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Balancing Atmospheric Carbon

Dioxide

Rizing carbon dioxide and global temperatures are causing Increasing
worldwide concern, and pressure towards an international lew of the
etmosphere i5 rapidly escalating, yet widespread misconceptions gbout
the greenhouse effect’s inevitability, time scale, and causes have inhibited
effective consensus and action. Observations from Antarctic ice cores,
Amazonian rain forests, and Caribbean coral reels suggest that the biolog-
ical effects of climate change may be more severe than climate models
pradict. Efforts to limit emissions from fossil-leel combustion alone are
incapable of stabilizing levels of carbon dioxide in the atmosphere.
Stabilizing atmospheric carbon dioxide reguires coupled measures to
balance sources and sinks of the gas, and will only be viable with large-
scale invesiments in increased sustainable productivity on degraded trop-
ical sokls, and in long-term research on reneweble energy and biomass
product developmen! in the developing countries. A mechanism s oul-
lined which directly links fossil-fuel combustion sources of carben dioxide
to removal via increasing biotic productivity and storage, A preliminary
cost-benefit analysis suggests that such measures are very affordable,

costing far less than inaction.

THE GREENHOUSE EFFECT AND
CLIMATE CHANGE

Carpon dioxide and other greenbouse-gas
lewels ane malng in the atmosphere (1, 2,
e Fig. 1), along with global mean lemg-
eraiures {3, 4) and sea level (53, but doubis
abour the reality of the greenhoase effec,
uncertamty about the detecting al climals
change, and lears over ameboration costs
have preventsd effective comsemus an the
meed for action. The reality of the green-
levase effect is unguestionable (6, 7); with-
out it the Earth would be 38°C colder, and
the entire esarth would be covered in ice
(B}, Short-lerm flactaations o surface
tempetalure are oflen confussed with long-
term lweal storage in the climatle syitem.
Variatlons i solar radiation, windborme
dust, volcanse aerosols (9, heat dransport
by currents and winds, and sinking of polar
whters indo the deep ses, create spatial and
vemparal Mudiwanons of surfse lEmpera-
ture,

The potential effects af global warming
o 504l moisture, agricaltural prodection,
503 level, efc., are well known (6, 7, 10,
11}, ard are not reviewed here, Climate
midels provide qualitative predictions,
with ponsidershle uncertainty aboat short-
term rales of change, andd reguire ime-
proved knowledge of polar lee flow and
melting, cloud dynamics, bdosphenc
metaholic rates, winds and ocean curremis,
and present and future human sctivities,
Miast heat i absorbed and stored (o the
trapics, bat it takes hundreds of years for
deep ocears and polar ice caps o warm,
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and only then will increased heas stara
be fully express=d at the surface, We
cannol wait {0 detect such changes hefore
initkating actson because corrective mes-
sires woull take decades to cenfuries o
hiave an effect.

ATMOSPHERIC CARBON DIOXIDE
INPUT- OUTPUT BALANCE

If 1he atmosphere is 1o be sabilized & bal-
amce must be sought beraeen sources and
sinks of OO, Changes in atmospheric con-
centration are B sum of the rates of all
processes adding COy minus all those re-
mving il

HORPAL=C+D + R+
S+0-PF-1-8 (1)
where the lefl hand side represents the
rabe of change of OOy with time, C is fossl
fuel combustion, D s deforestation and
destroction of biomass and s0il carbon, R
is terrestrial plant respiration, 5 s respira-
tion from soils and miposers such &
bacteria, fungl, and animals, O & the flux
DR mlrm-:nsphcr:. P 18 terresiral
photcaynihess, | s the Aux from sima-
sphere to ocenns, and B is the harial of
organic carban amd limestone carbon in
sedamenis and soils. Major inputs and ous-
puits of carbona (12 are shown in Figare 2.
O these Auxes anly the increase of C0,
and [ossal-Fuel combustion are accurately
Enown [12). Most of the other Auxes are
umErlan  due b imseficiend messwre-

ments in the wopics. Gross rates of Lermes-
trial photosynibiesis and respiration may
b comssderably higher than the numbers
cited (13]. 11 has been sugpested that msing
COy ahould increase photosymthesia, bu
the smsumes pland growth is Emated by in-
siafficient OOk This can be true for highly
Eertilizedd greenhouse plants, bat plants m
natare are limited by nutrient deficicnces
Eﬂé unlikely g0 be stimulated by increassd

