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Professor Bert Bolin
Department  of Meteorology
University of Stockholnm

. 810691 Stockholm, Sweden

. Dear Bert:

At the outset, I want to thank you for your efforts in
putting together the July 1990 Draft IPPC Overview and
Conclusions Summary. I realize that a wide. range of comments had
to be taken into account following our meetlngs in Geneva, and T
commend ‘your work.

I have a number of comments, however, to offer on behalf of
the United States and think it is important to bring them to vour

attention grlor to the Sundsvall meetlng.

There 'is concern that the careful balance which was struck
in the Worklng Groups and conveyed in their reports has not been
maintained in this draft. A_summary that does not accuratel
reflect the three Working Group reports is unacceptable. We
recognize that 'in summar1z1ng the underlying reports of -the
Working Groups it is necessary to use portions of each rather
than the whole. For this reason, you may wish to consider a
significantly shorter Overview and Conclusions document, drawing
heavily on the three Executive Summaries, to which the underlylng
Summaries -for Policymakers would be attached.

In addltlon, Section VI, "Strategles for the Future", goes
significantly beyond the results of the IPCC assessment effort. .
If this sectlonnls_tghbe_retalned as‘-art of the consensus

and the Special Committee. Alternativel , we would suggest that
a_consensus version of this section be moved to the very
beginning of the document and be titled IPCC Chairman's
Introduction (as is done in the RSWG Summary for Policymakers).

Other comments are outlined below:

Science and Impacts’issues:

o The current Overview and Conclu51ons draft still

' : mlsstates the fundamental scientific uncertainties
regardlng possible climate change that were included in
the Working ) makers Summary I
pbade 2). To put the scientific understandlng of this
issue  in perspective, as was done in the Working Grou
- I _Report, the fact that there are significant
uncertainties regarding the timing, magnitude and
regional distribution of climate changes should be
hlghllghted with a separate heading.




Scientific findings are expressed with a higher degree
of confidence than is warranted (e.g. the words "will"
or "would" are gubstituted throughout rather than "may"
or "could" that appeared in the reports) and in some
cases worst-case figures are used rather than a mean
figure or the full range of figures as listed in the

. N “
reports (contrast the discussion of sea level rise in
the Overview and Conclusions with what appears 1in
PMSIII, padge 27). ' ’

A more extensive discussion of the relative impacts of
all the greenhouse gases is needed in the science
section. We suggest including the table on Global

. Warming Potentials (GWPs) Erom the WGI Policymakers

Summary, with appropriate introductory language.

In general, the discussion| of possible climate change
impacts places undue empha§is on the potential negative
consequences of climate~cthge, while minimizing the -
potential for neutral or positive impacts. The

» [] I [}
underlying Working Group reports give a more balanced

view. For example, the balance of the WGII Executive
Summary differs signlflcantlx from the statement that
negative effects will domihate, located on page 9 of -
the Overview & Conclusions.

Response Options:

o

A continuing concern is that the discussion of WGIII
Task A does not reflect the uncertainties surrounding
these exercises as stated in the WGIII report. It is
important to make clear that these scenarios are not
projections or predictions, but are based on varying
assumptions. The explanation of how they were
formulated should be taken from the WGIII Summary for
Policymakers, Sections 3.1 and 3.2 and be placed in a
separate section at the beginning of the document (not
in an appendix).

The draft does not adequately address the uncertainties
and lack of information policy makers face in dealing
with climate change as indicated in the underlyin
reports (see PMSIII, section 4). To place the issue in
perspective, it is important to include the language
contained in the RSWG report that:

"The information available to make sound policy

- analyses is inadequate because of: (a) remaining

scientific uncertainties regarding the magnitude,
timing, rate, and regional consequences of potential
climate change; (b) uncertainty with respect to how
effective specific response options or groups of
options would be in actually averting potential climate
change; and (c¢) wuncertainty with respect to the cost,



‘ %

effects on economic growth, and other economic and
social implications of specific response options or
groups of options. The potentially serious
consequences of climate change on the global
environment, however, give sufficient reasons to begin
by adopting response strategies that can be justified
immediately even in the face of such significant
uncertainties."

There is little discussion of the fact that the RSWG
did not have time to consider the vital social and

. economic issues which are necessary for devising sound

policies to address climate change. For example, the

"IPCC did not analyze the socioeconomic cost of

potential climate change impacts or the costs and

effectiveness of various response options. This point
should be set forth prominently at the beginning of the

Overview and Conclusions paper to place the IPCC's work
1n its proper perspective.

Some of the economic concepts are not accurately
stated. For example:.

- The definition of "no regrets" policies on page: 31
is incorrect. The current wording implies that
such policies include actions which have any
benefits beyond those related to climate: change,
whereas the WGIII report refers to those actions
which are justified in their own right.

- The discussion of the comprehen51ve approach does
not describe its benefits. We suggest drawing
from the WGIII Summary for Policymakers (p. 38,
lines 10-13) to make clear that such an approach
would advance environmental protection and
minimize economic costs.

. —— The description of the "tragedy of the commons" on

page 30 (lines 12-16) is flawed as written. This
section would be substantially improved if
restated along the following lines:

"If individual countries can continue to pollute
" while others pay the costs of global pollution

control, this opportunity to act as "free riders"

will encourage nations to avoid mutually
advantageous cooperative action."

Given the target audience , it is important to specify
throughout the draft the baselines being used: .Are the
emissions changes calculated from present levels or

from projected future growth levels? Do they refer to

-the total flux or the anthropogenlc flux? The

underlying

reports do a better obmof“statln-

, ines




and _assumptions. Note the difference between the
1lst1ng~on page 4, lines 6-11 _and PMSITII, pade 6, lines

44-45.

o The draft does not adequateiy éddress the important
role of sinks and the possibilities either for
expanding sink resources or for implementing adaptation

strategies. This was briefly reported in the WGI
Summary_ for Policymakers on page 11. '

o The current draft overstates the ability of the
industrialized countries to reduce global emissions and
to stabilize atmospheric concentrations regardless of
events  in the rest of the world. The language from the
WGIII Summary for Policymakers that "Developing
countries should, within the limits feasible, take
measures to suitably adapt their economies" needs to be
included in the Executive Summary.

"o The discussion of "narrowing the gap between the
industrialized and developing world" would be more
accurately characterized as follows:

"Improved economic performance and living standards in
the developing world are important to developing a full
global partnership to deal with the climate change
issue." : ‘

These are some of -the main comments I would like to bring to
your attention as you continue preparations for the Sundsvall
meeting. In order to assist in this process, the United States
is developing more extensive comments and specific proposed
wording changes. - I :

I look forward to working together to develop a final IPCC
paper which reflects the findings of the IPCC Working Groups. I
am optimistic that the IPCC report will promote a reasoned and
effective international response to this important issue.

Very best regards,

Frederick M. Bernthal
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| | of
The Intergovernmental Panel On Climate Change (IPCC)
- "Overview & Conclusions" and "Policymakers Summaries"
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General Criticisms of the "Overview & Conclusions" Document

What follows is a side by side comparison of the "Overview & Conclusions" document drafted for consideration and adoption at the final .
plenary session of the Intergovernmental Panel On Climate Change (IPCC) in Sundsvall, Sweden on August 27-30, 1990, and the summaries
of the three working groups (Working Group I on Science, Working Group II on Potential Impacts, and Working Group III on Response
Strategies) which formed the basis of the IPCC'’s actual work. The comparison shows that the "Overview & Conclusions” document is not a
simple summary of the work and conclusions of the three working groups (as was intended), but rather contains new conclusrons and a -
different emphasis from the underlying documents from which it was to have been drawn.

In several instances, the "Overview & Conclusions" document reports that the natural greenhouse effect "keeps the earth warmer than
it would otherwise be." ("Overview & Conclusions" Executive Summary, page i). Working Group I pointed out, however, that ‘
naturally occurring greenhouse gases are vital to "keep the Earth warm enough to be habitable." (Working Group I, "Pohcymakers
Summary", page 7, paragraph 1, emphasis added).

.Throughout the document, Scenario Ais referred to as "Business As Usual." This momker can be mlsleadmg Scenario A "assumes

that few or no steps are taken to limit greenhouse gas emissions. Energy use and clearing of tropical forests continue and fossil fuels,
in particular coal, remain the world’s primary energy source. The Montreal Protocol comes into effect [e.g., a 50% reduction of
CFCs], but without strengthening and with less than 100 percent compliance.” ("Overview & Conclusions” Appendix). Scenarjo A is
the base case reference for all calculations. Unfortunately, some of its assumptions are already outdated. The Montreal Protocol has -
already been strengthened (to provide for 100% phase out of CFCs) and some steps have already been taken to limit emissions.

The document uses the words "predict" and predlctlon rather than "estimate” and "estimation." While a layman or reporter would
have a hard time deﬁning these words differently, a scientist could attach entirely different meanings to them.

. The "Overview & Conclusions"” features underhmng of text that appears unemphaswed in the ongmal Pohcymakers Summaries. The

function of the "Overview & Conclusions” is to report as bneﬂy as is prudent the findings of the Working Group reports, not to add
emphasis or create dlfferent conclusions. The document is seriously flawed in this respect.

" The inclusion of tables and graphs is helpful, but can be misleading. The slope of curves is determined by the scaling of the axes in

the graphs. To the authors’ credit, time series graphs have consistently scaled X axes. However, there is no similar consistency among
the Y axes. The result is greenhouse gas trendlines which appear to reach alarming rates of increase. This could be more accurately

“reported by taking the logarithm of the data or plotting the data on a log-log scale graph. This criticism applies to both the- "Ovemew

& Conclusions" and the "Policymakers Summary" documents.

Somie of the specific criticisms in the pages that follow are a result of poor word selection whrch umntentlonally alters the meaning of pOI'thDS

: of the Pohcymakers Summaries. However, some of the quotations -appear sufficiently selective to reveal bias.

- PMS I -- Policymakers Summary of the Working Group I report.

PMS II -- Policymakers Summary of the Working Group II report.
PMS M1 -- Policymakers Summary of. the Working Group III report.




"Overview & Conclusions"

Page i, lines 6, 20-23.

"We are certain of the following:" "the total increase of greenhouse gas
concentrations attributable to human activities is at present equivalent to
an increase of carbon dioxide since pre-mdustrral times (about 200 years
ago) by about 50%.

Page i, lines 10-11. .
.. and higher northern latitudes warm more than the global mean.”

Page ii, lines 37-39.
"global mean surface temperature has. mcreased by 03 to 0 6°C over the
last 100 years..."

Page iii, lines 11-18.

"Already a rise of sea level by 30-50 cm would affect the habitability of

low-lying coastal regions significantly and a one metre rise (possibly

towards the end of next century as estimated in the Scenario A) would

impact 360,000 km of coastline, render some island countries

uninhabitable, displace tens of millions of people, threaten low-lying urban
. areas, flood productive land and contaminate fresh water supplies.” -

Page iii, lines 20-25.

"Although studies have not yet conclusively determined whether on
average global agricultural potential would increase or decrease, changes
of climate would have important effects regionally. Decline in production
might be expectéd in regions of high present-day vulnerability, where
ability to adjust is low."

Page iii, lines 32-35. :
"Similarly other natural terrestrial ecosystems would be markedly

influenced because the rates of climate changes are likely to be faster than

the ability of some species to adjust.”

"Policymakers Suminary"

PMS 1, page 1, paragraphs 1-2.

The second quote does not appear in the orlglnal document. PMS I lists
two, not three certainties. The two are reproduced farthfully in the
"Overview & Conclusions” on page i, lines 8-18.

PMS I, page 2, paragraph 3.
.. and higher northern latitudes warm more than the global mean in
wmter [Emphasrs added].

PMS I, page 3, paragraph 1. :
"Global-mean surface air temperature has increased by 0.3°C to 0.6°C
over the last 100 years..." [Emphasis added]. '

PMS III, page 27, lines 47-49.

"Under the 2030 high emissions scenario [Scenario A, global climate
change is predicted to raise global mean sea level 65 cm (with an
uncertainty range of 30 to 100 cm) by the year 2100." [100 cm = 1 metre.
Note: the one metre rise is the upper bound of Scenario A, not the
expected value]

- PMS II, page 2, paragraph 10.

"Horticultural production in mid-latitude regions may be reduced. On the
other hand, cereal production could increase in northern Europe. Policy
responses directed to breeding néw plant cultivars, and agricultural '
management designed to cope with changed climate conditions, could
lessen the severity of regional impacts.”

PMS I, page 3, paragraph 4.
"Rapid changes in climate will change the composrtlon of ecosystems; -
some species will benefit while others will be unable to mrgrate or adapt

- fast enough and may become extinct.”

PMS II, page 3, paragraph 2. -

"Flora and fauna would lag behind these climatic shifts, surviving in their
present location and, therefore, could find themselves in a different
climatic regime. These regimes may be more or less hospitable and,
therefore, could increase productrvrty for some species and decrease that
of others."



"Overview & Conclusions"

Pag‘e 4, lines 6-11.

.. (Scenario A or Business as Usual Scenario), the increase of
greenhouse gas concentrations in the atmosphere would be the equlvalent
ofa doublmg of the carbon dioxide concentration by about 2025..."

_ Page 4, lmes 11-13 and table 2.

"Estimated anthropogenic emissions in 1985 and those projected in 2025
in the Scenario A (Business as Usual Scenario) are given in Table 2 -
below:" '

. : 1985 2025
Carbon dioxide (Gtc) A 13
Methane (Tg) 350 550
Nitrous Oxide (Tg) : 4 7
CFCs and HCFCs (Mt) 740 - 1900

Page 7, lines 28-32.

"We know from observations that the global mean temperature has
increased between 0.3°C and 0.6°C, since the middle of last century and
that most of this change has occurred primarily during two periods, i.e.,
the first four decades of this century and since 1975."

"Policymakers Summary"

PMS III, page 6, lines 44-45.
"Under this scenario, the equivalent of a doublmg of pre-industrial CO,
levels occurs by around 2030." - [Emphasis added].

PMS 111, page 8, table 1.
"Anthropogenic Greenhouse Gas Emissions From Working Group III

Scenarios
2030 High Emissions Scenario” [Scenario A]

- - 1985 2025
CO, Emissions (BtC) - 59 11.5
CH, Emission (TgCH,4) 362 582
[Total less Natural] _ - '
N,O (TgN) 12.5 164 .
CFCs (Gg) [Includes Halon] 740.5 1914.0

[Note: the magnitudes and units are inconsistent].

PMS I, page 3, paragraph 1.

"Our judgement is that: Global-mean surface air temperature has increased
by.0.3°C to 0.6°C over the last 100 years, with the five global-average ‘
warmest years being in the 1980s." [Emphasis added].

PMS I, page 29, paragraph 5.

*The instrumental record of surface temperature is fragmentary until the
mid-nineteenth century, after which it slowly improves. Because of

-different methods of measurement, historical records have to be

harmonised with modern observations, introducing some uncertainty.
Despite these problems we believe that a real warming of the globe of
0.3°C - 0.6°C has taken place over the last century; any bias due to
urbanisation is likely to be less than 0.05°C." [Emphasis original].



"Overview & Conclusions"

Page 9, lines 35-37.

"A climate change will bring with it both positive and negative impacts,

although the negative ones will dominate (cf Working Group II)."

"Policymakers Summary"

Working group II did not conclude that negative impacts will dominate:
A sample of conclusions from the PMS II Executive Summary follows.
Page 2, paragraph 9, Agriculture and Forestry.

"Sufficient evidence is now available from a variety of different studies to
indicate that changes of climate would have an important effect on
agriculture and livestock. Studies have not yet determined whether, on
average, global agricultural potential will increase or decrease

Page 2, paragraph 10.

"On balance, the evidence suggests that in the face of estimated changes
of climate, food production at the global level can be maintained at
essentially the same level as would have occurred without climate change;

.however, the cost of achieving this is unclear.”

Page 4, paragraph 1, Natural terrestrial ecosystems.

"The socioeconomic consequences of these impacts will be significant,
especially for those regions of the globe where societies and related
economies are dependent on natural terrestrial ecosystems for their
welfare. Changes in the availability of food, fuel, medicine, construction
materials and income are possible as these ecosystems are changed.
Important fibre products could also be affected in some regions."

Page 4, paragraph 2, Hydrology and water resources.

"It appears that many areas will have increased precipitation, soil
moisture, and water storage, thus altering patterns of agricultural,
ecosystem and other water use. Water availability will decrease in other
areas, a most important factor for already marginal situations, such as the
Sahelian zone in Africa."”

Page 4, paragraph 3, Human settlements, energy, transport, and mdustnal
sectors, human health and air quality.

"The most vulnerable human settlements are those exposed to natural
hazards, eg coastal or river flooding, severe drought, landslides, severe
wind storms and tropical cyclones.” '

Page 5, paragraph 2.

"Global warming and increased ultraviolet radiation resulting from
depletion of stratosphere ozone may produce adverse impacts on air
quality such as increases in some polluted urban areas."

Page 5, paragraph 3, Oceans and coastal zones.

"Global warming will accelerate sea-level rise, modify ocean circulation
and change marine ecosystems, with considerable socioeconomic
consequences.”

Page 6, paragraph 1, Seasonal snow cover, ice, and permafrost.
"Changes in the volume of snow cover, or the length of the snow cover
season, will have both positive and negative impacts on regional water
resources (as a result of changes in the volume and the timing of runoff
from snowmelt); on regional transportation (road, marme, air and rail);
and on recreation sectors.”



"Overview & Conclusions"

Page 11, lines 29-35.

“*Turning next to the more difficult question of impacts of climate change

on land, water and ecosystems, a warmer climate may have many benefits,
if precipitation is adequate and the rate of change is slow. However, if
precipitation is inadequate or the rate of change is rapid, climate change
could have many negative impacts on society, and especially ecosystems.
Change in ecosystems could result in a loss of certain plant species."

Page 11, lines 37-39. -

"It is likely, however, that the distribution of precipitation would change
and that soil moisture could decrease in some regions."

Page 12, lines 3-6. _

"Although not analyzed more specifically, the supply of food would
become more vulnerable to disturbances caused by changes of climate in a
world with a rapidly growing population.”

"Policymakers Summary"

PMS I, page 33, paragraph 4.

"Ecosystems will respond to local changes in temperature (including its
rate of change), precipitation, soil moisture and extreme events. Current
models are unable to make reliable estimates of changes in these
parameters on the required local scales.”

Page 33-34, paragraph 7.

"Because species respond differently to cllmanc change, some will increase
in abundance and/or range while others will decrease. Ecosystems will
therefore change in structure and composition. Some species may be
displaced to higher latitudes and altitudes, and may be more prone to
local, and possibly even global, extinction; other species may thrive."

PMS II, page 19, paragraph 10.

"The direct effects of increased atmospheric concentrations of CO, may
increase plant growth, water use efficiency and tolerance to salinity,
though this positive effect could be reduced over time by ecosystem
feedbacks.- Enhanced levels of air pollution could also reduce this positive
effect.”

 PMS 1, page 33, paragraph 4.

"Ecosystems will respond to local changes in temperature (including its
rate of change), precipitation, soil moisture and extreme events. Current
models are unable to make reliable estimates of changes in these
parameters on the required local scales.”

PMS II, page 4, paragraph 2.

"It appears that many areas will have increased precipitation, soil
moisture, and water storage, thus altering patterns of agricultural,
ecosystem and other water use. Water availability will decrease in other
areas, a most important factor for already marginal situations, such as the
Sahelian zone in Africa.”

PMS 11, page 2, paragraph 10.

"On balance, the evidence suggests that in the face of estimated changes
of climate, food production at the global level can be maintained at
essentially the same level as would have occurred without climate change,
however, the cost of achieving this is unclear.”




""bverviéw & Conclusions"

Page 12, lines 21-29

"‘Natural terrestrial ecosystems s would be markedly influenced because the
rates of projected climatic change are likely to be faster than the ability of
some species to respond. Flora and fauna would lag behind these climatic
-shifts and could find themselves in a different climatic regime. Major
vegetation zones ¢ould face severe disturbances and disruptions,
influencing plant and associated animal populations’. ‘Species could
disappear and lead to substantial reduction in biological diversity’."

Page 13, lines 14-22. .

"The global areal extent and volume of elements of the terrestrial
cryosphere (seasonal snow cover, near-surface layers of permafrost and
some masses of ice) will be substantially reduced. These reductions, when
reflected regionally, could have significant impacts on related ecosystems
and social and economic activities.” Compounding these impacts in some

~ regions is that, as a result of the associated climatic warming positive
feedbacks, the reductions could be sudden rather than gradual.””

"Policymakers Summary"

PMS II, page 3, paragraph 2.

"Natural terrestrial ecosystems could face significant consequences as a
result of the global increases in the atmospheric concentrations of
greenhouse gases and the associated climatic changes. Projected changes
in temperature and precipitation suggest that climatic zones could shift .
several hundred kilometres towards the poles over the next fifty years.
Flora and fauna would lag behind these climatic shifts, surviving in their
present location and, therefore, could find themselves in a different
climatic regime. These regimes may be more or less hospitable and,
therefore, could increase productivity for some species and decrease that of
others. Ecosystems are not expected to move as a single unit, but would
have a new structure as a consequence of alterations in dlstributmn and
abundance of species.” [Emphasis added]

Paragraph 3.

"The rate of projected climate change is the major factor determining the
type and degree of climatic impacts on natural terrestrial ecosystems.
These rates are likely to be faster than the ability of some species to
respond and responses may be sudden or gradual.”

Paragraph 4.

"Some species could be lost owing to increased stress leading to a
reduction in global biological diversity. Increased incidence of
disturbances such as pest outbreaks and fire are likely to occur in some

areas and these could enhance projected ecosystem changes.”

PMS II, page 5, paragraph 5.

"The global areal extent and volume of elements of the terrestrial
cryosphere (seasonal snow cover, near-surface layers of permafrost and
some masses of ice) will be substantially reduced. These reductions, when '
reflected regionally, could have significant impacts on related ecosystems
and social and economic activities. Compounding these impacts in some
regions is that, as a result of the associated climatic warming positive
feedbacks, the reductions could be sudden rather than gradual.”
Paragraph 6.

"The areal coverage of seasonal snow and ifs duration are projected to
decrease in most regions, particularly at mid-latitudes, with some regions
at high latitudes possibly experiencing increases in seasonal snow cover.
Changes in the volume of snow cover, or the length of the snow cover
season, will have both positive and negative impacts on regional water
resources (as a result of changes in the volume and the timing of runoff
from snowmelt); on reglonal transportation (road marine, air and rail);
and on recreation sectors.”




(2 .
«"Overview & Conclusions"

Page 15, lines 8-12.

"For later analysis of possible measures to be implemented it is of interest
also to give the relative contributions to the enhanced radiative forcing
during the decade of the 1980s and the projected distribution for the
period 2000-2025 by sector (see Table 4 below).

Page 20, lines 20-25.

"A major program of reforestation as considered by the Noordwijk
Ministerial Conference in November 1989 would play some role in slowing
down the rate of increase of carbon dioxide in the atmosphere, but would

at_most reduce it by 5-10%, if fossil fuel use would continue to jincrease in
accordance with Scenario A (Business as Usual Scenario).”

Page 27, lines 2-7.

"Establishing and upgrading regional environmental research centres to
assist regions with common cultures and environmental problems to
develop indigeneous [sic] technology and expertise and to conduct
environmental education programmes to tackle those problems ina
manner appropriate for the region;"

Page 27, lines 29-35.

"The framework convention should recognize that developing nations will
have to achieve an improved level of economic development in order for
them to participate meaningfully in global warming response.
Consequently the framework convention should be structured in such a
way as to encourage actions which serve to narrow the ‘poverty gap’ and
should recognize a minimum level of economic development below which
response options will not be expected.”

Page 30, lines 12-19.

"If individual countries can optimize their benefits by letting other
countries share their costs (i.e. pay for pollution) without they themselves
taking the necessary precautions (reducing pollution), the economy of the
total system becomes unstable and a catastrophic development may occur
(‘the law of the commons’). We.must also recognize the vast differences
in economic strength between the players on the international scene, i.e., -
the nations and the large multinational companies in the world.”

"Policymakers Summary"

PMS III, page 6, lines 1-10.

"However, because of the inherent limitations in our ability to estimate
future rates of population and economic growth, etc, there is some
uncertainty in the projections of greenhouse gas emissions, individual
behavior, technological innovation, and other factors which are crucial for
determining emission rates over the course of the next century. This lends
uncertainty to projections of greenhouse gas emissions over several
decades or longer. Reflecting these inherent difficulties, the RSWG’s
work on emissions scenarios are the best estimates at this time covering
emissions over the next century but further work needs to be done.”

The feasibility of the Noordwijk forestry target will be analyzed in the
future by Working Group III. No analysis of the Noordwijk remit appears
in any of the Policy Makers Summaries.

PMS III, page 39, lines 32-51.

This bullet does not appear in the original document. All text
immediately before and after this bullet was extracted from PMS III, page
39, lines 32-51.

This discussion is not part of any of the Working Group reports.

This discussion is not part of any of the Working Group reports.
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Policy Design for Climate Change:
Comprehensive and Market-Based Approaches

Richard B. Stewart and Jonathan B. Wienerl

The world community is moving toward a framework
convention on climate change: the first negotiating session will
be hosted by the United States in February 1990. What should be
the appreoach of any international agreement on climate change?
Many have called for immediate controls on greenhouse gas
emissions, The discussion to date has been dominated by
proposals to restrict carbon dioxide (C0O2) emissions, especially
from sources in the energy sector of the economy. Proposals have
tended to focus on rigid reduction targets with strict
timetables, imposed internationally, to be met uniformly by all
nations, and on technology-based standards such as “best
available control technology.”

Following these suggestions would amount to reinventing
the square wheel. They rely on clumsy, outworn environmental
policy designs =-- piecemeal, command-and-control, technology-
based, centrally administered, inflexible approaches that ignore
relevant costs and benefits. These proposals concentrate
myopically on what is deemed currently *understood” or
Yachiavable.” They fail to use incentives that will advance
long-run economic and environmental goals. They hobble
innovation and investment. Their piecemeal character is self-
defeating, undercutting environmantal progress by inducing shifts
in economic activities from regulated sectors to other,
unregulated sectors.

igesues for policy

Potential climate change is an issue of enormous
complexity. The ~greenhouse gases” -- C02, methans, nitrous
oxide, tropospheric ozone, halocarbons like chlorofluorocarbons
(CFCs), and others ~- are numercus and are emitted by myriad

lThe authors are, respectively, Assistant Attorney General
and Special Assistant to the Assistant Attorney General,
Environment and Natural Resources Division, U.S. Department of
Justicae. The views expressed are their own and do not

necessarily represent the views of the Department of Justice or
the United States.
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different sources. Each greenhouse gas (“GHG”) has a different
capacity to trap heat in the atmosphere, called its “relative
radiative forcing.# Each also has other direct (chamical)
effects on the atmosphere and on plant and animal life; for
example, CO2 enhances plant photosynthesis and water use
efficiency, while CFCs deplete the stratospheric ozone layer.

One GHG or another is smitted or affected by virtually every
ecolegical and socicecencmic activity in every sector of every
nation. Several of the gases are removed from the atmosphere by
*sinks”; for example, €02 is removed in the photosynthesis
carried on by trees, crops, grasses, and oceanic phytoplankten,
and stored in plant material, soils, and the deep ocean. Any
change in average annual global temperature would be a product of
complex interactions and feedbacks amcng the composition of the
atmosphere, cloud formation, ocean circulation, terrestrial sinks
of GHGs, albedo (reflectivity), and other phenomena, and would in
turn affect patterns of local temperature, precipitation, sea
level, so0il moisture.

The debate over policy approaches to potential climate
change presents at least four basic kinds of issues:

1. To what extent and when will climate change occur?
The recent First Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC) collects the best evidence scientists
have on this question. Wwhile it finds that anthropogenic
increases in GHGs are likely to yield increases in atmospheric
tenperature, it concludes that major uncertainties frustrate our
ability to forecast the magnitude, timing, or regional patterns
of any climate change.

2. What are the costs and benefits of climate change,
and of measures to limit or adapt to it? 1In light of these costs
and benefits, what actions, if any, are warranted now? Scant
analysis has explored these questions. Information on the
impacts of potential climate change =- and on the costs of
response measures -- is difficult to develop. A key issue on
which not enough is known is finding the appropriate combination
of preventive measures, to limit GHG emissions or expand GHG
sinks, and adaptive measures, to anticipate and minimize adversa
effects of climate change. Meanwhile, the United States is
taking actions that make sense in their own right (for other
environmental or economic reasons) but that also reduce GHG
emissions or preserve or expand sinks. Examples include phasing
out CFCs by 2000; the President’s initiative to plant a billion
trees annually; and the conservation incentives in the acid rain
provisions of the proposed Clean Air Act.

e If limitation efforts are warrantad -- whether
through actions that make zense in their own right, development
of new low-emitting technologies and practices, or otherwise --
should they be confined to CO2 emissicns and limited to
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particular sectors, such as energy, or should they address all
GHGs, sources and sinks?

4. Should any domestic or international limitation
measures amploy traditional command-and-contrel regulations, or
make use of market=tased economic incentive tools?

This article focuses on the third and fourth issues
identified above. It argues that a piecemeal, gas=by-gas,
source~-by-source, command-and-control approach is beth _
ecologically unsound and econemically imprudent. If limitations
investments or measures are to be implemented -- a big 7if” that
can only ke decided based on a more axtended look at scientific
uncertainties and at costs and benefits of action and inaction --

then they should take a ”comprehensive” approach and usa market-
based eccnomic incentives. We are addressing not *how much”
action to take, if any, but “how to” implement any decision to
limit GHGs.

RBetter approaches

Experience has shown the inadegquacy of employing
piecemeal command-and-control approaches in environmental poliey.
For example, under the old Clean Air Act, scrubbers were mandated
for most utility plants, thus imposing costs on society that
could have bheen saved by allowing the least-cost solution at each
plant, discouraging investments in fuel conservation, and,
ironically, reducing emissions of one gas == sulfur dioxide --
while impairing fuel efficiency and thereby increasing emissions
of another -- C02. Similarly, piecemeal control of residuals in
different environmental media (land, air, water) have often
simply shifted these residuals around, rathaer than encouraging a
net reduction in total pellution. Comprehensive, incentive-based
approaches to deal with the array of environmental problams are
now deservedly finding increased favor. For example, the
tradeable credits system in the Clean Air bill proposed by the
Administration would apply market-based incentives te raeduce
sulfur emissions, and encourage energy conservation, reducing €02

emissions markedly while saving about $ billion annually in
control costs,

The need for fresh thinking is acute in climate policy
design. Given the interrelationship of climate variables and the
wide range of activities that generate greenhouse gases,
rapeating the old mistakes in the climate arena would ba
seriously environmentally counterprcductive and economically
disruptive. Piecemeal approaches would probably move GHGs around
in a conjurer’s shell game, never achieving claimed reductions.

: Whatever level of climate protection the international
community may choose to purchase, it ought to implement its
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choice according tc a gomprehensive approach that embraces all
the greenhouse gases ("GHGs”), their sources and sinks. Even in
the absence of an international agreement, a comprehensive
approach provides the best basis for identifying appropriate
actions that make sense on other grounds and also affect GHGs,
and for targeting investments in technologies that would affect
GHG emissions. From the climate perspective, the environmental
variable of concern is not narrowly definable as emissions of

CO02, or carbon content of fuels, or energy efficiency. It is the
= EMISS1I0ONS 2 2 £ podg SINKS - BT = f-+-1 1 ¥}
weighted by their relative jmpacts on the environment. Policy

designs must be as comprehensive as the ecological reality they
seek to address. In climate perhaps more than anywhere else,
squeezing the balloon at one end just bulges it out at another.

In addition, any climate policy should harness market
incentives to achisve environmental goals, rather than using
command-and-contrel techniques that would needlessly raise the
already formidable costs of achieving substantial reductions and
would stagnate vital innovation. Because the costs of different
response measures will be different in different places -- for
example, the coast cf curtailing CO2 emissions in a nation with
brand new power plants will likely be more than the cost of the
same percantage reduction in a nation with old, retirement age
plants, or a nation with abundant afforestation opportunities =«
it makes no sense for everyone to adopt uniformly the sanme
specific technologies or percentage reductions. Nor does it make
sense to specify and thereby entrench current techniques and
discourage innovation of better new technigques.

Carboneentric thinking

Those proposing immediate GHG reductions typically
focus on limits, often through adoption of specific “best
available” technology, on CO2 emissions from fossil fuel
combustion. Many such proposals are made by nations who would
enjoy a comparative competitive advantage under such policies --
those who rely on non-carbon or low-carbon energy sources (such
as nuclear, hydropower, or natural gas) or who expect to conserve
energy more cheaply than their trading rivals. But such a narrow

focus is neither warranted by the factual information about
greenhouse gases, nor by sound policy.

First, it is clear that the greenhouse effect is not a
Question of CO2 alone. G02 is portrayed as the chief culprit in
potential global warming because of past accumulations of CO2 and
its large volumetric abundance in current total output. But CO2
is, molecule for molecule, the weakest of the anthropeogenic
greenhouse gases. Because any limitation policies must
necessarily address future increments of net GHG emissions, it is
the comparative impact of additional amounts of each gas that
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must be addressed. Estimates of the “relative radiative forcing”
of the various greenhouss gases (their ability to trap heat in
the atmosphere) /Chart on GHGs’/ residence time, relative
radiative foreing)/ show that a unit of CO2, notwithstanding its
long typical residence time in the atmosphere, is the least
potent contributor to potential warming. Moreover, because there
is already so much €02 in the atmosphere (about 80% of it due to
natural emissions), the band of the electromagnetic spectrum that
CO2 molecules block is already almost fully occluded, and
additicnal molecules of CO2 confront the ~saturation effect” -- a
gort of atmoespheric ruls of diminishing marginal returns --
meaning that the incremental radiative forcing ¢f the next CO2
molecule emitted will be measurably less than that of the
previous molecule and thus the current relative potenciss shown
in /chart above/ tend to overstata the impact of future CO2
compared to the other GHGs. And the amount of €02 in the
atmosphere is not growing as rapidly as that of other GHGs:; the
atmospheric concentration of €02 is growing at about 0.3% per

year, while methane is growing at about 1% per year and CFCs at
over 4% per ysaar,

-~ Meanwhile, €02 provides significant nen-warming
benefits that the other greenhouse gaszes do not. CO2 is the
grist of photosynthesis. Empirical studies repeatedly show that
higher concentrations of ¢02 in the atmesphere substantially
improve plant productivity and increase the efficiency with which
plants use water. The other greenhouse gases confar no such
benefits, and some pose serious non-warming threats; CFCa, for
example, deplete the stratocspheric ozone layer. In order to
provide a sound guide to policy choices, the relative radiative
forcing index shown above in chart X should be expanded to
incorporate the full environmental impacts of each GHG. CO2
would recelve a credit for enriching plant grewth while CFCs
receivad a debit for ozone deplaetion.

