of the frequency of
lightning events associated with different weather systems. Recent research
has revealed that, for some areas, a single large mesoscale convective
complex can account for as much as 25 percent of the total annual lightning
occurrences in the area.

A detailed description of mesoscale weather systems will aid in the
diagnosis and prediction of chemical distributions and reactions and of
acidic precipitation. Conversely, detailed atmospheric measurement of
trace chemical species can provide information on air motions within and
around mesoscale storm systems.




3
Implications for
Operational Meteorology

Operational meteorologists will have exciting new opportunities to im-
prove weather forecasts and warnings in the 1990s as the National Weather
Service (1) inaugurates its Advanced Weather Interactive Processing Sys-
tem (AWIPS-90), (2) begins to take advantage of radically new observing
systems such as NEXRAD and the Demonstration Wind Profiler Network,
and (3) modernizes and restructures its field offices in support of more de-
tailed and timely forecasts. These improvements will permit more detailed
weather information to be obtained in real time, with easy accessibility and
display in a variety of formats including color and animation, and will per-
mit more frequent analyses of surface and tropospheric conditions based
on intensive use of new data sources.

Provided that these opportunities are matched by parallel research
efforts and significant upgrading in the educational and training require-
ments for NWS personnel, they should lead to more detailed and accurate
“nowcasts” and short-range weather forecasts.

This chapter describes briefly the potential impacts of increased capa-
bilities in mesoscale meteorology.

OPERATIONAL DATA BASES

Data bases of the future will contain much more detailed information
than they do now. The extremely high volume of data that is anticipated will
force regular purging of most data after immediate use, yet facilities must
be developed to archive data for selected weather situations either because
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they affected the general populace adversely (and thus the data may have
use in legal actions) or because they have other research and training value.
Forecasters newly arrived at a station will have the opportunity to learn the
local peculiarities of the weather if they have the capability to reexamine
events in the same sequence as they originally unfolded.

HAZARDOUS WEATHER WARNINGS

Most weather forecasters acknowledge that radar data provide the
most critical information when severe storms threaten. The NEXRAD
radars will bring a new dimension to operational forecasting by depicting
low-level winds in clear air during the convective season, as well as winds
within storms, at all levels that the NEXRAD radar can survey. Warnings
will be more specific regarding the location and size of the threatened
area, the length of the critical period for severe weather, and the type and
intensity of severe phenomena expected. Warnings are also more likely to
be issued farther in advance of severe weather occurrences. Visible and
enhanced infrared satellite images, portraying the evolution of clouds and
cloud systems, will augment the radar information.

In winter, satellite images together with radar will depict the mesoscale
organization of winter storms. Hourly wind profiler data will show, far
better than rawinsonde winds, the temporal evolution of these weather
systems. As a result, forecasters will be able to specify short-term variations
in the intensities and types of storms and to be more accurate in predicting
their locations and times of occurrence.

SHORT-TERM WEATHER FORECASTS

More accurate warnings of severe or dangerous weather will save lives
and avert property damage, but increased accuracy of routine short-term
forecasts will also have tremendous value. Instead of “Twenty percent
chance of afternoon showers,” people should expect to hear, “Thunder-
showers are expected to develop southwest of Chicago this afternoon and
move northeast across the south side of the city between 4:00 and 5:00 p.m.,
causing brief heavy rains, small hail, and gusty winds that may cause some
minor damage. The storms should weaken rapidly as they cross the Lake
Michigan shoreline.” Instead of “Turning cloudy, windy, and colder tonight
with a chance of rain changing to snow,” people should expect to hear,
“Mild and breezy prior to midnight, but then turning sharply colder with
rapidly falling temperatures. Sprinkles of rain around midnight, changing
within an hour to light snow and ending shortly before dawn. An inch of
snow on the ground is likely when the rush-hour begins.”
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At present, meteorologists are reluctant to make such detailed fore-
casts because their limited information does not instill great confidence
in predicting well in advance either the ¢ ipected timing or sequence of
events. Better information sources and improved communication and dis-
play capabilities will encourage all weather forecasters (NWS and private)
to be more specific. As a basis for detailed forecasts like those above,
the provision of hourly numerical guidance is highly desirable, especially
beyond the time when simple extrapolation of the existing weather ceases
to be useful.