Human activity adds CC; from combus-
tion and deforestation, decreases photos
syathess by deforestation and soil degra-
dalsom, and increases carbon in sediments
by erosion of sodls and stimulating produc-
Livity with nutrients from sodl erosson and
untreated sewage, s¢ arcund half the car-
ban from combastion accumulates in the
atmosphere. To stabilize COy, cqusison 1
shows that C+D+E+5+0 muust egual
P+l+B. Since neither O nor 1 can be di-
rectly controlled, combuastion and defores-
Lalom carbon releases (C+ D) muast be lim-
ited to the rate at which storage of carbon
in biota, soils, and sedimems can be in-
creased [P+ B-R-5)

Bedaced combustion releases, up o
2% or more in the next 30 vears, through
incrersed efficiency of esergy use, have
been proposed (14-21). Across-1he-board
reductions woald preclude sigmificant in-
oreases in energy use and severely hamper
future development in developing coun-
tries, and ssch reduoctsons would have only
b trivial effect on OO incrense unless land-
management practices are reversed so that
the hiotn removes mare carbos from the
atmasphers than it adds, metesd of exacer-
bating the problem as it now does (22-32)
C}; stabilization is primarily a biokogical
problem. not a technological or geophys-
cal doe, because the balk of carbon flows
1|:|r|:n.|g;IJ hiotic processes. Increassd phodo-
synibesis and carbion storage in vegetation,
s0ils, and sediments is therefore needed
alomg  with  emissions  reductons 1o
stahilize O0, [23-32). This can be socom-
plished by halting destruction of highly
productive soosystems and mereasing pris-
Iﬂl.h:ti'-'il}' of aréas already degraded. [n-
creased nel biols produectiviey (F = R in
equatenn 1) by only a few percent world-
wide, could absorh combustion, if man-
aged to increase organis carbon and lime-
stome in soil and sediment (323, The bulk
of biomass and photosynthests ocewrs in
the tropics (12, 33), so prodoctivity en-
hancement on degraded snil must be
worldwide, but focused on sustainable
tropical development, if it is o allesdiale
CO; buitdop (22), Preservation of tropical
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Toresis is exsential not just for their species
(23], bist w0 preserve ecosystem metabol-
ism, which buffers anmospheric compaoss-
txon (25), This will not be ible mnless
developing countries have the resowrces to
vastily expand research and development
clforts im renewable productivity. and

raise Hvmg standards in rural aress (34).
relsance on Ty seurce peductions

S5 & blem familiar 1o grows
amilies w oy drain s blocking uﬂs.
cRUHNE wasbes 1o ty e Sumlr-h'lf:
measures mean producing less wastes,
while drain-side measures increase catfow
by using a plunger or imtalling & Mgger
Ppe. I are mamy ressons why the sec-
ond approach & more likely o be chosen!

HAS THE GREENHOUSZE EFFECT
BEEMN UNDERESTIMATED?

Glabal temperature increases of 3 o 5°C
following doubling of CO0, are predicted
from elimate models (6, 7)., Predictions ane
highly variabie depending on how choads
are mathematica formulated. MModeks
mislly astume that clowds amplify green-
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| SOURCES AND SINKS OF ATMOSPHERIC CARBON DIOXIDE
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Figure 1. The wavs cef nolch nass Dioseary Bay, Jamaica, 8 moters | 20 beail)
ibove presam sea fval, which lormes 130 000 gusrs sgo. mhen lem paaluiss
wire dall raled b be T 1o 3 Seg s canUgrads warmar thes lodey. Jemaka
haa nol wesdengena slgniican wpdii in the past 2 mision years, and simiar sas
keale mre found in arsas B8 180 apar s Ficride, Eesism fugsiralis, snd the
Saychellsa In e ncdian Ooean, bt the ses-level noich in Je=alcn in the bast
prassresd ol all scesrding o studea by Prol, Rhodas Fairteidge |peca
eemm.). This mvel indicatas tha mink=um sagniude of sas bl chieges
miileh ahould risu® iros Lhe acaling eoceis of carbon dioide onos wmpes s
P T e bR LT O Sl &y 5100 sl libraies, ainoa asrban dloxiss ol
thi Hime vt @b 27 % less than thal sow Tound inihe sssoaphers. Phoio;
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house effects by trapping beat {35), bur
recent dhirect satellbe m@asuremenis sug-
pust that increased clouds reduce climate
chamge by ing more sunlight back to
space (38, 3T),