The upshot is that, unit-for-unit, CO2 is the most
environmentally benign of the greenhouse gases. If scciety and
the bicaphere had to accept any given amount of predicted
warming, %then on purely environmental grounda and abstracting
from the costs of limitation strategies, it would prefer to have
as much of the warming due to €02 and as little due to other
GHGs. CO2 is in a sense the last gas, on environmental grounds,
whose Iincremental additions one would want to restrict.

0f course, any extensive measures to limit net GHG
emissions -- even under a comprehensive approach == would mean
soma efforts to limit emissions of C02, the most prevalent
anthropogenic GHG. But the extent of limitations on €02 or any
other specific GHG should not be mandated by internatiocnal fiat.
The costs of limiting each GHG would probably vary considerably
among nations, and a uniform restriction on one GHG —- such as a
rule requiring a 20% reducticn in €02 alone =- would impose undue
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costs on nations who could achieve the same net GHG result
through policies or technologies affecting other gases.
Acceordingly, each nation should enjoy the flexibility to adopt
wvhatever mix of policies relating to different GHGs it finds
least costly and burdensome, sc long as it achieves its goal in
terms of net weighted GHG limitations.

Second, focus on the ensrgy sector alone is
inappropriate. Certainly the energy sector produces a large
share of global anthropegenic C02, CO, VOCs and NOx. But the
greenhouse gases arise from a variety of sources in every sector
of activity, including agriculture, where rice paddies and
ruminant livestock disgerge enormous amounts of methane, and
fertilized fields release nitrous oxide: forestry, where tree-
cutting and soil disruption liberate about 25 to 33% of global
anthropeogenic C€02; industry, which emits large amounts of CFCs,
VOCs, CC, and NOx; transportation, which yields <0, VOCas, and
CFCs, in addition to CO02; and the residential and commercial
saector, which alsoc produce VOCs and CFCs. /ohart on sources &
sectora/

Third, sinks deserve serious attention. It is pet
emnissions that must be addressed. The net flux of greenhocuse
gases into the atmosphere is the result of both emissions from
surface socurces and removal by surfaca sinks, including ocean
mixing, oceanic phytoplankton, trees, grasses, soil biota, crops,
and tropospheric chemical reactiona. Plants remove carbon
dioxide from the atmosphere during photosynthesis; thus
preserving and properly managing forests and other vegetation, or
protecting phytoplankton from anthropogenic injury, can halp
secquester carbon released from surface sSources.

Ihe comprehensive Approach

Any climate policy design must be “comprehensive” to
match the diverse character of GHGs, their sources and sinks.
Any choice of GHG-relevant actions that are justified in their
own right, investment in new technologies, or design of
limitations strategies, should ba based on net GHG emissions,
encompassing all GHGS, scurces and =inks, and waeighting GHGs
according to an index of their comparative environmental impacts,
similar to the index of relative radiative forcing in chart X
above. This comprehensive design would ensure that no important
GHG is ignored, while, as described above, providing incentives
to limit the most environmentally damaging GHGs first rather than
tixing narrow-mindedly on one gas or sector.

The comprehensive approach would also cure the bane of
plecemeal approaches: unwanted shifts to unrequlated activities
that continue to produce environmental degradation. For example,
under a CO2-only approach, utilities would likely be encouraged
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to undertake fuel switching from coal to natural gas, because
with current combustion techniques coal burning produces almost
twice as much CO02 per BTU as burning natural gas. But use of
natural gas leads to methane emissions, because methane leaks
from natural gas mining and transportation systems. One recent
study estimates that a 3-6% rate of methane leakage from natural
gas transport would fully offset all the CO2 savings from
switching from coal to natural gas. Such leakage rates are
probably at the high end of the average in many advanced
industrialized countries, but may be typical elsewhere. A swift
expansion of natural gas transport capacity to comply with a
stiff CO2 reduction strategy cculd well mean use of hastily
designed new facilitiaes, or older facilities in disrepair, with
leakage rates higher than today’s. The net result could ba
gresater net GHG emissions than in the absence of the C02
reduction effort. Even if the methane leakage rate only offset,
say, 50% of the CO2 savings, the CO2-only policy would be
severely undermined. The comprehensive approach, on the other
hand, would encompass methane emissions and thereby ensure that
methane leakage is included in a nation’s net GHG enissions

inventory and in the incentives and efforts to limit net GHG
emissions.

An even more obvious inadvertent shift would attend
efforts to reatrict fossil fuel consumption that were applied
piecemeal to one group of nations (such as OECD countries).
These nations would most likely respond by limiting imported
fuels first, thus lowering prices for those fuels on world
markets and raising the quantity consumed in other nations.
Depending on the sensitivity of consumption to prices and the
efficiency of fuel combustion in the various countries, total GHG
emissions might even rise. Over the slightly longer term,
unilataral or industrialized-only restrictions could induce GHG-
emitting industries to move to unrequlated locations. These

cencerns point up the need for wide international cooperation on
any limitations strategias.

Each of these shifts would undercut or even cripple the
effectiveness of the piecemeal policy. The experisnce of past
Plecemeal approaches indicates that it is often the unanticipated
shifts -- whether from air pollutants to solid wastes, or from
launcher numbers to MIRVed warheads -- that can most effectively
render narrow policy thinking cbsclata.

The ”net enissions” aspect of the comprehensive
approach would also provide significant benefits by encouraging
sink expansion, through enhancad forast growth and presarvation,
and protection of phytoplankton habitats from pollution. 1In
addition to limiting net GHG emissions, these activities would
provide side benefits in biodiversity, oceanic food webs, reduced
so0il erosion, and better timber management.
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The comprehensive approach would also deliver important
econcmic benefits. It allows each nation the flexibility te
devise its own cost-effective policy mix. Because the marginal
costs of abatement will vary by gas, source, sink, technigue and
across nations, this flexibility will enable the diverse
responses needed to ensure an overall least-cost response. For
example, the least-cost policy option for limiting net emissions
in one nation may be switching from coal toc natural gas, while
for another nation it may be changing agrisultural practices to
reduce methane and nitrous oxice emissions, and for another it
may be reducing defeorestation and ensuring sustainable forest
management. Put another way, reducing emissions of CO2 from
fossil fuel combustion (or stopping daeforestation, or any other
single tactic) might be the cheapest way to limit overall net GHG
emissions in one nation, but the most expensive in another.
Global costs of limiting GHGs would be significantly reduced by
allowing the flexibility afforded under the comprehensive
approach.

Applying the comprehensive approach

Any initial conventicn on climate change should promote
a cooperative scisntific research and reporting agenda that
follows the comprehensive approach by examining all GHGs, sources
and sinks. It should also provide that a future protocol (if
any) containing limitations obligations must follow a
comprehensive approach. The convention could even state that any
actions taken after a chosen baseline date will count toward any
eventual limitation obligations under a future protecel (if any),
relying on a provisional index of relative GHG impacts annaxed to
the convention. This would assure nations that their own
actiona, including actions juasstified in their own right and
steps taken pursuant to both domestic policy and other
international agreements, would receive ”credit” if and when
limitations are agreed upon. Without such advance assurances,
nations will be discouraged from taking even GHG-limiting steps
justified on other grounds; they would hesitate lest the protocol
negotiation refuse to give credit for such prior acticns, and
would hold them in abeyance pending protocol negotiations.

The major objection that has been raised to the
comprehensive approach is that the current science is not up to
monitoring certain sources and sinks, such as non-point sources
of methane and nitrous oxide. The objectors say that we should
¥do what we can now” and wait until later to design a
compraenensive approach. Monitoring many such emissions is not
easy. But it is not beyond our reach, if we focus current
research efforts to support a comprehensive approach. Moreover,
experience belies the suggestion that piecemeal initiatives can
eventually be transformed into a comprehensive strategy.
Piecemeal measures tend to create constituencies with vested
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interests that ensure their perpetuation., For example, the
overbroad Prevention of significant Deterioratien (PSD)
provisions in the Clean Air Act limit industrial development in
many regions of the nation, often without environmental
justification. But other regions oppose efforts to relax these
limits for fear that industrial and ecenomic development will
shift to regions now subject to PSD centrols. Similarly, any
initial global climate agreement (whather pursued through
obligations to limit GHG® or to invest in new technologies) that
aimed at energy sactor €02 limitations would benefit certain
nations relative to others. The favored nations would resist
development of a more comprehensive approach that would treat all
nations with an even hand. It is accordingly vital to ensure a
*level playing field” by adopting a comprehensive approach at the
outset.

The pertinent question is not what is immediately
“feasible,” but whether the costs of proceeding with a flawed
policy design are less than the costs of doing the necessary
groundwork toc develop and implement a comprehensive appreoach.
One need not wait for perfection; in the interim, proxy-based
estimates of difficult-to-measure emissions could be used. The
framework convantion or other agreement could provide incentives
to develop and improve monitoring by offering credit for
reductions in difficult-to-moniter GHGe upon a demonstration of
the relevant monitoring techniques to an expert panel. Nations
who see such reductions as to their benefit (either where the
measures are justified in their own right or taken under an
agreed limitation obligation) -- and entrepreneurs looking to
contract with those nations =-- would invest in developing the
monitoring capabilities required.

Market-based incentives

The virtues of market-based economic incentives for
environmental protection are increasingly well-recognizad.
Market-based toocls include fees or taxes, tradeable allowances,
and deposit-refund programs. They have demonstrated success in
several important environmental applications, including the
tradeable credits program used to phase cut lead in gasoline =--
achieved at about half the cost (amounting to hundreds of
millions of dollars) of a traditional non=trading regulatory
program -- and efforts to raduce litter of glass and aluminum
containers. Both fees and tradeable allowances are now being
used in the U.S. program to eliminate CFC use under the Montreal
Protocol; and tradeable allowances have been proposed for the
acid rain reduction provisions of the new Clean Air Act, with
projected national savings of $ billion annually as compared
to a command-and-control program. We have meanwhile learned a
great deal about the drawbacks of traditional regqulatory
approaches, in terms of their cost, obstacles to innovation and
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resource usa efficiency, ecological shortsightedness, and
administrative burdens. The common feature of the new tools is
that they respond to market-failure =-- such as pollution -- by
redirecting and harnessing market forces to corract the problem.
They provide powerful incentives for socially and envircnmentally
responsible behavicr. At the same time, they allow flexibility
among market actors, promote decentralized decisionmaking about
response tactics, further least-cost solutions by allowing those
who can fix the problem most cheaply to do so first, and
stimulate efficient resource use and broad-scale innovation in
technologies and practices.

Market-based techniques are aspecially well-suited to
implementing limitation measures, if any are adopted, for GHGSs.
Because GHG emissions arise from so many diverse and pervasive
sources, tha costs of abatement are bound to vary widely among
emitters. Market-based mechanisms use that variation te social
advantage by imposing some restraint on total emissions -- a
limit on the nat quantity emitted, or a fee on each unit emitted
-~ but then letting the market allocate the burden of mitigative
measures to those who can most easily shoulder it.

In the climate context, two main economic instruments
have been suggested: tradeable emisasions allowances, and
emissions taxes. Tradeable allowances set a total limit on net
emissions, issue that sum of allowances to emitters, and let
enitters trade them. Those for whom emissions reductions or sink
expansions are relatively more expensive will buy allowances,
while those who can achieve them cheaply will sell allowances.
This gives an incentive to each emitter to develop new means of
limiting emissions at less cost than its competitors, so that it
can sell its allowances at a profit. Emissions controls,
efficient use of fuels and other inputs, and innovation of new
emissions limitations techniques become profit centers for the
emitter. The market allocates abatement actions to those who do
80 at least cost, reducing the overall cost to society. Such a
technique could be used to limit net GHG emiszsions through
emissions trading. Domestically, governments could issue
allowances for amortized net GHG emissions. Allowances would
count toward net emissions of GHGs. Those issued allowances,
such as electric utilities, could meet their allowance limits
through energy conservation, fuel switching, reducing methane
leaks from energy systems, arranging for tree planting, or
arranging for reductions in other GHGs by othar actors. The
value of activities relating to different gases would be
calculated according to an index of the comparative environmental
impacts of the GHGs. Government clearinghouses, private brokers,
and banks could act to facilitate trading among disparate parties
and across periods of time.

International reallocations of national obligations
through trades would also be advantagecus. Such trades could
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consist of infermal, bilateral reallocations of obligations to
limit GHGs. One nation could satisfy its obkligations by
investing in response actions in another. For example, Nation A
could provide new energy technology to Nation B, in return for
all or part of the value of B’s reduction in emissions. Or
Nation C could plant and manage trees in D’s territory while
offering agricultural aid teo compensate for the reduced avajlable
arable land in D. Nation E might earn thae opportunity to record
certain emissions reductions achieved in Nation F in return for
debt forgiveness promised to F. Given significant international
variations in marginal costs of limitation, such trades would
likely enable the world economy to realize substantial cost
savings. These arrangements would demonstrate the power of
applying Adam Snith’s lessons of comparative advantage tc global
snvironmental resocurces.

Trading could also be more formalized, with allowances
issued to nations according tc negotiated allocations.
Allowances could be made of limited duration, or leasable, to
relieve fears of hoarding or other distortions due to exercise of
market power. Such trading in GHG limitations would alsoc serve
as a market-based, decentralized vehicle for intreducing needed
low-GHG-emitting technolegy into the developing world. It would
point technology toward theose who needed it most, and stimulate
innovation by industrialized nations of technologies useful in
developing nations. At the same time this framework would
obviate creation of a heavily bureaucratized, centralized
requlatory authority and technology assistance fund, with
attendant opportunities for waste and mizallocation of benefits.

Emissions taxes for net GHG emissions are another
important option. The tax rate could be geared to the GHG index
value of the emissions activity. Like emissions trading,
emissions taxes offer a least-cost solution that promotes
inncvation and efficient resource use. Such a plan could nmake
excellent sense domestically, éspecially where the focus is on
specifying the coat of a GHG limitation program more precisely
than the quantity of emissions avoided, or whare revenue raising
is a major goal. International application of a tax would raise
many more difficult questions: Would nations cede their
sovereignty to an international tax authority? How would the tax

be set? How would the potentially enormous revenues raised be
allotted and expended?

Conclusion.
[te add)
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BOX A

List of international events
Intergovernmental Panel on Climate Change (IPCC), including its
recent First Assessment Report and its structure for pursuing
further research.
Conference of OECD Environment Ministers in January 1991
Second World Climate Conference in November 1590
Bergen Conference in May 1390

Washington cConference on Science and Economics Relating to Global
Change in April 19%0

Cairo Conference in December 1989
Noordwijk Conference in Octcber 1989

Torento Conferesnce in June 1988
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pressure groups televrsron pro-
grammes and radio .phone-ins.
There is only one problem: the
mounting evidence that it is not
true.

Supporters of the- greenhouse
effect point first to' the earth’s
climate record over the past
century, showing a rise in global
temperature. and an increase in
sea level; and second, to the
theoretlcal predictions of the

-climate ‘models, which-show an

increase of between 2C and 5C
in global temperature for every
doubling in the . volume of
carbon’ dioxide. On closer in-
spection, this evidence turns cut
1o be flawed.

- «The earth’s temperature rec- .
ord comes.from thousands of

individual measurements taken
every hour of every. day at
weather stations throughout the
world.. These measurements
(60,000. a day, 22m a year)
provide the data for claims that
the earth has warmed by 0.5C
in the past century.

This thermometer record is
beset. with problems. Weather
stations. are not evenly distrib-
uted over: the globe. There are
more in‘ the heavily populated
regions of the ‘northern hemi-
‘sphere ‘than in_ the southern’
hemtsphere, whlle the three-

, quarters ;of ‘the, earth’s surface
- that ‘is covered by oceans is

almost unrepresented .

. More lmportantly, most wea-
ther,. stations * are 'found in
towns, and, :as anyone who lives'

- in.London. will be. -aware,/towns

are hotter.than the surrounding
countryslde In Phoemx. Ari-

' zona,“the-centre -of. ‘the Clly“ls
' often‘le degrees ‘warmer than’

the, suburbs ‘As: towns- "have:
so “the temperature has

:gone Up = not because of global
+ wdrming, but because 6f the so-

called heat-lsland ‘effect.

and can produce localised urban

B |scerned in vrllages with -
S a populatton as; small-as 300,

and the fact that it is always hotter in urban areas: whjfre weather station_s ‘aré u;
LT S 4 - . . B . . '

. past decade. Thissai¢llite’ :data ‘hasx created,

. :urban ‘héat-island: effect

century took plac e
50 years, so it is certainly not
case of a- continuously: rising
global temperature..

We do not -have accurate

the' graph_back beyond the, past

indicate | theré was’
" period. when. SV nes

. Brew crops. insa coun Hey :
named “Greenland" "It is quite
possible that if we ‘could extend

As Britain bakes, it is
easy to imagine that
the ‘greenhouse:
effect’ is' 'to blame.
But thls summer has :
been no warmer than - -

average;indeed,
June was cooler than

- ‘usual. So why, -

though there is no.‘.ﬂ,; ‘

reliable scientific
evndence of global
warmlng, 'do we' 90 |

.on behevmg in: |t '
asks Hilary Lawson :

1,000 years, it would show,an
-overall - declme m'ather\than n
lncrease B
"Given | the doubts

time' base, lt isinot': surpnsmg

"United States. Wate
tion . Laboratofies, . w!

studied the effects™- of | carbon
dioxide’ on climaie for the past .
20 ‘years,-is- dlSmlSSlVC of clalms
that . the - world ~is warming.
,“Some people” clarm there may

the last 100 ’years.
. tenuous. If we 1ook-at.
world we ﬁnd there ha be !
"*Such doubts are suppo?‘ted’
those at th heart f"the

‘Rich=

3 ) KR, namicg_;
In the past_ l‘ew months .we S§2 I
have had evrdence 10 . suggest nology (MIT)'
thdt  the thermometer data:is +*Most: scientist
Dr Roy would ‘bg very.

even more doubtful. Ty, ;
Spencer of . the Nasa space anythmg abouit: thts\recoi'
centre 'in’ Huntsville, Alabama, - *stands: 17ams reaSonably ]
has' analysed satelhte data 0. dént ‘that;’ given': the“‘record
produce a- graph Of global ‘alone,i few peopl d 3
lemperature ‘change over “'the bly say ‘that this’ ir

is exceptionally ;accurate;. Un-
like- the thermometer data, it lS
evenly spread rOVCl‘ e, globe

_an incréase . i \te ‘
and- does notJ§) e

an
! the ;.. what’, about,\qlnc cases
. ilevel?? At‘ter al

+ From hts data,,Spence
cludes “Over.ithe’ entire. lO—year
period -there-was*no net warm:

rise; -i
axhnia v 1

"have been: 0.5C warmmg ~over |

.British, lsles for’ purely’ geologx-

cal - reasons. the: :sea; level, is .
‘rising._
the temperature _graph-. back ¥  falling ifi the north of Scotland.”™

, thers 18 4
,theoretlca ‘Rroblem when: nre

: the level of the And? lf the. land -
records to .enable us lo'extend moves up» the seéa .appears 'to
»‘fall and vice: versa. -If. ‘the -sea“
100 years, but medxeval records ilevel is rising, you mlght expect " -aboiit ‘the -future can be drawn
4‘_warm ,1t 10 risé:‘everywhere, ‘but'tthe’ from 't

Te..grown : pattern -acro
nd Vikihgs' ‘.consistent. -

"I»ro

Manh4

e
underlytng

)
statlons

sea or

different *
“You

“effect.

.-the globe:is not
"Evén" within ' the’

-in - the y southeast ’and

:Dr l?avnd ubrey 1s m charge

 of FHE

can

‘In" addition
islands sinking ‘beneath
waves (we have not heard about

friost

~and - different

answers,” he
come

ﬁ,coastal réseatch. at_the Woods
g" Gceanographtc Institute
influential

anisations - studymg the sea),
few " hundred’ miles north of
dttan, - and s _-convinced
here, is* mo- cause'for anxiety.
ople’ have averaged different

' time
’ 'Y°“ periods - and come up with
says.
up with
-whatever answer you want, in
No useful conclusions

he’ record.” There is no
vtdence that the sea level is
rising .due to- -global warmmg .
to reports of
the

contmued on back page &

“that Dr Shcrwood ‘Idso, at- the |-+
Co

)
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suddenly .topple into ‘crisis,
reducing large tracts of; arable -
land to dcsert and wreakmg
havoc on 'our culture. H

‘It is casy, as Britain swelters
in a seemrngly éndless
heatwave, tof imagine that our -
torrid’ tempgratures are evi-
dence’ of global warmlng But
impressions of what is{ happen-
ing 1o the’ \}Jeather are wholly
unreliablg.”
t Thus” far,, this summer has
been no warmer than average
and - signifi cantly cooler than .

last vear. The hottest summer

grv 10 the greenhouse offect
encouragcs us; all. to explain -
every' baking day ds- a conse-’
quence of global warming. What
is the scientifi ic evidence?

The, theory i$. not one put
forward' by cranks. Nor is it the
esoteric province of geophysichl.'
Cassandras, Instead it has

become/the cohventional® wis- -

dom of our times, endorsed by’
the great ‘and . the, good, by "
polmcrans and scientists alike.
1t"has spawned an industry of

governmental agencies and.
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" in global. temperature' for every,”

' ord conies’ from' thousands of' '

. quarters ‘of ‘the, ‘earth’s surface
- that ‘is; tovered by oceans is.

- sv————

i,
Su porters: of theﬂgreenhouse
effect pomt first_tor'the . earth’
i d t

1 ar
sea’ level; - and. sect nd, ,to: the
theoreucal predictions, .of ; the

~.climate models,-which:show.an -

‘increase’ of between; 2C and .5C

doubling in ‘the ;
carbon’ dioxide.” O
spection, this evrdence turns out
to bé flawed. -

. The. earth’s temperature rec—

mdxvxdual measurements .taken.-
every ‘hour. .of every day at
‘wedther stations. throughout the,
world.” These nieasurements,
(60,000./a -day, 22m.a year)
provide the data for claims that
the -earth has warmed by 0. 5C
in the past century. .
This thermometer record -is.-
beset. with problems. Weathér~
stations. are not evenly distrib-

uted ‘over. the globe. There aré

more in‘the heavily populated
regions of the ‘northern hemi-’
spheré :than in. the: southern’
‘hemisphere;, whrle ‘the. . three-

dlmiost_ unreprésénted; - ;
More rmportantly, most wea-
ther,. stations’ are “found ‘in

. towns, and, as anyone who lives',

- in London. wlll .be:aware, towns

are hotter than:the. surroundmg
countrystde.,ln \Phoemx, Ari-.
zona,- theé centr: “the crty is*
often 10 degrees warmer - than:
the suburbs ‘As” towns- have:

. - grown, so the: temperature has' .
. gone up =~ not.because of global

. warming,, but because of.the so-

called heat-island effect. .
Recent studies “have " shown

'that ‘irban  heatisland eftects

cari be discérned.in villages with"
a population as small-as 300,
and can. produce localised urban
warming of as‘much as 0.3C per,
decade. =" -almost' as much as
global - warming: is supposed to
have produced-in- a’century.’
Although attempts. have been
made: to ~allow for the” heat-

- island. ‘effect: in- analyses of

teniperature * ‘change’ over- the

.past_century, 'several rfecent

studies have ‘concluded -that the,
size of the; effeci* has been
srgmﬁcantly ‘underestimated.

In 1989, Dr Robert Balling,
director of climatology  at Ari-
zona State. University, found a-
warming .bias' in- one _of ' the

- standard” temperature analyses

in_excess- of 0.5C. Once again,
this is ‘more than’ 'the entire
increase’ sard 10 have occurrcd
in’ 100 years.

. evenly spread’

' June was cooler: than
e usual So why, :
* though there is no.\.j _'
. - reliable’scientific

: *evndence of global

, on bellevrng init, . -
., 3sks Hilary Lawson

| months .we
" hav

even- . more: doubtful: - Dr - Roy
Spencer of.. the. -Nasa - space
centre i’ Huntsville, Alabama,
has’ranalysed satellite 'data to..
produce _a- graph of " .global
temperature change over - the
past.'decade. This satéllite . data
is exceptronally accurate. ‘Un-
like: the thcrmometer “data, it is
ver - the globe
~and: does:. iffer “from the .
+urban, hiéat-is an " effect..
‘From- hrs data,rSpencer con-
cludes- “Over. the entire lO—year
penod there -was:no net:warm-
ing or .cooling! The trend_ of the
thermometer data-is only about
one- 10 two tenths of.a degree,
which. doesn’t{ sound muchbut
i§” significant’ ‘whén' sét, against
th¢- satellite:” ndlcatron of no
tren all.”t

! lgnore problems
with
record’, is -still - - . ambiguous.
Whether there has been an
increase. in- temperature or not
depends’on’ the-time period 'you
happen .to. choose.” “During the
past; 50: 1years; . there has been
little or. no. change in tempera-
ture: If you “také:the years from -
-1930 t0:1970, ‘there was a farrly
steep declme. 7;1 e -

~Al !

. «20 years is drsmrssrve of clalms

P
ad - evrdence.to suggest"
that the thermometer data. is

.the “temnperature .

st

+is; certainlyinotia ¢ 1)
] rlsm L isu

rew;, crops inj
amed “Greenland”

that . the* world -is warmmg

“Some people’ clarm=there may | .

“have been' 0.5C warming:
‘the 'last 100 ‘yéars: . Thi
tenuous: If we ‘look-
world we-find there has been
. significant’. warming:”" :
€. suppo?ted by

alone l‘ew peopl would plausi-
bly' say that this! rndrcate

: BUT iﬂ'there

an‘ increase.

- what , about,

level" After al
1

catastrophe. © A .thh temperél-'

ture change, a,
evidence, tells ‘a: drlTerent story

Although: the’:] opular press
has cairied “Teports’; of increases

iri sea level of up’to.20, meires, §

‘respectable scientific pi

have been closer to 0.5m durmg: .

the next’ century Sirice., this .is
the helght of a small wave, it is
not easy to- detect ~over : 100
years. ~ -

Evidence of sea-level change— g

comes from trde“gauges nor-,
mally found in’ harbours r-on, |
jetties. ‘By takmg thousands ‘of

possrble that if we\could' ktend {-rising
nback fallmgl

sea’} level,, i
southeast and‘- W

‘you'want. in
\ 6. useful"‘conclustons

_hear_t 'of . :.'t,he )
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" continued from front page

.the |slands, such as the Shet-
lands, that are rising), it was
widely ‘reported last year that
sea ice was melting. Submarines
passing. under the poles had
reported that the ice at specific
points was less deep than it had
been 10 years_earlier.

Julian Paren, of the British
Antarctic Survey, is sceptical.
“Data’ from submarires: comes
from’™” just two snapshots ' 10
apart. The submaring

by, 1 e only reliable evidence
commg from satellites which,
for the last 15 years, have given
us a daily picture of sea ice

extent in the Arctic and
Antarctic ,which shows no,
change.”

The actual -climate record of
the earth lacks . concrete, evi-
dence-of an increase in _global
temperature or a rise in sea
level:* As 'a - result, under
scrutiny, supporters of the
greenHouse theory abandon the
-data® and rely instead on the
predictions of the climate mod-
els, But these turn out to be as
shaky as the empirical data.

THOUGH superficially similar,
the climate models are radically
different in character from the
models used to provide daily
weather forecasts. The climate
models do not start from the
current weather at all but try to
simulate the entire climate of
théwearth from first principles.
Théd computer is given the
ambufit of heat arriving from
th¥ 3h, the laws of physics
whﬂ‘!ﬁ‘ describe how heat radi-
atgs, and the radiation properties
of ‘the atmosphere. " It then
calculates such variables as the
temperature of the earth, wind
speeds and rainfall.

The climate models predict
increases in global temperature
of between 2C and 5C for a
doubling of the level of carbon
dioxide. But before we can trust
the predictions of these models;
we -must first be convinced that
théy Ziaccurately describe our
clifiiffe: Accuracy is not a word
thd?® fmmediately comes to
mﬂl%,when examining the
m{fd $®  simulation of the
world’s climate.

Steve ' Schneider, of the US,
National - Centre for Atmo-
spheric Research and one of the
world’s leading global warming’
theorists, says: *‘A congressman
once said to me: ‘Do you mean
to say that you guys have spent
a billion dollars of our money

-telling us.that winter is cold and

summer-is hot? And my answer
was ‘Yes, sir,. .and, we Te yery
proud of thal‘-”"“ *

- into, blocks " within' whlch the-

L 4
reesare, now, twice the height of
hé” control group of: trees with .

%,- miore,- biomass: * Similar
t'a’ improvéments in plant growth
doublmg of: ; carbon Idloxrde have. been.found in hundreds of -
would: “have lmle orino- effectg .expériments.-Even 30. years ago
on the ! temperature -« at' * the- ‘commercial -nurseries -were al-
ind, | ing, mig eady .enriching . their -air- with
: ‘carbondioxide to enhance crop -
productron as’ theyacommue to
do. od

. clrmate model.in Bntam at the
Meteorologrcal .Office. . Accord-
ing to the pubhshed predlctrons
- 6f the model; as’'much rain-falls .’
on: central Saharav in summer as,

One reason for the inaccuracy
of the models is ‘ the sheer-
number of calculauons that the -1
computers are’ rtequired
handle.' To simulate the cllmate,
the " models  divide lhe "world

The ' sole .femaining, support
for the greenhouse effect.comes.
from .the; assumption that: wi
understand the underlying phys-
ics of the atmosphere. and know
for certain that carbon dioxide-: .,
contributes to a: warming of the
planet. Even thrs, it turns out, is : of a an mcrease n any one gas is:i
not; the case.. s

weather is . assumed ‘to |.be
uniform. As’the computers are

becommg more  powerful the

block size is being reduced, but -
current results still ‘use blocks

the size of the British:Isles, and

even the more advanced models -
bemg developed tse blocks half

the "size of ‘England.. More.
importantly, .many. argue that

the models fail* adequately to

take account of so-called nega-

tive feedback .effects. ..

One of the most srgmhcant of
these is to do with.clouds. If the-
surface temperature rises, more
water is evaporated, = which
creates - more . clouds. More
clouds in turn block the sun’s )
rays and reflect away solar
radiation, resulting in a decrease
in temperature. Professor Lind-
zen is openly critical:. “The :} Furi
models are inaccurate. To use way . i : ‘. |
them for prediction requires an greenhouse. gases absorbs and ’ )
accuracy they do n¢t have.” His emits radlauon depends’ on- its . Newell 1s not’ alon n thrs ‘tories, ~has been gr‘wmg ‘souf. _of :
doubts. about the models are position in'the. atmosphere. The iview!In a fecent’ paper- on: the..’ orangg trées-in encl Sures. wn.h dioxide,
borne .out. by the published radiative process is 2> highly . effects' of carbon. dmxrde, Pro concent ffect
findings of the most powerful complex one m whxch the effect " fessor, Wi It

) ; Judged on the time-scale of
ernitirely speculative. It’doés:not: the:earth, ' ‘current levels of
have empmcal evidence to back

.the-Others and where this al(es "t -up and it is theoretlcally
ONE- thmg is . certam carbon Cplace in’ the. atmosphere A ﬂawed
dioxide levéls are, rrsmg It :is . résult,’: there -'is . no . srmple .( But. even lf therel n
‘also. true that.carbon dioxide is relatior hip betweens‘ more - foribelieving. that ‘carbon diox:
a greenhouse gas. It 'is not the . greenhouse gas ‘and’ more heat. i~ide threatens climatic’ disaster,
only greenhouse: gas, .nor the . -Moréo ef, ' Reginald ‘Newell, it-is still easy to; regard it &S a
most . important. .—-:which .- is | -professor* f meteorology at’ pollutan Carbon -diokide ™
‘water: vapour.- But the term. -MIT; argues “that" the’ primary, -the life-giving o -alk: plaA
greenhouse gas” is mlsleadmg mechamsm fop -heating. «.the ‘lifé plant’s equwalent of
These- ‘gases not: only trap» atmospher not ‘radiation but"” okygén: Extensive expenmems',,
heat, they also radiate it. 'Like'~ the latent, heat7 released: yvhenr haye beén able to denionstrate
all good absorbers.of radiation; -’
.they .are al$o: good emmers.‘

. timé:low.. Plants developed at a
: nme when carbon dioxide ‘was
eason * five.; to. '10 . 'times - above | its

‘current: level Dr Idso. belleves
‘that-eéven . if’ we. burnt” all “the
" . fossil fuels .in the crust of ‘the
, 'the conséquences. would
be; nnrely beneficial for plants
arid-would have no deleterious
eff cton the climate. - Further-
; e, argues’that with the-
world ‘rapldly growing popula-
‘tion we.may -need the. increased
- vegetation-growth that will flow
from;, igher. levels ‘of carbon

ldé 2

3 concrete evidence
‘benefits. of carbon”
.and. if ‘the detrimental
re,--at ' the very least, -
, how have we been

/5

g e n A

<carbon’- droxrde are.at an all--
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catastrophe" h

THERE: has been la/coalition of

" interests! betveenscientists who
have- needed funds and; the
media who wanred\a good, story
The common" percepnon " of
science . is ' of ! @’ “disinteresteld
. pursuit “of ‘trutfi. ‘The reality . is
rathier . differen Screnusts are
no- different [i-om' ‘any other

professronal group' In ordér. 10 ,
.pursue their’ wqu they requrrc B¢

funding, If you aré working in

climatology, .a-.goad way ‘Of.

attracting . interest and backing
is to. predict an: épocalypse. .

* Fifteen- yeats ago;* the -apoca:
lypse was not glgbal warmin
but global, cooling, Many scien-
tists who.are now’championing
global .warming .were; just over
a-: decade_-ago, ,p};edrc ng a
_forthcoming . .ice “Steve
- Schneider - wrote
book:. “Acoolinigitrend has sct
in" —. perhaps ong- akm to the
little: ice age.” -

At the Nasa Space Cemre. Dr
Spencer tdkes it for granted that
scientific. conclusions are influt
enced by. funds: “It’s easier 1o

o
B
iy

“

LTV N

get funding 'with’ disasters. It -
used to be icé age’ scenario. In .
10 years’ time, who kpows what

it 'will be? Sure, science bcneﬁts
from.-some scary; scenarios.”
But as-, they bandwagon has
gathered. pace, it has not only
1mproved the funds of global
warmmg theorlsts, it has. also
made_ ‘it “difficult” for’ screntlsts
who . disagree to'. ol
oprmons.

Professor Lmdzen- of MIT_

describesy the global' warming
hysteria as a‘new McCanhylsm
If you don’t’ espouse” the cause,
-you_ are at risk of bemg
ostracised. ' “There ‘iare ' state-
ments' made- of .such - overt
unréalism ‘that I' feel embar-
rassed. I-feel ‘it discredits my
science: I-think there conld arise
problems where ‘one will need
to: depend on scientific judg-
ment, and by ruining ~ our

-"credibility now, we leave socxety

with a dlmmlshed resource.’
Of course, it has not only.
been: the’ scientists ' anid ~ the
media who have promoted the
greenhouse _ theory; - politicians
have -not- been slowto- see the
adyvaritages.- What could be less

controversial- than government °

dction to -save-iMother- Earth?.