WEATHER INFORMATION SERVICES

The information industry is burgeoning, and the public demand for
weather information is part of the reason. Ten years ago, it was difficult
to envision that a 24-hour-a-day television program devoted exclusively to
national weather would be a financially rewarding venture. The Weather
Channel on cable television and its many commercial sponsors are proof
of the success of such a concept. Additionally, the weather report is often
the most popular segment of television news programs.

Timely collection and dissemination of weather observations and com-
puter-generated weather information are critical. Automated collection and
quality control of data have assumed greater importance than ever before.
Sophisticated interactive systems must give the data analyst ample oppor-
tunity to examine and, if necessary, alter weather information products
before dissemination without requiring a large expenditure of the analyst’s
time.

Forecasters will benefit from having access to a greater variety of ana-
lyzed and predicted meteorological fields with higher spatial and temporal
resolution. They will be able to translate this information into more spe-
cific public forecasts. Private-sector meteorologists will also benefit from an
enhanced ability to tailor products to the individual needs of their clients.

Hydrology

A NEXRAD algorithm for the calculation of rainfall rate from radar
reflectivity data is under active development. Rainfall rates that are de-
duced from reflectivity data will be frequently calibrated with automated
rain-gauge data. Precipitation runoff models for watersheds can already
generate credible estimates of streamflow, given accurate rainfall data.
Within reach is the ability to estimate precipitation from a time-history of
radar reflectivity over very small areas of a few square kilometers. Such
areal estimates, which already agree within a factor of 2 or 3 with point
rainfall measurements, will be of great value for flash flood warnings and
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for water resources management (e.g., deciding whether or not to lower
the supply of impounded water in a reservoir).

Agriculture

Many agricultural losses are unavoidable, such as crop destruction by
wind-driven hail or lowered yields in a drought year. Yet many important
decisions that can limit such losses—whether to spray pesticides, harvest
early or late, pump water for irrigation, or protect vulnerable crops from an
early or late frost—can be made with more confidence given better weather
forecasts. Increased mesoscale information will improve the timeliness and
accuracy of weather information on which the agriculture industry depends
for many of its critical decisions.

Transportation

Transportation is sensitive to short-term changes in the weather.
Rapidly deepening extratropical storms are a sudden hazard to shipping in
coastal waters and on the Great Lakes, and hurricanes, the paths of which
are often difficult to predict, occasionally menace ships along our Gulf and
Atlantic coasts.

Aviation is highly vulnerable to hourly changes in the weather. Min-
imizing fuel consumption depends on accurate en route winds, favorable
weather at both terminals, and careful timing of the departure. The safety
of crew and passengers depends on avoidance of thunderstorms, icing, and
clear-air turbulence en route, as well as avoidance of poor visibility, heavy
precipitation, and wind shear during takeoff and landing. Roughly 1000
fatalities annually in general and commercial aviation are weather-related.

In 1986 the Aviation Weather Forecasting Task Force made these
recommendations, among others, to the Federal Aviation Administration
and the NWS (AWFTE, 1986):

e Implement an automated aircraft reporting system as one compo-
nent of a national meteorological observing system.

e Increase the horizontal and vertical resolution of operational weath-
er prediction models so as to permit more detail in the initial conditions
on which model predictions depend and, in turn, provide forecasts with
greater resolution and accuracy.

e Update weather analyses and forecasts more frequently.

e Provide more precise, timely, and consistent diagnostic and guid-
ance products for aviation users.

The accuracy of analyses and short-term weather forecasts for aviation
will improve as higher-resolution satellite images become available and
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wind profiles, satellite soundings, and automated aircraft reports provide
mesoscale detail in the initial conditions for models.

Foul weather associated with mesoscale systems can render road and
rail travel hazardous or even impossible within an hour. Accurate and
timely forecasts can alert motorists to the risk of sliding on icy highways,
hydroplaning in deep puddles, being stranded in a blizzard miles from the
nearest shelter, or being swept off the road by a flash flood in a narrow
canyon. They can persuade truckers to stay off dangerous or impassable
roads for the next 24 hours or to select alternate routes. They can alert
snow removal crews in advance of a snowstorm or prevent them from being
called out needlessly, and they can alert rail transportation facilities to
the need to deice rails and equipment. Hence greater detail and accuracy
in predicting the timing and location of significant weather hazards will
significantly improve transportation safety and efficiency.

