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United States Department of State

WW Bureau of Oceans and International

Environmental and Scientific Affasrs

Washington, D.C. 20520
July 2, 1990

UNCLASSIFIED
MEMORANDUM

To: OSTP - Nancy Maynard
EPA - Richard Morgenstern
DOE -~ Richard Williamson
NOAA - J.R. Spradley
OMB - Norm Hartness/Jack Fellows
DOI - Indur Goklany
USDA - Gary Evans
DOJ ~ Dick Stewart
CEQ - John Cohrssen

/
FROM: OES/EGC - Daniel A. Reifsnyder‘>4

SUBJECT: Draft IPCC Executive Summary

Attached is a copy of the draft IPCC Executive Summary (4
pages) which we received this morning from Geneva. Please
provide your written comments on this document no later than 12
noon on Tuesday, July 3. As previously mentioned, specific
textual changes, as opposed to general comments, stand a better
chance of being incorporated in the final draft.

Please fax your written comments to me at: 647-5947. My
telephone number is: 647-4069,

Attachment:
As stated.

UNCLASSIFIED
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Executive Summary

. There {s a natural greenhousc effect which keepa tha Farth warmer
than it would otherwise be.

- Emigsions resulting from human activities are subatantian\{)incrgaqing
the atmnospheric concentrations of the greenhouse gases: carbon dioxide,

methane, chlorofluorocarbons (CFCs) and nitrous oxide. These increase
the preenhouse effect, resulting on average in an additional warming of
the Earth’s surface.

- The total increase of all human-made gas emissiona ig at present equiva-

lent t6 an increase of ¢arbon dioxide since pre-industrial times of about
B50%

- Based on current model computlations the rate of increase of
temperature is estimated to be about 0.3 oC per decade (with an
uncertainty tange of 0.2 oC to 0.6 oC) in the case of an economic
development in the world of what might be called Busines-as-Usual. This
will result in a likely increase in the global mean temperature of about 1
oC above the present value (about 2 oC above that in the pre-industrial
period) by 2025 and 3 oC sbove todays value (about 4 oC above pre-
industrial) before the end of next century with an uncertainty range of
about 50%.

- Due to the delaying affect of the oceans the realized {emperature change
ir al any glvea tlwe between 80 and 807 ol the conwnived emperarure
change,

- If the man-made emi3sions were utop‘Fed. the greenhouse gas
concentrations would return to pre-industrial concentration only slowly,
i.e. in the matter of decades to centurics.

- The sizo of the warming that has cceurred during the last one to (wo
centuries is broadly consistent with the predictions by climate models.

- The confidence in regional egtimates of climate change is low, especially
for the changes of precipitation.

* L] L

- Because of the lack of more accurate estimates of the expected regicnal ";;'!6_70
changes of climate, more precise predictions of the regional impacts of cli- P‘:" J
mate change cannot yet be made. &

- If no preventive measures to limit the further increase of man-induced
emissions of greenhouse gases, an average rate of global mean sea level
rise of about 6 cm per decade 18 expected over the next century, with an
uncertainty range of 3-10 cm per decade.

- Although studies have not yet conclusively determined whether on ave-
rage global agricultural potential would increase or decrease, changes of
climate would have important effccta regionally.
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- Current forests will mature and decline in a climate, to which they are
increasingly poorly adapted,

- Natural terrestrial ccosystems would be markedly inﬂu@.ncgd because
the rates of climate change are likely to be faster than the ability of some
species to adjust,

- Enhanced carbon dioxide concentrations in the atmosphere migh?
enhance growth of certain plants,

- Comparatively small changes of climate can cause large water resource
problems. The evaflability of water and biomass rm;}ght lbe significantly af-
: ) jor ener rces in many developin countries.
fected and both are major energy sourc y ping ,;’2:’53”&” @
A
PRevicus PAGE

- The long-lived greenhouse gases, carbon diexide, CFCs and nitrous
oxide, would require rductions in emissions from human activities by
more than 60% in order to stabilize concentrations at today’s levela,

L] L] L]

* A reduction of the usc of CFCs would be a most cost-effoctive measure {o
slow down the rate of global warming. The CFCs will probably be replaced
by HCFCs and HFCs, which are weaker greenhouse gases, byt serious
consideration should §till be given to other replacements, because of tha
difficulties generally encountered when attempting to prevent a further
build up of atmospheric greenhouse gases.

- ABsuming a projected increage of the world population to about 8 billion
by 2030, the present global average emissions of carbon dioxide of about
1.45 ton of carbon per capita would have to be reduced to about 0,35 ton of

carbon ger capita in order to stabiljze carbon dioxide concentrations in the
atmosphere,

- Reforestation of 12 million hecturs per i

. year during the next 40 years
would elo‘w do»yn the rato of increage of carbon dioxide in the atmosphere
during this period by about 10 compared with the present rata,

in dealing with the problem arising fro 1 atcommon Fepanaibilivy
should take the lead in two ways: £ S08 alinmge change. The former

.o 1) to limit elimate chango by adaptin
with future agreements to limgt emissioﬁs,

2) to coo erafe with : _
without atandjn?: in thcw developmg tountries jn

g thoir own aconomies in ling

internationg i
way of the latrer g developmont, I action,
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. Snetainahle dovelopment roquiros tho propey concern _('o cnvironm:ntgl
Protection as the nceessary basis for continued economic growth, It will
increasingly have to take into account the issue of chmate‘ change. 1t {s
imperalive that the right balance is struck between economic growth and

environmenta) objectives.

- ing countrieg are ra idly inc¢reacing thei.r emicziong of
frggr?hgﬁzslopa:egs in atriving f‘ovpimpvow}ng their living ntunaur‘de.
Recognizing the Poverly that pravailg among the polulationg of developing

rieg, it is natural that fight Against povery and achieving econamin
§33£Ltn"r‘.“<.‘ gliven prionity by them, Closing the gap belween the

industrialized and the developing world is & prerequisite for a ful]
;lear&e:;,hip of all nations of the world in the development of a strategy to
deal with the climate change issue.

- The potentially serous consequencies of climate change give sufficient
réasone to begin by adopting response strategies that can bQ.JUSlﬁed im.
mediately even in the face of significant uncertainties, Thege include

- CFC controls ‘

- use of energy sources with lower emissions of Breenhouse gasesg

- improved energy end uge elMiciency

- improved forst mana ement

- review of agricultura practices

* There {8 no single Quick-fix technological option for limiting greeshouge

§88 emissions from the energy sources. A comprehensive strategy is
necessary,

- A major dilemma of the issue of climate change due to increasing emis.
sions of greenhousa gases into the atmosphere {g that actions may be re.

quired well before many of the specific issueg that ere raised can be re.
solved by further research,

- Measures for adapting to global climate change should be begun as soon
88 possible, particularly with regard to disaster Prépareness policies,
coastal zone management and contro) measureg for desertification.

* L] L

- The measures that.mny be Dccessary require g high degree of nterna-
tional Cooperation, with dye respect for national Sovereignty of states. To

assigt in that PTOCess, internationga] negotiationg on framework
convention on climate change should Atart as quickly ag possib]

- Individual nations, or ETOups of nations, should con
stabilize emigatong and thus assist in the

grcenhouse gag Concentrations in the atm

8ider acrions to
prevention of an acceleratiop of
osphere,

- In the long term Perspective, work should be
which would reflect the impacts of climate chan
hand and practicalitieg of reductions in emj

eTissions on the oth . They
should take into account What might be an acceptable leve] of . '%e

gin on defining criteria
¢ and their cogtg on one
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change and reflect the changes of scientific and economic understunding
and technological capabilitics,

: The IPCC recommends that research regarding the climate change
ismue in g&eneral, aud (he internytional economic fmplications in

particular, be intensified,

» Because climaty change would affect, efther directly or indirectly, almost
very sector of soclely, and also because important policy regponges will
havé to be developed againgt the back[,'mun of uncertainty, broad plobal
understanding ot thé iggye will facilitate the adoption and the
implementation of such response options as deemed necessary and

appropriate. Further efforts to achieve such global understanding are
urgently needed.
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OVERVIEW AND CONCIUISTONS

Climate Change: a key Global Issue

The consideration of the Final Report by the World
Commission en Environment and Development by the UN. General
Assembly in 1987 brought the issue of a possible future‘&gnti
induced climate change to world attention and recognition., 1In
1988, following the decisions of the Tenth World Meteorological
Congress, its Executive Council and the 1l4th session of the
Governing Council of the United Nations Environment Programme
(UNFEP), the Executive Heads of the World Metcorological
Organization and UNEP pursued the {ssue by inviting all nations

of the UN to take part in a more elaborate study of a possible

- man=induced climate change. The first meeting on such a study

was held in Geneva in November 1988, in which 30 countries
participated. The Intergovernmental Panecl on Climate Change
(IPCC) thus formed, and open to all countries, agreed on the
following tasks (see reference 1):

o assessment of avallable scientific information on
¢limate change;

2. assessment of environmental and socio-economic impacts
of climate change;

3+ formulation of response strategies.

The Panel set up Working Group I on Sclence, Werking Group
IT on Impacts and Working Group III on Response Strategies to
carry out the three tasks listed above.

At its second meeting held in Nairebl in June 1989, IpcC
responded to the request by the UN General Assembly (see
refersnce 2) to present its First Assessment Report in September
1990, to be available to the UN General Assembly later that year,
The present report is an outcome of the deliberations by the
Panel and its Working Groups. At its third session held in
Washungton D,C, {n February 19%0, IPCC responded to the request
of the Noordwijk Ministerial Conference on Atmospheric Pollution
and Climate Change to examline the feasibility of various options
to stabilize and/or reduce emissions of carbon dioxide and other
greenhouse gases, This work is now under way.
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It should be emphasized that the issuve of a possible man-
induced c¢limate c¢hange 18 very different from any other
environmental issue that has cmerged. It is a tyuly global
problem, and will be a concern for all countries. Although the
contributions to the emissions of greenhouse gases into the
atmosphere are very different and will remain so in the future,
all countries will ba influenced in one way or another. Joint
actions by all countries will be required in order to prevent or
mitigate the consequences of climate change.

The IPCC's objective has been to provide the scientific and
technical basis for action. It is clear that the present
overview, supported by the extensive working group reports and
their poli¢ymakers summaries, that some very specific general
¢onclusions can already be drawn from thig first phase of broad
assessment of the issuve, although many uncertainties remain., It
should constitute a useful synthesis for our present knowledge
that could serve as basis for negotiations about how 4o deal with
the {ssue. It is, however, also obvious that we are facing a
very difficult problem, and there will be no simple solutions,

The following overview of the IPCC Assessment presents a
synthesis of the most important conclusions that have been
reached by the Working Groups and are judged to be of particular
importance for the political analyses and the negotiations that
will begin after the fourth IPCC plenary meeting. 7To address
more specific questions, in an analysis of this major
envirgnmental issue, reference is made to the Working Group
reports.

The Scientific Issue

Increasing Greenhouse Gas Concentrations

It is first of all important to emphasize that although
uncertainties exigt with regard to the likelihood and the
character of human-induced climate change, we do know some things
with congiderable certainty. Working Group I has structured its
Policy-makers' Summary to distinguish clearly between:

what we know with certainty
what we calculate with confidence
what is predicted by current models

what our best judgement i
ungertain Judg $§ on matters that are more

First it is stated that we are certain of the following:

- there is a natural greenh0use effect hich
Earth warmer than it would otherwisgiggi already keeps the

- emissions resulting from human a
ctivities are g
incrcasing the atmospheric concentrations of th:bgﬁggﬁﬁgéiz

gases: carbon dioxi
and nitrous axida drr?t.'n Tftf‘ffff A gf_lf_lorqf.!.uorocarbons (CFCS)
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warming of the Earth's surface.

abundances,

produced industrially.

4 o6

i - ial
w summarizes the present and pre-industr
The tabtearii%%\ot rates of change and present atgcijs;)?‘eric
activities,
-4 f greenhouse gases influenced by human Sty
llfgé;mgfo:;dét methane, and nitrous oxide all have significant
g:tural and human sources, while the chlorofluorocarbons are only

SUMMARY OF KEY GREENHOUSE GASES AFFECTED BY HUMAN ACT.VITIES
Carbon Methane CFC-11 CFC-12 Nitrous
Dioxide ) Qxide
{mospheric
co&wnnmmn ppmyv ppmy PPty ppty ppbyv
Pre-industnal
(1750-1800) 280 0.8 0 0 288
Present day (1990) 353 1.72 280 484 310
i rate of change | 1.8 0.015 95 17 08 .
%%t;?e ’ (0.5%) (0.9%) (4%) (4%) (0.25%)
Atmospheric litetime 50-200 10 £5 130 150
lyears) ,

ppmMv = parts per million by volume
PRtv = pants per trillion (million million) Dy veiume,

Ppbv = pans per billion (thousand milion) by volume:

33 Since the industrial revolution the combustion of fossil fuels

34 and deforestation have led to
35 dioxide concentration in the atmosphere,

38 gas; alsQ, fossil fyel combustion may have also contr
3% through chemical reactions in the atmosphere which redy
40 rate of removal of methane, CFCs, which were not present
41 atmosphere before their invention in the 1930s,

an increase of 26% in carbon

Methane concentrations
36 have more than doubled because of rice production,

37 rearing, biomass burning, coal mining and ventilation of n

cattle

in the

are used as
foam blowing

42 aerosol propellants, solvents, refrigerants and
43 agents, incre al ~m h
44 emissi s s e n o) ingre car

45 dioxid n re-in rial ¢i £ u

46

47 The scenario assumes that, although oil ang natural gag
48 will play an important role as energy sources for several decades
49 into next century, the major

ccount has been en of

emissions of the CFC-gases but not the possibility

them out,

RR Aot ed snwa N . .