As for 1he rest. of us, is it the:
comjng ‘millennium  that en-
courages. notions of. an apoca-
lypse or.just -that, in°a world
without - ideals,
catastrophe to give us Some=;
thing ‘to believe m'(
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Chicago Tribune, Sunday, July 15, 1990

on global warming,

s
.

but he’s alsoright
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"By now all Americans of sound mind and pure
%eart must be overcome with shame at their -~
government’s policy on the greenhouse effect, which
15 all edtobeturningtheplanctimoasaunawith
no off switch. Instead of joining with all the other
“4ndustrial democracies in pledging to do thnllingly ...
noble deeds, the Bush administration has stuck to its
party-pooping insistence on counting costs and
nailing down facts. Hiid BEE e g e
This is highly unsatisfying to European heads of .\’
government, particularly West Germany’s Helmut
Kohl, whose citizens are a pushover for every
environmentalist fashion. I’s also infuriating to _
American environmental groups, who this week were
accusing President Bush of nothing more serious

S

.,; e & "\::: -q'-;u B
+Stephen Chapman & &

TR s e SRR | RAE TR
. than “killing our world.” ; =72~ g

* Don't send a wreath just yet. The Bush ==

. administration may have a casetosell - o
politicaily, but it clearly has the best of the scientific %
and economic arguments. European governments are
more wiiling to vow a crusade against global
warming partly because they know it will cost them a
lot less than it will cost us.

The global warming alarmists, like most alarmusts,
behave as if all the important questions werce already
settled. In fact, we don’t know whether carbon -
dioxide emissions wiil raise the atmospheric )

- temperature. If so, we don’t know by how much. -
And. if it does so by a substantial amount, we don’t
know how damaging the resuits will be.

If carbon dioxide emissions cause warming, we
should already be sweating. But over the past
century, scientists have found, temperatures have
risen only by a tiny amount, or possibly not at all—
despite a sharp increase in the level of carbon dioxide
and other greenhouse gases in the atmosphere.

Even many scientists who believe the mercury will
climb sooner or later think it won’t go neariv as high

smledback.maldngitumikdythaxNewYorkasand
Houstonians will need canoes to get to work. ~
: Othcrexpcrtsnotethmawannmgtrmd.ifit
happens. will have some benefits—such as boosting
harvests, lengthening growing seasons and reducing
Januarv gas biils in Chicago. It may also help head
off a new ice age, a catastrophe that the green lobby
was confidently predicting just a few years ago.
Global warming, if it happens, will create some
problems, but not the apocalyptic threat to human
survival that is often advertised.
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lund use resulting in 8 reduction of curbon stuged in terrestria) biota und in soil. At
present, our ability to interpret the carbon cycle and heace to predicet future CO,
concentrations is stymicd by unresolved imbalances in the carbon budget. Simply
stated, the annual budget equation dues not balance uniesy: (1) fertilication effects,
either terrestrial of aquatic, equal defurestation-regrowth; (2) the problem vanishes
(fur exumple, defurestation equals regrowth); o1 (3) the uceanic uptake is growsly
underestimated. In ordes to understand bettee the thivd - possibility, this chupter
reviews the chemical, biological, and physical processes that control uptake of CO,
in the ocean: the largest sink for excess atmaspheric CO,.

3.1. INTRODUCTION

The effects of human interferences, such as burning fossil fuel, harvesting forests,
and conaverting lund to agriculture, with the natural cycling of curbon are reflecied
most clearly by the phenomenon of increasing concentration of atmospheric €O,
(Fig. 3.1). If the current trend continues, the atmuospheric CO, concentration will
exceed 600 parts per million by volume (ppn) by the year 2050—more than two
times the preindustrial level, The inerease in CO, is important because, in contrast
to atmospheric 0, and Ny, CO4 absurbs infrared radiativn emitted by the earth
and prevents the escape of same of the nocmally sutgoing cadiation. This is popularly
known as the greenhouse effect.

An increase in the amount of CO, will result in even greater atmospheric reten-
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Figure 3.1.  Concentration of atmaosphetic CO7 at Mauna Los Obscrvatury, Hawaii (19.5°N,

155.6°W). Dots indicate munthly averapes based on continuous meusurcments. (From Bacasiow
and Keeling, 1981 ; Kecling ot al., 1982)
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tion of radiant heat from the sun and a higher equilibrium temperaturé for the
earth as a whole, If the atmospheric concentration of CO, rises to 600 ppm. then
the increase in temperature is expected to be important, it can be 2-4°C for the
eqtire earth with an increase of approximately 8°C at the poles (Manabe and
Wetherald, 1975; Gates, 1979; Dickinson, 1982)., More importantly, the rainfall
pattem could be affected dramatically: this could aiter the global distribution of
agriculture (Coopet, 1982).

At present, our ability to interpret the carbon cycle and thus predict the future
CO, concentration is stymied by unresolved imbalances inthe carbon budget (Botin,
1977; Woodwell and Houghton, 1977; Moore et al., 1981; Houghton et al., 1983;
Woodwell et al., 1983). Simply stated, the annual budget equatian for CO, (Table
3.1) does not balance unless:

1. Fertilization effects, either terrestrial or aquatic, equal deforestation-regrowth.
2. The problem vanishes; for example, deforestation equals regrowth.
3. The oceanic uptake is grossly underestimated.

1n order to appreciate the constraints upon thei possibilities, this chapter reviews
generally the basic global carbon budget (Fig. 3.2), and in particular considers the
chemical, biological, and physical processes that control oceanic uptake of CO;.

3.3.1. Armospheric Carbon Dioxide

The 1984 concentration of carbon as CO; inthe atmosphete is about 340 ppm, Of
728 X 10 g of carbon (Waggoner, 1984). Within | y, seasonal differences in photo-
synthesis and respiration within the biosphere create an oscillation in the atmospheric
(0, concentration, with an amplitude of roughly 5 ppm, of 106X 10 gy of
carbon (Fig. 3.1). A few attempts have been made to detect changes in the ampli-
tude of this oscillation as a way (0 infer changes in the size of the pools of carbon in
the biosphere; however, the results have been iaconclusive (Hall et al., 1975; Pear-
man and Hyson, 1980; Fraser et al., 1983; Pearman et.al.. 1983).

There are three important isotopic forms of carbon in the atmosphere: ng B,
and ' C in an approximate ratio of 1: 1072 11012, The fosmer two formsare stable,
whereas the latter is a radioactive g-emitter with a half life (£,2) of 5730y.

Measurements of the *2C:1*C ratio are extremely valuable for providing insight
into the potential source of the CO, sink in the biosphere. When taking up CO2

Table 3.1.  Annual Carbon Budget

Input Uptake
(gy* of curbon) (gy™! of carbon)
Fossil-fuel burning - 5% 10'¥  Atmospheric increase 3% 101
Deforestation-regrowth (1-3) X 10  Oceanic uptake ‘ (2-3) % 10"
Total (6-8) X 1Q¥ Fertilization effects ?

Total [(5-6) + 11 X 10%%
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during photosynthesis, plants fractionate against 13¢: consequently, vegetation,
humaus, and fossil fuels are depleted of *3C. When we know information such as the
period of fossil fuel combustion (Rotty, 1981; Tans, 1981), a record of atmospheric
3C:12C ratio (Freyer, 1979¢), the uptake of CO, by the ocean (Bacastow and
Keeling, 1973; Oeschger ct al., 1975; Oeschger and Sicgenthaler, 1978; Bjdrkstrom,
1979; Bolin et al., 1983), and the *C:!3C fractionation during CO;, transfer from
air to sea and from air to terrestrial vegetation (Siegenthaler and Munnich, 1981;
Keeling, 1981), then it is possible to estimate the history of the source of the net re-
lease or uptake of CO, by terrestrial biota and soil.

Estimates of this type have been based on analyzing the isotopic forms of carbon
in tree rings as an atmospheric record (Freyer, 1978; Stuiver, 1978; Siegenthaler
et al., 1978; Freyer, 1979b; Keeling et al., 1980; Tans and Mook, 1980; Freyer and
Belacy, 1983;Peng et ul., 1983). However, inferring atmospheric fluxes is not straight-
forward. Trees may fractionate carbon differeatly during different phases of growth
or under different nutrient or water regimes (Francey, 1981; Francey and Farquhar,
1982), The effect on atmospheric COy of photosynthesis and respiration of a suz-
rounding or nearby forest will alter the concentration of atmospheric *3C and thereby
disturd the record. Extreme caution must be used in interpretation of the record,
but even a conservative view would indicate that between the years 1860-1970 the
biosphere had a net total release of CO; to the atmosphere of (100-150) X 1015 ¢
of carbon (Freyer, 19792, 1979b; Peng et al., 1983). This total release cver the
period 1860-1970 is consisteat with direct estimates; however, it is not consistent

with most current views of oceanic uptake of CO,, nor is it consistent with the '

view that carbon accumulation during regrowth has offset completely the loss due

to deforestation, nor is the release rate per year from 1860 to 1970 necessarily con-
sistent with direct estimates.

3.1.2. Carbon in Terrestrial Biota and Soil

The range of estimates of the amount of carbon mhlmng organic matter on land is
{450-900) X 10** g of carbon (Ajtay ct al., 1979; Olson, 1982; Houghton et al,,
1983; Mathews, 1983). Estimates of total primary production, respiration, and
detrital decay rates vary greatly. There are three major reasons for this uncertainty:
(1) the definition of biomass iz ambiguous in that it does not include below-ground
production; (2) the method of scaling from selected local sites of measurement to
biome-wide estimates is not rigorous;and (3) uncertainties exist about the geographic
extent of different ecosystems,

Although soil organic matter, humus, is a major active reservoir in the global
carbon cycle, there is little known about itsextent and the rate-of activity. Estimates
range from (700-1800) X 10 g of carbon (Schiesinger, 1977; Ajtay et al., 1979;
Post et al,, 1982; Olson, 1982; Houghton et al., 1983; Schiesinger, 1984). The total
amount of carbon (1200 X 10'* g) shown in Fig. 3.2 includes human disturbance
and revised estimates on the geographical range of various systems; it excludes the
slower turnover pools of carbon in deep humus and peal.

The magnitude of the net release of carbon from vegetation and soils of the world
as a result of changes in land use remains unknown. The problem of calculating this

035
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Figure 3.2, Major carbon resorveirs (in 10" §) and fluxes (in 105 g y™1) involved in the global
carbon cyels. (From do Vooys, 1979.)

release centers on two factors: the rate of change in land use and the response of
the biota to disturbances. Current estimates of the rate of conversion of clased
canopy tropical forests to agriculture vary ftam 3.5 X 1010 to 15X 1010 m? y*!
(Houghton et al., 1983; Woodwell et al,, 1984). Analysis of the biotic response to
such disturbance has been equally difficult; improved description of biotic responses
requires figorous measurements of net ecosystem production and in situ measure-
ments of carbon stocks following disturbance.

Direct calculations of the net amount of carbon released from the biosphere
have accounted for various estimates of disturbances and the uncertainties of biotic
cesponse. From 1860 to 1980 the estimated mean total release is 150 X 10% p,
with a current annual release of (1.5-4.5) X 10%* gy ,of carbon (Hampicke, 1979:
Moore et al., 1981; Houghton et al., 1983; Woodweil ¢t al., 1983). The average
value of 2 X 10" g y™ given in Fig. 3.2 and the range (1-3) X 10" gy™ of car-
bon given at the beginning of this chapter refléct my current view basad on recent
published and unpublished studies, These calculations for the period 1860-1980 are
consistent with most conclusions about the strength of a bisspheric saurce of CO,
based on '*C:'3C ratios. However, without far more refined information about dis-
turbance rates and ecosystem responses, it will be impossible to appraise with con-
fidence the role of the biosphere in the global carbon cycle (Woodwell et al., 1984).

3.1.3. Oceanic Carbon Dioxide

The ocean is the largest active reservoir of carbon. Recent estimates of the total
amount of dissolved inorganic carbon (DIC) are (35,000-38,000) X 10** ¢ (Fig.

036
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3.2). Only a small part of this is CO; (mole fraction of 0.5%); at the prevailing
oceanic pH of 8, HCOS dominates the concentration at 90%, and CO3" is slightly
less than 10%. As CO, is taken up by surfuce seawater, the bullering reaction

€O, (aq) + H,0 + €O}~ = 2HCO; 1

is driven to the right, consuming CO3~ and lowering seawater pH.

Although the ocean is the largest active reservoir of carbon, the total marine
biomass is only 3 X 10'$ g of carcbon, or just over 0.5% of the amount of carbon
stored in terrestrial vegetstion, On the other hand, total primary production in the
oceans is (20-45) X 10S g y~t of carbon, the upper estimate being almost 50% of
terrestrial total primary production (Fig. 3.2). Only a small portion of this produc-
tion results in stored carbon, primarily by way of the sinking of particulate organic
carbon (POC). This downward flux has been estimated to be only 10% of surface
production (Broecker, 1974), -

Linked to thess biologically mediated controls on CO, are the processes of the-

physical transport and mixing of oceanic woter masses. In purticular, turbulent
mixing and the penetrative convection of surface water during deepwater formation
in polar regions creates a sink for CO; in high latitudes, and the baluncing upwelling
in low latitudes creates a balanced source for €O;. Estimates of the magnitude of
these net meridiong} exchanges range as high as 30 ppm, and a comparison of in-
dividual cold and warm zones veflects diffecences as great as 100 Ppm (Takahashi et
al., 1980, 1981).

In sum, calculations of the net flux of atmospheric CO, into the ocean remain
uncertain though most models indicate that between 40 and 50% of the CO, pro-
duced in fossil-fuel combustion is taken up by the ocean (Bucastow and Bjorkstrom,
1981; Killough and Emanuel, 1981), If these modelling caleulations reflect actual
oceanic uptake, then, ag the imbalance implies, this result is inconsistent with the
magnitude of source for CO, in the biosphere cstimated either directly from land-
clearing or indirectly from tree ring records of C: 12¢ ratios.

* This chapter does not resolye that imbalance. Rather, it discusses the particular
chemical, bivlogical, and physical processes that govern the largest sink for CO,:
the acean (see also Broecker and Peng, 1982},

3.1. THE OCEAN AS A CARBON DIOXIDE SINK

The change in atmospheric C0O; concentration resulting from fossil-fuel combustion,
land-management activities, and other human-induced disturbances of the globat
carbon cycle is strongly govemed by carbon exchange between the atmosphere and
ocean (Machta, 1972; Revells and Munk, 1977; Balin et al., 1979; Broscker and
Peng, 1982). The ocean is a large sink for atmospheric carbon; however, the rate of
CO; uprake by the ocean is limited by the chemical and biological properties of the
oceanic surface and by the various patterns of mixing and. cireulation that determine
the amount of carbon transported from surface waters to the deep ocean, where
long-term carbon storage occurs, -
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The exchange of CO; between the ocean and the aumosphere is controlled pri-
marily through diffusion at the air-sea {nterface and henee is governed by the dif-
ference in CO, partial pressure between the atmospherc and the sea surface, One
way to view this two-way exchange is to consider the two compongnts separately:
(1) the flux of CQ, from the almosphere to the sea (1',,), and (2) the flux of CO,
from the sea suzface (o the atmosphere (Fyg ).

Though our concern is the uptuke of aunospheric CO, by the ocean, we shall
focus fof the moment on the Fyg flux, bused on two considerations:

1. The atmosphere-to-sea flux (Fy) can be.represented as a first-order process
dependent only upon the residence time of carbon in the atmosphere (t;) and the
mass of carbon as atmospheric COz (Ng). The values of ¢ and N, are reasonably
well established (Balin et al., 1981). .

2. Qur actual focus in this discussion is F = Fyp~ Fpai the uncertainty about
the net exchange resides in F,,. Furthermore, Fy, for a unit area A of the ocean is
written as:

=.ﬁ-x.l.v.9.°_x.&4-

A A " Pis s

where A, is the surface area of the oceans (3.6 X 10" m?), and N, is the mass of
carbon in the atmosphere as CO, at some initial time with partial pressure P,q;the
established value for Nyo/Peo is 213 X 105 ppm™ of carbon where Py is the
average partial pressure of CO; in @ surface area 4 of the ocean, Therefore, the es
sentia] uncertainties are the distribution of the pactial pressure of CO, in the surface

of the ocean and the factors controlling this distribution.

From the perspective of the global carbon cycle, one could consider the partial

pressuze of CO, in seawater as a linear function of the concentzation of CO, in -

seawster (see Fig. 9.2 of Wagener, 1979), However, CO; dissociates in seawater at 2
rate that is itself a function of CO, concentration. Further complicating this chemical
phenomenon are the dynamics of biological processes; primary production consumes
CO, and respiration and decay processes produce CO,. Each process affects the
chemical equilibrium. Similurly, carbonate mineral formation and dissolution alter
alkalinity,, which affects the partiz) pressure of CO, in seawater. The physical pro-
cesses of advection and eddy diffusion continually adjust the total inorganic carbon
concentration throughout the ocean and thereby continually alter the distribution
of the CO, partial pressure in the surface waters of the ocean.

Although chemical, biological, and physical processcs are combined in the marine
environment, this chapier discusses separately the principal attributes of each process,

3.2.1. Chemica! Processes

Because CQ, is not conservative in scawater, a praciial conceptual construct is the
total concentration (EC) of to1al DIC species. This is defined as

ZC=mco, * Muco; * Mcof” 3
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whete m denotes molal concentration. The difficulty with this construct is that the
functional relationship between ZC and the partial pressure, P, isonly locally linear,
whereas P is essentially a globally linear function of mcgp,. However, the conserva
tive character of ZC means that the increased complexity of the relationship be-
tween P and EC is not too difficult to explore. In fact, one can treat the exploration
as the answer 1o two questions: (1) what is the current relationship between £C and
P, and (2) how does this relationship change with future and perhaps far greater
changes in £C7

At constant temperature, salinity, and alkalinity, and for small changés inZC,’

the major aspects of the current relationship are captured by the linear function:

108,
I e——— - : 4
P 2C, TC-9P,

where P, is the preindustrial partial pressure exerted by surface water prior 10 the
widespread use of fossil fuel, and ZC, is the sum of the molal concentrations of
C0,, HCOj, and CO}™ at an initial preindustrial time. Rewriting this linear expres-

sion as & normalized ratio of the change in P against the change in ZC yields a more
familiar expression:

(P = Po)Ps
(EC' 2Co)fEC°

=10 5

This ratio, usually denoted R and termed the Revelle factos (Broecker and Peng,
1982), wus measured as part of the Geochernical Ocgan Sections Study (GEOSECS)
progtam (Takahashi, 1977), with: a range from & for the warmest surface waters to
15 for the coldest. Considering the surface area of these waters, the ratio of 10isan
acceptable weighted average value.

The importance of this factor is best expressed by an example that uges current
data. The atmospheric concentration of CO, has increased by at least 20% since
1860 (Broecker and Peng, 1982); however, in light of equation 4 the increase in sur-
face concentration of £C would be oaly 1.7%. This is important when we recall
that the size of the DIC pool in surface waters was apptoximately that of the atmo-
sphere in a preindustrial peried (Bolin, 1977). The value 900 X 10'* g given for sur-
face DIC (Fig. 3.2) reflects a deeper surface tayer, 125 m versus 75 m (Bolin et al.,
1979), and thus a reservoir size larger than the atmospheric pool. For an interesting
variation of this observation, se¢ Broecker et al. (1979).

A direct calculation may clarify further not only the locally Linear relationship
expressed by equation 4 and the essentially nonlinear behavior of P against £C,
which is important in carbon cycling when I increases, but slso the influence of
iemperature-dependent solubllity of £C. This caleulation explicitly refers to ionic
equilibria, and hence it may describe more precisely the underlying relations be-
tween the P of CO, in the surface waters and its solubility at different temperatures,
£C, the concentration of hydrogen ions, and the total alkalinity. A more thorough
and yeu easily grasped picture of carbonate-borate chemistry isgiven by Baes(1982).

039
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The jonic composition of CO, in seawater is determined largely by the carbonate
and borate systems. The underlying -carbonate system of seawater is expressed
through the following equilibrium reactions: ‘

€O, (g) = €O, (aq) 6
COQ(QQ) + H;O* H;CO; 7
H,CO;, = H* + HCO; 8
HCO3 = H" + CO3” ) 9
H,0wH*+0OH" 10'
an@l the borate system is expressed by
H, B0, » H* + H,BO; ' 1

If P denotes the partial pressure of‘CO, in seawater, then the ratio of the con-
centration of CO;(aq) to P is the sclubility, £, of CO,. Similarly,

a -
K] = H* mHCQ: ) 12
mCOz

and

Qut Menss
K2=...H__C.9.L 13

Mucoj

where K, and X are the first and second apparent dissociation constants of H; CO,,
respectively, At 19.59°C and a salinity of 34.76% 4o average value for K4, K, ,and
K, 2re 03347 X 1071,0.9952 X 107¢,and 0.7076 X 107, respectively {values for

K, and K; and derived from Mehrbach et al. (1973), and values for Ky are from
Weiss (1974)]. .

A direct calculation yields the relationship between EC and mcq,

m - ay* LC 14
€9 (aye)® + [H') K, + KK,

Consequently, if given %C and if ay+ isdetermined from equation 2, then it is pos-
sible to calculate Mco,. P, and hence Fyg.

With changes in mcg, and hence £C, ay~ is altered through the carbonate reac-
tions; furthermare, the production of carbonic acid and its dissociation perturbs the
boric acid speciation in seawater, and hence g+, because the carbonate ions com-
pete with the borate ions for the available hydrogen ions. If onc assumes that the
carbonate-borate alkalinity (Aik) were to remain constant (Keeling, 1973), where
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Alk is defined by

Alk = myco3 + 2mco;- t My, p03 * MoK~ ~ dn* 1§

it is then possible ta use the dissociation coefficients of carbonic acid, boric acid,
and water to detesmine aw*, given ZC, Specifically, let
ay+m s
- H H180;3 | 16
' MKy BOy
and

Kw=aytaonu- 17

where K5 and K are the dissociation coefficients for baric acid and water, respec- -
tively, and let total borate (Z.8) be denoted as

ZB = myu,po, ¥ Mu,p03 18

The typical value for K is 0.1881 X 107?, for Ky it is 0.6463 X 10744, and for
T8 it is 0.4 millunolal. Values for Ky and ZB are derived from Almgren et al.
(1975) and K  is taken from Hansson (1973).

From equations 16 and 18, we obtain the relation

_ Kz Zh
mﬂzmg- aH’-Q-KB 19
By employing equations 3, 17,and 19, we can rewrite equation 15 as
"KaIB Ky .
= - + 1hle t ee— o —a———
Alk=ZC mcao, mwg e 'f"Ka ant ay* 20

By using equations 12 and 13 to express meoi- in terms of meg,, and the relation-
ship (equation 14) betweon ZCand mg,, We can write equation 20 as

+2K
Alk- aH“Kl IKZ 20 _K.Q..Eg_ + & - aHQ 21

) (ay*)? +ay+ K, + KK, * ayt+Kag  ay?

This expression is not as awkward as it may seem, since by algebraic manipulations
it reduces to a fifth-degres polynomisl in ayj+: :

Play*) = i Dy (ay?)" =0 2

h=0
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whese
Do =-K, K1 Kg Ky.
Dy = [(Alk -2 TC- ZB)K, Ky - (K + KKyl Ky,
D, = ((Alk-2 EC+Kp)K; +{Alk - TC- TBKg) K, - (K +Kg)Kw»
D, =(Alk - ZB +K,)Kg * (Alk - SC+ KKy - Kw
D,=Alk+ K, +Kp,and
Di=1

Although there is no general algorithm for solving polynomials of degree § or greater,
the solutions can be approximated by Newton's rule. It should be noted that when
solving for aye tepeatedly as C'is increased over time, care must be given in the ap-
plication of Newton's rule (Bacastow, 1981).

Finally, by comparing equations 14 and 71 and the solubility relationship be-

" tween P and mco,. it 1s apparent that given any two of the four variables P, £C,

pH, and Ak, the remaining two terms are determined. This interplay is shown in
Fig.33. ,

As carbon from human activities accumulates in the sea, there is an additional
geuchemical issue at the opposite end of the carbonate system: the possible increased
‘dissolution of calcium carbonate minerals in sediment above the lysocline. The
inorganic equilibrium of importance is

CaCO,4(s) = Ca?*(aq) + €037 (aa) 23

T X A

2.5 200

ALKALINITY {meg kg™

20 2l 22 23 24
TOTAL INORGANIC CARBON lmmole kg™)
Figure 3.3, Carbon dioxide composition disgram for occan surfuce waters at 15°C. The solid

lines genote compositions with the same vaiue of PCO, in mictoatmozpheres; the dotted lines -

denote .compomions with the same pH; the shaded mgimi is undersaturated and the unshaded
region is supersaturated with respect 10 caleite, Surface water and average ocesn compositions
are also indicated (from Baes, 1982). (0) Sutluce walerd (») avetage oceunic compositien.
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Currently, the water that interacts with these bottom sediments is saturated or
supersaturated with the mineruls, and hence the reaction in equation 23 is being
driven 10 the left rather than the right. But, in the future, there is the possibility
that as CO, -enriched and hence CO3 "-depleted water (equation 1) penetrates ocean
bottom water, the 2quilibrium reaction in equation 23 would be driven to the right.
The increased rate at which the sediments might dissolve, and thereby disrupt the
steady-state, appears to be small even when the atmospheric CO, concentration
increases by 2 to 3 times that of current values, Distuptions of the steady-state at
this part of the bottom boundary of the ocean-carbon system are not explored in
this chapter; for additional discussion, see papers by Broecker and Takahashi (1977),
Peng ¢t al. (1977), and Takahashi and Broecker (1977). The central finding regard-
ing CO%~ production from the dissolution of carbonate bottom sediments is that
enough CO3 ™ could be produced for the ocean 1o accommodate eventually the €0,
that would be produced by the combustion of all fossil fuel reserves. For other
aspects of this question, sec papers by Berner and Morse (1974), Brewer et al.
(1975), Chen (1978), and Chen and Pytkowicz (1979).

3.2.2. Biological Processes

In regard to anthropogenic disturbances of the carbon cycle, one question that
must be resolved is how much additional carbon is being stored by the marine biotic
system. Because of the small standing stock of carbon (3 X 10" g; Fig. 3.2) in
marine biomass, the only apparent possibility for increased carbon removal by marine
organisins would be an increuse in total primary production (Tables 3.2 and 3.3),
with a corresponding inerease in the flux of POC into deepwater. This would result
in a delay of decades before this carbon would be returned to the atmosphere. As
mentioned earlier, the amount of POC that falls out of the mixed laycr is only ap-
praximately 10% of the surface production (Table 3 4) It might appear that in-
creasing the baseline POC flux of roughly 3 X 10% 4 y~! of carbon would be just as
difficult as increasing the biomass pool; the difference is that the storage must occus

each year. Consequently, altering a flux is far more advantageous than i inereasing a
standing active pool.

Table 3.2. Fstimates of Annual Total anary Production

in the Ocean®
Primary Production
(10" gy~ of carbon) Reference
. 15 Steemunn Nielsen (1953)
. 20 Ryther (1969)
23 Koblentz-Mishke et al, (1970)
44 Bruevich and Jvanenkov (1971)
60-80 Sorokin (1973) :
31 Platt and Rao (1975)

9From de Vooys (1979).



04,27/90

13:34

o1 603 862 1915 EOS/UNH

vee w8 e e mm — e — aarees

3.2, The QOcean asa Carbon Dioxide Sink 107

Table 3.3. Estimates of Annual Total Primary Production® by
Individual Oceans

Fluxes (10% gy™")

Kobleatz- Bruevich

Mishke and
Area et al, Ivanenkov  Platt and Rao

Ocean (10*° m?) (1970) (1971) (1975)
Indian 739 6.01 129 6.60
Atlantic 92.6 7.15 14.2 9.76
Pacific 177.6 1.67 16.6 11.40
Antarctic 11.8 3.30
Arctic 13.1 0.3 0.013
North Polar

Ocean and .

other waters 2.28

Total 368.8 23,11 44.0 31.10

SFrom de Vooys (1979).

Peterson (1981) has explored the question of whether nutsients from agricultural
runoff and sewage could have increased primary production in the ocean, thereby
increasing POC flux and marine carbon storage. His argument involves two themes:
(1) the classical abservation about atomic ratios in organic matter (Redfield et al.,
1963), linking carbon with the nutrients of nitrogen and phospharus, and (2) a
wwofold conceptual classification dividing biotic production into new production
and regenerated production, depending on the source of the nutrients consumed in
carbon fixation (Eppley and Peterson, 1979). The second theme will be discussed
first,

In any particular area of the ocean, there are endogenous and exogenous sources
of nutcients. The endogenous source is particulate and dissolved compounds de-
rived from excretion by marine animals and the metabolism of heterotraphic micro-

Table 3.4. Estimates of Pescentage of
Primary Production Sinking Out of the

Photic Zone"

% Refesence

0 Strickland (1965)

<15 Rolin (1970)

} Lisitzin (1972)

4 Menzel (1974)

2=10 Degens and Mopper (1 976)
3 Wong et al, (1976)

SFrom de Vooys (1979).
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organisms. Production fueled by this source is called regenerated production. ignot-
ing for the moment human input, exogenous sources of nutrients are continental
runoff and oceanic upwelling. Production supposted by these external sources of
nutrients is called new production. These external nutrient sources compensaie for
the nutrient material fost through fecal peliet fallout and the small amount lost due
to the downward flux of dissolved nutrients (0.044-0.15) X 10" gy~! of nitrogen.
Stated another way, the amount of new production is the amount of production
that can be exported from the system without causing the deterioration of nutrient
stocks.

ln order 1o estimate the size of these nuirient sources and the potential for

. human activity to affect them, it is necessary to consider the relationship in orpanic

matter between carbon, nitrogen, and phosphorus. The atamic ratio of the average
elemental composition of C:N: P in organic material in surface seawater is120:15:1
(Broecker, 1974). Expressed in weight, these atomic ratios are 46:6.8: 1. Conse-
quently, if phytoplankton fix 40 X 10'% ¢ y*! of carbon, then roughly 6 X 10** ¢
y~* of nitrogen and 0.9 X 10'* g y™ of phusphorus are also required. There are
(wo ways Lo estimatc the amount of nitrogen and phosphorus coming from exogen-
ous sources: indirectly, by estimating either the amount of new production or the
amount lost from the system; or directly, by calculating the actual nutrient input
from upwelling and runoff.

If one assumes seawater concentrations of 35 umole Jites™ of nitrogen and 2.3
pmole liter™ of phosphorus, then an upwelling rate of 2 m y™! would supply
0.31 X 10* g y™* of nitrogen and 0.046 X 10'¢ g y™* of phosphorus, which could
fucl 2.1 X 10" g y™ of carbon of new production. The continentul autrient runafl
input is two orders of mugnitude below these values and will not be considered here,

The indirect calculstions tend to set a slightly higher range for exogenous sources
For example, Eppley and Peterson (1979) estimated new production to be in the
range of (3.44.7) X 10" g y™! of carbon. As they note, this is compatible with an
estimatcd POC loss in the range of (2.0-4.5) X 10*% g y™* of carbon, which is 10%
of the surface production. '

The concern is whether or not, from the perspective of total oceanic primary
production, humans have altered appreciably the amount of exogenous nutrients
in the system. It is appropriatc, therefore, to compare human inpurt to the lower
estimates for external input; if anthropogenic effects are insignificant when com-
pared to the smaller estimate, they also will be insignificant when compared to the
larger. In other words, short-terin (years to decades) increases in open ocean pti-
mary production and carbon storage can occur oaly if the anthropogenic source of
nutrients is comparable to 0.3 X 10* g y™* of nitrogen and 0.05 X 10 gyt of
phorphorus,

Estimates of nutrient loading by humans are given in Table 3.5. 1t appears that
the anthropogenically created potential nutrient sources are at least one arder of
magnitude below the point of importance. In addition, these sources are only po-
tentially availuble 1o enhance aceanic primary production. For example, between
1960 and 1973, 5 X 10'% g y™ of phosphorus were applied to agricultural soils
worldwide; however. only 5-6% may run off and perhaps 50% of this runoff would

045
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Table 3.5. Anthropogenic and Background Loading of Nitrogen aud Phosphorus®

| Nitrogen (formy) Phosphorus (form)

| Nutrient Source (1012 g 471y (ot gy Reference
Upwelling 314 (NO3) 46 (Hﬂ;o:. +HPOI™  Broccker (1974)

| +PO?")

‘ ] -

| Runoff 0.5 (H,PO + HPO3~  Broecker {1974)

i + PO}")

| Stumm (1973)

19 (Total disgoived)

1.8 (H;’ 3 +HPOY™
+P0O3")
2.2 (Total dissolved)

Emety ot al. (1955)

12.0 (Sediment)
35 (Total) 0.7 Delwiche and Likens (1977)
13.24 (Touwl) Soderlund and Svenssan (1975)
20 (Towal) McElroy (1976)
310 (Toual) Sweeney et al. (1978)
18 (Totsl) U.8. NAS? (1978)
Precipitation onto  20-50 (NHZ + NO3) '
the ocesn (total) Sodetiund (1976)
30=83 (NH3 + NO3) Soderlund and Svensson (1975)
20 (NH3 + NO3) McElroy (1976)
15 (NH} + NO3) Sweeney ¢t al, (1978)
17-24 (NK§ + NOY) U.S. NAS (1978) -
- 4,0 (Total) Delwiche and Likens (1977)
4 2.6-1.5 (Total) Plerrou (1976)
$9 (NH} + NO3) Emory et al. (1955)
Phosphate 5.0 (Towl) Peterson (198])¢
mining 10.0 (Total) Stumm (1973)
{1970 U.N. Yoatbook)
10.4 (Tatal) Pierrou (1976)
(1974 U.N. Yearbook)
Nitrogen fectilizer 40 (NH3 + NO7) Delwiche and Likcns (1977)
36 Soderlund and Svensson (1975)
40 McElroy (1976)
3s Sweeney etal. (1978)
N 49 U.S. NAS (1978)
Fossil-fuel )
cmissions 21 J.5. NAS (1978)
18 (NO,) 0.8 (Totat) Delwiche and Likens (1977)
19 Soderlund and Svensson (1975)
40 McElray (1976)
15 Sweeney et al. (1977)
Plant materiul 50 2.5 (Total) Delwiche and Likens (1977)
combustion 10-200 U.S. NAS (1978)
_Sewaged 15 (Totul) 3 (Total) :
9From Peterson (1981).

by s, Natianal Academy of Sciences.
CAverage for the years 1960-1974.
9Based on 4 X 10° peaple. The assumptions asc 10.8 g of nitzogen and 2.18 g of phosphorus per capitad™ .
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become available to phytoplankton. Assuming that all new production due to this
phosphorus source resulls in stored carbon, the increase would be only 0.007 X 10%*
g ¥~ of carbon. This example (Peterson, 1981) is typical in character of the esti-
mates in the increase in open ocean biotic storage; total increase of carbon in the
ogean due to anthropogenic nutrient runoff from human activities is at least one
order of magnitude below natural variations in the carbon cycle.