Current predictions seem bo andenesti-
mate past abserved climatie changes: G0
is already I7% higher than 130000 years
ago (38), when it was around 2 o 3°C
warmes than today (39, sea levels were 6
mecers higher (based on the wave cwl
miptch of this sge, near Dnscovery Bay,
Jamaica, Fig. 3], and hippopstamuses and
crocodiles swam in tropical swamps near
London, England (40). Current C0; in-
criases should have already committed us
oo &t least as large a fature change as those
at that time, once atmosphers. ooceans,
and bicsphere equilibrate.

The best single record of pasl changes in

bal climate = the 160000 wear recand
rom Antarchc we cone (38, 3%), C0y and
temperature are highly correlated (41)
Taking €0, and temperatare values every
LMY vears {suffickently for atmosphers,
ooeans, and ice caps fo reach steady s1ate ],
wiglds the lnear regrossacns;
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Change in Antarctic temperaturs () =
=26 + 0,094 x OOy ppen},
B =086 58 =1.7C 121

Clxdppm)} = 267.1 + TEAT [commgrade |,
R = {LH&, 3.6, = 15.6 ppen 15

This n:lm:iu:m-g.mp explains about three
foarths of the vaniance in temperatare and
Ty, bat provides no clue o which are the
comtrolling and dependent vanmables, Ol
i= ol the only greenhouse gas; indeed in-
creased ocean EVEpOratbon amd  atmaos-
pheric humidity stores much more heat
than CCk does, implying that other factors
correlated with temperztore also covary
with carban dioxsde.

Il tropical temperatines vary ntle be-
tween glacial and interglacial times, equa-
fian I will overestimate global changes hy
the increased pode io equator femperaiare
gradient. Follen abundances in equatonial
lake sediments show it was considarably
copder and dirier in the tropses dunng the
last fee age, and equatortal mountain vege-
tation pones myigrated vemically downward

by amoants consistent with cooling of T to
11°C in Mew Guinea, aroand 10°C in the
Colombian Andes, apd around 9 1o 10°C
m East Africa (42). These chanpes are
similar to those estimated from sotopic
palseo wmpetalure mepsurements of mi-
crabossils from tropical deep-sea cores (43],
higt are greater than inferred from marine
microfossdl assemblages (4], which esti-
mate palasctemperatures by regression of
modern  microplankton  abandances
against corrent lemperature. This warks
well if species could migrate eguatorsard
as the Earth cooled, bt tropical plankion
hid o warmer place fo retreat boo and
sarvived the ice ages in & narpowssd
equatorial belt. Subtropical speces could
oot eamsily oocupy miches afready fully
occapied by highly diverse and long
adapted topleal communities. When the
deeg-sea  palsectempernture  record i
corrected for ice-volume effects wsing sea
levels measured from dated fressil coral
reefs [45), # & consistent with bce amd
pallen records, implymg that ice-core data
provide pood estimanes of ghobal tempers-
ture chanpes, Temperature takes around a
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th-:umnd FEArs (o come i steady state, the

ime cansed by oceanic mixing (44].
iﬁ'—.‘qmﬂm 2 predicts that temperaturss
increass I:n_l,'bll:l JREC for esch ppm mse of
Cy Doabling of OOy (rom sls present
level is wenily predicted 1o increase
temperature by 32.9°C, nbouot eleven times
greater than pr::l'il:lﬂi by climate models.
There are obvioas risks in soch extrapolas
tian, and a concave dowrward relatiomship
between temperature and C0; is mech
more reasamable than a limear one, bhe-
cmzse 0k absorbs less heat ot high cons
centrations {47], The dod-dash curve in
Figure 4 is based on calculations 1
ing that 56 % a5 mwch Bbeat i tra [
molecisle &l a comceniraton of PP &S
Al present lewels of 350 ppm. (48).