The increase Of Ql’een’\nnqn NN o b _ L

QOUG . e = 2 . energy supply will be from coal,

. ~ille renewable and nuclear énergy sources are judged no to pla

,Jﬁ QT§;~—7#3 more important ro globally unt}I\WJiEiin:g/ésé%ZIEQféééiﬁiif
@ $3
54
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t the middle of next
} h Lhe scenario is most uncertain beyond ¢
2é:€853. Emissions in 1985 and 202% in the Business-as-Usual

scenario are given in the table below. /i?ﬁ
: 1985 2005 —
carbon dioxide (GIC) 5.9 11.9
methane (Tg) 541 761
nitrous oxide (Tg) 13 16

CFCs and HCFCs (M1)

KMMWM%% bt

1300

X It is interesting to note that national plans for the future
(Reference Scenario; Working Group III) show a somewhat greater
increase of carbon dioxide and methane emissions until 2025 than
implied by the Business-as-Usual scenario.

The anthropogenic fluxes of CO2 are much smaller (approx.
6Gt C/year) thanpttgne natural exchange fluxes (200Gt_ C/ye;r) which
occur between the atmosphere and the terrestrial biota and
between the atmospheres and the oceans. Note that the figure
should also include the emissions due to deforestation and
changing land use, However, the anthropogenic fluxes have bgen
large enough to modify significantly the natural balance during
pre-industrial times as evidenced by the 25% increase of
atmospheric carbon dioxide during the last 200 years,

Man-induced ¢limate change

It is relatively easy to determine the direct effect of the
increased radiative forcing due to increases in greenhouse gases,
However, as climate begins to warm, various processes act to
amplify (through positive feedbacks) or reduce (through negative
feedbacks) the warming, The main feedbacks which have been
identified are due to changes in atmospheric water vapour,
clouds, sea-ice and the oceans.

The best tools we have which take the above feedbacks into
account are mathematical models of the climate system which
synthesise our knowledge of the physical and dynamical processes
and &llow for the complex interactions between the various
components. However, in their current state of development, tha
descriptions of many of the processes involved are comparatively
crude. Because of this, considerable uncertainty is attached to
these predictions of climate change, which is reflected in the
ranges of values given below, del resu

;ﬁL;_Qﬁningggase of temperature ig estimated by WGI gg be about
r 1 0.2°¢C tg 5
thig 1§ greater than any changes geen over the pa ar

This will result in a likely increase in global mean temper
of about 1°C above the present valua !ahnﬁk 500 abumi.a gk~ee1§tyf§
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OVE ; strisl) before the end of the next century with an
Zﬁégitﬁiﬁtini:n;; gf)about 50%. The projected tempe;atur?‘rlie
out to the year 2100, with high, low and best-estzmgte c¢1€g‘e
responges, 18 shown in the diagram below. Because of cother
facztors which-influence climate, we would not expect the rise to

be a steady one.

BUSINESS MIGH ESTIMATE
& AS.USUAL

(V7]
®
[+ 4
w
g
2 BEST ESTIMATE
(2
w
[+% G .
27 LOW ESTIMATE
o8
g =
d 8
w
C % o v T v ) | Al ] T T T

1850 1800 1950 2000 2050 2100

YEAR

The temperature rise shown above is the realised
temperature; due to the delaving effect Qf the oceansg at any

given time we would also ed ther temperat
rise which would become apparent in decades to 2 gentury, Modelsg
redic h he reali emper rise. ‘ ti 18 bet

50 and 80% of the committed temperature rise,

It is finally important to recogniza that a climate change
that has occurred because increase concentrations of greenhouse
gases in the atmosphere will disappear only slowly, even if all

dioxide, nitrous oxide and the CFC-gases about half a century

to a few centuries, 2 m n vi lim n
nc¢rea n f ho s _in atmo g
irreversible.

How much confidence do we¢ have in our predictions?

There are many uncertainties ip our predictionsg,
particularly with regard to the timing magni tude ang regional

Patterns of climate change, These unCertainties arise from our
imperfect knowledge of:

~ future rates of human-made emissionsg
~ how these wil) change the atmospheric concentraticns
- the response of climate to these changed Concentrations

Firstly, it 18 obviousg that bl .o ..




«aswiay, 1L 18 ODViOUS that th Extended Page 8.1
4 a e exten
change depends on the rate at which gree"'t‘;‘os:hgiacshegl(i::é:ao:;él
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gases which affect their concenlrations) are emitted. This in
turn will be dependent on various complex econcmic and

sociological factors.

Sceondly, because we do not fully understand the sources and
sinks of the greenhouse gases, there are uncertainties in our
calculations of future concentrations arising from a given
emissions scenario. Furthermore, because natural sources and
sinks of greenhouse gases are sensitive tc a change in climate,
they may substantially modify future concentrations. [t appears |
that . limate warms, th backg will lead_ t erall |

ncrease, rather than decrea natural reenh as

’ e
i
i
|
E

B -+ OWOO 20U I -

=

wﬂ r er than th jmat we haveé gi '
{

| Thirdly, climate models are only as good as our
/ml’ 1 understanding of the processes which they describe, and this is
| far from perfect. The ranges in the climate predictions given
| 4d£ lx) 19 above reflect the uncertainties due to model imperfections; the
| 20 largest of these is cloud feedback (those factors affecting the
| Mm@d 21 cloud amount and distribution and the interaction of ¢louds with
solar and terrestrial radiation). Note a factor of two is larger

7'than the total uncertainty range, Others arise from the transfer
of energy between the atmosphere and ocean, the a“mosphere and

| land surfaces, and between the upper and deep layers of the
9 26 ocean, The treatment of sea-ice and convection in the models is
27 also crude, Navertheless we have substantial confidence that

. 28 models can predict at least the broadscale feature of climate
dd’ 29 change, and we are confident that existing reliability of the
%L Ck g? predictions can be improved by further research.
‘ k 32 Furthermore, we must recognise that our im erfect
(wﬁ~Ap L/33 understanding of climate processes (and corresponding abigity to
| Xv»'/ ’ 34 model them) could make us vulnerable to surprises; just as the
(&W(ﬂvﬁs human-made ozone hole over Antarctica was entirely unpredicted.
\i ( 36 In particular, the ocean circulation, changes in which are
?ﬂ gg gggﬁgztagotgave éedft%hpeﬁfods of comparatively rapid c¢limate
e end ¢ e last ice
{ h%ﬂﬁ W understood or modelled, #U%: i4 not weid Shasrved,
\60» 40 ~

%N :; Testing Model Computations against Observations
' @\ 43 It i3 of course essential to test mod '
| bi&up :g reality in order to validate the results?1 seleilacions sgaingt
f

/ 46 We know from observ
~ ations that the global mean
| A -:g increased between 0.30C and 0.60C, since the ﬁﬁggiiaiﬁfelgzg
century and that most of this change has Occurred primarily
& g his centur
3 since 1975. HWorking Group I has carefully considered thg

warming at observationsg sites within or in

54 from the record. rban biasses have been removed

abundances, _For this reagon, climate change is likelv to be




55
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When trying to validate the model computations with the aig
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) omplication @rises in that th;{/o{
é/ global mean temperature has not been increasing steadily; eve
a slight decline was observed in the Northern Hemisphere during
4 the pericd 1949 -1975, Buch irregular variations of the ¢lobal
§ mean temperature by several tenths of a degree are to be expected
6 due to internal interactions (eg between ocean and atmosphere)
7 in the ¢limate system. These natural variations further obscure
8 the warming trend that may result from increasing amounts of
9 greenhouse gases in the atmosphere.
1? Th iz f the rmin ver la century is broadly
12 ngistent with th redictions of clim ls, but is also
13 of the game magnitude as natural climate variability. If the
14 sole cause of the oObserved warming were the human-made greenhouse
15 effect, then the implied climate sensitivity would be near the
16 lower end of the range inferred from the models. The observed
17 increase could be largely due o natural variability;
18 alternatively this variability could have offset a still larger
19 man-made greenhouse warming. The unequivocal detection of the
20 enhanced greenhcuse effect from observations is not likely fog»
21 a decade oy more, during which time the commitment to future
22  climate change w?ulgp ve grown con;:Zfab y larger than it is
23 “today. , =izt *
24 . Wk LMW o
23 Regional Patterns of Climate Change
26
27 Knowledge of the global mean warming is of limited use in
28 determining the dimpacts of climate change, for instance on
29 agriculture. For this we need to know changes of temperature and
30 precipitation regionally and seasonally, Models predict that
31 regional climate changes will be different from the global mean,
32 For example, temperature increases in Southern Europe and central
33 Northen America are predicted to be higher than the global mean,
34 accompanied on average by reduced summer precipitation and soil
35 moisture, ener nf n ional im ig low

36 gspecially for the changes in pr itation and soil moi i
37 Therefore we cannot yet give reliable regional predictions at the

gg smaller scales demanded for impacts assessmentg,
40 A completely different, and potentially useful wa
of

41 predicting patterns of future climate is to search for peg;ods
42 in the past when the global mean temperatures were similar to
43 those we expect in future, and then use the past spatial patterns
44 as analogues of those which will arise in the future, Paleo-
45 climatological information can provide ugeful insights into
gs climate processes, and can assist in the validation of climate
e :ggsigiVign agdé;ion, paleo-analogue scenarios are useful for
4 ol Y 8ludies to evaluate regional impacts of climate
50 ‘
51 Changes {n the variabilit

y of weather and the frequen
52 éxtremes will generall have s Ao
53 ¢climate at a particul;; locazagz.impact “han changes in S feay

With the possible exception
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; of high tempceralures
an increasc in mean temperature, episodes of hig
will mosl likely become more frequent in the future, and cold

episodes less freguent,

Environmental Impact of Climate Change and Socio-Economic
consequences

Impacts and Sensitivity

Bceause we are not yet able to foresee future likely changes
of the regional distribution of climate with much agcuracy we
cannot predict more specifically the probable impacts of regional
changes and are therefore limited to assessing them in rather
general terms. Quantitative agsessments of the socio-economic
implications of a climate change for specific regions and
countries are not either yet possible. We can, however, analyze
the sensitivity of the environment to a given change of climate
and much of what is brought out in the report of the Working
Group II should be interpreted in that way.

Our ability to make more precise agsessments of the impacts
of global change will only come gradually during the 1990s, as
regional predictions of climate change become more reliable,

The Working Group II Report concludes that:

The uncertainty of the regional predictions of climate
change at present, 1limits our possibility to assess
quantitatively the impacts of such a change. For the time being
we rely on sensitivity analyses for the assessement of the likely
impacts, which should, however, vield rather clear qualitative
views about the vulnerability of nations to such changes. Thig
uncertainty about the spatial Characteristics of regional ang
local changes of climate must not overshadow the earlier
conclusion that a significant change of the global mean

temperature 18 associated with large :
local scale. arger changes on the regional and

A climate change will bring with it both o8iti
negativenimpacts, although the negative ones will F<>3<;:nlinla“’tee ?22
Working Group 1I), It is likely that, to a greater or lesser

extent, all countries will pe affecte ‘
indirectly by climate change. 4 either directly or

A rising sea level and its impacts

A warmer climate will induce a rige
Of the sea 1
szngileﬁggtgzpfnsi?? :f 8¢a water when being wsiﬁgé par;ig
s ce sheets over Greenland and particul .
Antarctica is more uncertain, since both acgumulaziggl%étztzg

change of snowfall) and melts
climate. Working Group I coﬁc?f,’d:: t%:‘ail:“enced by a change of

1t LN e e o -
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55 :
ader the 1PCC Business-as-Usua) emigsions scenari

| 56 Kate of global m
1 20bal mean gea levepl r ise of about 6cm per Qﬁﬂd_e_oyg_f
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1
2 under the 1PCC Dusingss-ag-Uuval emissions_scenario, an_average
3 Zate of global mean sea luvel rise of aboul €cm per decade over
4 the next century (with an yncertainly range of 3-10cm per dccade
> i cxpected); this i3 three to gix timeg faster than that seen
5 quer the last 100 vears. The predicted rige is about 20cm in
7 global mean gea level by 2030, and 6Scm by the end of Lhe next
8 century, more detail is shown in the diagram below. There will
9 be significant regional variations. Furthermore, gven if

10 greenhouse forcing stabilised, there woyld still be a commitment

r to & continuin level rige for d and_even

12 qenturies, due to delays in climate, ocean and ice _mass

13 Lespopses.,

14

15 120

;g | BUSINESS HIGH ESTIMATE

£ 1004 as-usuaL

18 s' L

19 .