Perhaps if we focus on coastal seas where production density is greatest, where
nutricnts are rapidly recycled, and where human effects are most pronaunced, then.
the resulis may be different, Table 3.6 summarizes the upper estimate of the level
of loading by man of nutrients.in coastal zones. Assuming that exogenous nutrient
loading would be recycled 10 times, it is possible that bascline nitrogen could in-
crease from 0.55 X 10 to 0.75 X 10'* g y™!, and phosphorus could increase from
0.09 X 10'* to 0.12 X 10" g y™'. Even this substantial increase would cause the
starage of only an additional 0.14 X 10" g y~! of carbon, assuming that 10% of
the surface production is transfesred to long-term residence pools,

As Peterson (1981) notes, Emety and Rittenberg (1952) have shown that aitro-
gen-and phosphorus are released preferentially to carbon during early diagenesis
{Degens and Mopper, 1976), and that this could raise the number where the ¢ffects
begin to be appreciable to ~0.3 X 10** g y™ of carbon. This may be an estimate
on the high side; however, we should mention two viewpoints on either side of this
estimate. First, J. Walsh (personal communication) at the Brookhaven National
Laboratary believes the potential storage increase of carbon in coastal seas may be
closer to 1 X 10'% g y™'. On the other hand, Peterson and Melillo have returncd
recently to this issue and lowered Peterson’s upper estimate of the fertilization ef-
fect in the coastal scas to 0.05 X 10! g y™ of carbon (B.J. Peterson and 1. M.
Melillo, personal communcation). For the open occan their ¢stimate of increased
carbon storage is also 0.05 X 10" g y™!, They do find a potential carbon sink of
0.3 X 10'® g y™! due to possible fertilization effects in terrestrial systems; therefore,

Table 3.6. Potential Input of Mankind on Coastal Productivity

Element
(10 gy™)

Carbon Nitrogexi Phosphorus

Primary productivity
{tequired nitrogen

and phosphorus) 3.6 0.54 0.087
Human input of

nutrients 0.02 0.003
Recycling nutrient input 10 times 0.20 0.03
Increment to productivity 1.37
Percent enhancement 8%

Increment to curbon burial
(10% of production) 0.14
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they report a total potentiai fertilization effect of 0.4 X 10'S g y™!, which leaves
the carbon system still unbalanced (Mcii!lo and Gosz, 1983; Belin, 1983).

Aside from Walsh’s hypothesis, it appears that the role of the marine biota in the
10- to 100-y global carbon cycle is so small compared to other uncertainties that it
could be ignored. This might be true, except that marine biota have a profound ef-
fect on the distribution of chemical constituents and, therefore, both a direct and
indirect effect on the partial préssure of CO, in seawater. Furthermore, in some ap-
proaches, this distribution of chemical specics is critical to the determination of the
pattcrns of advection and turbulence. As such, it is important to separate the effects
of the biota on chemical tracers from the effect caused by the movement of water
(Brewer, 1978). Conscquently, before discussing the physical mixing properties of
the ocean, we should rcvicw briefly some additional aspects of the combined biotic
and chemical system of the ocean.

More than 97% of the carbon in the oceans is in the form of the dissolved inoganic
species CO,, HCO3, and €CO3". The total inorganic carbon is not uniform with
depth; 2C in surface waters is 10-15% less than in deeper waters (Fig. 3.4). This is
the result of the photoassimilation of DIC by living organisms, the production of
inorganic detritus, the continued downward flux of both organic and inorganic de-
trital carbon, and carbonate mincral dissolution at greae depths. There is a corre-
sponding depletion of phogphorus, as well as nitrogen, in surface water, even in areas
of intensc upwelling, due 1o biological uptake and the loss of POC (Fig. 3.5).

The fate of the carbon that falls from the surfuce waters depends, in part, upon
its characteristics. If it is organic material, then it is oxidized at intermediate depths,
resulting in an oxygen minimum (Fig. 3.5) and a carbon and phosphorus maximum
(Figs. 3.4 and 3.6). If the material is carbonate mineral, it dissolves only at great
depths, where the waters are not saturated with respect 1o CaCO;. The dissolution
of CaCO; obviously affects ZC, but it also raises alkalinity (Fig. 3.7).

INORGANIC CARBON {mmale kg™

200 210 220 230 240
L J 1°4 -
0 "y o, ,
] 1 [
19Q0¢+ ‘ I t !
E aooor- | !
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w i
& 4000} | i
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SO00| o, iNDIAN
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Figure 3.4, Verticul distribution of dissolved inorgunic curbons (mmole ka~!) in the Atlantic,

Pacific, snd Indian Oceans according to GEOSECS obgarvations given by Takahashi stal. (1981)
and Bolin et al. (1983).
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Figure 3.5. Verlical distribution of oxygen (mmole kg~!) in the Atantic, Pacific, and Indian
Oceans according to GEQSECS observations given by Takahashi ct &l (1981) and Bolin et al.
(1983).

Each change in alkalinity or in the concentration of phosphorus, total inorganic
carbon, and uxygen is mediated by biological pracesses. By quantifying the biolog-
ical processes through chemical teactions or Redfield ratios (Redfield et ul., 1963),
or both, and by exploiting oceanic chemical profiles given in the GEOSECS (Bain-
bridge, 1981a, 1981b; Craig et al., 1981; Broecker et al., 1982;Spenceretal., 1982),
Transient Tracers in the Oceana (TTO), and other programs, we can better under-
stand the spatial and temporal distribution and the rate of oceanic processes such as
biological production and physical mixing. The rate at which the ocesn removes
human-produced CO, from the atmosphere is and will continue 1o be primarily a
function of the rate and character of oceanic mixing (Chapter 1).

PHOSPHGAUS (umala kq™)
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3000 e ATLANTIC Pigure 3,6. Vertical distribution of phos-
soool . l&%llﬁ:z phorus (umele kg1 ) in the Atlantic, Pacific,
and Indian Qceans zccording to GEOSECS
7000} obsorvations given by Tukahoshl ot al. (1981)

and Bofin st al. (1983).
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3.2.3. Physical Processes

In polar regions, ice formation results in very densc surface water. These cold sur-
fuce waters penetrate the thermocline and roncw deep oceanic walers; as such, they
alsu have the potentisl to form, in effect, a pipeline for transferring atmospheric
CO; to the large rescrvoir of the abyssal water, which has long residence times. This
dynamic pattern coupled with biotic production in high latitudes is the primary
reason that the acean is a more effective sink for CO, than is suggested by purely
thermodynamical considerations in an abiatic ocean. For a perspective on modell-
ing of this pipeline phenomenon, see reports by Sicgenthaler and Oeschger (1978),
Bidrkstrém (1979), Broecker et al. (1980), Bacastow and Bjorkstrdm (1981),
Broecker and Peng (1981), Killough and Emanuel (1981), Enting and Pearman
(1982), Bolin et al. (1983), and Siegenthaler (1983). An early stage in the develop-
ment of models of deepwater formation and its effect on carbon exchange is given
by Plesset and Dugas (1967).

Estimates of the penetrative cunvection of Antarctic waters are (1.9-2.4) X 10'$
m? y™' (Munk, 1966; Gordon, 1971), divided approximately evenly between the
Indian-Pacific intermediate waters and Atlantic intermediate waters. There appears
to be greater uncertuinty about the penetrative connection into North Atlantic
deepwater; recent estimates vary from 032 X 10'% 10095 X 10'* m® y™! (Broecker,
1979).

These polar advective flux¢s and corresponding turbulent ¢xchanges cosrespond
to a deep equatoriul flow of 4-6 m y™! and a deep-sea turnover time of 600-1000 y
(Bolin et al., 1981). Stuiver et al. (1983) canclude that " C distributions in abyssal
waters indicate somewhat shorter replacement tinies; for waters deeper than 1500
m in the Pacific, Indiun, and Atlantic ocesns the turnover times are 560, 230, and
175 'y, respectively (Stuiver, 1976; Ostlund and Stuiver, 1980; Stuiver, 1980;
Stuiver et al., 1981), and Broecker ( 1979) concludes that the average residence time
of water in the deep sea is 450-550 y.
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Obtaining an accurate view of the advective and turbulent exchanges and the as-
sociated residence times within different regions of the ocean appears to be at the
heart of understanding the CO, cycle. Central to obtaining this view will be the dis-
tributions of s varicty of chemical constitutents, in addition ta C,

It is classical oceanography to use the heterogensous distributions of chemicat ele-
ments in the ocean to deduce features of oceanic circulation. For example, the
tongue of low salinity in the thermocline region extending northward from the
Antarctic circumpolar convergence 2one has been interpreted as water that flows
northward, in which the magnitude of the advective flow relative ta that of turbu-
lent flux can be determined from the salinity profile. Similarly, the outflow of the
Mediterranean water into the Atlantic Ocean can be followed by identification of 2
region of high salinity. In recent years the use of radioactive tracers, particularly
¢ and H, has resulted in important information on the water exchange between
the surface laycrs, the intermediate waters, and the deep sea (Broecker et al., 1960;
Munk, 1966; Craig, 1969; Kuo and Veronis, 1970; Keeling, 1973; Oeschger et al.,
1975; Ostlund and Fine, 1979; Jenkins, 1980; Fine et al., 1981).

Keeling and Bolin (1967, 1968) studied the problem of using simultaneously six
tracers (salinity, oxygen, DIC, 1C, alkalinity, and phosphorus) for developing 8
three-box (warm surface water, cold surface water, and deep water) model of the
ocean. The primary production of organic matter and the precipitation of carbonate
structure and the subsequent bacterial decomposition and chemical dissolution
were included as internal source and sink térms for the chemical compounds con-
sidered. Exchanges of oxygen, inorganic carbon (as CO,) and C (as *CO,) be-
tween the atmospherc and the sea were also described. They found that the vertical
turbulent exchange wus primarily between the cold surface water and the deep sea,
and the total fluxes of particulate inorganic and organic carbon were 1.0 X 10'*
and 1.7 X 10'S g y™!, respectively. The turnover time for the deep water, deter- -
mined by the 'C difference between the surface water and the deep water, was
1100y, :

Recently Bolin et al. (1983) again used ¢oncentrations of DIC, alkalinity, phos.
phorus, oxygen, and 'C to develop a plausible model of steady-state advection and
turbuleace patterns, as well as the rates of biotic production and decompesition or
dissolution (Fig. 3.8). When this model was subjected to the transient response
test (Fig. 3.9) of forcing the system with a time series of atinospheric CO, (repre-
senting fossil-fuel consumption), the model differed little from previous two- and
three-box models. This reflects the fact that spatial detail of the 12-box medel is
similar to the simpler, more aggregated models.

Results obtained with such crude representations (using less than 12 to 15 boxes
in exchange with each other through first-order processes) of the ocean should be
considered only as preliminary estimates of the real processes that the models are
intended to describe. Furthermore, the results from these models are particularly
inadequate because ordinary ocesnographic data cannot be used for validation, nor

can the results be used to answer the question about Lhe tole of the ocean in the
global carbun cycle,
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Figure 3.9. Compuicd change of atmaspheric CO; from 1660 to 1980 due Lo fossit-fyel emis-
sions us estitnated by Rorty (1981). Dashed line from 1957 to 1979 shows the abserved thanges
at Mauna Loa, according to Bacastow and Keeling ()981).

33. CONCLUSIONS

In order to understand thoroughly the global carbon cycle as a whole, and the
oceanic sink in particular, it Is becoming evident that the heterogeneity of the var-
ious components must be considered {Bolin et al., 1981). Past models of the major
subsystems within the cycle (for examnple, the ocean or terrestrial biotu) using a
few boxes linked by simple kinetlcs have been wrung dry of information. Progress

in this area will require the consideration of spatial heterogeneity and hence more .

spatially detailed models (Viecelli et al., 1981, Fiadeiro, 1983). ,

Preliminary versions of spatially detailed models of the terrestrial system have
been developed (Moore et al., 1981 ; Houghton et al., 1983) and refinements in this
trend should be continued. Models that describe the terrestrial ecosystem of the
wodld and their alteration by humans are needed at a grid scale of 0.5° X 0.5° in
latitude and longitude. .

Ftom the other. side of the budget, oceanic models whose components represent
actuy) oceanic regions are necessary. This requires metheds that are appropriate for
systeass with hundreds of boxes as well ag technigues to extract consistent informa-
tion from diverse data sets. The existence and use of data is fundamentsl to progress;

-higher-resolution oceanic models must be built upon extensive, consistent oceano-

graphic data. .

Fortunately, both Ingredients, methods und data, may soon.be available, Methods,
such as the use of pseudo-inverses for matrices, are being refined through applica-
tion (WunSch, 1978; Fiadeiro and Veronis, 1982; Wunsch and Minster, ]982; Bolin
et al., 1983). Extraordinarily rich data sets of GEQSECS (Bainbridge, 19812, 1981b;

. Broecker et al, 1982; Craig et al., 198]: Spencer et al,, 1982) are being explored

with perhaps even richer data szets (at least for the North Altantic) of TTO in the
near future (Chapter 1), It is, therefore, reasonable to hope that during the next
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decade we will resolve the imbalances in the present model of the carbon budget.
This is important since it seems less likely that during the next decade we will re-
duce the rate at which we influence the global carbon cycle.

ACKNOWLEDGMENTS

Much of my understanding of the carbon cycle has come through the illuminating
discussions | have had with my colleagues and associates at the University of New
Hampshire, the Ecosystems Center within the Marine Biological Laboratory at
Woods Hole, Mussachusetts, the University of Stockhiolin, Columbia University, the
Woods Hole Oceanographic Institution, the Seripps Institution of Oceanography,

and at the Oak Ridge National Laboratory. I thank Bert Bolin, Anders Bjérkstrom,

Peter Brewer, Wallace Broecker, Willium Emanuel, Richard Houghton, Joha Hobbie,
Kim Holmen, David Keeling, Jerry Melillo, Bruce Peterson, Roger Revelle, Gus
Shaver, David Skole, Charles Vorosmarty, and, purticularly, George Woodwell,
This research has been supported by the U.S. National Science Foundation (grant
DEB-8110477) and by the U.S. National Aeronautics and Space Administration
(grant NAGW 453).

REFERENCES

Abtmgren, T., D. Dyrssen, und M. Strandberg, 1975, Determination of pH on the
moles per kg seawuter scale (Mw). Deep-Sea Research, 22, 635-646.

Ajtay, G. L., P. Ketner, and P. Duvigneaud, 1979, Terrestrial primary production
und phytomass, /n: The Global Carbon Cycle, B, Bolin, E, T. Degens, S, Kempe,
and P. Ketner (Eds,), Wiley-Interscience, Chichester, UK., pp. 129-182,

Bacastow, R. 1981, Numerical evaluation of the evasion facter. In: Carbon Cycle
Maodelling, B. Bolin (Ed.). Wiley-Intesscicacs, Chicheiter, U.K., pp. 95-101.

Bacustow, R,, and A. BjSrkstrém, 1981, Compurison of oceun models for the car-
bon cycle, /n: Carbon Cycle Modelling, B. Bolin (Ed.). Wiley-Interscience,
Chichester, U.K., pp. 29=79,

Bacastow, R,, and C, D. Keeling. 1973, Atmospheric carbon dioxide and radijocar-
bon in the nutural carbon cycle. I1: Changes from AD 1700 to 2700 as deduced
from a geochemical model. /n* Carbon and the Biosphere, G. M. Woodwell and
E. V. Pecan (Eds)), U.S. Atomic Energy Commission, Washington, D.C., pp.
86-135. '

Bucustow, R., and C, D. Keeling. 1981, Atinospheric carbon dioxide concentra-
tion 4nd the observed girborne fraction. /a; Carbon Cyele Modelling, B, Bolin
(Ed.). Wiley-Interscience, Chichester, UK., pp. 103-112.

Baes, C. F. 1982, Etfects of oceun chemistry and biology on atmospheric carbon
dioxide. Jn: Carbon Dioxide Review: 1982, W. C. Clatk (Ed.). Oxford Uni-
versity Press, New York, pp. 189-204, )

Bainbridge, A. E. 1981a, GEOSECS, Atlantic Expedition Hydrographic Data, Vol.
1. U.S. Government Printing Office; Washington, D.C., 121 pp.

Bainbridge, A  E, 1981b. GEOSECS, Atlantic Bxpedition, Sections and Profiles,
Vol. 2. U.S. Government Printing Office, Washinton, D.C., 198 pp.

008



04,27/90

13:44

o1 603 862 1815 EOS/UNH

PR . " N it e s kbt e e w me ' h mmmm o W ST 1 mit W AFTE €Y S em——ere ee—— e

118 The Oceanic Sink for Excoss Atmospheric Carbon Diaxids

Berner, R, A, und 1. W, Morse, 1974, Dissolution kinetics of calelum carbonate in
sea water. 1V: Theory of caleite dissolution, American Juurnal of Seience, 274,
108-134.

Bjorkstrim, A. 1979. A madel for CQ, intcraction between atmosphere, oceans,
and lund biotu. fa: The Globul Curbon Cycle, B. Bolin, E. T. Degens, S. Kempe,
and P, Ketaer (Eds.). Wiley-Interscience, New York, pp. 403-458,

Bolin, B. 1970. The carbon cycle. Scientific American, 223, 124-132,

Bolin, B. 1977. Changes of land hiota and their importance for the carbon cycle.
Science, 196, 613615,

Bolin, B. 1983. Changing global biogeochemistry, In: The Future of Oceanography,

50th Anniversary Volume, Woods Hole Oceanographic Institution, P. Brewer
(Ed.). Springer-Verlag, Berlin, pp. 305-326.

Bolin, B., E. T. De¢gens, P. Duvigneaud, and S, Kempe, 1979, The global biogeo-
chemical carbon cycle. In: The Global Carbon Cycle, B, Bolin, E. T, Degens,
5. Kempe, and P. Ketner (Eds.). Wilcy-Interscience, Chichester, UK., pp. 1=56.

Bolin, B., A. Bjorkstcom, C. D. Kecling, R. Bacastow, U. Sicgenthaler. 1981, Car-

" bon cycle modelling. In: Carbon Cycle Modelling, B. Bolin (Ed.), Wiley-Inter-

science, Chichester, U.K., pp. 1-28.

Bolin, B., A. Bjorksurdm, K. Holmen, and B. Moore. 1983, The simultancous use of
tracers for ocean circulation studies. Tellus, 35B, 206-236.

Brewer, P, G. 1978. Dircct abservation of the oceanic CO, increase, Geophysical
Research Letrers, S, 997-1000,

Brewer, P. G, G.T. F. Wong, M. P, Bacon, and D. W, Spencer. 1975, An oceanic
caleium problem? Eurth and Planetary Science Letters, 26, 81-87.

Broecker, W. 5. 1974. Chemical Octanography. Harcourt Brace Jovanovich, New
York, 214 pp.

Broecker, W. 5. 1979, A revised estimate for the radiocarbon age of North Atlantic
deep water. Journal of Geophysical Research, 84, 3218-3226. ]

Broecker, W, §. und T.-H. Peng. 1981, A strategy for Lhe development of an improved
mode! for the uptake of fossil fuel CO; by the ocesn. /n: Carbon Cycle Madell-
ing, B. Bolin (Ed.). Wilcy-Interscience, Chichester, U.X,, pp, 223-227.

Broecker, W. 5., and T.-H. Peng. 1982, Tracers in the Seu. Eldigio Press, Palisades,
New York, 690 pp.

Broecker, W, 8., and T. Tukahashi. 1977, Neutralization of fossil fuel CO; by
marine calcium curbonate, /n: The Fate of Fossil Fuel CO4 in the Oceans,
N. Andersen and A. Malaholf (Eds.). Plenum Press, New York, pp. 213-241,

Broccker, WS, R. Gerard, M, Ewing, and B. C. Heezen, 1960. Natural radiocarbon
in the Atlantic Ocean, Journal of Geophysical Research, 68, 2903-2931,

Braecker, W, 5. T. Tukahashi, H. I, Simpson, and T.:H. Peng, 1979, Carbon diexide
and-the glabal carbon budget. Science, 206, 409-418.

Broccker, W. S., T.-H. Peng, and R. Engh. 1980. Modecling the carbon system. Radia-
curbon, 22, 565-598.

Broccker, W, 5, D, W, Spencer, and H. Craig, 1982. GEOSECS, Pacific Expedition,
Hydrographic Data, Vol. 3. U8, Government Printing Office, Washington, D.C.,
137 pp. : . - ‘

Bruevich, S. V., and V. N. lvanenkov, 197]. Problems of the chemical balance of
the world ocean. Okeanclogiya, Il, 835-841.



04,27/90 13:45 81 603 862 1915 EOS/UNH (41008

- ———— e tmi e Sepmde vem o

References 119

Chen, C.-T. A, 1978. Deposition of calcium carbonate and organic carbon in the
deep oceans. Scicnce, 201, 734-736. |

Chen, C.-T, A., and R. M. Pytkowicz, 1979. On the total COg-titration alkalinity-~
oxygen systems in the Pacific Ocosan. Nature, 281, 362-365.

Coaper, C. F. 1982. Food and fiber in a world of increasing carbon dioxide. fin:
Carbon Dioxide Review: 1982, W. C, Clark (Ed.), Oxford University Press,
New York, pp. 299-320,

Craig, H. 1969. Abyssul ¢carbon and radiocarbon in the Pacific. Journal of Geuw-
physical Research, 74, 5491-5506.

. Craig, H., W. 5. Broecker, and D, W, Spencer. 1981. GEOSECS, Pacific Expedition,
Sections and Profiles, Vol. 4. U,8. Government Printing Office, Washington,
D.C., 251 pp. : :

Degens, E.T,, and K. Mopper. 1976, Factors controlling the distribution and casly
diagenesis of organic material in marinc scdiments. Jn: Chemical Qccanog-

raphy, 2nd edition, Val. 6, J. P. Riley and R. Chester (Eds.). Academic Press,
New York, pp. 60-114. '

de Vooys, C. G. N, 1979, Primary production in aquatic cavironments. /n: The
Global Carbon Cycle, B. Bolin, E. T, Degens, S, Kempe, and P. Ketner (Eds.),
Wiley-Interscience, Chichester, UK., pp, 259-292.

Deiwiche, C. C,, and G. E. Likens. 1977, Biological respanse to fossil fuel combus-
tion products. Jn: Global Chemical Cycles und Their Alterations by Man, W.
Stumm (Ed.). Abakon-Verlagsgeselischaft, Berlin, pp. 89-98. ’

Dickinson, R, E. 1982. Modeling climate changes due to carbon dioxide increases,

In: Carbon Dioxide Review: 1982, W. C. Clark (Ed.). Oxford University Press,
New York, pp. 103-133.

Emery, K. O., and S, C. Rittenberg. 1952. Early disgenesis of California basin sedi-

ments in relation (o the origin of oil. Bulletin of the American Association of
Petroleum Geologists, 36, 735-806,

Emery, K. O, W. L. Orr, and S, C, Rittenberg, 1955, Nutrient budgets in the occan.
In: Essuys in the Natural Seiences in Honor of Cuptain Allan Hancock on the

Occasion of His Birthday, July 26, 1955. University of Southern California
Press, Los Angeles, pp. 299-309,

Enting, I, G., and G, [. Pcarman. 1982. Description of a Onc-Dimensional Global
Carbon Cycle Model. Technical Paper 42, Commonwealth Scientific and In-
dustris! Reseurch Organization, Division of Atmospheric Physics, Aspendale,
Australia, 95 pp.

Eppley, R. W., and B. ], Peterson, 1979, Particulate organic matter flux and plank-
tonic new production into the deep ocean. Nuture, 282, 677-680,

Fiadeiro, M. E. 1943, Physical-<chemical processes in the open ses. /n; The Biogeo-
chemical Cycles und Their Interactions, B. Bolin and R. B. Cook (Eds.). Wiley-
Interscience, Chichester, UK, pp. 461-476,

Fiadeito, M, E., and G. Veronis. 1982. On the determination of absolute velocities
in the occan. Journal of Marine Research, 40 (Supplement), 159-182.

Fing, R. A, J. L. Reid, and H. G. Ostlund. 1981, Circulation of tritium in the Pacific
Ocean, Journal of Physical Oceanography, 11, 3=14,

Francey, R.J. 1981, Tasmanian tree rings belie suggested anthropogenic '3¢C/12C
trends. Nature, 290, 233-235,



04,27/90

13:46

a1 603 862 1915 E0S/UNH

- - - . LRl o R . em

120 The Oceanic Sink for Excess Atmospheric Carbon Dioxide

Francey, R, 1., and G. D, Farquhar. 1982, An explanation of the » C/'2C vuriations
in tree rings. Mature, 297, 28~31.

Fruser, P.J., G, [, Pearman, and P. Hyson. 1983. The global distribution of atmo-
spheric carbon dioxide, 2! A review of provisional background observations,
1978-1980. Juurnal uf Geuphysical Research, 88, 3591-3598,

Freyer, H.-D. 1978, Preliminary evaluation of past CO, increase sy derived from
B3¢ meusurements in tree rings, Jn: Carbon Dioxide, Climate and Society, J,
Willisms (Ed.). Pergamon Press, Oxford, pp. 69-78,

Freyer, H.-D. 1979, On the 'C record in tree rings. I; ' C variations in northern
-hemispheric trees during the last 150 years. Tellus, 31, 124-137.

Freyer, H.-D. 197%b. On the **C record in tree rings. 11: Registration of microen-
vironmental CO; und anomalous pollution effect. Tellus, 31, 308-312.

Freyer, H.-D. 1979¢c, Vaniations in the atmospheric CO; content. fa: The Global
Carbon Cycle, B, Bolin, E. T. Degens, S. Kempe, and P, Ketner (Eds.), Wiley-
Interscience, Chichester, UK., pp. 79=-100.

Freyer, H.-D., and N, Befacy; 1983, 1 C/'2C records in northern hemispheric trees
during the past 500 years: anthropogenic impact and climatic superpositions.
Journal of Cevphysical Research, 88 (C1 1), 6844-6852.

Gates, W. C. (Ed). 1979. Report of the JOC Study Conference on Climate Modeis:
Performunce, Intercomparison und Sensitivity Studies. Global Atmospheric
Research Progrum (GARP) Publication Seiies No. 22, 2 Volumes, World Metero-
logical Orgunization, Geneva, Switzerland, unpaginated.

Gordon, A. L. 1971, Oceanography at Antarctic Waters. Antarctic Resesrch Series
15, American Ceophysical Union, Nulional Academy of Sciences, Washington,
D.C., pp. 169-203. .

Hall, C. A.S., C. A. Ekdahl, and D. E. Wartenberg. 1975, A fifteen-yeur record of
biotic metabolism in the northern hemisphere. Nature, 255, 136=138.

Hampicke, U, 1979. Net transfer of carbon between land biota snd the aumnosphere,
induced by man. In: The Global Carbon Cycle, B. Bolin, B. T, Degens, S.

Kempe, and P. Ketner (Eds.). Wiley-Interscience, Chichester, U.X., pp. 219-
236. :

Hansson, 1. 1973. A new set of acidity constants for carbonic acid and boric acid in
sea water, Deep-Sea Research, 20, 461478,

Boughton, R. A, ], E, Hobbie, J. M. Melillo, B. Moare, B. J. Peterson, G. R. Shaver,
and G. M. Woodwell, 1983, Changes in the carbon content of terrestrial biota
and soils between 1860 and 1980: a net felcase of CO, to the atmosphere.
Ecological Monographs, §3, 235=262.

Jenkins, W.J. 1980. Tritium and He in the Sargusso Sea. Juurnal of Murine Re-
search, 38, $33-569,

Keeling, C. D. 1973, The carbon dioxide cycle; Reservoir models to depict the ex-
" change of atmospheric carbon dioxide with the oceany ond land plaats. In.

Chemistry of the Lower Atmosphere, S. 1. Rasool (Ed.). Plenum Press, New
York, pp. 251-329.

Keeling, C. D. 1981, The modelling of rare isotopic carbon with regard to notations,

In: Carbon Cycle Modelling, B. Bolin (Ed.), Wiley-Interscience, Chichester,
UK., pp. 89-94, '

009



04,2790

1

2

: 48

Lv

21 603 862 1915 E0S/UNH

References 121

Keeling, C. D., and B. Bolin. 1967, The simultancous use of chemical tracers in
oceanic studies, : Generu) theory of reservoir models. Tellus, 19, 566-581.

Keeling, €. D, and B. Bolin. 1968, The simuliancous use of chemical tracers in
oceanic studies. 1I: A three-reservoir modet of the Nosth and South Pacilic
oceuns. Tellus, 20, 17-54.

Keeling, C. D., R. B. Bacastow, and P. P. Tans. 1980. Predicted shift in the *C/!3C
ratio of atmospheric carbon dioxide. Geophysical Research Letters, 7, 505-
508.

Keeling, C. D., R.B. Bacastow, and T. P. Whoif, 1982. Meusurements of the con-
cantration af carbon dioxide at Mauna Loa Observatory, Hawaid, Jn: Carbon
Dioxide Review: 1982, W. C. Clark (Ed.). Oxfard University Press, New York,
.pp. 377-385. ’ :

Killough, G. G., and W. R. Emanuel.-1981_ A comparisan of several models of car-
bon turnover in the ocean with respect to their distribution of transit time and
age, and responses to stmospheric CO; end We Teliug, 33, 274-290.

Koblentz-Mishke, O.],, V.V, Valkovinsky, and J. G. Kabanova. 1970. Plankion
primary production of the world ocean. In: Seientific Exploration of the South
Pacific, W. 5. Wooster (Ed.). U.5. National Academy of Scignces, Washington,
D.C., pp. 183-193. ’

Kuo, H., and G. Veronis. 1970. Distribution of tracers in the deep oceans of the
world. Deep-Sca Rescarch, 17, 29-46.

Lisitzin, A. P. 1972, Sedimentation in the World Ocean. Special Publication No, 17,
Socicty of Economic Palcontologists and Mineralogists, Tulsa, Oklahoma, 218
PP.

McEiroy, M, B, 1976. Chemical process in the solar system: a kinelic perspective,
In: MTP (Medical and Technical Publishing, Ltd.) lnternational Review of
Science, D. Herschbuck (Ed.). Butterwarths, London, pp. 127-21 1,

Machta, L. 1972. The role of the ocveans und Lie biosphere in the CO, cycle. /n:
Changing Chemistry of the Qceans, Nobel Symposium No. 20, D. Dyrssen
and D. Jagner (Eds.). Wiley-Interscience, New York, pp, 121-145.

Manabe, $., snd R, T. Wetherald. 1975. The cffccts of doubling the CO; concentra-
tion on the climate of a general circulation model, Journal of Atmospheric
Science, 32, 3-185.

Mathews, E. 1983. Global vegetation and land use: new high-resolution data bases
of climate studics. Journal of Climate and Applied Meterorology, 22,474-487.

Metirbach, C., C. H. Culberson, J. E. Hawley, and R. M, Pytkowicz. 1973, Measure-
ment of the apparent dissociation constants of carbonic acid in seawater at
atmaspheric pressure, Limnology and Oceanogruphy, 18, 897-907,

Melillo, J. M_, and J. R. Gosz. 1983, Interactionis.of biogeochemical cycles in forest
ccasystems, /n: The Biogeochomical Cycles and Their Interactions, B, Bolin
and R. B. Cook (Eds.). Wiley-Interscience, Chichester, UK,, pp. 177-217,

Menzel, D. W, 1974, Primary productivity, dissolved snd particulate organic matter,
and the sites of oxidation of organic matter. /n: The Sea, 2nd edition, Vol. 5,
E. D. Goldberg (Ed.). Wiley-Interscience, New York, pp. 659-678. e

Moore, B., R. D. Boone, I. E. Hobbie, R. A. Houghton, J, M. Melillo, B, J. Petersan,
G. R. Shaver, C.J. Yorosmarty, and G. M. Woodwell, 1981. A simple model

dole



04,27/90

13:47

1 603 862 1915 EOS/UNH

122 ‘The Oesanjc Sink for Excess Atmosphoric Cazbon Diaxide

for analysis of the role of terrestrial ecosystems in the global carbon budget.
In: Carbon Cycle Modelling, 'B. Bolin (Ed.). Wiley-interscience, Chichester,
UK., pp. 365-385. : :

Munk, W. 1966. Abyssal recipes. Decp-Sea Research, 13, 707-730.

Oeschger, H., and U, Si'egcmhalcr. 1978, The dynamics of the carboa cycle as re-
vealed by isotope studies. In: Carbon Dioxide, Climate and Socicty, I, Williams
(Ed.). Pergamon Press, Oxford, pp. 45-62.

Oeschger, H., U. Siegenthaler, and A. Gugelman. 1975. A box diffusion model to’

study the carbon dioxide exchange in nature. Tellus, 27, 168-192,

Olson, 1. 5. 1982, Earth’s vegetation and atmospheric carbon dioxide. Jn: Carbon
Diaxide Review: 1982, W. C. Clark (Ed.), Oxford University Press, New York,
pp. 388-398. - '

Ostlund, H. G., and R. A. Fine. 1979, Occunic distribution and transport of *H,
In: Behaviour of *H in the Bnvironment. Intersationsl Atomic Energy Agency,
Vienna, pp, 303-304.

Ostlund, H. G., and M. Stuiver. 1980. GEOSECS Pacific Radiocarbon. Radiocarbon,
22, 15-53,

Pearman, G. 1., and P, Hyson. 1980. Activities of the global biospheres reflected in
atmaspheric CO; records. Journal of Geophysical Research, 85, 4457-4474.

.Pcarman, G.I, P. Hyson, and P. ). Fraser. 1983. The global distribution of atmo-

spheric carbon dioxide, 1: Aspects of abservations and modeling. Journal of
Geophysical Research, 88, 3581-3590,

Peng, T-H., W, S. Broecker, G. Kepphut, and N. Shakelton. 1977, Benthic mixing
in the decp sea cores as determined by ' C dating and its implications regard-
ing climate stratigraphy and the fate of fossi) fuel €04, In; Fate of Fossil Fue)
CO; in the Oceans, N. R. Anderson and A, Malahoff (Eds.), Plenuwn Press,
New York, pp. 355-373. : ’

Peng, T-H., W, 8, Broccker, H. D. Freyer,'and 8. Trumbore, 1983. A deconvolution
of the tree ring based 1 C record. Journul of Geaphysical Research, 88, 3609-
3620,

Peterson, B, §, 1981. Perspectives on the importance of the oceanic particulate flux
in the global carbon cycle. Ocean Science and Engineering, 6, 71-108.

Peterson, B.J., and J. M. Molillo. 1984, The global carbon-nitrogen-phosphorus
cycle: A key to solving the atmospheric CO, balance problem? /n: Interaction
of Global Biogeochemicals Cycle, B. Moore and M. N. Dastoor (Eds.). JPL
Publications, 84-21, Pasadena, California, pp, 97-138.

Pietrou, U. 1976, The global phosphorus cycle. /n: Nitrogen, Phosphorus and Sul-
fur Global Cycles, B. H, Svensson and R. Soderlund (Eds.). Ecological Bulletin

No. 22, Swedish Natural Science Research Council, NFR, Stockholm, pp, 75-
88, ’

Platt, T., and D. V. Subba Rao. 1975. Primary production of marine microphytes.