The empincsl relaticnship suggests tha
stromg positive climatic feedback mecha.
nmms amplify  the greenhouse  effect
severalfpld. Yery stromg Peedback @& re-
quired 1o explain the lemperalare am-
plitude of glacial-imerglacial cycles, which
is much larger than that caused by changes
im Beat mput to the surface as the Earth
orbil around the san slowly vares. Strong
feedhack betwsen tempernture and CO0;
makes rising O a5 much a result of temp-
erafure increase as a couse, and does not
necessanly |m|:-|g that an additional clima-
tic forcing mechanism is necded beyond
orbatal vanations, at least prior to human
imtervention i climatic cveles. Several
pasitive feadhack mechanisms are knawn,
such ax decreased COy solubility in warm
walers, increased evaporation and humids-
ty. aml decreased reflectance following
1e-cap melting (4%, 500, but these are oo
small. Positive feedbacks are underesti-
mated m climate models which comtxin
peophyscal  feedback (49} but  not
mogeochemical feedbacks caused by
changes im hiotic metabafism (30). A likely
cause of the discrepancy beiwesn pre-
dicted and observed temperatuns increases
in the past s the exponeatial inerease of
respirtion with temperature (51), which
was oot inckuded in biogeochemssal feed-
backs amalyzed by Lashod (50). Plant and
dlgal respiration mses muwch more rapidly
with termperature than photesynibesis (52,
53], and metabalism of bacteria and fungi
filsn mses sharpiy (34, causing reduced net
praductivity of plants and increased de-
oompostion of litter, sodl, and sedimen-
tary cartsom. Tropical plants, anlike those
in femperate gones, respire almost all the
carhan they fix h{; photosynrhesls (52), so
tropicalizatson will make the biota less effi-
cent & building biomass. Less earban
woald be wored in polar lundra bags be.
canse of increased decomposition [(35).
Gilohal warming should thetretors add OO0,
to the atmasphere and make stabilization
even mare difficult,

CARBOMN DIOXIDE EXCHANGE
ECONOMICS

Many regnrd OO as & cost-free byproduct
ol civikization, remaved for free by nature,
although productive tropical forests are
bwing replaced by degraded habitats (231,
and temperate forest growth is declining
from acid rain, ozenc, and other pollutants
(36). Discounting adverse effects of simoa-
spheric pollatants 1o zeso If they are sufli-
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ciemtly far in the future forces our descen-
dams to pay the price with compoanded
mterest of climate change, enviroomsenial
degradation, species loss, and reduced sus-
tamakility, raming importanl issues af in-
lergenerational eguity (37).

Oy 14 & “earrency commman e eneTgy,
eroamic, and eoviroamental transac-
lions, whowe ioputs, outpwis, and econome
i exchange values must be evaluaied, re-
juiring:sl:imnm-:lidama costs from re-

uced environmental productiviey and re-
maval costs of cafbon diogide and other
ﬁ;lluums. which we now fail 10 inclede in
| prices. Mechanisms 10 raise Tands for
OO stabilization which ensure that exter-
nal sacial costs of pollution are eficently
allocated include toaxes. swhsidies, and
emissions fees [58-66). The “'pofluter
pays” principle could be applied 10 all
gaseous, liquid, or soils waste products
with ndverse environmental impacts, such
as greenhduse gases, 020N ifiers, acid
rain, ewg, Only G0 is discussed, bat e
same prisciple applies 1o all environmen-
tally acuve byproduscs. Technology exiss
0 pemdve most ather gases befome, dur-
ing, ar after combastion, bat no economic
technology exists for OO0, methane, or
mitrous oxide removal (67). Some ap-
progches sre punitive “carbon tages” to
reduce fossil-tael consumption (38, 68),
“pollution emission fees” ser by overall
poilution and costs (69-71). o
“energy-growth taxes” on fossil foels o
pay for suffckent replanting m&ﬂm&n:n[—
Iy remave the OOk rele rx 3.
Fissil-fuel combuston adds mew carbon
to the atmosphere that has been and would
remain buried underground for hundreds
of millions of years. Deforestation and
bomass bumning also add CO,, bt chis
carbon was withdrawn from the stmo-
sphere by phodosynithesis only a few years
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tx decades before, and almost all of it
wiould be natrally recycled o the atmo-
sphere by decomposition. Biomass burn-
ing adds mew anly when the habitat's
productisvity 3 simultanecusly degraded,
which is the peseral case, especially in
tropical Famforests on poor soil (72, 731
Therefore, there should be o tax an OO0,
cmissions from bwomass. wood, and re-
mewehle Fuels, i managed sustainably
The small scale, remate kocation, and pov-
erty of slash and barn farmers and biomass
Fued users makes mondtonng and eaforce-
ment impessible.  Abernatves 1o forest
burning which promote greater bio |
and economic productivity [74) wathour
moed For transient fertilmation by ash
sheauld ke promaoted.