20 3 %

21 @ J BEST ESTIMATE

22 g 9

w .

gi W40 4

o ' LOW ESTIMATE

27 i

23 0 T T T T pe—"

29 1880 2000 2020 2040 2060 2080 2100

30 YEAR

n

32 These values are less than those given in earlier

33 assessménts, particularly the upper bounds. The lower values do

34 not give rise to an immediate concern except in the coastal areas

35 of some countries with extensive coastlines 0f low-lying land

36 and for some island states, The Working Group II recommends a

37 mOre precise assessment of the risks to coastal areas and islands

38 and to living resources caused by a 0.3-0.5 m rise of se; leve;

39 which might be expected towards the latter part of next cent:

:g if no preventive measureg were taken. ey

The slowly rising mean sea lev

42 Increased damage willgrather be exgéri:nr::%td adnui?sedi:te oreRE:

43 short term variations of sea level induced by wingssaogmg' ghen

44 waves would cause more destructive flooding Delt o

45 major rivers are obviously sensitive and 'c>ftee»e ilxegiOns o

22 exploited for agricultural production, " Alae heavily

48

49 The rise of gea level migh

i ght threaten some low island an

coastal zones by the middle of next century, a one meter rise?

ccur in 100 vyear
/000 km of coastline (Working Group i??)?

54 of millions of peopl - displace tens
5c £lood product1J: f;;h Seriously threaten low-lyin urban )
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. :5 arctic Ice Sheet is of spccial concern because
a 1a:§2°gﬁﬁit5¥"xt is grounded far below sea level. However,
Working Group 1 concludes Lhat within the next century, it is
not likely that there wtll be a major outflo%.of ice from the
West Antarctica due directly to glebal warming",

Impacts on land, water and ecosystems

Turning next to the more difficult questicn of impact; of
climate change on 1land, water and ecosystems, it {ig fl??t
important to recognize that a warmer climate i3 not necessarily
harmful, 4f precipitation is adequate, The ecosystem composition
might of course change, which in turn Wwould imply the loss of
plant species. y

It is likely,  however, that the distribution of
precipitation would change and that soil moisture predominantly
might decrease in continental regions, A c¢hange of the
distribution of climetic zones would.probably also occur and be
associated with large regional local changes. Some ecosystems
might well have difficulties to adjust in this process., . Working
Group II Policymakers' Report gives a more detailed aralysis of
the expected impacts in the case of the Businegs-as-Usual,
Scenario A. Some key features of these impacts ag described by
Working Group 1I have been extracted for the present overview,

Changes of climate would have an important effect on
fdoriculture, including livestock., Studies hava not yet
conclusively determinad whether on average, global
agricultural potential would increase or decreasge. Negative
impacts could be felt at the reglonal elevel” and "there may
be severe effects in some regions, particularly decline in
production in regions of high present-day vulnerability,
that are least able to a3dyust." These include Bravil, Pery,
Sehel, §.E. Asfa, Acian USSR and China, "Patterns of
agricultural trage could be altered by decreased cereal

population.

"The rotation period of forests {a long and current ¢ ¢
Orests
will mature and decline in a climate, to which they are

increasingly more poorly adapted, "Major forest-t z
and species ranges in the Northern Hemigphera cogfg sgggg
siqnif;cantly a5 2 result of climate ¢hange," '"The most
Sensitive areas will be where species are cloge to their
Riological limits 1in terms of temperature ang mcigture', ag
for example in semi-arig areas. Social stresges can be
expected to increase ang consequent damage tgo forest may
oCcur. These increpszed and non-sustainable yses will place

more pressurc on forest investments forest con
s0und ferest manaygemant , " ' fonsexvation and

:ﬂﬁ$95@l-12££3§$JU!£LQQQSV§ﬁgms would be markedly influenced

@ 13
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because the rates of projected climatic change are likely
to be faster than the ability of some species to fespond.
Flora and fauna would lag behind these ¢limatic shifts and
could fimd themselves in a different cliznatic regime, Major
vegatation zones could face severe disturbances and
disruptions, influencing plant and asscciated animal
populations”. "Species could disappear and 1lead to
substantial reduction in biological diversity". "The socio-
economic consequences of these impacla will pe significant,
especially for those regions of the globe whare soc¢icties
and related economies ars dependent on natural terrestrial
ecosyslens for their welfare, Changes in the availability
of food, fuel, medicine, construction materials and income
are possible as these écosystems are changed. Important
£ibre products could also be affected in some regions.'

Lohanced carbon dioxide concenlratios in the atmosphera
would increase the wator-use efficiency in the process of
photosynthesis which might enhanee growth far ce lant

in some regions of the globe, which might be beneficial in
agriculture and forestry as well as for natural ecosystems.
‘Consequences of €O, enrichments and climate change could be
modified by other environmantal factors, both natural and
man-induced (e.g. by air pollution),"

"Relatively small climate changes c¢an cause large water
X8source problems. In many areas, especially in arid and
s¢mi-arid regions and those humid areas where demand or
pollution has led to water scarcity." while "many areas
will have incroased precipitation, goi} moisture will
decrease in othar areas, particularly in those that are
"already in marginal situations such as the Sahellan zone

take possible impacts into account when considering
structures with iife Span to the end of the next century",
but necessary analyses arg uncertain at present ktecause of
the lack of adequate regional predictions.

"Glebal warming can be gx écted to affect th i1

of water and biomass, bo;::h major an_e_x_gy__go?:ravanfx?l;\:gg
developing countries, These effects are likely to differ
Petweer and within Iegions with gome areas losing and others
gairing water and biomass. Such changes in areas which loge

water may Jeopardise ener sy a
habitation” ang energy, " 9Y supply and materials for human

it {a obviously difficult to Judge how ger: }
‘ ' i0ug a ¢limat
change might be to an individyal hation, or te hSmankfksnggig

whole, on the basis of the still largel
glven {n the Working Group II reporg. V aualitative HiRSibge as

Mcans to integrate more quantitatiye) the i
these many possible impacts, both positixe aid

needed, The impacts as briefly descrivea ea) negative, apg

1 for carefy)
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sonsideration of Lhe consequences of climate change 4in the
developments of plans for Teésource use and management,

Impacts on People

Direct impacts of climate change on people are modest, A
warmer climate may imply, however, that previously hot places
become even hotter. Even though this may cauge problems for
¢lderly and sensitive people, it usvally cannot be considered as
a serious prablem.

Changing climate could, on the other hand, affcct human
settlement and change the geographical distribution of deceases
in the world and stimulate a spread of epidenmic diseases, The
IPCC recognizes the views as expressed by Working Goup II, that

"The moat vulnerable buman settlements are those especially
exposed to natural hazards, e.q., coastal or Tiver flooding,
severg drought, landslides, Stvere wind storms ang tropical
cyclones, Most vulnerable Populations ars 4n developing
countries, in the lower income groups, residents of ccagtal
lowlands and islands in semi-arid and ip grasslands."

"Changes in precipi&ation and temperature ocou fadically ) /
by shi

alter the patterns of ~born ra geas

them to higher latitudes and thereby pulting large populations
at risk." Thig could injtiate wigrations of People in tyrnp
leading to disruptions of selllement pattern and sgocial
instability in gome arcas,"”

Reducing emissions of grecnhouse gases -- the 8cope of the 55

problem

Emigxion Scenariog

As pointed out above, man's emyig gases 0(:0

have gnhanced their concentration in t
Present integrated effect ig
carbon dioxide in the atmosph
industrial concentration, Kalf of thig
less than 25 Yeéars. The analysis of g4
future increase of greanhoude gasses ip

probably measures to limit fyture emiss;
considering what measures to limit fu
Justified, 1t {s important to recogniz

‘ eraby to
Se or ultzmately to stnbi{ize

7/
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2ir nospheric conventrations,
52:¢2n3t22212 ﬂf a&f 11T have presented relative contributions
to the additional furcing (heating! of the atmogphere during the
poriod 1765 & 1999, the last decade and their predicted
contributions for the period 2000 - 2025 under the Businexs-as-

Usual, {(in percent);

Bal
1765-199Q 1980-9¢ 2000-25
Carbon dioxide 61 55 63
Mcthane 23 18 17
CrC 12 24 7
HCFCs 0 0 : 8
Nitrous Oxide 4 6 5

{Ozone may be an important cantributor, but its effects are
difficult to quantify and have not been included above)

The recent (1980 - 1890} reduction in the proporticn of
forcing change due to carbon dicxide is primarily due to the very
rapid increase in the role of the CFC-gases as toreing agents,
Because of the Montreal agreement on limiting the use of CreC-
gase, the relative contribution of carbon dioxide as a heating
agent will increagse throughout the 21st century according to the
Business-as-Usual sceénaric,  Working Group IIT hag devalopad
three other scenarios, all having the same assumptions about
Populption growth as the Bus1ness-as-UsGEI"TEEZHE%%B‘ITT’“Hﬁ%

an-plade sions”of carbon dioxide and methane from all four
1 scenarics are shown in the diagrams below.

c BUSINEES
] AS-USUAL
§ 20 o =
g SCENARIO 2
P
s L ENARIO ¢
B
§ SCENARIO O
° v L) T v 1] T L 1 4
1980 2000 202¢ 2040 2060 2080 2100
YEAR
1100
BUSIN!S’
1000 AS.UsuaL
0
a0 SCENARID @
00 -
- ,,wf”"‘“#—-::;;;@c

SCCNARIDD

DL e o
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Scenarlo B, Low Emission, assumes the energy supply mix of
fossil fuels shifts towards natural gas, large efficiency
lrncreases are_ achieved, deforestation is reversed and the
Montreal Prototoul on CFCs is fully implemented. This results in
a8 doubling of equivalent carbon dioxide by about 20490.

Seanario C, Control Policies, assumes a shift towards
renewable energies and nuclear energy takes place in the latter
part of the next century, CFC-gases are phased out ang
agricultural emissions (mcthane and dinitrogen oxide) are
limited; an equivalent doubling of carbon dioxide will occur in
about 2050, It should be recalled that there is a 50%
uncertainty range around each one of the curves shown in the
figure, .

Scenario D, Accelerated Policies; assumes a rapid shift to
renewable energies and nuclear energy takes place early in the
next century in the cases of Scenarios B, C and D will be between
70% and 50% of the stringent emission contreols in industrial
countries and moderate growth of emissions in developing
countries, This scenario stabilises equivalent dioxide
concentrations at about twice pre-industrial leavels towards the
end of the next century,

10

= j BUSINESS
h AS USUAL 1120
% 8 E
E ) B &
.lh_' 6 oy N -
- 560 '3
4 - e
¢ SCENARIO D W=
z 22
Q24 o
g -_———-—/ 3 g
v ) 538
0 v —— tr—r-r-—— 280
1800 1950 ¢000 2050 2100
YEAR

CFC-gases is due to the assumpti
pe feplaced by HCF and HePc-gages' o cPat these will

text should be
distributions from the arccan . 3 table and the
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55 also included erent greenhouse gases as Prese;til;

ran
b P Nerennsord be deleted, since they have been given earlier
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Climate change when emissions are controlled

Under the other Working Group III emission scenarios which
assume progressively increasing levels of controls, rates of
increase in global mean temperature are predicted to be about
0.20C per decade (Scenario B), just above 0.10C per decade
(Scenario C and about 0.10C per decade (Scenario D). Further
details are shown in the diagram below.

5
E 1 BUSINESS
oK AS-USUAL
§‘_
£8 o SCENARIO B
“ 2 1 SCENARIOC
a§ : SCENARIO D
m e
L2
15
&

0 Yy

1850 1900 1950 2000 2050 2100

YEAR

Sea level rise by the end of the next century will be
between 30% and 70% of the Business-as-Usual §Cenario,

Reducing emissions of greenhouse gasesg

To limit future climate change we need to examine the
effectiveness of reductions in the emissions of each of the
greenhouse gases. Atmospheric concentrations of the long-lived
gases (carbon dioxide, nitrous Oxide and the CrCs) adjust only
slowly to changes in emissiong, Continued emissions of these
gases ab present ratas would commit s to increaseq
concentrations for Ccenturies ahead. The longer emissiong

continue to increage at present day rates, the greater reductions
would have to be for concentrations to stabilige at a given leve]
oul i

mm reductid i misgiong from uman activitie
than_ 60% in_order to s igse 1

re
ntrations at_today'
ievels: methane would reqguire a 15-20% redyction,.. .