In: Photosynthesis and Productivity in Different Eavironments, J. P. Cooper
(Ed.). Cambridge University Press, New York, pp. 249280, -

Plesset, M. S, and D. J. Dugas, 1967, Decay of a disturbance in the natural distribu-
tion of carbon 14. Juurnul of Geuphysical Research, 16, 4131-4137,

Post, W. M., W. R, Emanuel, P, J. Zinkc, and 4. G. Stangenberger. 1982. Soil car-

' bon pools and world life zones. Narure, 298, 156159,

deo11



EOS/UNH : 012

S l : : ’ References 123

Redfield, A. C., B. H. Ketchum, and F. A. Richards. 1963, The influence of organ-
isms on the composition of sea-water. /n: The Sea, Vol, 2: The Composition of
Sea-Water:Comparative and Descriptive Oceancgraphy, M. N, Hill (Ed.). Inter-
science Publishers, New York, pp. 26-77. )

Revelle, R., and W. Munk. 1977. The carban dioxide cycle and the biosphere. fn;

| En;rgzag 0:m«;i Climatc. National Academy of Sciences, Washington, D.C,, pp.
243-280,

Rotty, R. 1581. Data for global CO, praductian from fossil fuels and cement, Jn:

Carbon Cycle Modelling, B, Bolin (Ed.). WilcyInterscience, Chichester, UK.,
. pp. lzl"l 24-

Ryther, J. H. 1969. Photosynthesis and fish production in the sea. Science, 166,
o 72-76.
Schlesinger, W. H. 1977. Carbon balance in terrestrial detritus. Annual Review of
Eeology and Systemarics 8, § 1-81.

Schiesinger, W. H. 1984. Soi) organic matter: a source of atmospheric CO4. /n; The
Role of Terrestrial Vegetation in the Global Carbon Cycle: Methods for Ap-
praising Changes, G. M. Woodwell (Ed.). Wilcy-Interscience, New York, pp.
111-127. -

Sicgenthaler, U. 1983. Uptake of excess CO, by an outcrop—diffusion model of the
acean. Journai of Geuphysical Research, 88, 3599-3608.

Siegenthaler, U., and K. O. Munnich, 1981. ¥ C/*3C fractionation during CO, trans-.
fer from air to sea, In: Carbon Cycle Modelling, B. Bolin (Ed.). Wiley-Inter-
science, Chichestor, UK., pp. 249-258. '

Siegenthaler, U., and H. Oeschger. 1978, Predicting future atmaspheric carbon dij-
oxide levels. Science, 199, 388-395.

Siegenthaler, U., M. Heiman, and H, Qeschger. 1978. Model response of the atino-
spheric CO; level and. ' ¢/'2C ratio to biogenic CO; input./n: Carbon Dioxide,
Climate and Society, J. Williams (Ed.). Pergamon Press, Oxford, 332 pp.

Soderlund, R. 1976. Wet Deposition of Inorganic Nitrogen Compounds over the
Ocean. Report AC-34, Department of Meteorology, University of Stockhoim,
‘Stockholm, 13 pp. ) .

Sodertund, R., and B. H. Svensson. 1975, The globsl nitrogen cycle, fn: Nitrogen,
Phosphorus and Sulfur Global Cycles, Ecological Bulleting No, 22, B. H. -

Svensson and R. Soderlund (Eds.). Swedish Natural Research Council, Stock-
holm, pp. 23-74.

Sorokin, Y. 1. 1973. The primary production of the seas and oceans, In; General
Ecology, Biocenology, Hydrobiology, Vol. | (Biology serics), pp. 3~35, (English
trunslation), G. K. Hall and Co., Boston, Massuchussetts, 1974, 109 pp.

Spencer, D., W. 8. Broecker, H. Craig, and R, F. Weiss. 1982, GEOSECS, Indian
Ocean Expedition, Scctioas and Profiles, Vol, 6. U.S, Government Printing
Office, Washington, D.C., 140 pp, '

Steemann Nielsen, E. 1953, On organic production in the oceans, Journal du Conseil
Permanent Internatio nal Pour {'Exploration de ta Mer, 19, 309-328,

Strickland, J. D. H. 1965 Jroduction of organic matter in the primary stages of the

- marine-food chair /n: Chemical Oceanography, Vol, 1, I, P, Riley and G.
Skirrow (Eds.), Academic Press, New York, pp. 477-610.



04,27,90

13:48

21 603 862 1915 EOS/UNH

— e 4 14,

124 The Oceanic Sink for Excess Atmasphecic Carboa Dioxide

Stuiver, M. 1976. The **C distribution in west Atlantic abyssal waters, Earth and
Planetary Science Letters, 32, 322-330. '

Stuiver, M. 1978, Atmospheric carboa dioxide und carbon reservoir changes. Science .
199, 253-258.

Stuiver, M. 1980, Mo distributions in the Atlantic Ocean. Journal ol Geuphysical
Researen, 85, 2711-2718.

Stuiver, M., H, G, Ostlund, and T. A, McConnuughey, 1981. GEOSECS Atluntic
and Pucific "*C distributions. Jn: Carbon Cycle Modelling, B. Bolin (Ed.).
WUey-!nturscicnce, Chichester, UK., pp. 2012222, )

Stuiver, M., . D. Quay, and H. G. Ostlund. 1983. Abyssal water carbon-14 distri-
bution and the age of the world ocean, Science, 219, 849-851.

Stumm, W, 1973, The acceleration of the hydrochemical tycling of phosphorus,
Water Research, 7, 131-144.

Sweeney, R, E., K. K. Liw, snd 1. R. Kaplan, 1978, Oceanic nitrogen isotopes and
their uses in determining the source of sedimentary nitrogen. /n: Stable Isotapes
in the Earth Sciences, DSIR Bulletin 220, B. W. Robinson (Ed.), New Zealand
Department of Scientific and Industris]l Research (DSIR), Wellington, New
Zealand, pp. 9-26,

Takahashi, T. 1977. Carbon dioxide chemistry [n ocean water. /n: Proceeding of
Warkshop on the Global Effects of Carbon Dioxide from Fossil Fuels, Con-
ference Publication 770385-UC-11, W. P. Elliot and L. Machta (Eds.), U.S.
Department of Energy, Washington, D.C, pp. 63-11.

Takahashi, T,, and W._ S, Broecker, 1977, Mechanisms for caicite dissolution on the

sea floor. In: The Fate of Fossil Fuel CO, in the Oceans, N, Anderson and A.
Maulaho!f (Eds.), Plenum Press, New York, pPp. 455-4717,

Takahasshi, T., W, 8. Broecker, S. R, Werner, and A, E, Bainbridge. | 980. Carbonate.
chemistry of the surface waters of the world ocean, In: Isotope Murine Chem-
istry, E. Goldberg, Y. Horibe, and K. Surubashi (Eds.). Uchida Rokukuho,
Tokyo, pp. 291-326. '

Takahashi, T, W. S. Broecker, and A. E. Bainbridge. 1981. Suppiement Lo the alka-
linity snd total carbon dioxide concentration in the world oceans. i Carbon
Cycle Madelling, B. Bolin (Ed.). Wiley-Interscience, Chichester, U.K., pp. | 59-
199,

Tans, PP 1981. RC/3C of industrial CO;. fn: Carbon Cycle Modelling, B. Bolmn
(Ed.). Wiley-Interseience, Chichester, UK., pp, 127-]30.

Tans, P. P, und W, G, Mook, 1980, Past atmospheric CO, levels and 1 €42 ratios
in tree rings, Tellus, 32, 268-283. -

~ U.S. Nationyl Academy of Sciences. 1978, Nitrates: An Environmental Assessmient,

U.S. National Academy of Sciences, Washington, D.C., 723 pp.

- Viecelli, J. A, H. W, Ellsacsser, and J. E. Burt. 1981. A carbon cycle model with

latitude dependence. Qimatic Change, 3, 281-302. ,

Waggoner, P. E. |984. Agriculture and carbon dioxide. Seifence, 72, 179-184.

Wagener, K. 1979, The carbonate system of the ocean. /n; Global Carbon Cyc¢le, B.
Bolin, E. T, Degens, S, Kempe, and P. Ketner (Eds). Wiley-Interscience, New
Yark, pp. 251-258. ’

Weiss, R. F. 1974. Carbon dioxide in water and seawater: The solubility of a non-
ideal gus, Marine Chemistry, 2, 203-215,



@o14

"T04,27/90  13:48  B1 603 862 1915 EOS/UNH

References 125

Wong, G.T. I, P. C, Brewur, und D. W, Speacer. 1976, The distribution of particu.

late iodine in the Atlantic Oceap, Eurth and Flanetary Science Letters, 32,
441450,

Woodwell, G. M_, and R, A, Houghton. 1977. Biotic influences on the world carbon
budget. /n: Global Chemical Cycles and Their Alterations by Man, W. Stumm
(Ed.). Abakon-Verlagsgeselischaft, Berlin, pp. 61-72.
Woodwell, G. M., R. A, Houghton, 1. E, Hobbie, J. M, Melilla, B. Moore, B, J.
Peterson, and G. R, Shaver. 1983. The contribution of global deforestation 1o
atmospheric carbon dioxide, Science, 222, 1081-1086. ‘ }
| . Woodwell, G. M., J.E. Hobbie, R, A. Houghten, 1, M. Melillo, B. Moare, A, Park,
| - B.J. Peterson, and G, R, Shaver, 1984. Measurement of changes in the vegeta-
tion of the earth by sutellite tmagery. In: The Role of Terrestral Vegetation
in the Globa! Carbon Cycle: Methods for Appraising Changes, G, M, Woodwe]}

(Ed.). Wiey-Interscience, New York, pp. 221-240,
Wunsch, C. 1978, The North Atlantic general cireulation west of 50°w determined
by inverse methods, Reylews of Geophysics and Space Physics, 16, 583-620.
Wunsch; C., and ] -F. Minster, 1982, Methods for box models and oceans circula.

tion tracers: Mathematical Programming and nonlineur inverse theory. Journal
of Geophysical Research, 87, 5647-5662.



PANEL ON POLICY IMPLICATIONS
OF GREENHOUSE WARMING Washington, D.C. 20418

NATIONAL ACADEMY OF SCIENCES
NATIONAL ACADEMY OF ENGINEERING  INSTITUTE OF MEDICINE
COMMITTEE ON SCIENCE, ENGINEERING, AND PUBLIC POLICY

(202) 334-1517

NAS/NAE/IOM Study on
Policy Implications of Greenhouse Warming

At the request of Congress, the U.S. Environmental Protection Agency
commissioned a study on policy implications of greenhouse warming. The study
panel plans to produce a short, readable report of findings and
recommendations, and a longer support document with more detailed technical
and scientific analyses. Both are expected to be available in February 1991.

Potential warming of the global climate is now of concern to governments
throughout the world. It is hard, however, to assess the costs and benefits
of environmental policies, much less to achieve international agreement on
what to do about the human activities with the greatest potential impact on
global climate: stationary and mobile burning of fossil fuels, use of
chlorofluorocarbons (CFCs), deforestation, and various releases of methane.

In light of growing domestic and international concern, the study is reviewing
research and analysis relevant to greenhouse warming. A careful assessment is
being made of existing data and what must be done to improve current
understanding of the underlying phenomena. The report will include, if
appropriate, recommendations for actions that would be needed to mitigate and
adapt to greenhouse effects if such actions be warranted. It will examine
both the underlying phenomena and the expected eff1c1ency and effectlveness of
policy 1ntervent10ns

Although the study will be addressed in large part to U.S. policy officials,
many of the options to be assessed may require multinational effort. The
study is expected to contribute a careful, technically-sound review that will
be of use to the Congress as well as to the Executive Branch and the
international community.

The study'’'s "Synthesis" panel is chaired by the Honorable Daniel J. Evans,
until 1988 U.S. Senator from the State of Washington. Senator Evanms, a
registered civil engineer and former college president, was Governor of the
State of Washington from 1965-77. He chaired the Pacific Northwest Power and
Conservation Planning Council from 1981-83. Among other activities he is a
member of the Board of Directors of the Nature Conservancy.

2101 Constitution Avenue, N.W.



In éarrying out its charge, the Synthesis panel membership is augmented by
three groups looking at three interrelated sets of issues.

[A] Direction and rate of change

The "Effects" group is assessing current knowledge about climate

change and predictions of physical effects. The objective is to judge
the adequacy of present research, uncertainties in that research, and
ways our understanding could be improved. The quality of the data
record, uncertainties in the evidence, and time and effort required to
reduce uncertainties all need to be examined. It may also be necessary
to interpret existing information in terms of new indices of warming
(e.g., degree-years, peak temperature), not just change in mean global
temperature.

[B] Mitigation policies and their effectiveness

The "Mitigation" group is examining the range of policy interventions
that might mitigate changes in the earth's radiative balance, assessing
these options in terms of their expected impacts, costs, and at least in
qualitative terms, their relative cost-effectiveness. This analysis
attempts to identify options that could be implemented with reasonable
confidence within a decade, more speculative possibilities requiring
substantial additional development, and proposals that are not worth
pursuing because of faulty physics, chemistry, or biology.

i

[C] Adaptation strategies

The "Adaptation" group 1is examining both the consequences of climate
change and strategies for adapting to those changes. The group is
attempting to develop appropriate indices and units of measurement;
considerations include rates of change, peak stresses, regional
distribution, and timing. The analysis examines the vulnerability of
systems or subsystems, their capacity to adapt or adjust to changes, the
speed with which this natural adjustment can be accomplished, and
possible interventions that would help systems cope with anticipated
changes. The group is considering costs and benefits of such
interventions and attempting to set the stage for choosing among
alternatives, including examination of what will be domne locally and
privately and what should be done by govermment, should actions be
warranted,

The list of individuals participating in the study is attached.
i

Rob Coppock
Staff Director
May 21, 1990
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Princeton University, Princeton, New Jersey
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The Adurinistrator

° Washington, B.0. 20450

August 31, 1990

NOTE TO: Honorable John H. ‘Sununu
' Chief of Staff
The White House
I thought you might be interested in
seeing a éopy of the article that appeared in
Science Magazine. It deals with the Science
Advisory Committee's comparative risk study

that I discussed with you. I am scheduled to

release the study at_the end of September.

v

William K. Reilly

Attachment
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Counting On Science at EPA

William Reilly is trying to give science a bigger role in EPA policy and wants to focus on the
worst environmental problems, not just the most visible. It may be an uphill struggle

WiLLiam REILLY, THE ADMINISTRATOR of
the Environmenral Protection Agency, and
his top advisers are plotting a quict revolu-
tion. They have embarked on a process that
could tundamenually change the way EPA
Joes business: an attempt to tocus the agen-

lems that pose the biggest risks rather than
those that have actracted the most political
artention. “It's an effort to inject science
more prominently into the policy process,”
savs Hank Habicht, depury administrator of
the agency and Reilly’s right-hand man.
That may not sound revolutionary, but
Reiily is trying to reverse nearly 20 vears of
piecemeal  environmental  policy-making.
Congress. retlecting public concemns, has
written numerous laws instructing EPA to
deal with individual environmental prob-
lems—hazardous waste one vear, toxic sub-

stances or pesticides another, and medical

. Active hazardous waste sites (67%)
. Abandoned hazardous waste sites {65%)
. Water pollution from industrial wastes (63%)
. Occupational exposure to toxic chemicals (63%)

. Destruction of the ozone layer (60%)

. Nuclear power plant accidents (60%) )
. Industrial accidents releasing pollutants (58%)
. Radiation from radioactive wastes (58%)

. Air pollution from factories (56%)

. Leaking underground storage tanks (55%)

. Coastal water contamination (54%)

. Solid waste and litter (53%)

. Pesticide risks to farm workers (52%)

. Water pollution from agricultural runoff (51%)
. Water poilution from sewagae plants (50%)

. Air pollution from vehicles (50%)

. Pesticide residues in foods (49%)

. Pl 1] A
. i EPA'Ss Top T a8
ek (00K odert 2 g e
R oA s e s -t MG B enc AL

Ecolaglcal Risks 1
Global climate change 2
Stratospheric ozone depletion 3
Habitat alteration . 4
Species extinction and biodiversity loss . g
Heaith Risks ;
Criteria air poltutants (e.g. smog) 9
Toxic air pollutants (e.g. benzene) 10
Radon 11
Indoor air pollution 12
Orinking water contamination 13
Occupational exposure to chemicals 114
Application of pesticides ‘ 15
Stratospheric ozone depletion 16
17
— 18
Scientists and the public craw dillerent 19.
conclusions about the seriousness of varous 20.
environimental problems. Above: the worst 21.
environmental pIoblems, as «centified by 2.
EPA's Stientlic Advisory Board. Right: the 23.
public’s top concerns, as reflected in a March 24,
1990 Rager Poll, (Figures in parentheses are 2.
the percentages Iat rated each problem “very 26.
serious:” highlighted items also appear on 2.
. EPAs list) 28.
29

. Radiation from microwave ovens (13%)

wastes still another. The result: EPA’s bud-
get and priorities have been shaped more by
“what the last phone call from Capitol Hill
or the last public opinion poll had to say”
than by a scientific assessment of risk, savs
Frederick Allen of EPA's office of policy
analysis.

Now, Reilly has asked his Scientific Advi-
sory Board to tell him which problems pose
the biggest environmental or public health
threats. The board’s analvsis, a draft of
which has been obuained by Science, reveals
that the environmental problems that domi-
nate public concerns—and EPA’s budget—
are often not those that Reilly’s scientific
advisers deem the biggest threats (see table
below). Radon and climate change, for ex-
ample, are at the top of the list for EPA but
near the bottom in the public’s view.

But turning the agency around would be
no mean feat, and even within EPA, opinion

Ol spills (60%)

Greenhouse effect (48%)

Drinking water contamination (46%)
Destruction of wetlands (42%)

Acid rain (40%)

Water pollution from city runoff (35%)
Nonhazardous waste sites (31%)
Biotechnology (30%)

Indoor air pollution (22%)

Radiation from x-rays (21%)

Radon in homes (17%)

016

is divided on whether Reilly can pull it off.
Without question, he starts with several
strikes against him. For one thing, the EPA
administrator has verv linle discretion 1n
allocating funds: most of the agency’s bud-
get is needed just to implement the major
environmental laws, like Superfund, already
on the books. And for another, Reilly taces
inertia from within EPA, a bureaucracy that
has a vested interest in maintining the
status quo. And then there is the public.
which EPA is beholden to, whether or not it
agrees with the [arest scientific study. Reil-
W’s new effort is “laudable,” savs Richard
Morgenstern, director of the office of policy
analysis and an old hand at EPA. *I am
bullish on it. But I wouldn't bet the store on
ie.”

But Terry Davies. assistant administrator
for policy, planning and evaluation and one
of the archirects of the new plan. voices no
doubts. “We're alreadv doing it.” he ex-
claims. “We are changing the wav the agen-
¢y thinks.” But not even the optimists expect
major shifts overnight. Deputy administra-
tor Habiche, for instance. talks about ~a
rapid evolutionary change. not a revolurion-
ary one.” but he is convinced that it will be a
different agencv—if chev can pull-it off.

The new edorr acrually had s origins
before Reilly came to EPA, in a much
discussed 1987 report, Unfinushed Business.
In that tome, EPA staff tried. for the first
time, to take a broad look at all the environ-
mental problems the agency deals with and
figure out which pose the grearest risk to
human health and the environment. Risk
ranking, per se¢. was nothing new—people
often ranked one air pollutant agamst anoth-
er, for example. And EPA had even acempr-
ed to rank the cancer risks wichin small
geographic areas. like Philadelphia and Sili-
con Vllev. Bur this was ditferent: it was an
artempt to look at toxic air pollutants versus
pesticides versus global warming.

The task proved to be a methodological
nightmare, given the paltrv data, uncertain
techniques, and value-laden questions such
as how to rank loss of wetlands agamst. say.
isibility degradation. But Morgenstern,
who directed the studv, and 75 senior staf
plunged in nonetheless, usirig whatever daca
they could muster and talling back on pro-
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fessional judgment when they couldn’.
They ended up with a list of 3] problems,

essentially in rank order. To their credit, |

they never pretended scientific rigor; they
never claimed, for instance, that problem
number 2 was definitely worse than prob-
lem 3, but said that it was certainly worse
than 13, and 13 in rurn was worse than 26.

Their list showed that the old assump-
tions were wrong. Many of the things that
the public was most concerned abour—and
that EPA was devoting vast resources to—
like hazardous waste and underground stor-
age tanks, posed relatively small risks, whilé
the biggest problems, like radon and climate

change, were being virtually ignored.  In
1987 the agency was spending several bil-
lion dollars for waste cleanup, for example,
as opposed to several million for indoor air
pollution and climate change.

“Unfinished Business revolutionized how
people thought,” says Jonathan Lash, a for-
mer environmental activist with the Narural
Resources Defense Council who is now the
secretary of natural resources in Vermont.

But while Unfinished Business may have

- changed thinking, it didn’t change practice

much ar EPA, mosty because “vou don't
turn a tanker on a dime,” says Morgenstern.
Its impact was also limited by the fact that

many in the agency saw the study as an

“unscientific” first cut—not the kind of hard

analysis on which to force a change in
environmental policy.

But the study did influence Reilly. Soon
after he was appointed but before he was
confirmed as EPA administrator, Reilly was
sitting around the World Wildlife Fund
Conservation  Foundation headquarters
with his colleagues, including Terry Davies
and Dan Beardsley, a depury assistanr ad-
ministrator for policy at EPA who was then
on loan to the conservation group. talking
about whar he should do at EPA. and how.
All were frustrated with the “chemical of the

Ranking the Risks Proves Contentious

If the deliberations of EPA's Scientific Advisorv Board commit-
tee are any indication, then ranking environmental risks, as
William Reillv is proposing to do, will not be easy. Indeed, the
committee members almost came to academic blows over just
how far they were willing to go on admittedly squishy data. The
scientists fell our basically along subcommittee lines, with the
ecological group taking a bolder or
more foolhardy stance, depending on
vour perspective. But this says as
much, if not more, about the person-
alities of the two subcommirtee chair-
men as it does about the nature of the
problems thev were wrestling with.
William Cooper, an ecologist at
Michigan State who headed the sub-
committee looking into ecological ef-
fects, dove right in. His group dis-
carded the methodology of the earlier
report, Unfinished Business, as unscien-
tific and divided up the universe in a
new way, and then promptly ranked
the problems. His group came up with a complex set of matrices
for evaluating risk, but the bottom line, says Cooper, is that
problems are worse if they affect a broad area and have a long

/4

“tme horizon™—in Cooper’s words, a measure of how long it -

takes, once vou shut off the stress, for the ecosystem to recover.
According to their new scheme, global climate change and
stratospheric ozone depledon came out way on top, as they did
in Unfinished Business, and so did two other problems the carlier
committee did not even consider: habitat alteration and destruc-
tion, such as deforestation, and species extinction and loss of
biodiversity. Second rank, or relatively high ecological risks, were
airbome toxics, toxics in surface water, and pesticides and
herbicides. -

While Cooper’s group bulldozed through the uncertaindes, a
subcommittee on health effects, headed by Arthur Upton of the
Institute for Environmental Medicine at New York University
Medical Center, got bogged down carly on in the problems of
missing data and inconsistent assumptions. The upshot was they
declined to rank anything. “It was not scientifically feasible. It
was more than a committee of scientists could do on a part-time
basis over a few months,” says Upton, especially since they were
given the unenviable task of somehow combining cancer and
noncancer risks. Instead, they laid out in great detail how onc

Bold and cautious. William Cooper (right) was
willing to rank problems, but Arthur Upton wasn't.

would go abour ranking risks in a scientifically defensible way, if
one had the fime and money to do so. And central to that, thev
say, is scparating out individual agents, like lead, instead of
lumping it in with other “criteria air pollutants.”

Their caurious stance was immensely frustrating to some
committec members, like Jonathan Lash, secretary of narural
resources in Vermont, and .Fred Han-
sen of Oregon’s Deparmment of Envi-
ronmental Quality, who pointed out
that EPA and state agencies do not
have the luxury of waiting for the
definidve study but have to make
.decisions now. But Upton sticks to
his guns. “In many cases, we simply
don’t have the data, either on human
cxposurc to various agents or their
toxicity.” Upton recently chaired the
National Academy of Sciences reporr,
known as BIER V, which wrestled
over the effects of ionizing radiation.
“When vou wn to chemicals, the
information is even more incomplete,” says Upton. “Unless one
gets more data, these assessments will remain highly uncertain.
Sure, one can rank risks, but the confidence one has in the
rankings will not be great.” And though Upton thinks compara-
dve risk assessment is a good tool for setting priorities, he
cautions that “you can carry it to absurd extremes.”

The committee reached a compromise of sorts, with Upron’s
group identifying seven problems that would rank high by
almost any reckoning: criteria air pollutants (for example, smog),
toxic air pollutants {for example, benzenc), radon, other indoor
air pollutants, drinking water, worker exposure to chemicals, and
worker application of pesticides. And though the data were “less
robust,” they threw in stratospheric ozone depletion as well.
because it looms so large compared with other problems. For all
of these high-risk problems, the common denominaror was
direct exposure, says Upton, not something passed up through
the food chain.

Upton cautions that this is not the final word; other prob-
lems—such as pesticide residues in food or exposure to consumer
products, which were described as high risk in the earlier
report—might also rank high if more data were available. But
until they are, Upton’s committee has “no problem™ with Reilly
giving extra attention to the seven they have identified. m L.R.

-
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month” phenomenon and the sense that
EPA was not spending its moncy as wisely
as it could, recalls Davies. They wanted to
find a way to focus the agency’s resources
where they would get the biggest payoff—
which means, as Davies says, factoring in
not only how risky a problem is but how
feasible and costly the various “fixes” are.

They decided upon a two-part strategy:
take another look at Unfinished Business and
the whole issuc of comparative risk; and at
the same dme, get the senior managers at
EPA to start thinking about what acdons
would have the biggest payoff in terms of
reducing the most significant problems.

Reilly wasted little time. Soon after he
arrived at EPA he asked the agency’s Scien-
dfic Advisory Board (SAB) to essendally
peer review Unfinished Business—to go over
the data again, sec whether they agreed with
the methodology and rankings, and, if not,
to come up with their own. The board set
up a committee of 45 experts, mainly scien-
asts bur a few people from state government
as well, like Vermont’s Jonathan Lash and
Fred Hansen, director of Oregon’s Depart-
ment of Environmental Quality, to keep the
effort focused on political reality. Lash and
Raymond Lochr, an environmental engi-
neer at the University of Texas, Austn,
cochair the committee.

That committee, in tumn, divided itself
into three subcommirtees: one headed by
William Cooper, an ecologist at Michigan
State University, to look at ccological, eco-
nomic, and aesthetic effects; another, head-
ed by Arthur Upton, director of the Insg-
tutc for Environmental Medicine at New
- York University Medical Center, to look at
health risks; and a third, chaired by Alvin
Alm, director and senior vice president of
Science Applications International and a for-
mer deputy administrator of EPA under
William Ruckelshaus, to look at strategies
for reducing the major risks.

The SAB committee spent more than a
vear sifting through studies, all the while
bemoaning the scanty data and uncertain
analytical techniques, which make accurately
characterizing a risk, much less ranking it
against another, a tenuous business at best.
Though they applauded Unfinished Business
for its pioneering work, the committee had
lots of problems with it, from the fact that
the EPA staff had divided up the universe
into problem areas that essentially reflect the
agency’s existing programs—which “makes
no damn scientific sense,” savs Cooper—to
some of its conclusions, which they call
“provisional.”

But for all their complaints, the SAB
committee concluded that Unfinished Busi-
ness was not that far off in its conclusions.
Most of the “baddies” identified in the
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report—like climate change, stratospheric
ozone depletion, air pollution, and radon—
stll looked bad. The earlier group had,
however, overlooked a couple of big ones,
habirar destruction and species extinction,
which the SAB committee added. And once
again, the things the public cares the most
about, like hazardous waste, ended up in the
middle or ar the botrom of the heap.

Not everyone in the group, however, was
willing to follow their predecessors out onto
a scientific limb and actually rank the prob-
lems. Cooper’s ecological effects group was
perfectly willing to rank them, but Upton’s
health effects group wasn’t, which led to
some tussles on the committee (box, p.

Steve Delaney, E'PA

Focusing on risk. If William Reilly has his
way, EPA will spend its money differently.

617). In the end, they agreed to simply list
the 11 problems that evervone agreed were
high risk—with the cavear that this is not an
inclusive list. '
Some of these problems, like the loss of
biodiversity, do not fit handily into EPA’s
statutory mandate, but the commirree urged
EPA to exert leadership anyway. The com-
mitee also urged EPA to give greater
weight to ecological risks, which they say
have been given short shrift while EPA has
concentrated on combating pollutanes that
pose a threat to public health. And perhaps
most important, in terms of the agency’s
overall direction, the SAB committce gave
its scientific seal of approval to comparative
risk assessment, flawed as it is, as the best
way to set prioritics. They recommended
that EPA set up a permanent process for
comparing risks and then make its policy
and budgerary decisions, as much as possi-
ble, on the basis of those risks. And, they
said, EPA should move beyond the conven-

tonal “end-of-the-pipe” approaches and use
alternatives, such as pollution preventdon
and market incentives.

The committec’s final report will go to
Reilly in late September. At this stage, it is
not at all clear how the public and the
environmental community will receive it
because in the Reagan ‘era, at least, “serting
priorities was a euphemism for cutting,”
says Jonathan Lash. “I don’t sce that hap-
pening here,” he adds.

But Reilly and his aides have already
embraced the report; in fact, they-are using
it in shaping the agency’s 1992 budget.
Their problem, of course, is that 80% of the
budger is essentially cast in stone, cstimates
Dan Beardsley of the policy office. EPA
must spend these dollars implementing the
laws, paving salaries and rent, and so on.
The administrator technically has discretion
over perhaps 15% of the budger, but in
reality, that too is sacrosanct. “You would
be out of vour political mind to exercise it,”
says Beardsley, since Congress has clearly
indicated, if not insisted on, how that mon-
ey ought to be spent.

That leaves only 5% of the budget that is
auly flexible. While working to wrest more
discretion and more flexibility from Con-
gress, Reilly’s aides are concentradng on
that 5%. Last November, Reilly and Ha-
bicht asked the heads of the various pro-
grams to submit 4-year plans, describing
where they want to go and how they are
going to get there. The guiding principle,
they were told, should be rsk reduction—
and not, say, how to meet the larest court-
ordered deadline. In identifyving the big
risks, the program heads were to take direc-
don first from Unfinished Business, and then,
when it became available, the SAB report.

By all accounts, the first round “engen-
dered grave suépicions,” as Don Bames,
director of the SAB, puts ir. “Any dme a
program is challenged, people wonder if the
real goal is to take money away,” he says.
The plan did cause some resentment, con-
cedes Habicht. Bur after some initial grum-
bling most, if not all, have come around.

But if this new thinking is really going to
make a difference—if Reilly is really to get
the greater flexibility and discretion he
wants—then he and his aides will have to
change the culture not only at EPA but in
Congress and the Office of Management
and Budger. Proponents of the effort point
to some encouraging signs from Congress,
such as rising budgets for global climate
change and radon, while funding for hazard-
ous waste has remained reladively steady.

“It is a big agenda, but vou have to start
somewhere,” savs Habicht. “We are plantng
seeds, most of which won't bear fruit unal
after we have left.” @ LESLIE ROBERTS
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( *  over the past decade, world has been increasingly alerted to
possibility that earth's temperature is rising as & result

of human ‘activi\.ty. Potentially significant i.mpact: -

physical, apcio-economic, cultural. - J

. Problen being addressed in nunber of fora. Intom*t;i.o.muy,
IPCC has been principal focus of activit{. Report submitted
to govermments at recent Second World Climate Conferencs. '

* Domestically, have had reports of Energy Ministera' Task
.force; Green Plan consultations; provincial consultations;
Parliamentary Standing Committee. Will be key component of

Green Plan. '

v Effectiva response to the problem must be international in
scope. Similarly, the Canadian contribution to that
response must be naticnal and coordinated, and invglve all
1evels of government as wall as industry, consuners etc. -

* - Accordingly, at their 'meeting.durinq. Globs '50 in Harch,
Canadian Environment Ministers :

» . agresd that climste change demands the full attention
of ths csuncil on a-pricority hasis -

. agzeed _wr."intomationai initiatives provide the
appropriate forum for establishing national global
targets for gresnhouse gases _

. noted the extensive consultation activities nﬁdmy'i.n
canada - . '

. rccégnizcad their responsibilities in assuming | .
. leadership role in developing a comprehensive ;atioml

action strateqy
. jnstructed & steering committee of environment deputies

to develop the strategy, in cooperation with
deputies and other sectoral ministries. ‘

* i'nis paper proposes such a strategy.
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2.1 EOISNTIFIG NVIDENCE

« ° mnyoughout 1980s, increasing awareness of po..uiiggy of
‘¢limate change. Led to establishment of IPCC in 1988 under
auspices ¢f ¥MO and UNEP. e

. 1PCC reaported inh summer.. Frovide summary of IPCC | report on
scientific assessment of climate change and on its likely

impacts. .

. fnformation from Cansdian scientific research p .
especially with respect to impacts of olimate on
Canada. ' ‘ .

2.2 CANADIAN PIMENSTON

. gituate Canada relative to other major countries in terms of
co, emissiong ' S _

. Capada a high emitter of COQ, on a per capita Pd per
- - unit of GNP basis - ' ) ;

. {Table showing leading emitters of QO ‘intexnhtionally |
on a per capita and par unit of GNP basis].

. Relatively high rank in terus of CO; snissions res t ot
high lavel of energy intensity ~ Canada one of most enexgy
intensive countries in world .

- [Chart comparing energy intensity of majer |
industrialized countries on per capita and p# unit of
GDP basis]. o

»  Bowever, Canade's energy eonsumption relatively low in
torms of carbon intensity - role of hydro and nuclear.

s - Reasons for high enexgy intensity include

¢ climate
. distance ‘
d resource endowment/ industrial structure i

. lowar taxes.




T 08724790

A

88/28-90 B9: B4 BB
|

17:45 B9535081 ¢ ‘ ) gooo

§ituate Canada relative teo othez countries in t.r+ of
epissions of other gresnhouse gasas. !

gituate Canada relative'fo other ceuntrias in ten* of-’
aygregate greenhouse gas snissions. . !

$ituate Canada relative to total world eaissions ck
. i

. O, |
’ produce 2% : : '
- other greenhouse gases ' | l
. greenhouse gas aggregate. ' !

- : we are only a small part of total pictura. '
gﬁiggggre, while intend to be responsibla and sh

' Jeadership, fust recognize that acting alcne we have

to achieve an international agrasment tinge,
ﬁ ::i::t:onm. for Canada te adopt those measures te reduce
greenhouse gas emissions which ara ;congaia ora":h ulso
achieving other policy cbjectives. SARe
:g;is:ehéan establish a framewerk for future, more ambitious

response strategies.
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" CEAPTER 3:. TEE INTARXATIOMAL CHALLINGE
Canada parnc.lpatihg with other countries in explo vays

vo achieve a coordinated approach to global climate change.

pifficulties in geaching international agreement
coordinated approach in this area similar to.those
encountered in other areas. Ozone depletion, - for axample,
also had to be addrassed in face of sone degree of
scientific uncertainty, and required means to facilitate
participation by developing countries in solution. |

However, Gifficulties more severe in case of climats change.
Activities giving rise to gresnhouse gas emlssions more
deeply integrated into our economic structure, implications
of taking action to reduce emissicns more complica than
reducing use of ozone~-depleting substances. !
Key international meetlngs on climata changes mo+a,
The Hague, Noordwlik, Bergen. , |

. Perien Declaration

. All ECE countries committed to “establl
gtrategies and/or targets and =chedules
the report of the IPCC and no later than

. of the negotiations of a framework ©3
eclinate change to limit or reduce CO, emigsicns
and other graenhouse gas emissions as as
possible and to stabilize theam".