The effects of tropical deforestation =x-
lend well beyond addition of 0, from
burning and decomposition. Recycling of
atmaspheric carbon throagh the biota and
sidls is the major coatrel of the lifetrme of
Ok in the aumosphere: decreased produc-
tivity canses added OOy o remain longer,
reach higher levels in the atmosphere, and
absorh more hezt tham would ke the case
Without habitat degradation (22, 24, 15),

The oceans also play an important rale
m the plobal carkon cycle, but efforts to
mcrease carbon slorage should foous on
tesresirial ecosyslems rather than marine
onss, Exchange of OOy between ntmo-
sphere and oceans (O and [ i equation 1)
i5 contrelled by winds and waves, factors
beyond our control. (dean warming re-
duces salubdliny of OO, incresses dissolu-
tion of deep-sea carbonate sediments, and
increases thermal stratification. decreasing
ranes of @ald, deep. COerich water mass

tion, and decreasing opwelling of
nutrients. which fusl marine produciivicy
[75}). These effects are positive feedbacks
amphfying O buildap in the stma-
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sphiere, On the other hand, productivity
and carhan hurial may become more con-
centrated arpund upwelling zones, ane in-
ereasing carbon is buried in nearshore sed-
imenis, from erosien of soil organic matter
and cutrophication of cosstal ecosystems,
O fertitization o remove OOy is unad-
visable because most is prompily recveled
tir the atmaosphere, and becanse (0 would
incrense cuypen depletion, cousing mas-
sive kills of economically useful fsh and
invertebrates by hydrogen sulfide poison-
ing- [t woulkd be far preferable to sequester
carban in terrestrinl smil, where 0t can act
b redain wadier, soil minerals, and nuln-
ents, further imcreasing prodsdivity and
carbon rernoval from the atmospherns.

Coral reefs, the most productive and
spocies-nch manne ecosyitems, &ie highly
effectnve an permanently burying casbon as
limestone, and must also be profecsed
agaimsl ongoang destruction by hunsan ac-
mivaties such as soil and freslwater rusof
and excess nufrients from sewage. In
ISET=1 5988 an unprecedented event, lnked
to ummually warm waler temperafures,
caused reef building corals worldwids 1o
“bleach™ from loss of their symbiatic al-
gaz, Bleached coraks fail to grow (6] In
158919} blenching was focused on the
MNorth Coast of Jamaica, where tempera-
Tures were the highest recorded (76). Fuar-
tlser Bleaching and reel detersoration could
rediaee carbon burnal and cause severs e00-
momec  losses from destrection ol reel
fisheries, towrism, aml shorelme proec-
tion from hormicanes and rsing sea level.
Waler temperatures in the Caribbean are
currently the highest ever at this time of
vear, and mass bleaching has set in, the
carliest ever, In Jamaica. there has been
o time to recover from the previows
episade. It now seens that rising rempen-
fures are already severely impacting many
tropical marine ecrsysiems.