(see .diagram below). h ong-1iv
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the
2 & » - /
3 E . [
4 Z 5o 2% pa DECAEASE | |
L z FROM 2610 \
6 2 ‘
: 3
10 & 2% pa DECREASE ’ '
11 i : FROM 1990 § % / /A
12 o~ Ny
13 TR S — V, / (74,1(1./
14 1980 2000 2020 2040 2060 2080 2100 t/L D/[
15 YEAR I W /ﬂ’
16 JA g U i
17 YV )
:g fg; emissions reduced by 2% pa from 199Q WJ/ WA(P
emigsions red
%? by 2% oa uced by 2% pa from 1990 to 2010, Then redqsed
22 There are other technical erit j A
eria which

e ecict; 10 B e oF enelont s el o232

cessary, which gases should be considered. D "
25 contribute in a major way to current, and futur:?S gffmg::

26 forcing? Does it have a lon
g lifetime, s0 ear i
gg frtr:lissions would be more effective than 'those maldieeziarteedru;tllkigs o
= coitioﬁcgs and sinks well énough known to decide which couldage
Olled in practice? The table below illustrates thes:

30 factors.

31 q ﬁ "

32 ’J@d!ﬂ / LAt A @W[&Wﬁ
’\WWW& W% /iﬂﬁgw/é\lz/@/b/ﬂ’b ;J/ZL//d /(

33 ‘
& \{/] ) A / 1.4
3 (W TA TR R oAk Hb
3o - A0 CON¥M°R L LONG SOURCES
29 RIBUTOR LIFETIME? KNOWN?
38 . .
5 Carbon dioxide yes yes yos
40 Methane
4 _ | yes e semi-quantitatively
:g Nitrous oxide not at yes e
43 presen qualitatively
45 CFCs
yes

46 yas
i HCFC -
48 §, elc not at :

main!
50 present e s
51 Ozone :

possibly .

52 no :
2 qualitatively
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Chlorofluorocarbons

The Working Group 1 assessment clearly show that the Cre-
gases are much more effective per kilogramme emitted in heating
the atmosphere than any of the other greenhouse gases in today's
atmosphere,

A reduction of the use of CFC-gases would be a cost-effective
measure to contribute to the slowing down of global warming.

The role of the CGCs is expected to decrease because of the
Montreal Protocol. It should be noted, however, that the CFCs
will probably be partially replaced by HCFCs and HFCa which are
weaker greenhouse gases because their atmospheric lifetimes are
shorter than those of the CFCs, 2till, bocause of the
difficulties being gncountered when attempting Lo prevent a

further _build up _ atmpgpherig greenhouge gages, gerious
consideration shoyld be given to other rgplagements to the CFC-
gaseg than HFCs and HCFCs ag is now being proposed,

Methane, nitrous oxide and ozone

\JG\&S#NN-‘OO@\)O\U‘-“WMJ

@‘—i-‘c—i—l-—l-ﬁ.—l

[ S Ny
= W

22

Reductions of the emissions of methane and particularly
nitrous oxide are diffjicult to achieve, since they are Primarily
due to wide spread activities in society related to agriculture,
forestry and wastg management, Because the quantitative
importance of each of thege sources is not well known at present
the effectiveness of different control strategies is hard to
evaluate, We are less able to specify the sources of nitrous
Oxide; thus, strategies to reduce their emissions are even more
difficult ¢to develop. Tropospheric ozone igs Predicted to
increase due to enhanced emissions of carbon monoxide,

hydrocarbons and nitrogen oxides released mainl
industry, Sed mainly by transport and

Carbon dioxide

40 of carbon dioxide from fossil fuel combusti
_ n
41 Carbon dioxide emissions are due to fos;ilagg
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15
Carbon emissions Carbon emissiors  Carbon CiMIgsIONS
bilbor tong of tons of carbon tons of carbon
q Year: 1985 carbon peryear  per cupita and year par GNP
5
6
; Global Totalg 5.15 1.06
18 North America 1.34 5.08
11 Wastern Eurepe .85 214
12 OCCO Pacific 0.31 2,14
13 Cenir. Planned Evrope 1.33 3.19
14  Africa 0.17 0.29
15 Centr. Planned Asia 0.54 0.47
16 Latin America 0.22 0.55
17 Wastern Asia 0,13 1.20
13 Secuth and East Asia 0.27 019
.
20 It 4§ difficult to deducs accurate values for the carbon dioxida
21 emissions due to deforsstation and changing land uge. It scams clear,
22 howevar, from the Teports by Werking Groups II and 111 that the net
23 emisgion of carbon dioxide from the Cropics due to deforestation
24 amounted to about 1.7 GtC pa (range 0.6-2.5) in 1980. The averaye
25 emissions per capita in the tropical countries i8 about 1 ton of
26 carbon per year while some with more intense exploitation of thaeip
27 forests account for a Per capita emission that approaches that of
zg industrial countries due to foasil fuel emizsions,
2
30 "One the basig of the various emisgion éCenarios ang assuming
3 that the global Population ig aboyt 8 million in 2030, we coipute the

32 per capita emissions at that time to be {revised numbers from Jenkins)
33 and that at due to deforestation ang changing langd use about 0,35 tong
34 of carbon per year, If now, on ths basis of the various emissions
35 scenarios, we project the per capita emissions to the year 2079,
36 assuming that the 9lobal Population is 1 billion at that time, we

37 arrive at the f4 ures in the foll wi W
38 emissions. ¢ Otlowing table for the Per capita

41 Scenarig co2 Methane

:g (tC/capita) (t/capita)
é5 Business-as-Usual 1.8 0.1

47 Scenario B 0.8 0.07

49 Beenarigo ¢ 0.5

0.06
0.05

51 Scenario p 0.3
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Noting that, only under scemario D is the carbon dioxide
Geogentration .st_ahtliacd,.ﬂc_n__ﬂ_.ﬁ_ level 50%_ above pre-
industrial, it is clear thal_achicving the figures in this tabie tnat
agh]gxinguggghiligggign of atmospheric carbon dioxide congentratione
would require very majior efforts by the global scciely, Even
reduce the rale of ghange of climate as in gcenariog B and C would
clearly be very difficult,

It is importanl {n this context also to compare the possible
importance of reducing the rate of deforestation and expanding
reforgstation. We note first that, at present, the total emissions
of carbon dioxide due to man's use of the terrestrial ecosystems are
about 25% of the total man-induced emissions of carbon dioxide inte
the atmcsphers, A major decrease of the rate of deforestation would
contribute significantly to $lowing down the rate of carbon dioxide
increasc in the atmosphere, but not stop it.

It has bheen proposed that a major programme for reforestation
should be initiated. The Noordw!jk Ministerial Declaration in
November 1989 requested the IPCC to explore the effects of an annual
reforestation of 12 million hectares, Working Group I has calculated
roughly the transfer of carbon from the wtmosphere into the
terrestrial biosphere that thereby would be achieved, If such a
policy would be maintained for a period of 40 years an area as large
as _about 50% of the total area of the United States would have been
reforested, By 2030, i.e, 40 yYears from now, about 2% billion tens
of carbon would have been 3equestered into the terrestrial biosphere,
Possibly somewhat more if also the 801l carbon would {ncrease. After
100 years the accumulated uptake might be 50-790 billion tons of
cerbon. This {s 5-10% of the emissions of carben dioxide into the
atmosghere that ig expected during these periods of time due to fossil
fuel burning according to the Busines-as-Usual and the Reference
Scenario., The practical difficulties of implementing such a policy
have not been analysed by Working Group I11,

%Mm%m
atmosphore by 10-18% could Bo achieved if the present rate of
restatjon v redu bout ha the pres tzate, In
tropical countries th{s woulq also ggngributgilfgjukaintgiging
oaical divergity.  a . L reforestation as considered
sémé_gggggfggil r i :& Cungergggg in Novembey 1989 would play
. te_in elowing down the —Eale of increase of carhon joxide
IDL&Lmqu_hﬂ.cl_ku_Lw_QL_d_Ql 2t rost duce it b if fgsogxild:' i,

Future Programme of the Working Groups

a. S¢lence ang Impacts

Because of the Poce with which scientific
o) “ie regearct
it é: vlta} that 1pCe ig brovided with timely update:cgo
2o at policymakers Are provided with the best foundati

is advancing,
its Ireports,
en for their
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deliberations., whereas complete new assessments will probably not be

1

2 required untl) about 1935, revisions in areas of major progress angd
3 grealest uncertainty should be made by about 1992. 1In addition, the
4 capability should be provided to respond to ad hoe scientific
g questions which may arise from negotiations toward a climate
6 convontion,

7

B Close liaison should be maintained with elements of WCP to eénsure
9 that latest scientific results contribute to the assessmenl process,
10 and that the gcientific pProgrammes are structurecd teo maximise their
11 relevance to IPCC.

12

13 b. Response Statagies

14

15 (para from WG3)

16

17 Narrowing the Uncertainties

18

19 To improve our predictive capability, Workiag Groups I and J1
20 point out the need: .

21

22 * to understand batter the various ¢limate related processes,
23 particularly those a2ssociated with clouds, oceans and the
24 carbon cycle;

25

26 *

to improve aystematic observation of ¢limate vaziableg on
2 qlobal basis, and further investigate changes which tock
place in the past;

* to develop improved model of the Earth's climate sygtem;

* to increage support  for nationa) and interpak 1
| Tnatien
activities especially in developing countriesg o

to facilitate internaticnal exchange of climate data;
* to understanq better the impacts of climate change on

natural terregtrial ard marine acos
\ ystemg, a riculture ap¢
/////ﬂ__‘*\forestry, water resources ang human settle%egis and he:l:h?
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contribute to these programmeslthro o W :
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and to the clima 1 _ ) o Programmes
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REGPONSE STRATEGLLS

clentific assensment of a possible man-induced climate
changzheé$:°2§t§ronmanta1 and socio-economic conseguences of
sueh é'change, and the difficulties we encounter in attempting
to slow down or halt {t calls for the dqvelopment of stratagies
on a long term basis. The great diver§1ty‘1n the situatxon‘ot
different countries and thelr responsibilities fop combatting
climate change wi{ll have to be taken into account in such
develcpment., It is ¢lear that this is not going to be a simple
undertaking.

With time, wa will learn more fronm turtqcr research and
monitering activities, and from experience with implement{ng
lim{tation/adaptation weasures, To taks maximum advantage of such
growing knowledge and experience, a [lexible and progressive
approach to addressing climate change is required,

Working Group IIT has addressed the issue of formulating

respense strategies. The following subsections are extracts of
]

Lhe main findincs of the policymakers gummayy of that Working
Group .,

MAIN FINDINGS

The following findings have been identi®ied as a basis for
action now and in the future:

1) Climate change is a glonal issue; effective responzes would
require a global effort which may have a considerable impact
on humankind and individual socleties,

2) Industrialized countries and developing countries have a

comron responsibility {n dealing with problens arising from
climate change.

3) Industrialized countries should take the lead and have
specific responsibilities on twe levels:

a) Major part of emlssiony affecting the atmosphera
at present originates in Industrializeq countries where
the scope for change is greatest, Industrializeqg
countries should adopt domestic Mmeasures to limit
¢limate change by adapting their own economies {n line
with future agreements to limit emiss{ons;

b) 1o Co-operate with developin countrie
international action without utand?nggan the wa; ;; tég
latter'g development by centributing additional
financial Fesources, by appropriate transfor of
technology, by engaging in  c¢lose Co-operation
concerning scientific °bservation, Dy analyaig and
research, apd finally by means of technieal co~

operation geared o forestall;
environmental problems, #21ing  and  manag{ng

4)

Enicsions fyom developing countries areg grewing and may
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to grow in arder to mect their developmant requirements
::;dthusﬁlover time, are likely to roprescnt.an increasingly
significant percenliage of global emiss{oga. Develgping
countries should, within the limits feasible, take measures
to eultably adapt their econories.

ustainable development requires the proper concern for
> invironmcntal prog:ction, as the necessary basis for
continuing economic growth, Continulng economice dovelopment
will inercasingly have to take inte account the issue of
climate change. It ig imperative that the right balance
between econormic and environmental objectives be struck.

5) Limitation and adaptation.strateqies must be considered as
an integrated package and ghould complement each other to
alnimize net costs. Strategias that limi+ greenhouse gaseg
enissions also make it easier to adapt to climate change,

7) The potentially serious consequences of ¢limate change on
the global environment give sufficient reasons ta begin by
adopting response strategies that can ba Justified
inmediately even in the face of .significant uncertaintjes.