. Most ECE couni:riu (including Canada)
the view that "such stabilization.at the
the year 2000 and st present levels must

fixrst step"™.

Key slement in process has besn work of IPGC.
submitted to Second World Climate Conference.

at SWCC. b

Expected that UNEP, in cooperation with wxo, will
formal negotiations of. ramework convention on oli
change following SWCC. Convention will seek umbrelia
agreamant to reduce impacts on global climate., Will likely
be accompanied, simultaneously or later, by protocols with

Develcopnents

. binding commituments to specifie action.

An important aspect of Convention will be issue of

countries,

\
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. «  Convention could be ready for signature st 1993 U.N,
( . Conference on Environment and Developnant.

. Progress also being made internationally on use gases
in context of negotiations whose immedlats focus a -

different environmental preblaenm .
. CFCs/ozone despletion - London conference

* phase-out CrFCs by 2000 - developing countries on
boxrd :

+ . 14 countries including Canads - phasa-ewt by 1997
* tropospheria osone/LRTAP.’
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[Graph showing historical path of ¢€O, emissions in Canada,
and projections te 2000/2005. 8inilar graphs far other
gresnhouse gases (may be difficult for some gases).)

Diécussion of historical path (CO0,) - éansi:tnnt with
exception of early 15208, early 1930s, and early 1980s.

More detailed discussion of last 20 years.

Diécunion of factors undér:lying <O, ‘and other ections
(econemic growth, oil prices, energy effliclency etc.)}.
[Tablo/pi;hdhart showing distribution of emissi by
province for 1990(?) and 2000.] . .
Discussion of distribution of emisslons by prov. .
[Table/pie chart showing distribution of emissl by sector
(residential, commercial, industrial ete.) for 19 0(?) and

2000.) . _
Diacul;ion'of distribution of emissions by sector.
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Responge strategy has three key components: reducing
uncertainties, adaptation and limitation. -

geINaG UNC

Although there is a general consensus awmong sclenticts that
climate change will occur and that it will have seaxious
consequences, there -are still many uncertainties. .Thess
auncertainties include the pagnitude, timing, rate

regional digtribution of climate change.

Tnternational research ﬁnrogrm have bean astabli to
addzess these uncartainties. canada intends €o p its
art in these programs, focusing on thosa areas of specitfic

gntercst te capada and where we have special sxpertiseé.

.

Reqar'dlo'u of the sffactiveness of éontro]. - ;, the
world will experience & glebal warming of at least 0.1 C
per decade. It will be necessary to adapt to these future

Steps must be taken to assist Canadians in adapting to that
component of climate change which is inevitable. .

LIMITATION

AS weu‘ as seeking a bettexr understanding of the lem of

climate change, and adapting to that component of ciimate
change which is inevitable, there is a growing o
internationally that actions €0 1init emissions of
greenhouse gases wust begin now.

The national action strategy sets out the apptoﬂ Canada is
taking domestically to reduce emissions.
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(It is proposad that elements of federal and
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provineial/terxitorial action programs consistent Yun the

strategic framework be incorporated over time.]

Although there is a ganeral consensus among soientiats that
olimate change will certainly occur and that it will have

sericus conseguences, thera are atill nany uncextsl

These uncertainties include the magnituds, tining,
regional distribution of ¢limate change.

International research preograms such as the World Climate -
Rresearch Program and the Internaticnal Gaeosphaera Biosphare

Progran have baeh established tp addreas these
uncertainties. Canada will play-its part in thess

focusing on those of specific interest to Canada u?d

wve have special expertise. .

Areag whers Candda has specizic interests include
of climate change, the hydrological cycla and prec
atmosphere/forest interactions, methane emissicns
wetlands and atmospheric cemposition.

class general circulation model.

Infrastructure arrangements to focus and coordina
will be important. :

programns,
vhere
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{s proposed that elements of federal and
;i:vincgalﬁtcrntoriu action programs consistent
gtrategic framework be incorporated over time.)

- apdless of the effectivensss of those greenho
?i.gitation initiatives which may be introduced,
will experience a g:l.om warning of at least 0.1
decade. ¢anada will experisnce significantl
warming, especially in the north. _

. will be necossary to adapt to these future oll
:Iigvelnpment of appropriats policies reduires an
understanding of current climates and how they wil
and of the socio-sconemic iuplications of thess

. strategically adaptation initiatives must focus o
. regional and national elimate monitoring

- integrated evaluations of the impact of fu
:v‘: rzrg;onal scolegical and mcio-econon:l? sYs

o’ v-cl ent of adaptation strategies for regi
::om;ggu and seclo-econonic systens

+ ' gvaluation and communications aimed at both
public and decisian—nng.

@12
Ro12

rv:l.th the.

ohxnye,
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‘tinitation stretegy based on three prineiples

‘Will alse address the important €O, sink of for

progressive, giving us flexibility to respond to
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) CEARTER_ 93 _LIMITATZION STRATEGY
6.1 FRINCIPLES

» - comprehensive approach
« ° {nternational contaxt
»  flexibility.

'COﬁprehensivm approach means that our rasponse M: address
all the major greenhouse gases

a carbon dioxide .

. methane

. nitrous oxide
. ozone
. cres.

nust
st ba
with

Global problem requires glcbal selution. While
and will accept our responsibilities, cuz rosponso xu
developed in context of intarnational afforts to

problea.
principle of flexibility recognizea that
‘ scientitic. understanding of problem not yet

* international consensus on addressing probl not yet
- reached :

. we cannot be cextain of impact of nmeasuras \ toke
(both impact on redueing enissions and on
J

Therefore our limitation strategy must be phased
information/developments over time.
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N Targets_ind echeduled

Scientific and economic uncertainties about mm;:gc,
- timing and impact of climate change ‘vemain.

" grecnhoun. gas.emissions are too graat to wait upen

B8-28-98 09:87

-1l -
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canada actively supporting efforts to achiave coc
international appreach to glcbal climate change.

canada hosted the first major conference at which
makers and sclentists came together to considox
implicaticns of human activity on the atmosphere.
Toronte Conference led policy makers worldwide to

seriousness of problem. '

Rave participated actively in subseguent internati
neetings. Significant contributor to work of IPCC.

" canada will continue activi suipox:t for intarnationpl
efforts. Fressing for conolusion of convantion on imate
 Change, and if possible some implementing protocols

E

for signature at 1992 U.N. Conference on Environzen
Development. .

eneral consensus that risks assoclated with inacti|

4
bn on
results

of further research before commencing first actions

This

copsensus led to expression of precautionery pringiple at
Bergen - "lack of full scientific certainty .should not be

used as a reason for postponing measuras to prevent
environmental degradation®.

As indicated at Bargen

¢ - ‘first step is stabilizstion of emissions of
other greenhouse geses at 1950 levels ky 2000.

will consider more ambitious targets as sclentiric
tirms up and in context of joimt international act

{Graph snow:h;q projected emissions te 2000 or 2008,
levels, and implied "gap". If possible, enissions

in terms of a greenhouse gas aggregate; otherwise v
provide graphs for CQ, and other gases for which da
available, with qualitative discussions for rema

gas (es).]
Next step is to implement measurss te close the gap

is
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Do those things first which make sanse in theiy oyn right or

. which also help to achieve other policy objectives - first

gtep measures.

However, changes in way we use enexgy that are )
far-reaching than thofe resulting frem first step measures

pay be required to bring us te stabllization or b d.
Stgategy eatablishes process to commence Lmodi;t .

examination of these changes and of the more difEieult
measures that may be required to bring them abeut

The possible intzeduction of these measures will on
results of this examination, succass of first s measures,
developments in scientific understanding of problem, and
developments in reaching agreament. on concerted
international action. .

Coal is to put Canada in position to respond gquickly and

appropriately to new information and developnents jas they
ogcour ¢ver time. .
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. ( ' It is propesed that elasents of federal and

(
provincial/territorial action programs consistent vith the
gtrategic framewerk ke incorporated over time.] |

®.1 ENERGY = MEASURKS

- * as noted earlier, Canada's relative high xank
internaticnally in terms of €O, enisaions largely result of
high dagree of energy intensity, partially offset by lovw
level of carbon intensity in energy consumption.

x tn short tezm, little scope for substitution away|frem
fossil fueld in energy mix. Moreover, hydre, nyclear have
their own enviremmental impacts. ata exphagis, .
fnerefore, Tust be on scope for general energy efficiency
improvements. Moreover, considerabls svidance that many of .

these economic in ewn right.

. Tndeed, important for Camnadian industry te seize pll
economically-viable ogpm:‘tunitios to improve enery
efficiency., Helpful in _minta;ning.m;dian OO
in world marketplace cver time. Also important i
jdentification and devalopment of new Canadian tagh

('. and pusiness opportunities. In short, improved am
efticiency is a challange, but it is also ati oppoxt ity for
Canada. ' .

* _ Federal governnent considering initiatives based ¢n
integrated approach. Has three Rain fsatures.

e Pirst, all sectors of the economy are addrassed - there are
opportunities to improve efficiency in all sectors.

. gecond, integrated sat of policy instruments are uysed « R&D,
information/suasion, regulation. Instruments are
complementary ,

s standards remove least efficient products firg: aarket
. inrermation encourages people to uge more afficient .

products

. RED develops new cptions to reduce GOy, to save anergy
and to.inorease Canadian competitiveness and acononmie

grml

. Third, approach is dynamic. - Puts in place processes which
can be built upon over time.
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Equipment
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Minimum energy efficiency standards for household lppiiJnno.

and equipnent.

pliance and céuipment labelling and information and

demonstration programs.

Eulldings
Updated energy efficiency building eodes.

Enhanced information and education programs for
building industry/related servicen.

Zadustry

?rod.si to identify epportunities and initiatives to imp
energy efficiency in industrial sector.

o

New fuel consumption taéq-ta.

Alkerngtive enexqy !
Initiatives to promote market penotratién of altermative
energy, particularly transportation fuels.

reve

All initiativas have R&D component. Foous on co-tundinq
joint ventures with private sector. !

: . , |

Identify and facilitate econcmically attractive messurwe
improve energy efficiency in federal government.

and

to

do1?
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gMERGY = CEALLENGE

Govemanti have identified large number of areas
for improvement in energy eftiglency. Thase a
addressed by measures set out in 9.3.

However,. governments aontt m«.iu'caE all the én-wm.
1ikely oppertunities for {sproving snergy efficiency that
governments nre not awara of. i

Federal governmeat thersfore sending out chall
canadians to find these opportunities and take

then.
Phe rederal government sonsidering astabllshing &

bring together tha varicus levals of goveinment
representatives of target sectors,

aans €O

crcs

CFes itportant greanhouse gas. In Landon in Juns, Canada
committed to phass out CFC3 by 1997.

AGRICULTURR
peduce nitrous oxide and methane emisplons in agrqmmu
sector. \

OTRER METEAME .
Mesgures to reduce gethane amissions frem mon-agrioultural
sources, e.§. landfill sites.

FORESTRX _
‘Reforestation initiatives to provida carbon sinks

QIONE

coritribution of tropospheric ozone to radiative farecing,
vhile difficult to quantify, may be significant. |NO,
VOCs are precursors O tropospharic ozone.
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canada signed internmational NO, protocol, is part
in neqotiation of a VoG protocol. Canada devel
managegant plan to raduce NO, and voc exissions
5 isvels in 2005. Includes vcalifernia

below 198
standards for 1994 wodel-year cArd.

INFPORMATION

Initiative o sducate and inform canadians.

B19
QULY

oipating

a
about 15%
anission
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10.1 IMBACT QF FIREZ STEPS
10.1.1 Carben dioxide
. [Graph showing reéference cace enissions to 2000, gap
between this and stabilization, and the extant to ch the
gap 1s expectad to ke closed by first step Reas o}
. piscussion of graph/gap.
. Discussion of energy intensity. First step mea bring -
‘us to X% annual improvement in energy intensity. To reach
stabilization, would require ¥t annual 'i,.npmmntL
e ‘our estimate of x% is prudent - pany observers thipk we can
doc better, and wa expect that we may do bettar as § resule -

of processes that will be put in place. -

. However, ‘may not be
level, or to keep them there.
pore ambitious targets
prablen evolves, and ag
need for concerted action.

Need therefore to commence examination of more dif
and sometimes more costly, measures we may need to
to bring about more far-reaching changes in way we
energy. These measures, and process for
s6t out belov.

othopr greenhouss JREGE

10.1.2

. {Where ‘possime, .
greenhouge gases, turn, showing reference Cass

stabiligation, and the impact of initial asasures.
not possible, qualitative discussion of impact.]}

10.2 MRABUREH

. Measures outlined in this section are considerably
far-reaching in their implications than firdt step

announcad above.

able to reduca emissiocns in 20p0 to 1990

Morecver, may need to adopt

as scientific understanding| of
international consengus deyelops on

icult,
introduce
use

ing| them, are

graph for each of the other pz!.najlpul
sicns,

norea
measures
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Sone-Geasures, as well as affecting lifestyle, 1d have
: important regional and sconomic impacts. They therefors
(r require a process of detailed consideration by Canzdian
: public, Some méasures asuld only be contsmplated|(in the
context of jeint and coordinated internaticnal attion as

negotiated over the couing years. :

Discussion below provides brief description of these
peasurss, and of process for exanining them., I& is
important that this axanination begins now.

. Some Reaswres are under fedexal jurisdiction, @

. under provinsial er municipal jurisdiction. Ds

the specific measurs, therefore, the fedaral gove
provincial governments will take the laad in ¢

*he review process. In most cases, howaver, it will be

important that all the partners be invelved in

| Ultimate introduction ¢f these measures will, of
| ' depend on results of these procesees of examinatl
' of first step measures, developments in aciantitfie

understanding of the scope of the climate change problem,
and developments in reaching agresement on conce

international action.

3’0.«'.!3-1' nk b 1 ) 2

Dapending on international and demestio developme
be necessary for Canada to adopt inersasingly styir
control measures for reducing €O, and other gresnhpud
emiesions. A regulatory s{:tam addressing all sajor
enission sources, and poss ly setting sectorml nission
ceilings, could he necessary. . ' .

If it beconss necessary to introducs such a contrgl eysten,
zhe federal and provincial governments would want to snsure
that it was desiigcd in a way that would meet Canad
enissions geals as flexible and least-cost A n T 48
pessible. In particular, there could be rols for erissions
trading system as part of an overall regulatory stratagy.

o Clearly, a program for the regulatien of carbon and other
emissions, including one that incorporates tradeal
permits, would hava important economic, regional ¢
lifestyle implications. Alse would have a pumber
difficult design igsues assocciated with it.
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. ¢the spring on the use of economic’ instruments to

10.2.2  Tax strefegien B |

. example, an enexgy tax could be applied to all fo

10.2.3

[ 4
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- Pederal and provinclal govarnments vm work wvith
industry and other intsrasted stakeholders on

feagibility and design of & C0, emissions contyel program,
including a carben permit trading system. Key consideration
would be linkage to control programs for other
gasas, €.9s; ground lavel ozons (NO,/VQCa) and
fedaral government will also release a discussie)

environmental objectives in Canada. It will cen
public discussion of the possikle use of trading

Canada.

Ose of the tax system is ancthar means of induel

reduction in CO; and other greenhouse gas emissions. PFor

enargy to premote greater efficiency of energy usp and,
hence, reduce CO, emisaions. )

preliminary evidence suggests that effective
could involve substantial price increases {illus
axamples]. Moreover, a9 in case of regulatory/
trading system, cculd have important .economis,

-1ifestyle considerations. Administration could aiso be

compleax. ,

Procesg - Tax gtrategies will also bs addrasséd
instruments digscussion papez. '

Electricity accounts for about x% of end use d
energy in Canada. Moreover, sbout y& of electricity is

generated from fessil fuela.
For that raascn, any attempt to bring about a sighificant

change in the way enargy is uged in Canada must the
. glactric utility sector. ‘

Many provincial utilities heve 'launehad-_- aggreasiv
denand-side management (DSM) programs. The

efficiency improvement process described in Chapter 9 will

explore further potential in this ares.
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. However, concerted action en Co, may require even #gw:
meagures addressing isguas such as:
v marginal cost and peak load pricing

‘ symmetry in utility incentives for systed supply,
off-gysten supply, and D&M.

. Process - Provincial led zeview process.

.- - changee in the way our cities function could play|an :
important role in redwcing carbon dioxide emissi arising

from gasoline consunption.,
* Measures that could be taken in this context include
measures to ]

. promote the use of urban mase transit

|
. j_mprmeg +the flaw of urhﬂn traffic

. reduce traffic density.

P +-  cuch measures, as vell as involving economic cost§, also
( ipply changes in canadians' lifestyles.
+  Procass - Provincial led review process, vorking with
manicipalities. | : |
10.;.5 -llf'
. Nuclear energy provides electricity vith ne €O, ions,

but hag its oW anvironnental risks.

. 1f serious about longer-tera targets, however, sad
reliance on nuclear may have to be considersd. Given long

lead times, clearly a post-2000 option.

. 1ast October, federal energy and snvironment ninipters noted
usefulness of encouraging broad public aiscussion| of
national and provincial energy policies and role pf nuclear
energy within these policies; indicated would be ponsidering -
pnost effective way of launching discussion.

- progess - Announce structure and mandate of
nuclear/electricity environmental review.
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! geientific and economic uncertainties about clizate change
remain. However, risks of inaction are %o great fthat must

commence first actlions.

“ International problen which requires international aclution.
canada working for intermational solution, but in meantime
. federml and provincial governments beliave hava
responsibility to act nationally. ’

. canadian rambqnse strategy has thros sleuments: 1t
vaidapt,ati-on, and reducing uncertainties.

' With respect to 1ﬁitntinn, national action stza .adopts
phased, progressive approach. Sets target to l1ize CQ,
and other gresnhouse gas enissions at 1590 levels by 2000 =

- committed to achieving this.

» . . Pirst step measures will take us part of the way
gtabilization. These are measures which help us chieva our

* goals; but make econcmic sanse in their owmn xigh
achiave other policy goals. -Many of them &re g
canadian economy and provide opportunitias for

. business.

k‘ T . More far-reaching changas in way wa use energy bea
o . reguired to bring us ta stabilization and beyond. 8Strategy
ostaplishes process to commence immediate exani on of the
more @ifficult measuraes that may be roguired.

v Strategy also setd out process for adapting to t climate
change which is inevitable, and measures Canada taking to
reduce scientific uncertainties related to climatie change.

. Overall, strategy establishes procees for continuglly
monitoring developments, reducing uncertainty putting
canada in position to respond appropriately at step of
the way. . ) ,
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MAJOR ISSUES

References to global warming as an unprecedented
environmental threat

Call for immediate action by industrialized
Countries and assistance to develop countries

Precautionary principle

Goal -- stabilize and reduce GHG concentrations
1st step -- stabilize emissions

Stabilization of emissions by 2000

20 percent reduction by 2005 - 2010

Negotiate protocols concurrently with framework
convention

Special targets and financial assistance to
developing countries

Consideration of Green Fund

Endorse Noordwijk target of net 12 million
hectares forest growth

Call for initiation concurrent negotiation of
framework convention and associated protocols

Call for initiation of discussion of an energy
protocol in early 1991



RAPHAEL G. KAZMANY
231 Duplantier Blvd.
Baton Rouge, LA 70808 (504) 766-0694

August 14, 1990

.

Editor, SCIENCE
1333 H Street NW 5
Washington, D.C. 20005 .

Dear Sir: ‘

The latest "greenhouse" consensus (3 Aug. 1930, p.481) would be laughable
if it were not so serious. We have a clear exampl: of a group of specialists
trying to impose a scientific truth on society, not by argument, not by pre-
senting data, but by a majority vote! Democratic rethods are not appropriate
to determining scientific truths, only theory backed up by evidence. One man
and the truth constitute a majority. We have even seen how, now and then, two
theories account for the evidence (as witness the argument about the source of
the K-T boundary and mass extinctions). The argumeat about Plate tectonics
achieved a consensus forty years after it was proyosed. It took evidence that
could not be incorporated into then-current theor:ies to change everybody'’'s -
mind and there are still a few hold-outs.

In the story "The Greenhouse Consensus" (boxed) the first three items are
conclusions based on assumptions. Only the fourth 'item (temperature rise of
from 0.3-0.6 degrees Centigrade in the last 100 years) has any supporting data
- and even this is not definitive. The fifth item is laughable: it will take a
decade of waiting before the greenhouse warming czs be detected with high

i
confidence that something his been found! If you‘re not reasonably sure that

you are right, based on th« evidence, why all the ﬁumping up and down, beating

your chest, and yelling tha® the world is coming tu an end?

In the meantime, how are the findings by glaCLologisés to be fitted into
the "warming" scenario: the Woods’ assessment (1) xhat the proportion of
glaciers that are advancing increased from about 5.7% in 1960 to more than 57%
in 1980; the paper in SCIENCE (Zwally, et. al., (2; that the elevation of the

Greenland ice cap increased by about 0.2 meters pe: year between 1978 and

h

1985; and the statement by Bentley (3) that the ac?umulation of Antarctic snow
is outpacing the rate at which its ice cap is discharged into the ocean - he
thinks that sea level might actually be falling. Finally there is the new
"plant hardiness zone map"” issued by the Department' of Agriculture that shows
the controlling cold temperatures as far as plant Qhrvival is concerned: the
1990 map (4) shows that the zones shown in the pre@éding, 1965, map (5) are
now from 5 to 10 degrees F colder than they were. ;% this rate, we’ll be in a

new ice age in about a century. : ]



_Editor, Science August 10, 1990 _ page 2

For people who enjoy anecdotal evidence, let.me refer to Mark Twain’s
LIFE ON THE MISSISSIPPI concerning Natchez (Chap"ﬂr 39). He agreed with
Trollope’s 1827 description of the beauty of the 91ty and its outstanding
features one of which is that "Natchez is the furthest point to the north at
which oranges ripen in the open air or endure the winter without shelter."
This is no longer true, Louisiana oranges were cd%mercially grown south of
New Orleans from the early 1940’s but the last commercxal grove was destroyed
by frosts in the 1980°‘s. The climate is changing, * gettlng colder.

The available data and other evidence do not support the hypotheses and
the results of the computer models used by the Panel on Climate Change, if my
summary of their findings is correct. It follows uhat while we wait for some
actual data to support thelr speculations, we should devote our attention to
something useful, like repaLrlng our roads, building the SDI‘s "brilliant
pebbles”, and disposing of garbage. There is nothing like taking a little time
before distorting the operz:ion of an entire system of industrial production
based on a hypothesis that is unsupported by fact:z. The available data indi-
cate that the "Global Warming" hypothesis is so isiadequate as to be completely
wrong.

REFERENCES

e
1.F.B. Woods, 1989, in Arctic and Alpine Res&?rch in 1988. U, Colorado,
Boulder, p.404.

2.H.J. Zwally, A.C. Brenner, J.A. Major, R.A. Blndschadler, J.G. Marsh,
1989, Science v.246, p.1587.

3. C.R. Bentley, 1989, Trans. Am.Geophys. Uni5n, v.70, p.1002.
4.Dept. of Agriculture, 1990, Plant Hardiness Zone Map, Misc. Pub. 1175

5.Dept. of Agriculture, 1965, Plant Hardiness Zone Map, Misc. Pub. 814.

Very truly yours,

Raphael G. Kazmann(i?
(Prof. Emer. La. State Univ.)
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1|  THE GREENHOUSE ROSTER . .-+

=8 | 50 Highest Emitters of Major Heat-Trapping Gases a0

MAP KEVY ‘

)
Solree; World SCALE Carbon Dioxide
Resources Institute.
| Vop by BaveHorrng { 100000200 Chiorofluoracarbons
0 E Methane

A year's net additions expressed
in metric tons of carbon

10

PER CAPITA
25 Highest Emitters of Major Heat-Trapping Gases on Per Capita Basis

hree major heat-trapping gases—carbon dioxide, methane, and chlorofluorocarbons—combine to account for 86% of the
Tgreenhouse effect, current global warming attributable to human activity, according to the World Resources Institute in
Washington. Using latest (1987) figures, researchers describe all the gases in terms of the equivalent heating effect of CO,,
expressed in metric tons of carbon. The ranking of nations by the year’s net addition to emissions (map), with US, USSR lead-
ing, contrasts with ranking per capita (chart). Such factors as a high rate of deforestation account for elevated per capita emis-
sions in Laos and the Ivory Coast; gas flaring, which accompanies oil production, boosts ranking of United Arab Emirates.

WORLD MONITOR



Remember the Law of the Sea?

I NTERNATIONAL MINING OF THE RICHES
of the seabed is inching closer with
Law of the Sea meetings like the one
this month (Aug. 13-31) in New York.
Working-group members are reportedly
impressed by a four-year French study
outlining profitable mining of man-
ganese nodules from the ocean floor on
the basis of an annual capacity of 1.5 mil-
lion tons of dry nodules. A self-propelled
collector would recover the nodules.
They would be processed in a French
plant for extracting nickel, cobalt, and
copper as well as manganese. France is
one of the four RPIs (registered pioneer
investors). The others are India, Japan,
and the Soviet Union. During the
Reagan administration the United
States pulled back from its early sup-
port of an international Law of the Sea
treaty for equitable use and protection
of the world’s seas.

The treaty negotia-

tions culminated in the
1982 United Nations
Convention on the Law
of the Sea. Now it has
been ratified by more
than 40 of the 60 nations
necessary to bring it into
force. Meanwhile, at
meetings such as the one
last March in Kingston,
Jamaica, and the one this \\
month in New York, the ‘\
preparatory commission for
the convention continues to
work out such matters as

how to keep seabed mining
from harming the exports or economies
of land-based developing nations pro-
ducing minerals.

_—

Inflation Comparisons

LOBAL INFLATION APPEARS TO BE ON

the rise from last year’s rate of 18%.
That figure, calculated by the Interna-
tional Monetary Fund (IMF), was al-
ready 5 percentage points higher than
1988 and 9 points higher than the 9%
inflation of 1987. Within the overall fig-
ures are enormous disparities. In 1989
the rate in developing countries as a
whole rose to 86%. In Latin America it
went to 350%. Bringing down the over-
all rate is the United States, with about
4.5%, lower than Britain, Italy, Switzer-
land, or Sweden.

PRACTICALLY EVER

UNITED STATES

Hirschfeld for All

S OON EVERYONE WILL BE ABLE TO OWN
a “Hirschfeld” for a few cents in con-
trast with the hundreds and thousands
of dollars the works of Al Hirschfeld reg-
ularly go for. A series of Hirschfeld post-
age stamps
is on the
way from

© Al Hirschfeld.
Drawings reproduced by special
arrangement with Hirschfeld’s
exclusive representative, The
Margo Feiden Galleries Ltd.,
New York.

the US Post
Office—an
apt tribute to
a globe-traveling artist
known for watercolors of Bali as well as
caricatures of Broadway, among many
other subjects (such as those above,
pianist Vladimir Horowitz and the artist
himself in a recent self-portrait). For
many decades Hirschfeld has been cele-
brating the world as seen by his artist’s
eye. Right now 67 of his etchings and
lithographs are touring the US in an ex-
hibition that is scheduled into 1992 when
it will be at the Pensacola Museum of
Art, Pensacola, Florida, Jan. 26-March 8,
and the Nelson-Atkins Museum of Art,
Kansas City, Missouri, June 20-Sept. 6.
On this current year’s itinerary:
Parkersburg Art Center, Parkersburg,
West Virginia, Aug. 26-Oct.7; Arnot Art
Museum, Elmira, New York, Nov. 4-Dec.
29. Among dates in 1991: University of
Western Illinois Museum/Gallery,
Macomb, Illinois, April 7-May 19; Leigh

Ml

Yawkey Woodson, Wausau, Wisconsin,
June 16-July 28; Portland Museum of
Art, Portland, Maine, Aug. 25-Oct. 6;
Palm Springs Desert Museum, Palm
Springs, California, Nov. 3-Dec. 29.

Insider’s Insights

HAT CAUSED THE STIRRINGS AMONG

the Chinese people last year? The
main force has been repeated mistakes
by the Chinese Communist Party and
the corruption it has allowed to flourish,
according to a leading Chinese writer,
Liu Binyan, in his forthcoming book
“China’s Crisis, China’s Hope.” In 1987
Liu was himself expelled from the party,
which had earlier rehabilitated him after
punishment with hard labor following a
series of articles on bureaucratic corrup-
tion. This year he is writer in residence
at Trinity College in Hartford, Connect-
icut. His book is due in October from
Harvard University Press.

International Mozart
Competition

Y OUNG PIANISTS, SINGERS, AND VIOLIN-
ists of professional level and of all
nationalities may enter the fifth interna-
tional Mozart Competition to be held in
Salzburg Jan. 25-Feb. 5,1991. It is open
to singers born after Jan. 15,1957, and
pianists and violinists born after Jan. 15,
1959. Entry forms, due by Oct. 1,1990,
may be obtained through the Austrian
Press and Information Service, 31 East
69th St., New York, NY 10021, or
Internationaler Mozart-Wettbewerb, A-
5020 Salzburg, Mirabellplatz 1, Austria.

Privatization Pioneer

HE RISE OF PRIVATIZATION OF INDUSTRY

in Eastern Europe may see some of its
earliest success in Poland, according to
Kazimierz Poznanski, a University of
Washington professor of international
studies who lectured to the Institute for
East-West Security Studies earlier this
year. Poland is unusual among East bloc

10
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NATIONAL CENTER FOR ATMOSPHERIC RESEARC_H,
P.O. Box 3000 « Boulder, Colorado 80307-3000
? Telephone: (303) 497-1000 « Telex: 989764

12 April 1990

Dr. John H. Sununu
Chief of Staff

White House
Washington, DC 20500

Dear John:

| enjoyed meeting with you, Allan Bromley, and Dan Albritton on
30 March. | hope we are making progress in answering your questions about
climate models. Your comments are well taken on the need for adequate
vertical, as well as horizontal, resolution in climate models.

if | recall correctly, you wanted to know what happens, in terms of slow-
ing down greenhouse warming, when we increase the depth of the upper ocean
(where most of the additional heat goes). The atmospheric radiative forcing
part of the model allows for solar and infrared radiation with clouds (Kiehl et
al., 1987). Solar radiation is generally broken down into two regions—one is
between 0-0.9 um and is usually denoted ultraviolet and visible; the other is
0.9—-4.0 um and is denoted near-infrared. In the present calculation, we make

. this division into 0.0—0.9 pm and 0.9-4.0 um intervals. The model includes

fractional clouds, absorption by gases in the ultraviolet, absorption by ozone
in the visible spectral regions, carbon dioxide, water vapor, oxygen, cloud-level
liquid water, and albedos (that is, reflectance of clouds and the surface).

. After averaglng out horizontal effects, we set forth the basic physics of
the climate model (see enclosed reprint by Dickinson, 1981), where steady-
state global temperature change AT, due to a change in external heating AQ
in the climate system, gives

. AT = AQ AQ

where X is the feedback describing the change of outgoing thermal and re-
flected solar radiation at the top of the atmosphere. If ) is large, then the
temperature change is small and vice versa. Various National Academy studies
estimate that (approximately) A ~ 2 W m-2 K-1.

In time-dependent form, (1) becomes

8T

Co; AT =AQ, (2)

The National Center for Atmospheric Research is operated by the University Corporation
- for Atmospheric Research under sponsorship of the Nattonal Science Foundation.
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where C is the heat capacity of atmosphere-ocean climate system. Because
the climate system has several sub-systems, such as the atmosphere and the
oceans with different heat capacities, it is better to separate them into two
equations for each medium, that is,

CaZ2 4 Nam(Ta —T) + XTa = AQ, 3)
Cn o 4 \(Tn—Te) =0, @)

where T, and T,, are atmospheric temperature and ocean mixed-layer temper-
ature; C, and C,, are heat capacities of the atmosphere and ocean mixed layer;
Aem is the feedback parameter between the atmosphere and ocean mixed layer
(estimated ~ 50 W m-2 K-1). The latter term allows transfer of heat for the
atmosphere and ocean. The following table provides quantitative measures
of the parameters:

: Mass Heat Capacity
Medium (x 10® Kg m-2) (W m-? year K-1)
Atmosphere 14 C, = 0.45
Ocean mixed layer (81 m) 81 Cn = 10

The solution to (3) and (4) can be simplified by combining the two
first-order ordinary differential equations into one second-order ordinary dif-
ferential equation that can be solved by a simple Runge-Kutta numerical
method incorporated into the computer program.

In determining climate change in this simple model, we first estimated
A from a radiative column model by using, say, a vertical profile of tropi-
cal atmospheric temperature. The climate sensitivity factor is obtained from
variations of the net radiative flux at the tropepause due to changes in tem-
perature and moisture. Thus,

dFN 9F OFdq 0S dq

The quantities 0F/3T, 0F/dq, and 85/8q are obtained from the column radiation
model. dq/dT is estimated from the assumption of fixed relative humidity.
Calculations from the column model yield a value of A ~ 2 W m-2 K-1. Once
A has been determined, it can be used in (4) to obtain a change in the ocean
mixed-layer temperature for a given forcing AQ. For example, a doubling
of carbon dioxide yields AQ ~ 4 W m-2. Thus, from (1) the equilibrium
temperature change would be expected to be AT ~ 2°K.

A
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The time-dependent evolution of AT can be obtained from the com-
puter model of the mixed-layer temperature change described above. The
cofumn radiation model can also be used to calculate AQ for other carbon-
dioxide concentrations. A note of caution, however—Figures 2.12 and 2.13
(enclosed) show that the upper mixed layer of the ocean is approximately
70 m or so. Our knowledge of the ocean’s thermal structure indicates that,
except in the high latitudes, only the upper mixed layer of the ocean is in-
volved in greenhouse warming. The latest 3-D climate models support this.
In fact, in the greenhouse warming scenario, the ocean becomes more stati-
cally stable and contains less coupling between the top and bottom, except
for some regional features in the high latitudes.

Several sample computations with the 1-D model with different ocean
depths are enclosed.

Next week | will be attending meetings in Washington, DC, including
the White House Conference on Science and Economics Research Related to
Global Change. | will bring along a floppy disk containing a 1-D model with
interactive oceans, and, at your convenience, | could install the model on your
computer.