ALLOCATING CARBOMN DIDXIDE
REMOVAL COSTS

U0 5 transparted and mixed through the
aimosphers (Fig. 1). Current annaal com-
bustin relesses, 5.5 « 107 tonmes of car-
bon, coald be accommodated by increas-
ing global biological prodectvity by only
several pereest (Fig 21 Many industrial
poIvinies are unable o absorb themr own
whste carban by reforestation, amd imber-
natsnal transfer of funds from fuel bare
nErs 0o iree planters and soil nouwrishers
will nesd 10 follow ransboundary nedese
anel ahsarprion of CO5, Tropical reforesis-
tion over spme 2 b0 8 milkion ke {depend-
ing on productivity of plant speches wed,
and climatic and soil suitability) coubd me-
mave the curment glokal huilduipnn{-:arhnu
Al & cosd of around USTY SM-LISD 300 per
hectare (320, arconad US0 3-UISD 4 per
lanne of carbon removed, Fossil-fuel com-
trastion rates (Marland, pers. comm. ) mul-
tiplsed by unit costs of carbon removal
129=-52) supgest per capita removal cosks
arounsd LIS 15 or USD 20 per person per
vear far the Unared States, around 1750 2
to LIS 3 per person per vear in Brazil or
Jamaica {whose combusiion relepses Pt
cipita &re closer to the global mean). and
less im India, China. amd most of Africs
and Asin
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Posktive  finomcial incentives for seed-
lings, fertilizer, terracing, amd irrigation
whonld be devel io promoie increased
carben storage, Funds disbursed according
to inereasce mocarbon storage would di-
rectly meward reforestation, wpgrading of
soll organse maties, &nd ipereases inoap-
rculluare, pastare, and forest productivity.
Countries rapidly inereasang carbon s10f-
age would be primary beneficinries. These
would be many other benefits [rom ag-
reforestry production, employment gener-
atsom, soil and watershed protection, and
huilding endogenows research and de-
velopment capacity (2, 20-32, %4 77, 78]
Withowt them o replanting efforts will
increase the prodectivity and living stan-
dards of small farmers on marginal Eand
anid be viable on the requaired scale.

Fussil-fuel minmg & highly centralized
and production and consampieen are well
guanisfed. It shoubkd be sasy b include
carban removal costs in prices ot the
source. Prospects of cheating are stight, as
few individunls mine and produce their
oam fossil fucls. Funds could be adminis-
tered by an mrernational body with & ught-
Iy mamdated mission w evaluate plobal
carbonm fows and dishurse [umds for re-
planting and research in proposieon 1 car-
remt and polential rates of carban removal
While those fearing possibde loss  of
soverelgnny (expressed & the inolienabls
right to foul one's own mest ), would prefer
unilsteral or Mlatersl measures, there s no
mssnrance lhal antoordinated approachses
wiald achieve the mecessary ghobal bal-
ance.  Interoational mechansms  seem
supenor to pational efforts, which are
more likely to be diverted towards politi-
cally motivated expenditures.

The tedal furds requited would have 1o
be set at first by an initial gonl of carbon
remnoval amd realiste cost assesaments
Subsequently, it would be set by actual
verifeed posts. The goal should not merely
be to balance current fossil fuel COy -
puts, but also to redoce the existing
acsumulated excess (32). As almospheric
Ly 3 well mixed, plants cannot distin-
pixish current fisel combiastion carbon from
that accamuluted in the past. The tax rate
on fossil fuels ghould be divided in @ man-
ner proportionate oo camulative  ens-
sions, pssurmng that responsibuling s equi-
tably distribisled smong nations in propoat-
tion to their total mmpact | 1E}.

MONITORING AMD RESEARCH NEEDS

Verification of carbon removal is essentinl
i sl uale management of global OO0, A
worldwide manitoring program would be
refuired, combining remole amd ground
sensing.  Salellite  multispectral  radio-
meters provide objective measures of veg-
clation coverage (79). hat cannot directly
determing carbon in limestone, sodls, and
sediments. quantity of Momass per unit
area, ar rates of Mamass carbon exclange.
These vary markedly according to vegela-
tion, soil, and wler (ypes, manigemen
practices, and wenther comditions, amd
sl be measured directly. Satellite mea-
suremenis of “chiomophyll™ have diffscolty
in distingmshing phytoplankion from sus-
pended sediment in muddy coastal waters,