8) A well=inforred pcpulaticn is essential to promote Awareness
of the lssues and provide guidance on positive practices,
The social, economic anrd cultural diverszity of nations will
require taillored approachas,

Because large, projected increase in worlq populatien will
bé a major factor in causing the Projected increase in global
gréenhouse gases, it is essential that global climate change
strategies include strategies and measures to deal with the rate
of growth of the world population,

working Group IIl has also identifjeq measures at the
national, regional and international levels a8 applicable whlch,
while helping to address the issue of clirnate change, can yield
other benefits in tha shorter term,

LIMITATION OF NET EMISSIONS FROM THE ENERGY SECTOR

The energy soctor plays a vitally importans rele in economic
well-being and development for all nations, At the sane tine,
because énergy production and yse accounts for about one half
of the radiative forcing from human Activities, Snergy policies
necd to ensura that continueg economic growth occurs in a manner

that, globally, conserves thg environment for future
genarations.

However, there {a nho gingle, lek-fix technol i i
for limiting greenhcuse gas %mis;%;ns from eneigyoi;i:tézflc;
comprehengive strategy {s necessary which doals with improving
efficiency on both the demand ahd supply sideg 4s a pricrity ;ﬁd
emphsizog technoloqical resgarch, deveIOpment, and deployment.
levol:ctt?z‘itngr:;??r: ;!zuoa%jorrcdéz;ticg ini co2 tror;.x current emisgssjiop
Plans, ang 1ntrastructure. wit;nﬁéio vens o2 e ) ol

: : atervention p overnm .
Maxntaining thls emission reduction geal would r;;d%re cgni?gzed

@ 25
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/ - in the global
technological improvements, etructural changes in
ecunomy,qand changes in the proportion of carbon-baged fuals
utilized over the whole of the next century,

In the encrgy category, Working Group IIT especially noted
that: &

1
2
3
4
5
6
v
8
9

==Improvod encrgy efficiency reduces emissions of carbon
dioxide, the nmost significant greenhouse gas, while
improving overall economic performance and reducing other
pollutant erissions and increasing crergy security;

=~Use of cleaner enargy socurces and technclogies reduces
carbon dioxide emissicns, while reducing other pollutant
enissions that give rise to acid rain and other damaging
effects, :

Working Group III recognizes the particular difficulties
which will be faced by countrles, particularly developing
countries, whose economy is heavily dependent on production
and/or expoert of fossil fuels, as a consequence of actions taken
by other countries to limit or reduce énergy related greenhcuce
gas emissions. These difficulties should pe taken into account
when elaborating internaticnal strategles,

Various potential cptions have bean identified for reducing
greenhouse gas emissions fronm energy systems. The most relevant
categories of optionsg appear to ba;

- efficiency improvements and conservation in energy
supply, conversion, and end use;

- fuel substitution by energy sources whieh have lower
©r no greenhouse gas emisgions;

fj;z reduction of greenhouse gas enmissions by removal,
P recirculatien or fixation; ‘

- Banagement and behavioral €hanges (e.q. increaseqd
woTk in homes through information technology) ang
structural changes (e.g. modal shift in transport).

The potential for energy efficiancy #avings in a number of
these options ranges from 15 to ag ruch as 60% (seq the
Policymakers Summary of Working Group I1I1).

The feasibility of a particular eption depends on mcre than
its technical Fotential alone. Important additiona} factors are
its  economic potential  (economic efficiency ana cost
effectIVQness) and {te marke: potential (the likelihoeqd of

consumer acceptance reflecting attityuqg -
monatary cereeh: ' g Bdes to risk and nop

The challenge to Policy makers ig to ¢nhan i
y ‘ance the continual
gégg;;jgg gii Sichnglogécal options into the market place, :o
T ‘Havioral and operation 1 n
broader {ssues outside thg ¥ Stmoat], i bo e e he

eneyr sector | a
more of the potential that exint2¥ e Saptica
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LIMITATIONS OF NET EMISSIONS FROM THE AGRLCULTURAL AND FORESTRY
ACTLIVLITIES

Agriculture, forcstry and other human activities ars also
responsible <for substantial quantities of greenhouse gas
emissions,

About 9 percent of anthropegenic greenhouse gas emigsions
can be attributed to the agricultural sector, Limitation of
emigsions from this sector presents a challenge because the
processes by which greenhouse gases, in particular methane and
nitrous oxide, are released in agricultural activities are not
well understood, In addition, response options in the
agricultural sector must be designed to ensure maintenance of
food supply. .

In the short term, reductions can be achieved through
improved livestock waste management, altered use and formulation
of fertilizers, and other changes to agricultural land use,

without affecting food security.

Forestry practices and other human activities assoclated
with land use, such as blomass burning and landfills, account
for about 18 percent of anthropogenic greenhouse gas emissions.
The forest ¢risis i{s rooted in the agricultural sector and in the
human need for employment and income. Deforestation will be
stopped only when the natural forest i{s economically more
valuable for the pecple who live 1n and around the forests than
alternative uses for the same land. Useful steps might include:

=~Improved forest management and, where feasible, expansion
of forest areas as possible reservoirs of carbon.

--Possible Xkey elements of a world forest conservation
protocel could be identified in the context of a climate
convention process, that also addresses energy supply and
use and practical means of implementing it.

--Use of forest products and wood could be strengthened and
improved through measures such as substituting a portion of
fossil energy sources by wood or other sustainable managed
biomassipartial replacement of high energy input materials
by wood; further recycling of forest products; and, improved
efficiency of use of fuel wood.

LYMITATION BY PHASING OUT CFC's UNDER THE MONTREALL PROTOCOL

CFCs represent a very important source of greenhouse gas
emissions and account for about 25% of the total contributions
to tpe enhanced radlative forcing for the period of the 1980s,
Phasing out of CFCs under the Montreal Protocol would remove
some of the most powerful and long-lived greenhouse gases, while
also protecting the stratospheric ozone layer, ’

But the review of the Montreal Protocol lnow underway, may
need £o be revised as appropriate after fandmn

1T WAy RGN A S
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substitutes. For a given cnission rate, HCFCs and HICs are less
effective greenhouse gases than the CFCs becauss of their shorter
lifetimes., The growth rates assumed in the IPCC scenarios will
result in the atmospheric concentrations of HFCs and HCFCs
becoming comparable to the CI'Cs during the next several decades
assuming that-the CFCs had continued to be used at current rates.

MEASURES FOR ADAPTING TO GLOBAL CLIMATE CHANGE

In addition to the limitation options discussed above,
Working Group IIIl reviewed measures for adapting to potential
¢climate change with respect to coastal zones and resource use
management. These include:

-=Developing emergency and disaster preparedness policies
and programs. ) .

--Assessing areas at risk from sea-level rise and developing
comprehensive management  plans to reduce future
vulnerability of populations and coastal developments and
ecosystems as part of coastal zone management plans,

--Improving the efficiency of natural resource use, research
on control measures for desertification and enhancing
adaptability of crops to saline regimes.

A programme c¢ould begin now to enable developing countries
to implement coastal zone management plans by the year 2000. The
programme would provide for training of country experts, data
collection and technical assistance and co-operation,

IMPLEMENTATION MEASURES

Working Group III also considered several priority areas
which must be addressed in order to adequately implement
limitation or adaptation responses, These "implementation
mechanisms" represent the primary vehicles through which

national, regional and international responses to climate can
be effected.,

Public Information and Education

A well informed global population is esgent '
addressing and coping with an issue as complex as climateiZianggf
Because c¢limate change would affect, either directly or
indirectly, almost every sector of soclety, broad global
understanding of the issue will facllitate the adoption and
implementation of such response options as deemed necessary and
appropriate. The dissemination of information also represents
& powerful economic instrument for ensuring that markets

accurately take into account otential
opportunitics of climate change.p =SSR S

Technology Development and Transfer:

The development and transfer of te
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Extended Page
wiw waauni®l O Technologies s vital to

global climate change. The devclopment of

new technologies may provide the means by which societlies can
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moct thelr encrgy, food, and other neceds in the face of changes
in global climate, while at the samc time minimlizing emissions

of greenhouse gases,

Technological development, including improvemeqt and
reassessment of existing technologies, is needed to limit or
reduce anthropogenic greenhouse gas cmissions; absorb such gases
by protecting and increasing sinks; adapt human activities and
resource use and management to the impacts of climate change;
and detect, monitor and predict climate change and {ts impacts.

There is a need for the rapid transfer of technology to the
developing countries on a preferential basis, of technologies
for addressing climate change. Developing countries are of the
view that transfer of technologies on a non-commercial basis is
necessary and that specific bilateral and multilateral agreements
should be established to promote this. Some other countries where
technologies are not owned by the government believe that
transfer of technologles would be a function of commercial
negotiations, The issue of intellectual property rights also
presents a case where International opinion is mixed.

Econonic Mechanisms

It is important that any potential measures to limit or
adapt to global climate change be as economically efficient and
cost-effactive as possible, while taking into account important
social implications,

In general, environmental objectives can be achieveq elther
through regulations requiring the use of a specific technology
or attalnment of specified goals, or through economic instruments
such as emissions fees, subsidies, sanctions, tradeable permits,
or a comprehensive gystem that might address all greenhouse gas
sources and sinks, Market based economic instruments encourage
limitations in emissions by those who can achieve them at least

cost. Careful and substantive analysis of the impli
such instruments is needed. y implications of

Economic instruments, through their enc
flexible selection of abatement Measures, frequeggfsgg?§2§ tgg
possibility of achieving environmental improvements at lower
¢ost than regulatory mechanisms. Unlike many regulations
tend to éncourage innovation and the development of imér
technologies and practices for reducing emissions, Economic
mechanisms also have the potential ¢to Provide the signal
necessary for more environmentally sensitive operation og

markets, It is unlikely, however that eco
W ’ n
111 be applicable to all circumstahces omic instruments

Financial Mechanisms

Industrialised and develo
: , Ping  countries con
agg:;::ﬁgn;h;géaT:ifances of financial mechanisms are Azggié féﬁ
change, quate measures to limit and/or adapt to climate
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Financial resources channelled to developing countries would
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be most effective if focused on those activities which contribute
both to limiting greenhouse gas emiszions and promoting economic
development. Arcas for cooperation and assistance could include:

‘ Efficient use of ehergy resources and the incroased
use-of fossil fuels with lower greenhouse gas emission
rate or non-fossil sources;

& Rational forest management practices and agricultural
techniques which reduce greenhouse gas emissions;

: Facilitating technology transfer and technology
development; :

. Measures which enhance the capacity of developing
countries to develop programs to address climate
change, including research and development activities
and public awareness and education;

. Participation by developing countries in {nternational
fora on global climate change, such as the IPce.

Legal Measures

The measures noted above would require a high degree of
international cooperation, with due respect for national
sovereignty of states. To assist i{n that process, international
negctiation on a framework convention on climate change should
start as quickly as possible after the completion of the IPCC
Firgt assessment Report, This, together with any additional
protocol (s) that might be agreed upon, would provide a firm basis
for effactive cooperation to act on greerhouse gas emissions and
to adapt to any adverse effects of climate change,

The framework convention should, at a minimum, contain
general principles and obligations. It should be framed in such
4 wWay as to gain the adherence of the largest possible number

and most suitably balanced range of countries while permitt
timely action to be taken. permitting

Working Group III compiled & list of ossible eleme
& framework convention, R P artinnTas gts for

this does 1 ns s spec hat
ﬁé&@%’fstl‘t’lﬁ 1:b eu?a eggnﬁ‘?é:n%{o%r}v tr}{'er;e‘ ’i'n’c ruavés;mrnmam- o immlinda

o the political imperative of strikin
g the correc
balances (a) between the arguments for a far-reachingt
action-oriented convention and the need for urgené

inaction, the costs of action and
; i curr
sclentific uncertainty; ent levels of

o} the extent to which specific obli
on the control of enissions of greenhouse gases
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B i ssibly as
be included in the convention itself, po .
;nnexeﬂ, or be the subject of a scparate protocol (s)

the timing of negotiation of protocol(s) in relation
to the ncgotiations on the convention:

the {ntroduction as appropriate of sound scientific
bases for establishing emission targets (such as total
emission levels, per capita emissions, emissions per
GNP, emissions per energy use, climatic conditions,
past performance, geographic characteristics, fossil
fuel resource base, carbon {intensity per unit of
energy, energy intensity per GNP, socio-economic costs
and benefits or other equitable considerations);

the extent to which specific goals with respect to
global levels of -~ emlssions or atmospheric
concentrations of graenhouse gases should be addressed;

whether obligations should be equitably differentiated
according to countries' respective responsibilities
for causing and combatting climate ¢hange and thair
level of development;

the need for additional resources for developing
countries and the manner in which this should be
addressed, particularly in terms of the nature, size
and conditions of the funding, even 1if detailed
arrangements form the subject of a separate protocel;

the basis on which the promotion of the development
and transfer of technology and provision of technical
assistance and Co-operation to developing countrieg
should take place, taking into account considerations
such as terms of transfer (preferential or non-
preferential, commercial or non-commercial), assured
access,1nte11ectua1propertyrights,theenvironmental
soundness of such technology, and the financial

the nature of any new institutions to be Created by
the convention (such as a Conference of the Parties,

with their functions, composition angd decision-making
powers, e.g., whether or not they should exercise

supervision ang control ov .
undertaken; er the obligations

the criteria, timing, legal fornm and incidence of any

;:;égations to control the pet emissions of greenhouse
S,
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8tratoglies for the future