Sincerely

~ .
Warren M. Washington, Director
Climate & Global Dynamics Division

Telephone: (303) 497—-1321
Fax: (303) 497-1137

E-Mail: warren washington@ncar.ucar.edu

Enclosures:

1. Figures 2.12 and 2.13
2. Documentation of the column radiation and cloud model
3. Reprint by Robert Dickinson on simple climate model

cc: D. Allan Bromley
Nancy Maynard
Daniel Albritton
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NATIONAL CENTER FOR ATMOSPHERIC RESEARCH
P.O. Box 3000 « Boulder, Colorado 80307-3000

Telephone: (303)497-1000 « Telex: 989764
7 August 1990

Dr. John H. Sununu
Chief of Staff

White House
Washington, DC 20500

e dn

Dear J)hﬁ:

Enclosed is a copy of part of my presentation to Prime Minister Margaret
Thatcher during her visit to the National Center for Atmospheric Research
on 3 August 1990. The material contains some new results not yet published
that may be of interest to you on the subject of regional climate change.
Obviously, the research should be viewed as preliminary until published.

. Sincerely,

Warren M. Washington, Director
Climate & Global Dynamics Division

Fax: (303) 497-1137
E-Mail: ccm@ncar.ucar.edu
Enclosure

The National Center for Atmospheric Research'is operated by the University Corporation
 for Atmospheric Research under sponsorship of the National Science Foundation.

An Equal OpportunitylAffirmative Action Employer



SUMMARY OF PRESENTATION TO
PRIME MINISTER MARGARET THATCHER
OF THE UNITED KINGDOM

3 August 1990

By Warren M. Washington and Gerald A. Meehl
Climate and Global Dynamics Division
National Center for Atmospheric Research
Boulder, Colorado U.S.A.

A BRIEF DESCRIPTION OF NEW NCAR RESULTS
ON REGIONAL CLIMATE CHANGE CAUSED BY
INCREASING GREENHOUSE GASES

In a cooperative effort,! scientists from Australia, the United Kingdom,
NCAR, and NOAA/GFDL have intercornpared meridional differences between
model simulations and observed temperature changes. Figure 1 shows the
observed annually averaged temperature change from the ten-year period 1978—
1988 minus 1963-1973. Note the general pattern of warming in the lower
atmosphere (below 300 mb, about 10 km) and cooling in the stratosphere (above
100 mb). This pattern can be compared with computer simulations of the final
(equilibrium) greenhouse effect for doubled carbon dioxide (CO,) from model
simulations by GFDL, NCAR and UKMOQO shown in Figure 2. Although the
magnitudes are quite different (as expected, owing to possible errors in the data
and because CO, has not doubled), the overall reg)'onal pattern of the simulations
has some correspondence to the observed. Clearly, the observed changes cannot
be connected uniquely with the changes due to increased greenhouse gases.

We have recently extended our coupled atmosphere-ocean climate model
experiment with slowly increasing CO, to nearly 50 years (see our earlier study
in Climate Dynamics, 4, 1-38, 1989). This extension allows further examination
of global and regional surface air temperature changes. We have calculated
five-year seasonal means from year 26 to year 45 to determine whether or not
clear regional warming is evident for particular seasons. Five-year means were
used rather than individual one-year seasonal means because the tropical Pacific
El Nifio and La Nifia events produced by the coupled model can profoundly affect
mid- and high-latitude regional patterns on the scale of individual years.

1pavid J. Karoly, Jennifer A. Cohen (Centre for Dynamical Meteorology, Monash University,
Clayton VIC 3168, Australia), Gerald A. Meehl (NCAR, Boulder, CO 80307), John F.B.
Mitchell (Hadley Climate Prediction and Research Centre, Bracknell, Berkshire, UK),

Abrah;m H. Oort, Ronald J. Stouffer (NOAA/GFDL, Princeton University, Princeton, NJ
08542). : .



The following figures show the regional five-year differences between
the gradually (1% per year) increased CO, experiment and the control with a
constant concentration of CO, at 330 ppm. (One percent per year roughly
accounts for.the combined heating effect of all greenhouse gases, such as
CO,, mgt\r;ane, chlorofluorocarbons, and nitrous oxide, etc.) Figure 3 shows
the summer and winter differences and Figure 4 the spring and autumn
differences. Winter, spring, and autumn seasons have the greatest warming.
There is, however, regional cooling over parts of the globe even with five-
year mean patterns. T. Karl of the National Oceanic and Atmospheric
Administration provided Figure 5, which exhibits the largest absolute difference
in five-year averaged December, January, February observed surface air
temperatures (taken from 1945 to 1984). As depicted in this figure, the
observed five-year means are capable of large differences of roughly the same
magnitude as those from the model. Recently, K. Trenberth of NCAR
(Bull. Amer. Meteorol. Soc., Vol. 71, No. 7, 988—-993, July 1990) has shown
large regional changes in the observed interdecadal surface temperatures over
the Northern Hemisphere. These observed studies. underscore the difficulty we
face in identifying the ‘fingerprint” of greenhouse warming from short climatic
records.

In Figure 6, a ten-year (31-40) annual mean temperature difference
simulated in our transient CO, experiment shows general warming, especially
at high northerly latitudes for this period. Also shown in Figure 6 are annual
mean differences for the ten-year period (years 31-40) from an experiment in
which CO, is instantaneously doubled (2x CO,) at year 1. The 2xCO, difference
from the control shows approximately the same regional pattern as the transient
experiment. It is interesting that consistent regional warming patterns are evident
in the longer averaged annual means but not in the seasonal five-year means.

The new results suggest that, in order to observe the regional
greenhouse-effect signal, we may have to consider changes in seasonal means
only for periods substantially longer than five years. Changes over shorter periods
‘may reflect natural variability much more than the transient greenhouse buildup.
Future climate models with increased resolution and improved treatment of
climate processes, such as clouds, will have to contend with the large natural
variability of five-year or, perhaps, decadal time scales of regional patterns. This
will make establishment of clear and consistent regional and seasonal greenhouse
effects more difficult than previously believed. In addition, these results hint at
the possibility that identification of regional greenhouse effects in the observed
data may also be more difficult to verify on a seasonal basis than on an annual
basis.
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Sea Level and Climate Change
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ERIC J. BARRON

Pennsylvania State University

STARLEY L. THOMPSON

National Center for Atmospheric Research

INTRODUCTION

It has long been suggested that a change in global sea
level produces a change in climate. This hypothesis re-
ceives substantial support from the geologic record of sea-
level change. Over a broad range of time scales (10* to 107
yr), eustatic sea level and continental flooding are well
correlated with paleoclimatic data, particularly during the
past 100 million yr (m.y.). '

The relationship between sea level and climate has three
components. First, climate directly influences sea-level

_variations largely through the processes that control the

growth and decay of continental ice. At peak glaciation
18,000 yr ago, approximately one-sixth of the planet was
covered by ice and continental glaciation, and sea level
was lower by 85 to 130 m than it is at present (CLIMAP,
1976).

Second, a variety of physical mechanisms exist whereby
sea-level changes can directly affect global climate. By
changing the nature of the atmosphere-surface interface,
sea-level changes can alter the transfer of heat, moisture,
and momentum between the surface and the atmosphere.
In addition, sea level can alter ocean currents by introduc-

- ing or removing geographic barriers. Ocean currents are a

principal means of transferring heat from the tropics to
polar regions and play a crucial role in controlling some
regional climates of the present. Other potential direct
influences of sea level on climate include effects on ice

185

sheet size, ocean chemistry, and- atmospheric content of .
carbon dioxide and other trace gases.

Third, the correlation between sea level and climate
during Earth history may be the product of an indirect
association. One plausible indirect link is a relationship
between increased volcanism, higher atmospheric carbon
dioxide levels, and high global sea level caused by rapid
sea-floor spreading (Bemer et al., 1983). In this case,
climate change ‘would be directly related to changes in
carbon dioxide levels, and the correlation of climate change
with sea level would not be indicative of a direct cause-
and-effect relationship. '

Only the direct influence of sea level on climate and the
indirect association between sea level and climate are
considered here. The direct influences of climate on sea
level, through land ice volume or ocean temperature change,
are considered in Chapters 10 and 13 (this volume), re-
spectively. Simulations with global dynamical climate
models and examples from the paleoclimatic record pro-
vide insight into the importance of various physical mecha-
nisms and the explanations of correlation between climate
and sea-level variations during earth history.

DIRECT EFFECTS OF SEA LEVEL ON CLIMATE

The potential direct effects of sea level on climate can
arise from physical mechanisms that fall into at least five
categories: (1) regional changes in atmosphere-surface
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coupling, (2) changes in ocean circulation, (3) changes in
surface heat capacity, (4) changes at ice sheet-ocean mar-
gins, and (5) changes in ocean-atmosphere chemical
composition. The mechanisms are listed roughly in order
of increasing uncertainty, although insufficient work has
been completed in the investigation of the climatic effect
of sea-level changes in every category. Hence the discus-
sion that follows will necessarily rely heavily on work not
originally conducted with an eye to sea-level change. In
some cases, educated speculation will have to suffice until
more research specific to the problem of sea level and
climatic change is conducted.

More is known about atmosphere-surface coupling than
the other four categories, perhaps because atmospheric
and oceanographic scientists have studied and modeled
the general problem for many years. Ocean circulation
modeling has also been conducted for many years, but the
level of detail required for comprehensive study of the
global effects of sea-level change has exceeded the capa-
bility of even the largest computers. [Current global ocean
models use about a 500-km grid. Typical sea-level changes
(over geologic time) produce coast line changes on the
order of 100 to 1000 km. Thus sea-level changes are
either subgrid scale or, at best, barely resolvable (hence
poorly treated) by current global ocean models.] Changes
in ice sheet volume are usually thought of as influencing
sea level; interest in the influence of sea level on ice sheets
is relatively recent. Likewise, it is uncertain how sea-level
changes can have a direct impact on ocean-atmosphere
chemical composition, but such composition changes, if
they exist, could cause substantial changes in global cli-
mate by altering the “greenhouse” effect.

Atmosphere-Surface Coupling

Virtually every facet of Earth’s climate is controlled or

affected by the transfer of heat, moisture, and momentum
between the atmosphere and the underlying surface. For
example, most of the heat that drives the atmospheric
circulation is first absorbed as solar energy at the surface
and then made available as sensible heat (direct tempera-
ture change) and latent heat of condensation (heat released
when evaporated moisture condenses to form rain or snow).
Furthermore, the long-term circulation of the atmosphere
is constrained to conserve absolute angular momentum.
Momentum transferred to the Earth when the atmosphere
“rubs” against the surface must be balanced by a reverse
momentum transfer elsewhere arising from changes in
wind speed and direction. Surface easterly winds repre-
sent absolute momentum transfer from the Earth to the
atmosphere, and surface westerlies vice versa. Changes in
the regional distribution of surface “roughness” can di-
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rectly affect local surface winds and, owing to the momen-
tum conservation constraint, global wind patterns as well.

Surface Heat and Moisture Balance Heat balances
typical of three surface types are shown in Figure 11.1. In
general, the surface of the Earth receives a net positive
flux of radiant energy (a gain of solar energy minus a loss
of infrared energy) that is balanced by sensible heat and

evaporative losses. Land in the subtropics is relatively dry -

and has a relatively high albedo, that is, reflectivity for
solar energy. Most of the net radiative gain is balanced by
sensible heat loss owing to the lack of moisture to be
evaporated. In contrast, the adjacent subtropical oceans
have low albedo and lose heat almost exclusively by evapo-
ration. Changing subtropical land to ocean, e.g., by a sea-
level increase, would produce a major change in the amount
of heat and moisture received by the overlying atmosphere,
perhaps producing a change in regional climate. As Fig-
ure 11.1 shows, near equatorial land is qualitatively simi-
lar to ocean because abundant vegetation makes it rela-
tively dark and moist. Thus changing equatorial-type land
to ocean would produce a smaller climatic effect than
changing subtropical land to ocean.

A local change in albedo of the surface can produce a
large effect on the local surface energy balance, but what
effect can it have on global-scale climate? A simple analy-

Rz Net Solar and IR Radiation (Wm™2)
E = Evaporation/ Transpiration (Wm2)
Sz Sensible Heat (Wm2)

at Surface Albedo
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FIGURE 11.1 Heat balances for some representative surface
types. On average, net radiative heating of the surface is bal-
anced by evaporative and sensible heat loss. Evaporation is the

preferred mode of heat loss at warm temperature; thus subtropi-
cal oceans lose heat mainly through evaporation.
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SEA LEVEL AND CLIMATE CHANGE

sis based on our current understanding of global climate
theory suggests that a global change in surface albedo of
0.01 will produce about a 1°C change in surface tempera-
ture. The effect of less than global-scale changes in sur-
face albedo will be smaller in general, but requires de-
tailed modeling calculations to determine the actual sensi-
tivity. ) .

We can now make a rough estimate of the effect of sea-
level change on surface albedo and temperature. Suppose
that in a latitude zone with an initial land fraction of 0.4, a
sea-level rise reduces the land area fraction to 0.3 (a rather
large change, probably requiring a sea-level increase well
in excess of 100 m). Assume also that the difference in
surface albedos between the covered land and the ocean is
0.1. The average change in surface albedo in the zone is
thus (0.4 —0.3) x 0.1 =0.01. The predicted rise in surface
temperature of the zone (assuming no interaction with
adjacent zones or other effects) is about 1°C. Thus a
major change in sea level is not likely to cause a large
change in global-scale surface temperature from an albedo

~ effect only. This approximate result is confirmed by more

detailed calculations by Thompson and Barron (1981) that
examined the effect on albedo of shifting the continents to
the positions they had 100 m.y. ago (Ma). Factor of 2
changes in land area in the subtropics produced a change
of only a few watts per square meter (W/m?) in the surface
energy budget of the zone.

Referring again to Figure 11.1, we see that plausible
changes in surface wetness can produce much larger
changes in the surface energy balance than can plausible
changes in albedo. Sea-level change provides an ideal
way to produce an extreme change in surface wetness. No
calculations have been done with global climate models in
which sea level has been changed and only surface wet-
ness has been allowed to vary (i.e., no albedo changes or
other effects). Thus it is difficult to say just how important
changes in wetness are compared to albedo changes, but
we can get some indication from simulation studies that
have changed land surface properties to investigate other
problems. Shukla and Mintz (1982) performed two simu-

Jations with a global climate model: one in which all land

was assumed to be completely dry (no evaporation al-
lowed) and the other assuming land to be completely wet
(like the ocean). Thus the simulations can give an indica-
tion of what might happen if very dry desert were changed
to ocean without any albedo change. The calculations
showed the dry land case producing summer land surface
temperatures 10° to 20°C higher than the wet case. Clearly,
evaporation from the surface can have a powerful cooling
effect.

Moisture flux from the surface not only transports heat
but causes changes in atmospheric water vapor content
that can affect cloudiness and precipitation. Yeh er al.

187

(1984) have done simulations with a global climate model
in which soil moisture was perturbed to see the effect on
surface temperature and rainfall. They found, in general,
that increased surface evaporation led to increased precipi-
tation, but not necessarily in the same region as the in-
creased evaporation. Increasing evaporation in a surface
divergence region (a region of downward air motion) led
to increased precipitation in adjacent convergence regions,
but not locally. The explanation of the effect is that it is
difficult to form precipitation in regions of downward
motion regardless of the amount of water vapor in the air.
Excess humidity in subsidence regions is moved by winds
to regions of upward motion and then rained out. More
recently, Gordon and Hunt (1987) have further empha-
sized the role of simulated surface hydrology and precipi-
tation patterns.

From the above discussion, it can be concluded, for
example, that replacing land with ocean in the normally
dry subtropics might not lead to any local rainfall increase,
but might instead produce increased equatorial rainfall.
Aside from noting these potential local and nonlocal
mechanisms, more specific statements cannot be made
about the effects of sea-level change on rainfall without
more-detailed global climate model calculations.

What happens if surface albedo and moisture availabil-
ity are changed simultaneously? Henderson-Sellers and
Gornitz (1984) performed climate model experiments in
which the effects of Amazon deforestation were exam-
ined. The deforestation was simulated by changing the
surface albedo from 0.11 to 0.19 and by greatly decreasing
the potential for surface evaporation and transpiration.
These changes are similar to what one would expect from
a sea-level drop, i.e., replacing sea with land. The re-
searchers found that there was no net surface temperature
change in the deforested area. The surface albedo and
wetness changes for this particular case produced- nearly
complete compensating effects. There was, however, a
local decrease in rainfall of about 10 percent over the
deforested area, as expected from the discussion above.
There were no global-scale climate effects that could be
reliably detected above the normal model variability. Even
though these results are only suggestive, they do indicate
that the direct climate effect of large sea-level changes
may not be large even on regional scales.

Surface Roughness The transfer of heat, moisture, and
momentum between the atmosphere and surface is propor-
tional to the surface drag coefficient (C,), a nondimen-
sional quantity that expresses the proportionality between
the friction force per unit area at the surface and the square
of the surface wind speed. The value of C, is strongly
dependent on the “roughness” of the surface as measured
by the characteristic height of surface protrusions such as -

‘
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TABLE 11.1 Typical Values
of Surface Drag Coefficient,
C, (x107) (from Garratt 1977)

Cp
Ocean
Wind speed 5 m/s 1
Wind speed 20 m/s 2
Land
Desert 3
Tropical forest 25
Typical 10

rocks or plants. Typical values of C for land and ocean
are given in Table 11.1. In general, the drag coefficient
over ocean is an order of magnitude smaller than it is over
land. This has the effect of (a) tending to produce de-
creased surface fluxes over ocean and (b) producing a
higher surface wind speed over ocean by way of compen-
sation. [Substantial momentum transfer between the Earth
and the atmosphere is also created by large-scale orogra-
phy, the so-called “mountain pressure torque” (see Holton,
1979, pp. 264-265). It is unlikely that reasonable sea-
level changes alone would produce climatologically im-
portant changes in topographic heights relative to sea level.}

It is not clear what effect a change in sea level could
have on large-scale climate through a change in C,,. Some
sensitivity studies with climate models (e.g., Hansen et al.,
1983) have shown that the simulated climates are not very
sensitive to C,,. On the other hand, it is well known that
changes in momentum exchange at the surface can have a
substantial effect on atmospheric circulation systems
(Holton, 1979, p. 260). It is not possible at this time to say

* how important sea-level-induced changes in surface rough-

ness are in relation to changes in albedo or wetness.

Combined Surface Effects Barron and Washington
(1984) performed two climate model simulations for con-
tinental positions of 100 Ma. One case was for present day
sea levels and the other included a sea level estimated to
be 330 m higher than the present that is thought to have
occurred during the Cretaceous period. This is a massive
sea-level increase that would have caused a 20 percent

. decrease in global land area. Barron and Washington

found that the sea-level change produced systematic local
climate changes only in the subtropics and tropics. In
these regions, changing land to ocean produced local
cooling (the evaporation increase outweighed the albedo
decrease) and slight warming elsewhere. Zonally aver-
aged temperatures changed by less than 2°C at any latitude
(see Figure 11.2)." The global net effect on surface tem-

TEMPERATURE (°K)
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perature was small. The postulated change in Cretaceous
sea level produced a smaller global climate effect than did
correspondingly large changes in topography and conti-
nental positions.

Ocean Circulation .

In a number of instances, sea-level changes have been

'invoked as a mechanism of modifying the ocean surface

and thermohaline circulations. The sea-level ocean circu-
lation mechanism involves bathymetric control of current
directions, importance of barriers in basin-basin commu-.
nication, and the role of shallow epicontinental seas and
marginal basins in the formation of deep water. Each
example cited below illustrates the potential for sea-level
changes to influence climate, but none of the studies to
date provides quantitative links between sea-level-induced
circulation changes and climate change.

The high-velocity core of the Gulf Stream scours the
Blake Plateau, producing a 50- to 75-km-wide band of
erosional topography. Pinet and Popenoe (1982) used
seismic stratigraphy and a series of drill holes to show that
the axis of the Gulf Stream has shifted hundreds of kilo-
meters repeatedly during the past 20 m.y. The position of
the Gulf Stream axis is well correlated with sea-level
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FIGURE 11.2 A comparison of the zonally averaged surface
temperature for a general circulation model experiment with
Cretaceous continental positions with low sea level (present-day
total area) and no topography and an experiment with Cretaceous
continental positions with high sea level (about 20 percent of
continental area flooded) and no topography
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FIGURE 11.3 A hypothetical example of the potential for sea-
level change to affect climate through a mechanism that relies on
isolation of ocean basins. (1) The world ocean and a subtropical
sea communicate across a shallow strait. (2) A global climate
change induces ice sheets to grow. Lowered sea level isolates
the subtropical sea, which begins to evaporate. Fresh water is
transferred to the world ocean by precipitation. (3) Lower salin-
ity of the world ocean promotes a sea ice increase, which acts as
a positive feedback to the global cooling.

variations. During lowstands of sea level, a broad bathymet-
ric bulge, called the Charleston bump, deflects the Gulf
Stream offshore to a position across the Blake Plateau and
along the steep continental slope just north of the Blake
Spur. During sea-level highstands, the Gulf Stream paral-
lels the Florida-Hatteras Slope. The Gulf Stream has a
notable impact on regional climates, thus the potential for
climate change. However, the extent of possible climatic
change due to such movements in current direction in
response to sea-level variation is unknown.

The elevation of a barrier above sea level or subsidence
of a ridge below sea level has been cited as a mechanism
of climatic change in numerous instances. The subsidence
of the Greenland—Iceland-Faeroe Ridge (about 38 Ma)
probably resulted in a significant interaction between the
Arctic and Atlantic oceans; subsidence of the Walvis Ridge
off South Africa (about 20 Ma) greatly influenced the
Bengula current system; and formation of the Isthmus of
Panama (about 2.3 Ma) eliminated equatorial
Atlantic—Pacific flow (Berggren, 1982). Berggren stressed
the role of ocean gateways in modifying heat transport by
the oceans. Sea-level variations have the potential to have
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breached or created surface circulation barriers during Earth
history, but few instances related specifically to sea level
are documented, and in every case the climatic implica-
tions are qualitative.

Sea-level change can isolate or reconnect small basins.
Particularly in subtropical high-evaporation zones or re-
gions where precipitation greatly exceeds evaporation,
isolation of a basin from the main ocean can result in large
density contrasts (i.., hypersalinity or freshening of the
basin). - Thierstein and Berger (1978) hypothesized that
reconnection of a temporarily isolated basin can result in
an injection event that favors either abyssal stratification
or surface stratification depending on the salinity charac-
teristics. Brass et al. (1982) showed that deep water can
form in marginal seas in the subtropics due to high evapo-
ration (warm, salty bottom water). These authors suggest
that changes in the size and configuration of marginal seas
in the subtropics owing to sea-level change may have
controlled deep-water formation during different periods’
of earth history. Deep water tends to form in semirestricted
basins or marginal seas because the isolation allows the
water mass to obtain different density characteristics,
through atmospheric interaction, in comparison with the
main ocean. These marginal seas are certainly susceptible
to sea-level variations that may modify their size and
configuration. Basin isolation and induced salinity vari-
ations may also result in climate change because fresh
water freezes more readily (see hypothetical example in
Figure 11.3). The potential of this mechanism to modify
climate is largely unexplored.

Annual Temperature Cycle

The heat capacity or thermal inertia of the surface is a
strong determinant of the annual cycle of temperature at a
given latitude. The thermal inertia of the ocean is depend-
ent on the depth of the mixed layer, ranging from tens of
meters to in excess of 200 m. In contrast, the thermal
inertia of land is roughly equivalent to a 1.0-m depth of
water. Extensive continental flooding is likely to modify
the local thermal inertia, and hence influence the annual
cycle of temperature. .

In experiments using the seasonal zonal energy balance
climate model of Thompson and Schneider (1979) to in-
vestigate the contrast between the climate of the Creta-
ceous and that of the present (Barron et al., 1981), the
changes in land fraction associated with Cretaceous geog-
raphy resulted in a 3° to 5°C reduction in the amplitude of
the annual cycle of surface temperature in the Northern
Hemisphere mid-latitudes (i.e., the summers were cooler

. and winters warmer than present). The mid-latitude ocean

fraction increased by approximately 20 percent in the
Cretaceous case. In this model the zonal thermal inertia
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was computed from an area-weighted harmonic mean
assuming no land-sea heat transfer within a zone.

More recentl'y, the general circulation model experi-
ments with Cretaceous geography and mean annual isola-
tion of Barron and Washington (1984) have been extended
to a seasonal mixed-layer experiment. The zonally aver-
aged amplitude of the annual cycle of surface temperature
in the Northern Hemisphere mid-latitudes was reduced 4°
to 8°C in comparison with a present-day control experi-
ment. The largest component of this zonally averaged
difference is regions that were land initially but become
oceanic when the sea level was increased. If this compo-
nent of the zonal average is removed, the change in ampli-
tude is 1° to 3°C. . '

The above two simulations illustrate the potential for
sea-level fluctuations to produce changes in seasonality.
However, each experiment described above includes a

- number of variables that could influence seasonality (e.g.,

ice-albedo feedback), and consequently the importance of
thermal inertia has not been isolated.

Ice Sheets

The influence of sea level on ice sheets became a topic
of interest when the potential instability of the present
West Antarctic Ice Sheet became widely known. This ice
sheet is the smaller of two major ice masses covering
Antarctica. Unlike the East Antarctic Ice Sheet, the west-
em ice sheet is mostly grounded below where sea level
would be if the ice were removed. Apparently, the ice
sheet exists only because floating ice shelves at its edge
act as buttresses to prevent the ice sheet from quickly
flowing out into the ocean. These ice shelves are them-
selves stabilized by friction against protruding islands,
underwater rises, and the sides of the bays in which the
shelves sit. Such marine ice sheet-shelf systems have been
shown to be potentially unstable to perturbations such as
ocean warming or sea-level rise (Thomas et al., 1979).

Evidence and modeling studies (Thomas and Bentley,
1978) indicated that the West Antarctic Ice Sheet was
much larger 18,000 yr ago during the height of the last
glacial episode. This increased size was made possible by
the almost 100-m lower sea level at that time. The hy-
pothesis is that the rise in sea level associated with the
melting of the great Northern Hemisphere ice sheets caused
a substantial collapse of the large West Antarctic Ice Sheet
until it stabilized at its present size. A further sea-level
rise could presumably act to unpin the buttressing ice
shelves that allow the remnant ice sheet to exist.

Although the massive East Antarctic Ice Sheet is in no
danger of total collapse, it too has undergone fluctuations
in size associated with sea-level changes. During the last
glacial maximum this ice sheet probably extended 75 to 90
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km farther onto the continental shelf than at present (Alley
and Whillans, 1984). The rise in sea level at the end of the
Ice Age produced a rapid retreat response at the ice sheet
edge that propagated as a wavelike reduction of ice sheet
thickness-to the interior of the ice sheet.

Although the basic link between large sea-level changes
and ice sheet growth and decay is fairly clear, it is not
obvious that small sea-level changes in isolation have a
substantial effect on global climate. The principal effect
on climate would probably arise from the change in area of
the ice sheet and associated sea ice. A further regional
climatic effect would come from changes in ice sheet
topography. If large glacio-climatic changes in sea level
are needed to have significant effects on ice sheets, then
any sea-level-induced ice sheet changes would act only as
positive climatic feedbacks rather than actual driving forces
for large climatic changes. The level of positive feedback
could be quite small, e.g., a 50-cm rise in sea level due to
ocean thermal expansion could cause such a small reduc-
tion in ice sheet size that any positive feedback on ocean
temperature would be negligible.

Ocean Chemistry

The most uncertain potential direct effect of sea level
on climate involves the conjectured relation between sea
level, ocean-atmosphere chemistry, and the greenhouse
effect. Studies of cores drilled in ice sheets have shown
that atmospheric CO, concentration was about two thirds
of its present value during the last glacial maximum. Since
CO, is a greenhouse gas, the change in atmospheric com-
position apparently acted to substantially augment the
postglacial warming (Thompson and Schneider, 1981).

It is not clear what caused the atmospheric CO, in-
crease at the time of deglaciation, but it is known that the
changes must have originated in the oceans (Broecker,
1984). An initial hypothesis (Broecker, 1982) was that
increased sea level due to melting Northern Hemisphere
ice sheets covered previously exposed continental shelf.
Increased sedimentation of organic matter onto the shelf
would have removed phosphorous from the ocean. Since
phosphorous is a limiting nutrient, such a loss would de-
crease ocean phytoplankton productivity, reduce the up-
take of CO, in surface water, and hence produce an atmo-
spheric CO, increase. A second hypothesis (Berger, 1982)
was that the postglacial sea-level rise encouraged deposi-
tion of carbonate sediments on the shelf, an action that
would have generated an increased CO, content in the
surface water and the atmosphere. The source of carbon-
ate to be deposited, and hence COZ, would have been
dissolution of deep-sea sediments. However, more recent
hypotheses of the glacial to interglacial CO, change have
not directly involved sea-level changes (Broecker, 1984).



SEA LEVEL AND CLIMATE CHANGE

Whether sea-level changes can directly affect atmospheric
CO, concentration is an unresolved question.

INDIRECT SEA-LEVEL AND CLIMATE
ASSOCIATIONS

The global cooling trend over the past 70 m.y. is well
correlated with a gradual decline in global sea level or
increase in global land area. The global cooling from the
Cretaceous to the present day has been estimated to be in
the range of 6° to 12°C in globally averaged surface tem-
perature (Barron, 1983). The decrease in global sea level
is estimated to be as much as 300 to 400 m (Hardenbol et
al., 1982) and an increase in total land area of 20 percent
(Barron et al., 1980). Early comparisons between sea-
level variations associated with this long-term trend and
paleotemperature (e.g., Damon, 1968) have been used to
infer a strong causal relationship between sea level and
climate over the past 100 m.y.

Barron and Washington (1984) performed an extreme
sea-level sensitivity experiment with a general circulation
model of the atmosphere. This experiment compared mean
annual simulations for Cretaceous geography with flooded
continents and with present land area (nonflooded conti-
nents), which were described earlier. The globally aver-
aged surface temperature response to increased sea level
and decreased land area in the model was —0.2°C (Figure
11.2). In the subtropics, where the majority of the flood-
ing occurred, increased evaporative cooling (about 60
W/m?) and a small increase in cloud cover (2.5 percent)
compensated for the surface albedo change.

The results of the sea-level climate model sensitivity
experiment bring into question the direct explanation of
the global cooling trend as a function of sea-level and
surface-albedo variations. The alternative possibilities are
(1) inadequate model sensitivity, most likely because of a
lack of a seasonal cycle or a fully resolved coupled ocean
model, or (2) an indirect association of sea level and paleo-
temperatures. Point (1) is discussed in detail by Barron
and Washington (1984), and here we will introduce only
one plausible indirect association between sea level and
paleotemperatures.

Bermner er al. (1983) and Lasaga et al. (1985) performed
calculations with a geochemical model based on the
carbonate—silicate geochemical cycle to test the possibility
of atmospheric CO, concentration changes on time scales
of 1 m.y. over the past 90 m.y. On this time scale, CO,
removal from the atmosphere is largely dependent on
weathering of exposed silicate rocks (with higher sea level
this area decreases). One explanation of higher global sea
levels is increased rates of seafloor spreading (see Harri-
son, Chapter 8, this volume). If seafloor spreading rates
are high, then a logical implication is greater volcanism
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and hence higher CO, input into the atmosphere (see Arthur
et al., 1985, for a discussion on substantially higher vol-
canic input estimates for the Cretaceous). Berner et al.
(1983) suggested that this substantially higher volcanic
input of CO, cannot be compensated by increased rate of
weathering of exposed silicate rocks. In this scenario,
high paleotemperatures would result from a CO,-induced
warming that would be associated with high sea level, but
the warming would not be a direct response to sea-level
variations.

The problems with the atmospheric CO, model of Berner
et al. (1983) include estimating actual rates of CO, de-
gassing through time, estimating actual seafloor spreading
rates (Berner et al. used four different estimates of seafloor
spreading variations), and determination of how directly
weathering of silicate and carbonate rocks responds to the
level of atmospheric CO, concentrations (Berner and
Barron, 1984). In addition, Shackleton (1985) suggested
that the carbon isotope record may limit the potential
variability of atmospheric CO,. Despite some unresolved
problems, the CO, model of Berner et al. (1983) and
Lasaga et al. (1985) would solve the problem of explain-
ing the long-term correlation between sea level and paleo-
temperatures in light of small climate model sensitivity to
large-scale continental flooding, and is a good example of
a potential indirect association between sea level and cli-
mate,

SUMMARY

The direct effects of sea level on climate include changes
in atmosphere-surface coupling, ocean circulation, ther-
mal inertia, ice sheet-ocean interactions, and changes in
ocean—atmosphere chemical composition. In only a few
cases has the direct effect of a specific variable been iso-
lated. In the majority of the climate model simulations,
the model experiments provide insight into the importance
of various physical mechanisms, but a series of sensitivity
experiments should be conducted to isolate the importance
of variables such as surface albedo, surface wetness, sur-
face roughness, and thermal inertia. Many of the argu-
ments presented for the importance of various mecha-
nisms (e.g., ocean gateways that influence oceanic heat
transport) are purely qualitative. The first steps toward
placing these concepts on a more firm physical foundation
must be taken if we are to demonstrate the potential role of
sea level in climate change.

Further, correlations between sea level and climate in
the geologic record may not be a product of the direct
mechanisms described here. The possibility exists, for
example, that the causes of sea-level change may influ-
ence climate (e.g., tectonic control on-sea level and vol-

1
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canic CO, emissions), and the paleoclimatic associations
with sea level may be indirect.
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THE WHITE HOUSE
WASHINGTON

September 24, 1990 v 3een

MEMORANDUM FOR GOVERNOR SUNUNU
FROM: D. ALLAN BROMLEY
SUBJECT: ISSUES ON THE FRAMEWORK CONVENTION

ORGANIZATIONAL MEETING AND THE SECOND WORLD
CLIMATE CONFERENCE

Background

The President offered to host the first negotiating session for a Framework
Convention on global climate change at Malta last year, and reiterated the invitation
at the White House Conference on the Science and Economics of Global Change. In
May of this year a tentative decision was made to begin the negotiations in the first
week of February 1991, preceded by a preparatory committee meeting or meetings this
fall. The first preparatory meeting will be held September 24 to 26. Organizational
issues for the first negotiating session will be discussed at that time.

The Second World Climate Conference is scheduled for October 29 to November 7 in
Geneva. It will focus on scientific issues, including the IPCC report. A ministerial
session has been scheduled for the final two days of the conference, which will
produce a Ministerial Declaration. A preparatory committee meeting will be held
September 27 to 29 in Geneva.

The Global Change Strategy Task Force (a steering group of the DPC Global Change
Working Group) met last Tuesday to address some minor, outstanding organizational
issues for the first negotiating session and substantive issues in the proposed
Ministerial Declaration for the Second World Climate Conference. Unanimous
agreement was reached on the organizational issues for the Framework Convention,
and this was relayed to the U.S. delegation. General agreement was reached on the
Second World Climate Conference issues. A summary of the discussion and
recommendations follows.

Framework Convention Negotiations - Organizational Issues

The Strategy Task Force recommended the following guidance for our representatives
at the preparatory committee meeting with respect to the starting date, length, and
location of the first negotiating session:

The U.S. strongly prefers a one-week session beginning February 4 in Washington,
D.C.. However, if there is strong international pressure for a two-week meeting, we
would agree to a ten-day meeting as a fallback position.