and depeh penetratson in the open ocean is
msufficient 1o reach most phytoplankion
151]]. A Beld program will be peeded 1o
directly monitor biomass, growth rabes,
and =l and sedimeni carbom in each
habitat to provide complete and accurate
accounting  of urb-uupsmrug:c aml =%-
change. This requares investment in equip-
ment and analyvtical capabilities, in train-
ing and employing sceenists and techns-
clans [0 assess biobe metsbolism in real
time, especally in topical countries.
Tropecal environmenital mstitalicns shauld
actively parsue long-ierm research on
selection and improvemsnt of plant stocks
m each habitat, development of renewable
faw materials, and entification and re-
mediatson of Ecors limiting saal fertility.
Tropsial coaidries &re most  underde-
veloped 0 endogenous ressarch capacity.
vel ane the largest potential absorbers of
garbon, so they would be major hen-
elicaaries of the plan. Their transformation
1o increased sustainable productivity is
essential to halance atmosphenc CO.,

Costs of balancing atmaspheric carbon
have mever been thorcughly evaluated,
Giood estimates are needed lor o) costs of
planting. lertiliang, and growing hiomass
mncluding kand, labar, fertilieer. and water
coes; By the fraction of carbom permanent-
by incorperated (the fraction prompely me-
turned vo the atmosphere feom barnang and
decomposition should mot be counted);
o} posts of research on sebecting &nd mmgpirov-
ing plant specees. identifying and remedy-
ing factors limiting productivity, and de-
weloping new prodects from renegwable
TEw malerials—the pofential for substan-
lial imcrenses in hiological and economac
productivity are greai if the problem iz
tackled in serious and coherent fashion
dj ancillary costs related oo sustainabaling
—envirenmental sducation, conservation,
social, ecomomic amd  fiscal imcentives,
kxnd-reform, papulation contral, pollation
abatement, ete; and &) the time scale over
which excess CCk: should be absorbed —
sevieral decades te a century, depending on
success at incrensing sinks and reducing
sowrces - Al the amownt of excess widch
it is desirablde 10 remove

CARBON RECYCLING COSTS AND
EMERGY PRICES

Proposals specifically targeted 10 stallize
atmosphernic OO should be destinguished
from taxing fossil Fuels prohibitivefy o re-
duee e, offsetting only new sowress of
i)y, ar Laxation of fuels for expendisuress
unfelated 1o enveronmental  aleration
caused by fossil fuels. I existing 1axes
were used bo pay for specfic costs of fuel
buming, there coukd even be mo increase
im fuel prices 1o the consumer because car-
bon removal costs are & Tiny fraction of
current per capita fisel tanes, the bulk of
consumeT fisel prices in neost eountres,
Crowernments &re unlikely 10 take steps
which meduce diseretiomary revenues, bat
adding real costs of carbon remowal 1o ex-
isting prices would be anly very slightly
inflationary, even for the poorest wers of
coul and kerosene, Such consumers could
be buffered againsi any decline in living
stanidards {whech would increase defopes-
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tatlon pressures by camsing switches to
fuglwood and charcosl ), by subsidies from
increased emassions foes for wealthy entit-
ters, progortional (o tolal past relesses, In
conirast, tax proposals whch do not ine
clude carben recycling would greagly in-
a:u: snergy prices and living costs (38,

Becycling carbon from fossil fusls would
nof make non-fossil fuel energy sources or
nisciear power significantly more compel-
tive. France, wihich generates 73% of s
slectricity from nuclear power, has elec-
Iricity prices higher than those of conl
arming European countries, despite govs
ernment subsidies and a debt by Electnicité
de France of nearly USD 36 billion [(BL).
Hevwever there are limits to land available
for reforestation and to productivity ine
CTRESES, mﬂ':n'l ihe prnpm".:le an i||'_|l:¢ri||11
measure to “ﬂ:: £ umbil gruly
renewable, :mn-ﬂmu;uFE: competitive,
energy sources are developed, Prices of