' The major dilemmas

The¢ conclusions of Working Group I show clearly that the
scientific community essentially agrees about the climate changes
that could occur if the present bulld-up of greenhouse gas
emissions continues or even accelerates into the next century as
projected by both the Scenario A (Business-as-Usual) and the
Reference Scenario, Working Group II envisages potentially far-
reaching environmental consequences of such changes. Ihis threat
L0 the global environment and its mejiggglong for countries angd
the peoples of the woyld must be weighed against the_costs and

other socio-ec mic im cati for t and/ adaptin
to, any adverse effects of clim~te change, It is, therefore,

essential to address a few fundamental questions in this context,

gaseg into the atmosphere that now -Cause_uUs concern, The
developing countries are rapidly increasing their emissiong in
striving for improving their living standards, particularly by
increasing their use of fossil fuels ag the prime source of
energy. Cheap energy has in the past contributed substantially
to the rapld increase of the standards of living 1in
industrialized countries. They possess the knowledge and the
human and financial resources to develop the necessary means to
combat climate change. Recognizing the poverty that prevails
among the populations of developing countries, it is natural
that fight against poverty and achieving economic growth is given
priority by them. Closing the gap between the industrialized and
the developing countries is a Prereaquisite for a full partnership
of all nations of the world {n the development of a strategy to
deal with the climate change issue,

s

dl crea wor opulation will mean greater
demands for regources in general and energy in particylar.
Management of the world's natural resources is also Closely

linked to the climate Change issue., It is obviocus, that all these
and other global issues have to be addressed simultaneously,

Climate change issue is a long term, evolutionary igsue, We
are not able to foresee itg long term consequences very well yet
and will not be able to do go §oon. However, scientific data

outslde the range that has prevailed for more than 100,000 years.
It seems prudent, then, to consider that an unlimited growth in

the concentrations of greenhouse gases in the atmosphere is not
acceptable, Althou abi i re e__dgas
gencentrations in the atmosphere ig ultim cegs W
cannot ag vet determine at w what levels th ey should be stabily zed
Q_the ¢osts of sugh Q;abilizggionL ‘

, The discussions {n Working Group TI1I
difficulties ip assessing the ;icial gnd
climate change, as well ag the ¢
r?quired.to slow

show that the
@conomic costs of

onsequences of
and ULtimafn1\, o _.g_u ! the meaSUl'aq
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-¢ oust: gas issue. An obvious reason is that -
e w:t? ats,hirc%] ;‘ézgict rgliably enough how a change of climate
wguignigfluence different countries directly. On the other hanq,
:hu implications and particularly the costs, of the specﬁflc
actions that are being considered to slow down or pﬂez?n g
change of climate can he envisaged more easily by eco§fm”s 5 an
politicians., Yet, it ig not evident that more str ngen gng
therefoxre cost easures would f£i a val on a bi
majority of people even in countries where they may be reasonably
well informed about enviyonmental problems.

i 2 have a
International sarecments are necessary in order to
balanced development of the world_ economy ang £o_safequard at

the game tj e glo t. This appliés particularly
he game th bal_environment
when conf;gﬁied with as complex an issue as that of climate

change. If individual countries can optimize. their benefits by
letting other countries ghare their costs (i.e. pay for
pollution) without they thenselves taking the necessary
precautions (reducing pollution), the economy of the total system
becomeg 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 internatiogal
scene, {.e., the nationg and the large multinational companies
in the world. The fundamental question becomes: How can a
sustainable and improving future for the developing countries
l.e., for three quarters of humanity, as well as for the
industrial countries, be achieved faced with the potential threat
of climate change?

It is also clear that the effects of specific preventive
actions being considered on the countries of the world vary much
from one to another, At present fossil fuels account for 80 =~
85% of the primary energy supply in the world, but different
countries are very differently dependent on their use., Producers
and users of fossil fuels will experience restrictions on the
enissions of carbon dioxide into the atmosphere very differently,

Many developing countries have extensive plans of using
fossil fuels for meeting thelr increased energy demands foy
development. The infrastructure of most countries to a large
extent has been based on a fossil-fuel driven transport system,

Deforestation is in part an expression of the need to expang
agriculture or the dependance on forest products for export,

¥easures to limit methane Production in wet-land agricult
imply major changes g ure may

unpredictable consequences for the farmers involved.

+ it 1is not surprising that
controversies arise about as complex an issue as the preseék one,

in particular when the detaileq understanding of ;
problems is as yet incomplete, The maior di) 9 ;; the lzgelg
regsolved, . Ues_can be
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Flements of a strategy and ap action programme

The complexity of the problem as outl ined above based on the
detailed reports of the IPCC Working Groups, means that
agreements on necessary actions will not be easy to reach.
Working Group.I has concluded that "the longer emissions continue
to increase at present day rates, the greater reductions would
have to be for concentrations to stabilize at a given level",

The IPCC emphasjzes that despite scieptifie uncertainties
thenghgddsideiendoriming of climate change, but because of the
yery long respongse times of the atmosphere, climate and sogiety,

it would be prudent to injtiate negotiations on a framework
gonvention on ate change goon _as ible,

First we address actions that could be taken now.

It is clear from the Working Group III report that there
are a number of actions that also would be beneficial for other
environmental recasons and that would cost comparatively little,
as a matter of fact in some cases rather imply savings. These
deserve attention now. An action program to take advantage of
such possibilities has been called a "no regrots policy" defined
as & policy of taking "measures in the shorter term which while
helping to tackle climate change also can yield other benefits".
Numerous measures of this kind have been considered by the
Working Group III and are summarized in a previous section of
this overview.

¢ _cont that suc res wo if w ed
{fic low down _the further increase qf greenhouge
goncentrations in the atmosphere, These measures to be taken at
the n regjlona na evels e;
* CFC c 8 nclude cted f gree e

active alternatives, '-
* rgy sources with lower emissions of greenhouse
—-1-1-1 .

*_Jimproved energqy end use e{ﬁigigncx,
* Improved forest managemgnt and where feasible expansion
of forest areas,

in a uced

* yeview_ of Agricultura actices
&s

More elaborate descriptions of these are giv
sections of this report, given in earlier

. ARCC further believes that individua) natjons, or groups
nations, should consider actions to stabjlize emnj ?:

(o]
gsions {n ora

;gg;fduqe 5b2 rate of increase in global emiggions gndotn;s
assist ipn the brevention of ap dcceleration Qt'gzgenb &
goncentratio e atmosphere, Such initiative
Accelerate Progress towards ingeznagiongl agreements, . S0
8econdl v a ‘

g {énnf address the naed for a phaseq strategy for the

Awvaiting the outcome of negotiations

for general a
On a convention, it is important to explara w2 ncral agreements
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s : derstand
Because exinting information is inadequate to un

what rate of change of climate, and of grecnhouse gus emissions,
might be acceptable, there is a nced for a phased approach, Tha
first step would he to set criteria.

: d be
Mc__gm;mgﬁ__thé.&_mm__ghoul
definingcriteria which would reflect the impacts of climate
cha the one hand. and the costs and

practicalities of reductions in _emissions on the other,
Such _criteria wou hey sho into
u W able level of_glimggg_ghange and

refleck the changes in our scientific ang economic understanding
and technologjcal capabilities,

In the light of the importance of Understanding better the
economics of the greenhouse gas issue,

wmwmmxc_hmintermtianal
goonomic implications of the global climate jasus be —_
intensified, with particular regard to the epecific
g¢lrcumstances of individual ountries as the broad

gene ereh W oped and develo
y congider develo echanisns
which the inte ationa] market can find optimal means to

rec iZs - £ m c cosgt o
ﬁﬂwmmmgguﬂgmt_m_lai able development, angd

in this regard, should fully gxglgg;g_gggngmig_gonseggenggs of
such mechanigms,

Working Group III also emphasizes in this context the
Importance of public information and education,

orts th ew limate cha

)
gfﬁgg:, gi;hgz gi:gg;]y or 1nd1:ggtly. almost every sector of
goclety, ang algo becayse 1mgorgan: policy responses will have
£o be developed against a bagxgrggng Qf uncertainty, broad aloba)
nnde:s;anding of the i1ssye will facllitate the adoption and the

implgmgngagion of such response options as deemed necessary and
appropriate, Further efforts to achieve this are urgently

needed,
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The Bpecial Circumstances of the Developing Countries

It is obvious that the impact on and the participation by
the developing countries in the further development of a future
strategy is essential. The IPCC has addressed this specific issue
by establishing a Special Committee on the Participation of
Develeoping Countries, This subsection summarizes the findings on

the issue.

Although emissions of greenhouse gases ara increasing‘in
developing countries, where about 75% of the world population
lives, they emit only about 25% of the world total. Their per
capita emission is only about a tenth of that in the
industrialized world,

Industrialized countries and developing countries have a
common responsibility in dealing with the adverse effects of
climate change, taking into account not only the past and present
responsibility of the industrialized world in the accumulation
of greenhouse gases but also the present technological, human and
financlal capacities of the developed countries. An acceptable
standard of 1living in the developing countries needs to be
achieved before a developing country can be expected to
participate fully in addressing issues related to climate chnage.
In this context,

a) Industrialized countries should take the lead and have
specific responsibilities on two levels:

emigssions by adapting thelr own economies in line with relevant
future international agreements; - -

ii) To cooperate with developing countries in
international action withcut standing in the way of the latter's
development by contributing additional financial resources, by
appropriate transfer of technology, by engaging in close
cooperation concerning scientific observation, by analysis and
research, and finally by means of technical cooperatjon geared
to forestalling and managing environmental problens;

b) Emissions from developing cecuntries are growing and needq
to grow in order to meet their development requirements.
Thus, over time, they are likely to represent an
increasingly slgnificant percentage of global emissions,
Developing countfries should, within the limits feasible

take measures to suitably adapt their economies, '

Against this background, 1pce requested its gpe
Committee to identity factors inhibiting the full particigation
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4 The factors jdentifled Ly the Special Comnittee are:

*ingufficient informatiop:
*insufficient communication;
*limited human resources;
tinstitutional difficulties;
*limited financlal resources,

ome of these factors, the IPCC Working Groups have
aemgge: policy options which are to be found in their
respective reperts, The Special Committee itself has made a
number of specific recommendations including the development of
specific programmes of action; these are to be found in its
report, The implementation of the recommendations and appropriate
policy options will Tequire commitment of f{nancial resources ang

nechanisms,

Finarcial resources channelled to developing countries would
be most effective {7 focused on these activities whion Contribute
both to limiting greenhouse gas emissiong and/or adapting to any

Pl et ol o TR T
S\DOQGGAONHOWQ\JGGDUMH

21 adverse effects of climata change, and promoting économic
22 development. Areas for Cocperatien and assistance could include:
23
24 R Efficiant use of energy resources and the increased
25 use of fossil fuels with lower greenhouse gas emission
26 rate or nen-fossil §ources;
27
28 ' Rational forest management practicas and agricultural
29 techniques which redyce greanhouse gas emissions;
30
31 , Facilitating technology transfer and technolegy
32 development ;
33
34 o Haasurgs which enhance the Capacity of developing
35 Countries to develop Programs to address Climata
36 change, including research and development
;; activities and publie awareness and education;
| 39 Participation by developing countries in internatio
ter: nal
:g fora on global climate change, such as the 1Pce,
42 It wag recognized that cep eration ang i
b nd assist r
:3 :ggpgé;:tmiasureg wotul& be requiredg noting that for slgm:n:eegigroxa
| ries, adaptation rather than 1i: i b i
i 22 potentially mést important, Ritation Activities are
;
| 47 Ihe IPcC concludes that the r
| econnendat of the ia]
| 48 mmuggd_nmshgm ait ¢ Aans : Foends
i , Dot ay. b!LJEB&EEELJQ(.IH&HLﬁ
2 nemmm_.gn_a'__cmé&s_munuon. It appeals to
s fhealateral and Diateral Fungines ool o Shent
ihe _zec nendatlo ’n—IE-IHZIDQI_QEEEAJELiﬁ the \ nent
si  S90tinuing and Increspeq eacsi® : [ Pog conents _toy
53 2 urgent basie- =I'eas ‘Lrib —ﬂm_trﬁ.lmuit_ﬁmm
54 -
55
56