The group had considered either Washington, D.C., or Dallas, Texas as alternate
locations. A paper comparing the suitability. of the two cities was circulated to Task
Force members and the group decided on Washington. This was based-on_cost
considerations, the availability of approprlate facilities, press coverage, the amount of
influence a U.S. delegation could have in the process, and the potential for a
Presidential appearance.

Second World Climate Conference

The State Department has compiled interagency comments on a draft ministerial
declaration produced by the Second World Climate Conference Secretariat. The
Strategy Task Force discussion focused on a limited number of issues on which the
U.S. would not be prepared to negotiate. These include:

o We should not agree to specific targets and timetables for reducing greenhouse
gas emissions; '

o  There should be no provision for "new and ‘additional" funding (for developing
countries);

0 There should be no mention of separate protocols to a framework convention;

0 The comprehensive approach, which addresses all greenhouse gases, their
sources and sinks, must be an integral part of the approach;

o The declaration must accurately describe the scientific context and
uncertainties associated with potential climate change;

The Task Force prepared alternate language for these and other issues of particular
interest, as well as fallback modifications of existing language which could be used in
negotiating final language during the September 27 to 29 preparatory meeting. A
more comprehensive briefing on these issues can be scheduled for you, if you would
like.

State and Commerce will represent the U.S. at the September preparatory meeting.
The Strategy Task Force strongly recommends that Dr.. John Knauss, Undersecretary
of Commerce, head the U.S. delegation to the ministerial portion of the conference in
October. An immediate- announcement of the Knauss appointment will tend to
discourage head of state participation by other countries as well*as prevent
speculation on any appearance by higher level U.S. representatlves In addition, it
reinforces our continuing commitment to focusing the cllmate change discussions on
science and decreases the opportunity for rhetoric, as was characteristic of Noordwuk.
Therefore, the Task Force recommends that Dr. Knauss be appomted to head the
delegation as soon as possible.

Comments:




THE WHITE HOUSE AC/ER

WASHINGTON

October 1, 1990 THE CHIEF of STAFF

has seep
MEMORANDUM FOR GOVERNOR SUNUNU
FROM: EDE HOLIDA&ﬁ \B(‘P‘
SUBJECT: Preparations for Second World Climate Conference
and Framework Climate Change Convention

Negotiations

You received a memorandum from Allan Bromley last week outlining
the results of a recent meeting of the Global Change Strategy
Task Force that discussed the above subjects. We are working
closely with Allan and members of his staff to emphasize the
strategic nature of the work of his group in overseeing
preparation of U.S. policy positions for the upcoming Second
World Climate Conference and the February 1991 opening of
negotiations on a framework global climate change convention, a
need highlighted to you recently by Secretary Watkins (see
attached memo). The State Department-led PCC will continue the
staff-level preparatory work, with Allan's group resolving
conflicts between departments and ultimately reviewing and
approving final positions. The Domestic Policy Council may also
be asked to review the U.S. opening position for the first
negotiating session on the framework convention.
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The Secretary of Energy

Washington, DC 20585 ER _ %NFQ

September 6, 1990

MEMORANDUM FOR THE HONORABLE JOHN H. SUNUNU
CHIEF OF STAFF TO THE PRESIDENT

SUBJECT: IMPRESSIONS OF THE DOE DELEGATION TO THE IPCC
FOURTH PLENARY SESSION .
Sobn.' |

This is a follow-up to your telephone conversation on August 31 with
Assistant Secretary John Easton regarding the outcome of the IPCC Fourth
Plenary Session held in Sundsvall, Sweden from August 27-31. We have today
received the draft of the IPCC First Assessment Report Overview, reflecting
amendments ‘and modifications made in Sundsvall. While we are still reviewing
this draft to ensure that it is an accurate reflection of the debate last
week, I wanted to share with you the general impressions of the DOE
delegation.

In the view of the DOE delegation, the negotiated text of the revised
Overview is a substantial improvement over the Draft Overview and Conclusions
which formed the basis for last week's discussions. It better reflects the
uncertainties facing policy makers, is consistent with the U.S. comprehensive
approach, and clearly indicates that response measures will vary depending on
national circumstances and require careful analysis. Moreover, the IPCC
First Assessment Report in its entirety will include not only this Overview,
but the underlying policymakers summaries and the full working group reports.
This is valuable from a U.S. perspective because the full reports better
reflect the uncertainties than the summary sections on science, impacts and
response strategies incorporated in the Overview.

The key results qf a protracted and often difficult debate in Sundsvall were:

0 The U.S. successfully resolved our key concerns leading into Sundsvall
by removing particularly objectionable portions of the original draft
and having language from the underlying policymakers' summaries
reinserted. The U.S. was successful primarily because Saudi Arabia and
other key developing countries (notably Brazil and Mexico) expressed
many similar concerns.

] In particular, U.S. and other.Delegations inserted additional language
emphasizing the uncertainties surrounding climate change; the need for a
global response and actions on the part of both industrialized and
developing countries; and describing the most effective response
measures as those which are, inter alia, beneficial for reasons other
than climate change, justifiable in their own right and economically
efficient and cost effective. The report further states that the degree
to which various response options are viable will depend on national
circumstances and that determination of the best options will require
careful analysis.



0 The U.S. managed to replace one section of the report which could have
~~ been read as an endorsement of C02 emissions reduction targets. Draft
language calling for nations to initiate actions to stabilize and later
reduce emissions with the aim to "define targets for carbon dioxide and
other greenhouse gases" was replaced, at U.S. insistence, with
compromise language from the Working Group III Policymakers' Summary.

o  This language states that: "Subject to their particular circumstances,
individual nations may wish to consider taking steps now to attempt to
limit, stabilize or reduce the emission of greenhouse gases resulting
from human activities and prevent the destruction and improve the
effectiveness of sinks. One option that governments may wish to
consider is the setting of targets for CO2 and other greenhouse gases."

(i The developing countries are increasingly insistent on acknowledgment of
their need for financial assistance, technology transfer on preferential
terms, and on the lead responsibility of the industrialized countries in
addressing climate change. This effort is led by Brazil and supported
by Mexico, the PRC and India. Reflecting their apprehension over the
IPCC report serving as a basis for subsequent negotiations, Brazil
inserted a disclaimer in the report's preface: "It should be noted that
the report reflects the technical assessment of experts rather than
government positions, particularly those governments which could not
participate fully in all IPCC Working Group meetings."

0 The U.S. is increasingly isolated among the industrialized countries in
stressing the remaining uncertainties and in resisting endorsement of
C02 and other greenhouse gas reduction goals or targets.

The IPCC Plenary presages the very difficult negotiating process which lies
ahead for the U.S. Other industrialized countries will seek more drastic
response measures now. Also, the developing countries are likely to resist
any action on their part without additional financial and technology

{ assistance. It will be necessary, therefore, for the U.S_to have a

efor:
well-defined poSition and strategy before the upcoming negotiations on a

framework convention. :

It will also be necessary to prepare carefully for the Second World Climate -

X \CODfﬂMb_e_hﬂ_d_fnom__ﬂcmb_er_ZQ;t{QiemthL As you know, the draft
ministerial declaration for this conference is unacceptable. The modest
successes we were able to achieve in Sundsvall could be lost depending on how
this conference chooses to receive and act on the IPCC report. We need to
arrive at a strategy for this conference quickly so that we can work the
attending delegations well in advance.

o~
James D. Watkins

Admiral, U.S. Navy (Retired)
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September 7, 1990

MEMORANDUM FOR GOVERNOR SUNUNU

FROM: D. ALLAN BROMLEW

SUBJECT: THE LETTER YOU RECEIVED FROM DR. J. F. KENNEY
CONCERNING THE ROLE OF "JUVENILE METHANE" IN
THE GREENHOUSE SYSTEM - AND MORE

Just before we left on vacation you gave me a copy of this letter with its very
surprising conclusion. Because I was intrigued by it I asked Berrien Moore of the
University of New Hampshire (who is one of the world experts in this area) and Bob
Watson of NASA to take a close look at Kenney’s assertions which would, obviously,
be very important - if correct. I enclose herewith the resulting memorandum from
Moore and Watson because I thought that you would find it interesting. I also
enclose a somewhat revised illustration of the global carbon cycle.

At the same meeting in your office you raised the question of whether current climate
models assumed a linear relationship between greenhouse gas concentrations and
resulting infra-red radiation absorption. Bob Correll and a number of associates
have researched this for me and again I enclose their memorandum. The answer, in
brief, is no but I thought that you would be interested in the background for that
answer.

We had a meeting of the Global Climate Change Strategy Committee yesterday to
review what happened at the Sundsvall IPCC meeting and to plan for the forthcoming
international meetings. In brief, although the IPCC meeting was chaotic in the
extreme, the outcome was relatively in our favor. The draft Bolin report that was
reviewed in your office was scrapped and replaced with a relatively brief overview, to
which was appended the policymaker’s summaries of the three IPCC working groups.

We will move forward to coordinate preparation for the forthcoming meetings and
keep you well informed. Should it be of interest to you, I would be happy to arrange
for Bernthal and Watson to brief you on what actually happened in Sweden.
Among the interesting aspects were:
a) The fact that the Northern Europeans backed off their extreme positions,
b) the fact that Brazil, with more or less overt support from India, China and
the developing countries tried to derail the entire process so that there
would be no report from the IPCC.

Please let me know if you wish to hear more details.



Critique of J.F.Kenney Letter to J.H.Sununu

Although most of the scientific and technical information presented in Dr. J. F. Kenney's

letter is correct, the author draws a totally erroneous conclusion about the source of the increase of
atmospheric carbon dioxide. Juvenile methane is not the cause of the recent (since pre-industrial
times) increase in atmospheric carbon dioxide. All of the information presented in this letter was
available, and taken into account, during the IPCC scientific review. This memo will present the
correct interpretation of the carbon cycle.

While there is no dispute that the carbon cycle is complex, and the magnitude of many of

the reservoirs and gross fluxes between reservoirs are quite uncertain (i.e., by about 20% or
more), there is little doubt about the following facts:

CARBON DIOXTDE
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The current (1990) average mixing ratio (often referred to as atmospheric concentration) of
carbon dioxide is 353 ppmv (750x1015g C)--known to better than 0.5%. This contrasts to
the pre-industrial (1750-1800) atmospheric mixing ratio of carbon dioxide of about 280
ppmv (594x1015g C)--decadal averages for a period of about one thousand years prior to
1750 were constant to within about 2%, i.e., about +5-6 ppmv. Therefore, the

atmospheric mixing ratio of carbon dioxide has increased by about 25% since the pre-
industrial era.

The atmospheric loading of carbon dioxide is currently increasing at an annual rate of
1.8ppmv (3.8x1015g C). This is three times greater than the annual rate of increase of 0.6
ppmv (1.3x1015g C) in 1958 when precise atmospheric_ measurements began.

The interhemispheric gradient of carbon dioxide abundances between the northern and
southern hemispheres has increased from about 1 ppmv in 1960 to about 3 ppmv today.

The annual gross fluxes of carbon dioxide between the atmosphere and the oceans are
about 90x1015¢ C, and the annual gross fluxes of carbon dioxide between the atmosphere
and the terrestrial biosphere are about 100x1015g C. In each case the fluxes are probably
only known to about 30%. As stated earlier, the ice core record shows that the atmospheric
concentration of carbon dioxide prior to 1750 was constant to within about +2% (&5-
6ppmv) indicating that the gross fluxes of carbon dioxide between the atmosphere and the
oceans and between the atmosphere and the terrestrial biosphere were in a quasi-steady
state. The contemporary net fluxes are smaller and better known (see next three points)
than the gross natural fluxes, hence the uncertainty about the current carbon cycle is less

than one might suppose by examination of only the gross fluxes and their associated
uncertainties.

The current annual emissions of carbon dioxide from the combustion of fossil fuel are
about 6x1015g C per year (last accurate assessment was 5.7+0.5 x1015¢ C in 1987). The
cumulative release of carbon dioxide from the combustion of fossil fuels is estimated at
20020 x1015g C between 1850 and 1987.

The annual emissions of carbon dioxide from “tropical deforestation" were estimated
(IPCC) to be between 0.6 and 2.5 x1015g C in 1980, i.e., (1.5+1.0 x1015g C). Recent
increases in the rate of tropical deforestation suggest that the lower limit is too low, and that
the most likely current value is towards the central or upper end of the range. The



0

®)
)

cumulative release of carbon dioxide from tropical and extratropical deforestation is

~ estimated at 115235 x1015g C between 1850 and 1985.

The sum of the current annual emissions of carbon dioxide from tropical deforestation and
the combustion of fossil fuels is 7.5+1.2 x1015g C, of which only about 3.5 x 1015g C

remain in the atmosphere. The remaining 4+1.2 x1015g C is being taken up by the oceans
and terrestrial biosphere, but the relative proportions are poorly quantified.

The net annual uptake of carbon dioxide by the oceans is (2+1 x1015g C).

The net annual uptake of carbon dioxide by "non-tropical” terrestrial ecosystems is highly
uncertain (0-3 x1015¢ C), and it has been suggested that it may have increased in recent
decades through a number of plausible mechanisms, including enhanced productivity due
to a warmer climate, carbon dioxide and/or nitrogen fertilization, and improved forest
management.

CARBON 14
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IAC (half-life of 5700 years) is produced in the atmosphere through the partial conversion
of 14N by cosmic radiation.

Because of the rapid exchange of carbon dioxide (about 190+40 x1015 g C per year)

between the atmosphere and the terrestrial biosphere and ocean waters, 14C is rapidly
equilibrated throughout the atmosphere, terrestrial biosphere and surface waters of the
ocean.

The 14C content of atmospheric carbon dioxide resulting from the combustion of fossil
fuels (coal, natural gas, or oil) is zero, because the age of fossil fuels greatly exceeds the
half-life of 14C.

The atmospheric abundance of 14CO; was approximately constant prior to 1750, then
decreased approximately 25% over the 200 year period prior to nuclear bomb testing and
nuclear power plant operation. This pattern (known as the Suess effect) is due primarily to
emission of 14C-free fossil fuel COs, which diluted the pre-industrial 14C content of the
atmosphere. The burning of biomass also contributed to this dilution since vegetation is
partly depleted, relative to the atmosphere, in 14C because of fractionation against the
heavier isotope at the air-leaf interface. The atmospheric concentration of 14C increased

rapidly after 1952, reaching a peak in 1963/4, from which it has decreased to a value about
40% above the 1952 value.

METHANE

(14)

The atmospheric loading of methane is known to about 1%. The current (1990) average
mixing ratio of methane is 1.72 ppmv (3.7x1015g C), compared to a pre-industrial value of
about 0.6 to 0.8 ppmv (1.3 to 1.7x1015g C). Note that the corresponding contemporary
and pre-industrial values for COy are 750 and 594 x1015g C, respectively.



(15)

(16)

17

(18)

(19)

The atmospheric loading of methane is currently increasing at an annual rate of 0.014 to
0.017 ppmv (0.03 to 0.036 x1015g C).

The current annual emissions of methane from both natural and anthropogenic sources is

between 0.3 and 0.5 x1015g C, of which about 60 to 70% is believed to be due to
anthropogenic activities. The ice core record suggests that the natural sources of methane
were relatively stable for several centuries prior to 1850.

The magnitude of the sources is largely constrained by knowledge of the atmospheric sink,
primarily removal by reaction with tropospheric hydroxyl radicals. The atmospheric
lifetime is about 10 to 12 years, with an uncertainty of about 20-30%.

The magnitude of the individual anthropogenic and human-influenced sources of methane
are quite poorly quantified, including rice paddies, cattle rearin g, biomass burning,
landfills, permafrost, natural wetlands, coal mining and venting of natural gas, e.g., the

annual flux of methane from rice paddies is estimated to range from 0.019 to 0.13 x1015g
C.

Methane from coal mining, and venting of natural gas, as well as "juvenile methane
emissions" (if any), would contain no 14C, where-as methane emissions arising from
biological sources would contain a modern day 14C signature. The best estimate of the

percentage of methane emissions with no 14C signature has recently been determined to be
about 20%, although some estimates reach as high as 32%.

~ Conclusions:

The total annual flux of atmospheric carbon dioxide arising from natural and anthropogenic
methane emissions is between 0.3 and 0.5 x1015g C, of which about 60 to 70% are
thought to arise from the direct influence of human activities, i.e., 0.18 to 0.35 x105¢ C.
It is clear that this annual flux is relatively unimportant, in terms of total carbon, compared
to the annual fluxes of carbon dioxide arising from the combustion of fossil fuels (5.7£0.5

x1015g) and tropical deforestation (0.6 and 2.5 x1015g C).

The observed decrease, prior to 1952, in the atmospheric abundance of 14COy, compared
to 12CO», over the last 200 years is consistent with the source of atmospheric carbon
dioxide containing no 14C, i.e., from the combustion of fossil fuels (completely depleted of
14C) and the atmospheric oxidation of 14C free CHy (the magnitude of this source,
<0.15x1015¢ C per year, is only a few percent of the fossil fuel source).

The observed change in the interhemispheric gradient in carbon dioxide over the past 30
years parallels the increased combustion of fossil fuels in the northern hemisphere.

The anthropogenic fluxes of carbon dioxide are much smaller (factor of about 25) than the
natural sources and sinks, but are still large enough to perturb the natural carbon cycle and
account for the observed ~25% increase in atmospheric carbon dioxide since pre-industrial
times. The ice core record suggests that the atmospheric concentrations of carbon dioxide
and methane were in quasi-steady state (natural sources and sinks balanced) prior to the
industrial revolution, with rapid increases thereafter.



The sum of the annual emissions of carbon dioxide from tropical deforestation and the
combustion of fossil fuels is between 6 and 9 x1015¢g C, of which only about 3.5 x 1015g
C remain in the atmosphere. The remaining 2 to 5.5 x1015 g Cis being taken up by the
oceans and terrestrial biosphere, but the relative proportions are poorly quantified. The
lack of a quantitative knowledge of the sinks, hence atmospheric lifetime, of carbon dioxide
means that there is uncertainty associated with our understanding of the relationship
between future emissions and atmospheric concentrations of carbon dioxide.
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Question: - Do climate models assume a 'linéar relationship between changes in the
atmospheric concentrations of greenhouse gases and changes in the
absorption of infra-red (terrestrial) radiation, i.e., changes in radiative
forcing. '

Answer; No.

Climate models do not assume a linear relationship between changes in the
atmospheric concentrations of greenhouse gases and changes in radiative forcing. Changes
in radiative forcing due to changes in the atmospheric concentration of species A depends
upon the spectral properties of species A, the atmospheric concentration of species A, and
the concentration of other gases with spectrally overlapping bands.

The forcing of some atmospheric spééiés (most notably carbon dioxide, methane,
and nitrous oxide) is markedly non-linear in absorber amount. Therefore, changes in
radiative forcing are critically dependent on the concentrations for which the calculations are
performed. . : _

Carbon dioxide: The atmospheric concentration is currently about 353 ppmv.
There is a logarithmic dependence between changes in atmospheric concentrations
of carbon dioxide and changes in radiative forcing (in Wm-2), that can be expressed
by the following simple (approximate) relationship: - ’ :

* Delta Forcing = 6.3 In (C/Cy), wfl'e_rc Cis COy 1n ppmv for C <1000ppmv.

Methane and Nitrous Oxide: The atmospheric concentrations of methane and .
nitrous oxide are currently 1.7 ppmv and 0.31 ppmv, respectively. There is a
square root dependence between changes in the atmospheric concentrations of
methane and nitrous oxide and changes in radiative forcing (in Wm-2), that.can be
expressed by the following simple (approximate) relationships:

* Delta Forcing = 0.036 (M0.5-M0-5) - (F(M,No) -Af(Mo, No)
where M is CHy in ppbv for M<5 ppmv.

* Delta Forcing =0.14 (N0-5-N00-$_) + (f(Mo,N) - f(M,, No))
where N is N2O in ppbv for N<5 ppmv. _

Thg, second term in each equation is due to the fact that thc spectral bands of
methane and nitrous oxide are significantly overlapped, therefore this has to be
taken into account with the following'overlap term:

£(M,N)=0.47 In [1+2.01x10-5(MN)0.754+5.31x10-1SM(MN) L 52];

Chlorofluorocarbons (CFCs): Because of the low (a few parts per billion by
volume(ppbv)) atmospheric concentrations of CFCs 11 and 12, and the fact that
they absorb in a "specfrally transparent W\ W' region of the spectrum,
there is a linear relationship between changes in atmospheric concentrations of
CFCS 11 and 12 and changes in radiative forcing that can be simply expressed:

* Delta Forcing (CFC-11) =0.22 (X-XO), where X is CFC-11 in ppbv<2 ppbv



* Delta Forcing (CFC-12) =0.28 (Y-Y(), where Y is CFC-12 in ppbv<2 ppbv

Ozone: The relationship between changes in the atmospheric concentrations of
tropospheric and stratospheric ozone and changes in radiative forcing are somewhat -
more complex than for the long-lived, well mixed gases, such as discussed above.
Changes in radiative forcing are sensitive, with a linear response, to changes in the
vertical distribution of ozone, particularly near the tropopause.

-Gl ‘ming Potentials:

It should be noted that the concept of global warming potentials (GWPs) requires
an understanding of not only the dependence of the radiative forcing of a gas on its
concentration and the concentration of other gases with spectrally overlapping bands, but
also of: ' o :

(D the atmospheric lifefirnes of the various ‘gases" '
(2)  the specification of the most appropriate time period over which to perform
the integration ; '

The reference gas for the table of GWPs listed by IPCC is carbon dioxide, yet the
atmospheric lifetime of carbon dioxide is quite poorly defined because of uncertainties
associated with understanding its sources and sinks. This limitation, which was
recognized by IPCC means that significant research will be needed before relative GWPs

can be determined with confidence.
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September 17, 1990

MEMORANDUM FOR THE PRESIDENT
FROM: D. ALLAN BROMLEY M‘/
SUBJECT: THE U.S. GLOBAL CHANGE RESEARCH PROGRAM

Last year, at the Paris Economic Summit, you made available to your G-7 colleagues
copies of a report outlining the U.S. Global Change Research Program that had been
prepared by the Committee on Earth Sciences, a component of the Federal
Coordinating Council for Science, Engineering and Technology (FCCSET). The report
was apparently very well received and a number of countries have looked on it as a
model for their own activities.

During the past year, this FCCSET committee--now renamed as The Committee on
Earth and Environmental Sciences, one of seven such committees now functioning
under a revitalized FCCSET--has revisited the entire U.S. governmental global change
program in light of new data, new understanding and new circumstances.

We touched on this briefly when you joined us during the last PCAST meeting and I
thought that you might find the attached summary of the new 1991 plan (now at the
printers so that it can accompany your FY 91 formal budget submission to the
Congress) of interest. In my opinion, this 1991 report and research plan will mark a
very significant advance over the already excellent 1990 one. I shall, of course, be
happy to provide any further information that might be useful to you, or arrange for
a more complete briefing on any of these topics that you might select.

In parallel with the ongoing CEES activities related to the science and technology of
global change, the Domestic Policy Working Group on Global Change (WGGQC) is
monitoring activities of the United Nations’ Intergovernmental Panel on Climate
Change (IPCC). The IPCC has just completed the first phase of its activities and
evaluation of the science on effects of, and political responses to, global change. The
WGGC is making preparations for effective U.S. participation in the several
international conferences on this topic that will take place later this year and prior to
the first negotiating session for the Global Change Framework Convention that you
have agreed to host here in Washington in February 1991.

Cooperation between the CEES and the WGGE continues to be exemplary and will, in
my opinion, effectively support your international leadership in this important area of
global stewardship. '

Attachment
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AN OVERVIEW OF THE U.S. GLOBAL CHANGE RESEARCH PROGRAM

What is Driving the U.S. Global Change Research Program ?

World leaders are taking an increased interest in the economics and social implications of global environmental changes,
both natural and human-induced. The 1988 midwestern U.S. drought underscored the potential effects of a warm, dry .
summer, just as the climate of recent decades in the Sahel starkly reveals the human tragedy that can occur in marginal-
subsistence zones of a changing planet. Furthermore, the very recent linking of the antarctic ozone "hole® to man-made
chlorofluorocarbons (CFC’s) and the current debate over humanity’s role in the "greenhouse effect” have placed the
environment high on the national and international agenda. In virtually all these issues, the salient feature is the
significant scientific uncertainty associated with predicting the behavior of the coupled ocean-atmosphere-land Earth
system. The substantial costs associated with addressing environmental changes require policy decisions be based on adequate
scientific knowledge. To provide this knowledge, the U.S. Global Change Research Program (US/GCRP) has been developed
as a precursor component of the U.S. Government's overall approach to global environmental change.

What is the U.S. Strategy for the US/GCRP ?

The US/GCRP has been developed through the Committee on Earth and Environmental Sciences (CEES) of the Federal
Coordinating Council for Science, Engineering, and Technology (FCCSET). The program is driven by carefully established
priorities, and by key scientific questions that must be addressed to establish sound national and intemational policies for
addressing issues such as the “greenhouse effect, global climate change, and ozone depletions. The Program was developed as
a government-wide and integrated research program. It has been established in cooperation with the U.S. and
international scientific communities, through the National Academy of Sciences (NAS) and internationally through the
International Council of Scientific Unions (ICSU). The Program is also linked internationally to a substantial number of
other government agencies (though the International Group of Funding Agencies for Global Change Research) and to
the relevant intergovernmental organizations of the United Nations. . '

What are the Overall Goals and Objectives of the US/GCRP ?

The Goal:

To establish the scientific basis for national and international policy making relating to natural and
human-induced changes in the global Earth system. . :

This goal will be implemented through three overall US/GCRP objectives:

The Objectives:

o Establish an integrated, comprehensive long-term program of documenting the Earth system on a global scale,

o Conduct a program of focused studies to improve our understanding of the physical, géological, chemical, biological,
and social processes that influence Earth system processes and trends on global and regional scales. ’

~ o Develop integrated conceptual and predictive Earth system models.
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What are the Key Areas of Scientific Uncertainty ?

Hydrological cycle: primarily cloud-radiation and land surface-atmosphere interactions. These uncertainties affect the
predicted rate (magnitude at a given time) of “climate change®. :

Role of the oceans: the exchange of energy between the ocean and the atmosphere, and between the'upper layers of
the ocean and the deep ocean. These uncertainties affect the predicted rate of climate change, especially at the

regional scale.

Trace gases: quantification of the uptake and release of carbon dioxide by the oceans and terrestrial biosphere, and
quantification of the individual sources of methane and nitrous oxide. These uncertainties affect our understanding
of how the climate system will be “forced*, hence the rate of predicted climate change. These uncertainties also limit
the formation of control strategies.

Predictions of regional climate change: limitations in computer resources (spatial resolution and physical
sophistication), coupled with an inadequate understanding of several key processes (e.g., the exchange of water and
energy between vegetative surface and the atmosphere) limit the accuracy of regional climate change predictions at
the scale required for impact assessments to be performed (sub-continental).

Detection of global change: trends in a number of climatically important parameters, coupled with a quantified
understanding of natural variability, are needed to differentiate between human-induced changes in the environment
from those that occur naturally. This will require long-term observations of climatically important parameters and
forcing functions, as well as careful development of time-dependent coupled ocean-atmosphere GCM’s.

What Scientific Research does US/GCRP Address to Reduce Scientific Uncertainties ?
| The US/GCRP seeks, through the FY 1991 Program, to improve our current understanding of:
~ (i) The natural and human—inﬂueqced processes that oontro! climate and global change, and
(ii) The impacts of climate and global change at the regional scale.

More specifically, the US/GCRP in FY 1991 seeks to document the natural variability of the Earth’s climate, and to
improve our understanding and modeling of:

(i) Cloud-radiation feedbacks;

(ii) ‘The exchange of energy between the atmosphere and the surface waters of the ocean, and between the surface
and deep waters of the ocean;

(iii) The cycling of carbon and other key elements between the atmosphere, land and oceans;
(iv) The exchange of water and energy between land surfaces and the atmosphere; and

(v) The current structure and functioning of ecosystems and their response to changes.

How will the US/GCRP be implemented ?

The FY 1991 President’s Budget requests $1,034 million for the US/GCRP, an increase of 57% over the FY 1990. The
US/GCRP is managed through nine agencies (DOC, DOD, DOE, DOI, EPA, NASA, NSF, SMITHSONIAN, and
US/DA), and is conducted in cooperation with a substantial number (over 20 ) other countries. The U.S. is contributing
about-50% of the total international effort, and is providing the leadership in virtually every case. The US/GCRP is a
government-wide integrated scientific research program that seeks to provide the scientific basis for national and
international policy making relating to natural and human-induced changes in the global Earth system. A summary of
current understanding and recent scientific developments is attached. ' -
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Climate Change - Summary of Current Understanding and Recent Developments

The Climate System:

The Earth’s climate is controlled by the input energy from the sun, by the radiative balance of the atmosphere, and by
internal processes within the climate system. The radiative balance depends upon the input of solar radiation and the
atmospheric concentrations of radiatively active trace gases (i.e., greenhouse gases), clouds and aerosols. To predict
changes in the climate system requires an understanding of future changes in the atmospheric concentrations of
greenhouse gases and aerosols, and the processes that control the response of the climate system to natural and
human-influenced changes in the radiation balance.

Contemporary Changes in the Forcing of the Climate System:

Current Understanding: Natural greenhouse gases, primarily water vapor and carbon dioxide, and to a lesser extent,
methane, nitrous oxide and ozone, keep the Earth much warmer than it would otherwise be. It is well documented that
since the industrial revolution the atmospheric concentrations of carbon dioxide, methane, nitrous oxide and industrially”
produced chlorofluorocarbons (strong greenhouse gases) have been increasing primarily due to human activities.
However, there are many uncertainties concerning the magnitudes of the sources and sinks of these greenhouse gases.
The time atmospheric carbon dioxide takes to adjust to changes in sources is of order 50-200 years, hence, carbon dioxide
emitted into the atmosphere today will influence.the atmospheric abundance of carbon dioxide for centuries into the

future.

Recent Developments: - The most significant recent scientific development is the suggestion that the oceans are only a
minor sink (possibly only one half of the previously estimated oceanic uptake) for anthropogenic carbon dioxide, and that
the most significant sink for anthropogenic carbon dioxide is most likely uptake by extratropical terrestrial ecosystems.

Historic Changes in the Forcing of the Climate System:

Current Understanding:  The most reliable information on past atmospheric carbon dioxide and methane concentrations is
obtained by the analysis of air trapped in polar ice cores, which shows a strong correlation between changes in
temperature and changes in the atmospheric concentrations of carbon dioxide and methane.

Recent Developments:  About 11,000 years ago, rapid changes in atmospheric temperatures and carbon dioxide
concentrations were observed (a period known as the Younger-Dryas). Recently, it has been suggested that these changes
are linked to abrupt and large-scale changes in the interplay between biological, chemical and physical processes in the
oceans. :

Predictions of Climate Change:

Current Understanding: General Circulation Models (GCM’s) are currently the best available tools with which to predict
changes in the Earth’s climate in response to a change in the atmospheric concentrations of trace gases or aerosols, solar
activity, or surface albedo. The current GCM’s have substantial limitations, in particular, they are very sensitive to the
treatment of cloud-radiation interactions. Different cloud-radiation models lead to significant differences (up to a factor
of 3) in the magnitude of the predicted global warming. Predictions of regional climate changes are very uncertain. They
are particularly sensitive to the treatment of ocean dynamics and ocean-atmosphere interactions and to the terrestrial
vegetation-atmosphere interactions. Further, current computer capabilities severely limit the spatial resolution of the

)GCMs. Therefore, the predictions of the magnitude and timing of climate changes, especially at the regional level, are
considerably uncertain. However, given these limitations, GCM’s suggest that: (i) the equilibrium increase in global mean
surface temperature should lie between 1.5 and 4.5 degrees centigrade; (ii) between 60 and 80% of the equilibrium
-warming should be realized at the time of "equivalent doubling"; (iii) global mean precipitation should increase; (iv)
sea-ice extent should decrease; and (v) the predicted warming in the northern polar winter should be greater than the
global mean. ‘ '
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Climate Change - Current Understanding and Recent Developments

Observations of Temperature Changes:

The instrumental record of surface temperatures suggests an increase of between 0.3 and 0.6 degrees centigrade since the
mid-nineteenth century, with an undetermined, but probably small (less than 0.05 degrees centigrade) artificial component
due to urbanization. Temperatures have not increased smoothly with time, nor uniformly throughout the world, i.e., (i)
the majority of the temperature increase occurred before 1940, prior to most of the anthropogenic increase in the
atmospheric concentrations of greenhouse gases; (i) there is little evidence that the continental U.S. has warmed since
1900; (iii) the northern hemisphere cooled between 1940 and the early 1970s, while the southern hemisphere continued
to warm; (iv) there have been significant differences in regional changes, especially in the northern hemisphere since
1950; and (v) from 1975 to 1982 a more general warming occurred, followed by little global warming since 1982.

Detection of the "Anthropogenic Greenhouse" Signal:

The Earth’s climate is inherently variable on all time scales, both regionally and globally. The challenge is to detect an
*anthropogenic greenhouse" signal amidst the natural variability of the system. Current GCM’s and observations cannot
confirm the presence or absence of an *anthropogenic greenhouse” signal.

Sea Level:

Although the data are difficult to interpret, the best scientific assessment is that over the past 100 years, sea level has
risen at an average rate of rise of 1.0-2.0 mm/yr. The uncertainties are large, but the principal causes of this rise are
consistent with the expected thermal expansion of the oceans and the melting of mountain glaciers. Regional values
differ considerably from global values and predicting future conditions is even more uncertain. If the global mean surface
temperature increases, then sea level is predicted to rise, primarily due to the thermal expansion of the oceans and to a
melting of some land-ice. The current predicted range of sea level increase lies between about 10 and 30 cm, at the time
of an equivalent doubling of carbon dioxide (sometime during the middle of the next century).

Ecological Systems:

Biological Productivity: _ Warming of soils will tend to increase nutrient availability to plants with potential for increased
productivity. Further, increased temperature will affect respiration more than photosynthesis, possibly reducing carbon
stored in terrestrial ecosystems resulting in a positive feedback on atmospheric carbon dioxide concentrations. Higher
atmospheric carbon dioxide concentrations can increase photosynthesis with potential increases in net production, but the
duration of "carbon dioxide fertilization effects” is unknown. However, while there is some knowledge of the responses of
biological production processes to changes in parameters of the physical environment, how these integrate over the life

cycle of even one species interacting in a complex of other species is unknown.

Ecosystem Composition:  Species will respond differently to changes in temperature, precipitation and atmospheric
carbon dioxide, either singly or in some combination. However, exactly what these responses will be is not known. Also
unknown are the changes that will occur among species, including plant-animal and plant-microbe interactions.

Marine Ecosystems: The historic record leaves little doubt that global warming will have an impact on marine planktonic
organisms. The structure and productivity of marine ecosystems are strongly influenced by ocean circulation and mixing,
with such physical parameters tightly linked with climate. While there is considerable knowledge of specific processes
and specific parts of the global oceans, the integration of this knowledge is incomplete and significant gaps in
understanding exist.
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