Construction

The building and paving industries are most concerned with the possi-
bilities of precipitation, subfreezing temperatures, and, sometimes, strong
winds. Pouring concrete, welding I-beams, excavating for a foundation,
painting a house, repairing a roof, and framing exterior walls are all
weather-dependent activities. The contractor who sends crews to an out-
door job in unexpectedly bad weather, or who loses a partially constructed
house to a windstorm, is likely to blame an inaccurate weather forecast.
Therefore, more accurate and detailed forecasts will permit construction
industries to cope better with adverse weather conditions.

Outdoor Recreation

A major component of the average person’s interest in the weather
is connected with outdoor recreation. More accurate forecasts with finer
space and time resolution will allow boaters to be warned to return to shore
before a squall, swimmers to leave pools, golfers to return to clubhouses,
and softball players to vacate playing fields before thunderstorms break.
Hunters will be advised in more detail about heavy, early-season snows
that could leave them stranded. Skiers who want to avoid travel during
heavy snow but be on the slopes as soon as the snow ends will profit from
forecasts with better timing of events. All these people will benefit from
more accurate and more precise weather information. Furthermore, they
will be able to make contingency plans for outdoor activities with greater
precision if more accurate forecasts are available.




CONCLUDING REMARKS

Although some improvement in operational meteorology can reason-
ably be expected just from the availability of new observing systems, the im-
provement is likely to be very limited unless a systematic scientific program
is undertaken to maximize the use of the new observations in increasing
understanding of mesoscale weather processes. The resulting increased
understanding should, in turn, result in a larger incremental improvement
in mesoscale weather predictions and warnings and hence greater benefits
to the nation than can be expected from the new observing systems alone.




4
Recommendations

Achieving a better understanding of mesoscale weather events and
translating this understanding into improved weather services will depend
greatly on the judicious application of resources to a wide range of activities.
The following are actions required to complete the task that has been
started with the implementation of the new National Weather Service
(NWS) observing systems:

Recommendation: Continue and keep on schedule the planned
development and deployment of the new weather observing sys-
tems and technologies.

Full and timely implementation of the new observational systems that
form part of the NWS modernization will allow maximum development and
improvement of analytical data bases, numerical prediction models, and op-
erational forecast and warning capabilities. New research-oriented systems
and technologies will augment the operational network during shorter-term
intensive observing periods. These systems will enhance understanding of
fundamental physical processes and permit extensive testing and validation
of numerical prediction models.

Recommendation: Systematically assess the capabilities of new
instruments in order to maximize their utility for short-term
weather forecasting and warning and for initializing and testing
numerical prediction models.

The instruments that are part of the NWS modernization effort must
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be systematically evaluated to determine their strengths and weaknesses
over a wide range of weather conditions. These assessments will be an
important contribution to (1) four-dimensional data-assimilation efforts
and (2) forecasters who need to understand the capabilities and limitations
of the observing systems on which they base short-range forecasts and
warnings.

Recommendation: Investigate possible additional applications of
the new data streams in order to realize the full benefits of new
observational technologies.

Unforeseen opportunities often arise to use new observing systems to
solve problems that the systems were not originally intended to address. For
example, satellite observations originally designed to measure sea-surface
temperatures are now also being used to determine indices of vegetation
and soil moisture. Many of the new observing systems discussed in this
report may similarly be used profitably in new, unforeseen applications.

Recommendation: Process and archive data from the new weather
observing systems, and make the data available to a wide range of
users in an efficient, timely, cost-effective, and easy-to-use manner.

Advanced technology must be applied to the problem of archiving the
massive data sets that will be produced by the new observing systems and
to the subsequent distribution in standardized formats of these data to me-
teorological forecast and research centers, universities, and communication
media throughout the country.

Recommendation: Develop data-assimilation techniques to com-
bine the many kinds of data into coherent, gridded data sets
suitable for a wide range of weather forecast and research tasks.

Data assimilation will allow improvement of existing numerical predic-
tion models and development of new ones that explicitly simulate circulation
features that range from global to cloud scales and that exert control over
the development of severe storms.