L T YR MO oy
A AN §4 /«Q.v.b\u }r

S A B 2
nol 3 S i

2} S

‘uotypys13ay Surwavm 1pgop3

Jo 40ynp Yy} S1 FoTFAUULD,) SI2ANOSRY [DANION
pup (Bious] Y] Jo 4quiaus puD 0pD40J0)

WOA] 10]DUDS IJDAIOUI(] D 4J14M Y |

'9$1N02
adueyo Jsnur O ‘Junjjou op am pue ‘A3noas e
-UonPLI)uL 0) sjealy) )sajea1d ay) se 1ep plod
o) poovpdal oAty s[ji [EJUSWUOLAUI [EQOD)
“y3mo18 uonemdod jo aoed Juiraddels
a1} 1y 03 110JJ9 3y} Ul 13ped| s plom 3y} se
J[9S)1 119SSBAT JSNW SIS pajiu() 9y} ‘Ajjeury
*s193|1j o1IdYdsow)e [eInjeu
1mo—sjsaloj juejdar pue 303j01d 03 SUEINEEDF.1
‘ue yoeal jsnw suoneu ood 3y pue Your 3y}
‘y1anoy ‘sed [eanjeu—s[any [1ssoj ay3 Jo Buuing
1SaUEa[O Y] 10J SISN MAU PUlj 0] PAdU M ‘PAIYL,
“syueyd 1amod 1eaonu jo uoneiauad ajes ‘mau
e 10 s[aued 1ejos mau aq ) 19Y)oym—A313u3
jo saounos Junnjjoduou dojaasp 03 weidoad
INO-[[e UEB UO HIeqW pnoys am ‘Aliejuuig
¢198pnq Ju30a1 s)1 ut sweigoxd
uoNEeA1asU0d A313ua 10§ sjnd pasodod uonen
-siunwupe siy) sey ‘uay) ‘Aypy “s10ayadwod dnuou
-009 awiid Ino op se JNOH jo jun 13d AB19u3
yonur e 30IM) ISN IM DIDYM ‘SAEIS PAA()
ur )10j39 sy} jo 3U0)SI13U10D 3y} 3q snu ‘yno
sjutod 1504 9y, se ‘UOEAIISUOD A313u3 "3AN
-23(qo [euoijeu e sjuejnfjod e pue sased asnoy
19218 JO uoIPNPa1 sayew Jeyy Aorjod ABiaua
jeuoneu aaisuayaidwod e dojaaap jsnul IM
‘[BAIAINS 10} puadap saN3IO0S [[B YIyMm
uodn sZuiuuidiapun dijewi|d 3y} Yim Juiqued
ale 9| °uOMOE AOUdBIAWS 10j 194 EISIXI ISED
ou JeY) MIIA §,3504 Y] Isutede andie pinoa |
Ing "suonsanb 353y} J9msue 0} YoIeasal Jo weid
-01d 8uo1js B InuUOd 0 padu am ‘Ajredd

ARSIV

\— /\i\]» /du\/
FH

O6LG! e o) >

IR BV uﬂi I AVAYA

‘Buiwrem orydoisejed
sdeyrod pue pajuapadaidun ‘Onewelp e 1ed)
Aa3y) jey) sn Juif[d) e SISHUIS doy ano puy
‘U00S MOY PUE YONUl MOy NG ULIEM [[IM Y3Iey
a1} Jaypaym Jou st uonsanb dyJ “2IMnj 9y}
ur Bunuiem [eqo|8 3sNEd JOU [[IM SIJEL SUOISSIUII
sed asnoyuanId JUIIIND Jey) 1IIsSE TR SapPnIe
oNUAIS MAIAI-1aad Aue Udas Jou DALY | wiem
[IIM Y3aes] By ey} SNSUASUOD prolq st 91ay L

“paINSLIlL UAQ SLY puE UEd J1 131008
Siy} uo jegaP Ou Bq UBD Y] *319ydsow
-Je 3y ul sased Isnoyuadld Jo SuOHBIUIIUOY
ayy Suiseasour Ajprdex si sardads uewny 3yj eyl
Mmouy os[e ap| ‘Aepo} SI 1 uey) 13[00d $32189p
09 woqe aq pinom jaueld 3y ‘a13ydsoune
ayj ut JSIXa Jey) sased 13410 pue 10deA 191EM 3]
MNOYIIM ,,/9SNOLUIIIE,, B UL AN 9M JBY) MOUY
$1S1JUBIIG "IBI[D SI 1IAAQNS SIYY} U0 IUIIDS Y,
,.-ded jey) a8priq 03 £30]0uyd9)
ayy jo 11oddns 1no Juneia[adde e Im [CRIETRN
ayy paoedino aaey uowdo pue soniod a1aym
-+« sanssl 9s3Y} UO SM3lA Jo wnidads peoiq
£ 28po|MOWYdE A, (IM O "1I3JJ3 YSemajlym
3y} 91| oW SI UOHEASIUIUPE Y} WOol) uayod
3A,9M JeYM PUE ‘GEET Ul ,109))3 ISNOH UM,
auy pastwoxd azam ap “Aejap Jo L1031y guoj e ut
1a1deyd 1ayjoue 194 sem Yyodads s,juapisald 3y |
a8uey) jewn) uo [dued |EJUaWUIIA0B13)U]
3y} Jo Bunaaw Ju3LA1 Y} Je uonensiullipe

ay) Aq pojuasaid smala dyj 313M s3] ‘urede
20u() "eIpaw Yy Julpnoui—sioey Ay} ysnoayy
J0s 03 Suijimun 1o djqeun senplaipul 4q
uIn) A13A3 jB pasiel 316 SMIIA 33y} ‘PIspu]
,Modax aamnsu] [[eysIejy Yl yum Jus)
-SISUODUI JOU SI By} JUSWIUIIA0F [19pa) 3y} ul
£o1j0d JURIBYOD B 3ARY AW T 7T *j10da1 ay) yum
possaidun, 91e S[RIDYJO DSNOH SWYM 101U9s
om] 3ueyo ajewird uo guizunodway Juadal
$,9SNOH ANYA Y1 purysq Apaed jsea] je 3q O}
pies st [1ey)] Buipeajsiul pue poselq st passiusip
aaey sisnUaIdS Auew jeyy 31odar palIsfpIun
‘wigs, & 10da1 [jeysiepy ayy Buijed—sansst
jJuada1 ur spioda 3say) jo sanbnuo Bunasiq
paysigqnd sey aoualdg [eunof yJ, *Aylunwwod
oynualds ayy Aq jiede U103} uaaq dAeY s310d31
yiog 2019e1d dIJUIIDS PIEPUR)S S| SE ‘PIMIIA]
192d U23Q 19A3U DARY OUINS BullIem 1eqo|3
Suruonsanb sjuawnd0p 0M3 3Y) ‘ABuistadin
NINISU] S339SNYOLSSEJA 3Yd
jo uazpur pIegany 1q 4q 110dax paysigndun ue
pue ‘aimusuf [[eysiely O 381039 3y} £q pans
-8, ‘W3Jqo1d ISNOYuIdIn 3y uo $9A1}03ds19d
UG, UIaq dAeY sBulutem Bunuiem 1eqo|3
Jo sanbniid painguisip A[@pim jsouwr omj3 YL
“359q 1e Ayeys ale Jey) SUOIJIASSE dYNUIIDS UO
Aj21 wajqoad ay) Inoge umouy st y8noua Jou ey
angie ‘uonexsiuiwpe Yy I ‘oym 3Isoy],

£
-u3oe|dwod Ino 03 pua ue 10§ Juifjed uonele[dap

‘190ffo yspmajrym

aYy) oY1) 210Ul S1 UOYDAISIUNUPD Y] WO 129708 20, am

Yy A . 190ffo asnof] A, oy} pastuod aiom

# .,

e pauSis 9ABY SIDUIOG JO Awaprdy [euone
3y} Jo sIaquIBW 3Y) JO J[EY JSOW[E pue DU
Jo [epaJy [euOnEN 9y} Jo sjuaididal §9 ‘sa.
-31ne] [3GON S,UOIIRU SIY} JO J[eYy ‘AJU3I31 3S0]
-aydoxjsejed dnewd poae 0} sdajs 93910u¢
9)e) 01 saNaI0s Juidin A1k oym sy1adxa
~JIUBIDS JO SNIOYD DY) PIWIYMIIA0 dARY SIAAI
-Aeu (eyustuonAud jo [ypuey e ud fdung
.:_.«_A—AZ: _z:_o:_::C:_ Sit
QUM [P 2 MOY Jnoge S3UNDIW [euoheIIa
J& SOULAPIS oY) 0 SAIRIS Paju(] Oy} pajesal.
SBY UOIEAISIUIIPE BY} ,‘AJUIE}I20UN JHUAL:
Suiwie)) 'yBnoua A[snorias ansst siy) supie; «
3502 9W0D JOU SEY UOIIEIISIUIWIPE 3Y) pue ‘1ed

uondooxy Funyey,

1 uonoe 3uo1s 10j ased 3y) ‘voiuido Aw uj
. Awouo.

ayy i sadueyd aarsuadxa Ajp3ny pue aandnis
a1nba1 pjnom jey) uonoe AduadIdawd jo pul
3y} 10j 194 SISIX? IsED OU,, JeY) YNy SI13r
[euoypa 3yl ,’suonsanb ydir ay) 1940 3
-y81y,, 10§ pue Jou pip J0ssadapaid si se ‘A|si
-1198 Junuiem [eqo[3 jo suonedrdwi ay) duiye
10} uoneI}siunupe ay) aste1d 0) uo $303 L1101}
3y , PAISN[OUODUI puE Pasnjuod st iej 0S 3
-wiem [eqo[8 JO IOUSPIAI BY) ‘BNIY,, JeY) S}IIS!
— Jdawaep Buiian,—[eHoNpa s3s0d YL
‘Buiuiem [eqoj

JNOQE MOUY J,UOP PUB MOUY M Jeym Jnoc
sisis1ad 9jeqap Is|ej BuLIIp[IMIq Y ‘Buiwre
[eqoj3 Inoge a3pajmouy JYHUIIS JO ANEIS I
SuiAjdunsyaao jo urayed eipaur 3yy sINUHUC
104 Ayl ‘L 'qad jo [et103pa ped] &I u]

Qmﬁcgﬁwwhu IY] ur I9110H puv 19110H

yry o Ayjout,



\ 7 10 - ¢ 4 -

"Document Control"

TYFE: ACTION DOCUMENT NUMBER: 9120669
ORIGINATOR: 02 STATUS I DIRECTORATE STATUS C
khkrkhkhkhkhkhkhhhkhkhkhhkhhkhkhkhhhhhkhkhhhhhhhkhhkhhkhkhkhhhhhkhkhhhhhh kb bk hkkkkhkhhkhkhkhkhkhhkkk
FROM: ASHLEY, Carlye M.
TO: JOHN SUNUNU

DATE OF

CORRESPONDENCE: 02/19/91

SUBJECT: THE LACK OF GREENHOUSE EFFECT OF CO.

kkkdhhkkhhhkhhhkhhhkhhhhhhkhhhhhhhhhhhhhhhhhdhhhhhhhhhkhhhhhhhhhhhhkhkkkkrhhkhk

DIRECTORATE STAFF

ASSIGNED: ENVIRONMENT ASSIGNED: ENVIRONMENT
ACTION STAFF

REQUIRED: DIRECT REPLY/ ACTION:

IF APPROPRIATE
Fhhkkhkkhhhhhhhhhhhkhhhhhhkhhkkhhkkhhkkhkkhhkkhkk ke kkhhkkkkkkkkhhkkkkkkhkk*

SENDER'S DUE DATE:
OSTP DUE DATE: 03/20/91 STAFF DUE DATE
DATE COMPLETED: DATE COMPLETED/DEPT:

khkhhhhhhkhhhhhhhkhhhhhhhkhkhhhhkhkhhkhhkhhhh kA kA Ak hhhkkk ko hkkkkkkkkkkkkkkkk

COPIES TO:

khkkkkhhhhkhkhhdhhhhkhhhhhhhkhhhhhkhkhkhhhhhhhkhkkkkkkkkkhh Ak kkkhkkkkkkkkkkkkkkkkk®

WHITE HOUSE TRACKING #: CONTACT PERSON:

PHONE: EXT:
REMARKS: Does not require a response per NGM

OSTP RECEIVED: 03/08/91 DEPT RECEIVED:
FILE: ENVIRONMENT

CENTRAL FILES:




CONSULTING ENGINEER IR, 1% F o .;)
7320 BARBERRY LANE o il ¥ -
MANLIUS, NEW YORK_ 13104

February 19, 1991

‘ Dr. John F. Sununu 01 AR B A8 34
Chief of Staff ot st

White House _ ~
Washington, D. G. 20500 Suject: Lack of Greenhouse' Effect of COa

DiIRECTUR

e \L \ CARLYLE M. ASHLEY

Dear Dr. Sununuj

i have been CHief Enzineer at Carrier Corporation and Presidential
Member of ASHRAK. When they first started talking about the added:
“Greenhouse Effect" of more COs in the air I dismissed it as being
just some crank. -Now.I discover they seem to be seriocus-about-it
The memoerandum which I am enclosing tries to present the case
against its I believe that the effect will be almost negliglble
but in some ways even an improvement.