Arferances amd Moles

photovoliaic cells showld be greatly re-
duced once mass production begine (66,
B0, and could provede a long-term balance
between cnergy supply and the enviroa-
menl (53] Investmeents or start-up sub-
ssilves to bower solar energy ocost [G6)
should be encouraged 1o substitute for fu-
ture fossil-fuel wse, especially in the sunny
tropics, Without development of large-
scabe non-fossil fuel energy supplies it may
prove impossible e balames COy without
anacceptable soclal costs by developing
COuUmiTIES,

SOME COST COMPARISONS

“Market instrument” approsches to bay-
g and selling pollution permite have ad-
vaniages in econamic ¢ ¢ over flar
tax approaches when those who can re-
duwce emissions most cheaply do so (61, 83,
a5, B9, T, but selling ol surplus enased
pollation “rghts™ 1o mefficient polluters

can leave total pollution unchanged (61,
ZL). Separaie reaucTaces would be
needed in gach cowntry 10 seq overall emis-
siomg, denve damage ©osts, and oversee
marketing &f “pollalion rights™, It & an-
clear haw such & mechanism cowld be inte-
grated on the scale needed 10 achieve plab-
al O balance,

IF total research and development costs
bt stnhilize OO equal direct reforestation
costs, a c-long, worldwide effort
woald cogt around 13 o 3 billion dallars
per vear. These cosis are pootly kaoen,
but are certninly |ess than:

a} other cists of sustaimable development,
tach as protecting croplamd topsoil,
raming energy eMicsency, developing
renewable energy, or slowing rates of
population growth (77);

b the costs of mo action. Agro-ecosysiem
productivity losses due 1o decrensed
sl moisture in the United States along
are estimated &t tens of blleoas of dol-
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lars {851, Up to USD & billion wowld be
needed in the Metherlamds (10}, and up
1o USD 100 billon to protect the US
East Coast shareline alone against a
meter of sea level rse (11);

cleaning wp sulfar, nitrogen., &nd pas-
thenlate emasssons from fuels (for the
LS alome, 3 billion dollars in 1985,
according to EPA  figures). Sulfur
cleanup costs around USD 32 w0 USD
T4 per tonme of coal (67} (more per
topne of carbon), over an order of
magniude greater 1than carbon recyel-
ing cosls,

d} global mititory espenditures (1.3 iril-
lion dollars per year, so annual carhon
diceide removal costs could be paid by
declaring peace for o few davs).

1he global debt (1.3 tnllion doflars for
developing countries alome. Only one
tedith of the would cover most of the
motal reforestation and research costs).
In ceonomie terms, then, it is far cheaper

—_—

L3

£

—

i pecycle carbom than o adapt e climate
change and conmbinue our unsostninable

path.

A FINAL OPPOATUMNITY FOR
SUSTAINABLE DEVELOPMENT
Stabilining OO0, requires that all nations
recignie hat energy and environment are
imextricably linked through exchange of
C0y;, anal that climate change, sustainable
development. and lack of tropical =n-
dogenvus research copacity cannot be sol-
ved in isolation (23), Sofutions will man-
date placing common imterests ahesd of
sectoral ones (B8], a new malunly in no-
tizns of soversignly over the environment
(57}, and repection of valwes ahich place
shari-term profit over long-tesm environ-
mental detemoration.  An internationsl
mechanmism is needed o et and evaluane
goalks, with the means to effect them. The
United Matsons sysiem would be the logi-

cal homee ol such a body, Pressure toewands
a glohal treaty 1o protect the simospleere is
rapidly mounting. and will be a focus of
the 1992 Warld Conference on Envinan-
menal and Drevelopment in Brazil,

Thiz generation and the next have the
final opporiunity to reverse the planet’s
degradation and save the remains of our
nafural keritage. 18 takes only a few yeams
1o degrade soal feralidy, bat gencratboms 1o
uald it back. The task of restoring soil
hiomass aod Fertility s feasible if we deds-
cafe the needed resources over several de-
cades, A treaty to achiewve atmospheric
stabilization should explicitly link supply
and demand of fossl Is it the major
sourees and sinks af OOy, Sustamable de-
vitlopment worldwide, bt focused in the
trogics, should be seen & the centerpiecs
of amy semivos effort to sabilize atmo-
sphenc and climate changs, Chr descen
dants will not forgive us if we fail to grow
our way out of the crisis,
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