Recommendation: Improve numerical weather prediction models
to more accurately account for physical and chemical processes,
including those involved in the hydrologic cycle, sensible, radia-
tive, and latent heating throughout the troposphere, and energy
exchange at the earth’s surface.

The improved models will serve as a basis for data analysis, numerical
simulation, weather forecasting, and diagnostic research efforts necessary
to provide better weather forecasts.
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Recommendation: Conduct large observing programs of mesoscale
weather, timed to take advantage of the newly deployed observing
systems and designed to examine multiscale interactions associ-
ated with mesoscale weather. Additionally, plan and carry out ob-
serving programs that cover smaller regions and specific weather
phenomena and that complement the larger-scale programs.

Field programs in different parts of the country, involving enhancement
of the operational data systems for a limited period of time, are needed to
(1) document and understand the interactive processes that lead to severe
storms, (2) design, develop, and verify new models capable of simulating
stormscale systems, (3) establish independent data sets required to conduct
the instrument evaluations noted above, and (4) address the geographic
diversity of weather.

Recommendation: Retrain weather forecasters and, where nec-
essary, revise, update, and expand university curricula in the
atmospheric sciences to produce a sufficient supply of new meteo-
rologists capable of using the new observing systems and scientific
concepts to best advantage.

Educational and forecast training activities must be revised and mod-
ernized to ensure that the nation reaps the maximum benefits of advances
in observational technology and meteorological understanding. Students,
forecasters, and experienced meteorological researchers must work together
more closely than in the past to ensure a mutual transfer of knowledge
between the meteorological research and operational weather forecast com-
munities.

Sufficient numbers of meteorologists must be trained or retrained
through special programs such as that planned at the Cooperative Opera-
tional Meteorology, Education, and Training (COMET) Center at Boulder,
Colorado, through raising the scientific and technical education require-
ments for forecasters, and through other such means. The future availability
of highly trained professional meteorologists is a critical factor in realiz-
ing gains in understanding and prediction capability as a result of NWS
modernization.

As Chapter 5 indicates, the necessary actions to fulfill these recommen-
dations are embodied in the National Stormscale Operational and Research
Meteorology (STORM) Program plan (NCAR, 1990).

This report therefore recommends that the National STORM
Program be implemented as soon as possible.




5
Actions to Fulfill Recommendations

Planned actions that will ensure fulfilling all the recommendations
listed in Chapter 4 are contained in the National STORM Program Plan
(NCAR, 1990).! Designed over a number of years by a broad segment of
the research and operational meteorological community, this program has
been reviewed by this committee, which endorses its goals and the means
proposed for achieving them.

Therefore the committee reiterates its primary recommendation that
highest priority be given to implementing the National STORM Program
in order to fulfill the reccommendations made in Chapter 4. The goals of
STORM are

e To advance the fundamental understanding of precipitation and
other mesoscale meteorological processes and of their role in the hydro-
logical cycle, and

e To improve the 0- to 48-hour prediction of precipitation and severe
weather events.

The National Weather Service’s (NWS) modernization, with its new

! After this report was completed, the authoring committee learned that a new mesoscale re-
search initiative was under consideration by the Interagency Committee on Earth Sciences of
the Federal Coordinating Council on Science, Engineering, and Technology. This new initiative
was still being defined, but the committee understands that the initiative will likely include the
goals and objectives of STORM, although it may have additional goals as well. Therefore, the
committee expects that this report will be as relevant to goals of the new initiative as it is to those
of STORM.
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observing systems and improved processing and communications capabili-
ties, will provide an opportunity for significant improvements in operational
mesoscale weather prediction and warning services. However, maximum
gains will not be realized from the modernization unless a complementary
research program designed to take advantage of the modernization is car-
ried out. The National STORM Program is designed to meet precisely this
need. Compared to the cost (estimated to exceed $1 billion) of the NWS
modernization itself, the estimated cost of STORM ($240 million over 10
years) is relatively modest but will support an essential incremental effort
to ensure the successful outcome of the modernization.