I am strongly in favor of conservation and I believe that we
need to keep other greenhouse gases out of the atmosphere because
these could have a serious effect, but the restriction on CO.
could be very costly and also unnecessary. The efffct on the weather
is not nearly as great as some of the other things which we do
such as cutting down our forests.

I will be glad to send added copies to others whom you might *
suggest. You may also be interested to know that ASHRAE is planning
on studies of the Greenhouse Effect of the possible future refrig-
erants which take the place of the present R-11 and R12.

Yours very truly




WILL MORE CARBON ( DXIDZ IN THE ATMOSPHERE wf; OR COOL THE mARTH?

by Carlyle M. Ashley, Consulting ingineer

Water vapor is the principal "Greenhouse Gas" which reradiates
heat energy back tp the earth ¥rom the atmosphere. Carbon dioxide
has only a minor role and doubling its concentration in the atmos-
phere has a very slight effect. Both gases absorb incoming solar -
radiation so that more carbon dioxide could cool the earth instead
of heating it. This memordantum gives the engineering data to sup-
port these statements. Furn first to the Figure page.

Figure 1 shows the absorption bands.of-carbon dioxide plotted vs
wave length of the heat radiation. Note that the absorption bands.. .
are high compared to the length of travel so that they should have
100% absorption in travelling through a small part of th atmosphere.
But they are widely spaced so that mostof the radiaton will pass . -. e
through the transparent part of the spectrum.

wave length of the radiation. Note thatthere aremultiple overlapping
absorption bands, particularly in the long wave lengths of the earth
radiation at ordinary temperatures?

Figure 3 shows the solar radiation and also the earth radiation
spectrums plotted vs wave lengths. The visible radiation lies be-
tween D.4 and 0.8 microns. The solar radiationshows a plot outside
of the atmosphere and at ground level (for direct radiation).

In the ultraviolet section the atmospheric absorption is largely
by ozone in the upper atmosphere. In the visible section, particul-
ates reflect and absorb the radiation and the air molecules diffuse
it. In the infra-red section, water vapor and carbon dioxide absorb
the radiation as shown by the absorption bamds as shown in Figure 3
which may be compared with the bands -in. Pigures 1 and2. Most of this
absorption occurs in the upper atmosphere and does not directly affect
the radiation in the lower atmosphere.

Figure 2 shows the absorption ' bands of water vapor pldtted vs
|
|
|
|
|
|
|

Note also that thearth radiation spectrumpeaks at 10 microns for
95F and slightly higher wave lengths for lower temperatures. Carbon
dioxide has not absorption bands close to the peak.

Figure 4 shows the emissivity (absorptivity) of carbon dioxide vs —
the partial pressure P_ and the length of travel s with separate curv-
es for tenperature.Ordgnary tempe raturas can.use the .500 800 C
curve. Note that these curves are very flat, particularly at the
upper end where a doubling of the_abseissa will increase. e by only

about 105 The maximum value 6f.e’is_only 20% which checks with the
information on Figures 1 and. 3. - &

. Flgure 5 shows the emissivity (absorptivity) aof water vapor. kven
with a dew point “ temperature. of "-25F..the:point is off to the right
of the chart and the value e is very high compared  to the values on
the carbon dioxide chart. For higher water vapor dew points the . .-
value of e ¢lose to the earth is still very high.
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Pable 1 shows typical summer-winter temperatures and pressures.
vs the altitude of the atmosphere. If no energy was transferred (adia-
batief, the temperature would drop 9..1C for every kilometer increase
in elevation. THus, the deviation from this relationship provides.
insight as to the addition of energy at different eleya tions which
is large at the bottom and top and minimumiin the middle. The stzb-
ilization at the top is probably due in part to the addition of
solar energy and in part to the decrease in density.

Since water vapor and carbon dioxide are both absorptive (emissive),
the values must be combined to be able to solve problems. Since there
is an overlap of their spectrums as shown in Figure 1 and 2 this must
be compensated. If we assume that the carbon dioxide is 100% absorpe-:
tivity within its rance as measured by its emissivity, then the emiss-
ivity &¢f waterrvapercenergy-incthisrange shauldc<be eliminatedcbugcthere
ig§-d ‘bahdnofwecazbon dtoxide 'nearrthevupperrend d¢Ectheveartizspectrum
which-shouid be:included.

Thus, a conservative equation would seem to be:
ec,w = €w * €c(l - 0.8e,) and X, , =S¢, +<e(i - O‘SdC¢)

To be realistic, there must be an energy balance between the amount
of energy into and out of the earth. Thus there: is the equation:

E(earth radiation) = E(solar absorption) + E(gas radiation)/2 +
(gas convection. '

The reason for the gas radition being divided by 2 is because only
half of the radiation is toward the earth.

Example 1 is to set up a model of the pre-existing situation
under mean conditions. Assume:

Clear sky over ground on March 21

Solar energy outside the atmosphere 438 btu/hr.ft*

Solar energy striking the ground 337 - "

Solar energy absorbed by the ground 261 " “ -
Mean solar energy per ft* of ground 65.25 btu/hr*ft* ground.
Infrared 53%,absorbed-in atmosphere 53.5 btu/hr-ft<

Ground temperature S1F, cmissivity 92.5%
Air temperature, ground 5%, 1/32nd =2tmosphere 45F, 1/16th ..
atmss atmespherer, 38 5%, 1/8catmospharesi 30.5P.

Water vapor_partial pressure P_ = 0.00343 atrmosperes, 20F D.P..

pw

Carbon Diokidé partial pressure Ppc'= 0.0003 atmosphere

Beam length for the atmosphere:2x elevation.

The calculations were based on the Radiant -Heat Pransmission Chap-
ter by Hoyt C. Hottel in the book: Heat Transmission by Mcadams.
The data were designed primarily for enclosed vessels but it has been
possible to adapt them to the atmospheric problem. The Hottel data
are slightly different from that shown on Figures & and §.
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Atmospheric klevation, P/P, , 1/16 1/8 1/4
. tmos. . 4 ;.
Atmospheric temperature LsF 38.5F 30.5F
Absecissa, 2pr water vapor - 1l.4 22.8 L4s, 6
Water vapor Zmissivity,adjusted e, : «59 645 f69
Abscissa, 2P,L carbon dioxide . 1.0 2.0 4.0
Carbon. Pioxide Bmissivity, adjusted e, .155 <174 191
Combined Emissivitiy ey,¢ 672 732 776
Equivalént btu = ¢ (?ai/lOO)uew;c/é * 37.45 40.63 ‘4?.81
mean solar energy absorbed by ground - S1F 65.25
Total by o ‘ ‘ 108.06
Ground £missions = ¢(511/100)%+0.925 | 108:0¢
Double the concentraion of carbon dioxide in the atmos;phdre
Abscissa, 2P,L 2.0 - 4.0 .,LB.O
Carbon dioxide Kmissivity, adjusted e, 174 «191 .206
Gombined'imiSSivityg'ew'c .682 .737 ”i,ysz
Bquvalent btu = o(P,/100)%, o/2 * 38.01 40.92  43.15.
Added btu radiation due to doubling « 34
Equivalenttemperature rise of -ground- 0.37°F

Assumed "extra _solar radiaton absorption by extra COs = 1.6 btu
Mean value 1.6/4 btu/hr.ft? ground™s 0.4 btu vs .0,4 btu

* the btus for the higher elevations are i..: for the difference in Sy o
added to the lower values. : ’

The absorption of radiation for the doubling case was not giﬁén
because it is essentially the same as the emission and thus the gas
temperature' 1is not changed. '

For higher water vapor content the possibility of any inecrease in
ground temprature is still further decreaesed while for- lower contents
it is increased. However, this should not be objecticnable because

it-shoéuld result in a longer growing season and a higher growth rate
for more carbon dioxide.

The example chosen is somewhat ideallized because it fails to take
into. account the convection which the solar radiationStimulates. and
because. it does not make allowance for the evaporation of water:which
might occur over most of the earth surface. Both of these would reduce
any possible temperature increase.

I}
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e The reason that the added carbon dioxide has so little effect on
the total "Greenhouse Effect" is that there was already enough ¢arbon
dioxide in the atmosphere to make a significant contribution and the.
added amount increases this effect very slightly. Of course, compared
to water vapor, carbon dioxide makes a very small contribution.

However, one of the serious dangers is that some of the pollutants
which humans have added to the atmosphere will contribute new ab-
sorption bands which could have a very significantaddition to the
"Greenhouse..kffect"”

, Therecare a number of human activites which can contribute either
to the "Greenhouse iffect” of to other environmental changes.

The nearly four to one increase in human population during this - . .
century and the increasing use of fossil fuels have both exacerbated
the damage. The stripping of the earth of its trees and other vegetat-
ion is important because these normally absorb the solar energy. °
The increasing vaporization of water in lakes, irrigation. cooling
towers tends to absorb solar energy. The release into the atmosphere
of very fine particulates absorbs and reflects solar energy before
it reaches the earth and the natural release has in the past been
associated with "ice ages".

Glouds are an important part of our weather pattern. Not only do
they as well as snow have a high reflectivity for solar radiation but
they also have a very high emissivity for the long wave-length radiation
at ordinary atmospheric temperatures. Low overcast traps the earth -
energy and re-radiates it:back to.the earth. Higher altitude.clouds-
which are at a lower temperature still help to mediate the effect
of the solar radiation in between them. T

The example which is given above for a single set of conditions
can be expanded to other conditions so as to cover other environmental
and atmospheric conditions so that it should be pessible compute what
to expect from both increased carbon dioxide as well as other pollut-
ants of the atmosphere. It also should be combined with wi= the ef-
fects of convection, evaporation and condenstion of water. The effect
of cloud cover should be added to the cequation.

The amount of re-radiation can be measured using a btu meter and
a repeated measurement of the atmospheric column temperature should
be made to determine whether there have been any changes with time.
The message of population as well as environmental control must be
made effective. But please let us get our facts straight so that we
can control the things which need control and not proclaim a false
apocolypse. : _

We scientists and engineers have a responsibility to get the tech-
nical facts straight and to put proper priorities on the things which
need to be done urgently and avoid putting needless controls on others
which don't need them.
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The example chosen was intended to be the mean value of the various
variables as far as it is possible to get a mean. It must be reallized
that the temperature and radiation levels change for any one location
from minute to minute and hour to hour and day to day. Also they are
different for different locations:-on.the earth..in addition there is a
substantial heat storage in the ground and some heat storage in the -
air. In addition there is heat storage due to evaporation and conden-
sation of water and plant growth.

Also, in the air the emissivity is normally somewhat greater than
the absorptivity but this may be compensated in energy flow by a“high=
- er ground than air temperature. In any case, the difference between
the emissivity and the absorptivity is virtually constant when the
carbon dioxide is doubled so that that should not be a factor in
comparing the two conditions.

Another important variable is the convective heat transfer. At 15
MPHr the convective heat transfer is about 5 btu/hr.ft“+degF and at
about 7.5 MPHr about 3 btu. However, when the ground 1is cooler than ¢
8till air the convective transfer is a small part of 1 btu and when
it is warmer it is about.? dtu. THis compares with radiative heat
transfer varying betwen about 0.7 and 1.0 btu/hr.ft<.degF for cooler
and warmer temperatures. The convective heat transfer betwwen the-
ground and the air is primarily a local situation. BUt on hot sunny
days there can be dust devils which extend several thousand feet into
the air. Furthermore, the convective weather pattern which creates - .
winds which have a vertical as well as a horizontal component.

The earth reflectivity for solar energy is different for the whole
earth and for reflection directly from the earth. Also, the emissivity
of the earth for long wave lengths may be a slight variable. But
neither - of these should affect the conclusion about theé ‘lack of
further "greenhouse effect" of carbon dioxide

It should be recognized that the combination of the water vapor and
carbon dioxide provide more than 75% of the available re-radiation at
a given ground temperature and a still higher amount when taking
into account cloud cover. But at the same time they also remove
about half of the infra-red solar radiation. In evaluating the effect
of other greenhouse gases it is important to evaluate both the re-
radiation and the absorption of solar radiation to get the net effect.

It is important to expand this model with respect to both time and
place so0 as to show clearly what the effects of the greenhouse gases
are. Then, when evaluating new gases their effect can be super-
imposed on the available model.

a dIt-Shoyld.be Possible to measure the reradiation at any one point
an ;;me: This can be done using the "Btu meter“modified to make 1t
raclation measuing device, Alone with this it is desirable to

meas 1 i
amg ure the atmospheric temperature gradiant. and of course the
unt of solar radiation. '
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