The National STORM Program has several action components, some
of the more important of which are described briefly below. The reader
is referred to the STORM Program Plan (NCAR, 1990) for more detailed
information.

e Basic research. STORM calls for an integrated program of basic
research designed to increase fundamental understanding of the structure
and evolution of the mesoscale phenomena that produce severe storms and
precipitation. To achieve this, a series of intensive field projects are proposed
for various parts of the country and in different seasons. The principal
purpose of these studies is to gather the data necessary to understand how
various scales of meteorological phenomena interact to produce severe
weather.

e Numerical models for weather forecasting. STORM proposes that
a national numerical weather prediction test facility be established at the
National Meteorological Center. The principal purpose of this facility will
be to test, in an operational environment, the most promising numerical
weather prediction models developed by the research community. The
STORM field projects will provide data needed to initialize, test, and
improve these models. Out of these efforts should emerge mesoscale
models for use in operational weather forecasting as well as a much better
understanding of the theoretical and practical limits of predictability of
mesoscale weather systems.

e Assessment of new observing systems. Another key activity of
STORM s to test, validate, and assess the new NWS observing systems.
The close cooperation between engineers and scientists that will be re-
quired to achieve these goals will be fostered by the STORM program. For
example, the special data sets collected in the STORM field projects can
be used for this purpose. Also, the STORM data management system (see
below) will provide the framework within which proper assessment of the
data can be carried out.

o Data assimilation, access, and management. The new meteorological
observing systems will provide high volumes of diverse data that must
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be assimilated into comprehensible and useful products. At present, no
complete mesoscale data assimilation system exists. The STORM Data
Assimilation Working Group will be responsible for developing such a system.
STORM will also develop a data management system for the efficient
collection, processing, storage, cataloging, retrieval, and distribution of
mesoscale data.

e Education and training. If the data from the new meteorological
observing systems are to be properly utilized to improve basic understand-
ing and weather forecasts, there must be substantial programs of education
and training in the universities, the federal government, and the private
sector. STORM provides the natural framework in which to carry out
this multifaceted task. For example, the STORM program includes the
concept of experimental forecast centers, where operational meteorologists,
researchers, and students can work together to develop strategies for effec-
tive operational uses of the new technologies.

This committee is convinced that STORM will provide an unparalleled
opportunity to significantly increase our understanding of many atmospheric
processes and phenomena. For the first time, it will be possible to observe
and understand mesoscale processes on a multiplicity of scales that interact
with one another. This new understanding will result in improved weather
warnings and forecasts for industry, government, agriculture, national de-
fense, transportation, and the general public. These benefits are large and
will exceed greatly the estimated cost of the National STORM Program.
For example, the potential savings in reducing property damage alone are
estimated to be at least $1 billion a year. When savings from improvements
in efficiency in agriculture, industry, national defense, and transportation
are considered, the potential annual benefits from STORM increase by
several billion dollars.

While the economic benefits promised by a successful STORM pro-
gram are substantial, the potential benefits of increased protection of
human life are even more impressive. Currently, the combination of flash
floods, lightning, tornadoes, and weather-related transportation accidents
accounts for much needless loss of life and personal injury each year.
Timely warnings and better forecasts will substantially reduce these losses.

The National STORM Program is clearly in the best interests of the
nation. This program provides an effective mechanism for addressing the
challenges and opportunities in mesoscale meteorological research and
operations in the next decade. Virtually all segments of our society will
benefit, and at a cost estimated to be far less than the value of the expected
gains. The program is scientifically feasible, much of the planning has been
done, and the atmospheric science community is ready to begin. All that
remains is to do it.




37

The time to act is now. If full advantage is to be taken of the new
observational capabilities and the mounting scientific expertise, and if this
advantage is to be successfully translated into improved operational forecast
and warning capabilities and into improved understanding of mesoscale
processes important in global and regional climate, then the National
STORM Program, first proposed in 1983, should be put into action without
further delay.
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TABLE A.1 Summary of NEXRAD System Capabilities and Data Products

Capability Data Products

Automated severe weather analysis Vertically integrated liquid water
and severe weather probability
information

Storm track information

Storm structure information

Mail index

Mesocyclone and tornado vortex
signature

Automated precipitation analysis 1-hour surface rainfall accumulation
3-hour surface rainfall accumulation
Storm total rainfall accumulation
Supplemental precipitation data

Automated momentum analysis Velocity azimuth display (VAD) winds
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