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"[Tlhe United States clings to the notion that a single vote can be 
decisive," but, i t  is pointed out, that is not possible given the error 
associated with any quantitative measurement. What should be in- 
cluded in calculating the carbon budget and the implications such 
choices have for forest management decisions are examined. And, 
on the topic of biological control, "the ecological safety of organ- 
isms for the biological control of insects has rarely been consid- 
ered, much less scientifically addressed." 

How Much Does One Vote 

Count in an Election? 


In the presidential election, United States 
citizens encountered a scientific reality- 
error attends all quantitative measure- 
ments. All quantitative observations are to 
some extent inaccurate, and proper treat- 
ment of experimental error has become an 
important field of science. Yet, in deciding 
election winners, the United States clings 
to the notion that a sing!e vote can be de- 
cisive, that, for example, a candidate may 
legi t imately win by a vote  count  o f  

1,000,001 to 1,000,000. The uncertainty of 
measurement is much greater than one 
vote. Within experimental error, that vote 
count is a tie. 

Scientific realities are widely recog- 
nized in other aspects of our lives, so why 
not in something so fundamental to the 
United States as the election process? This 
matter should be studied by statisticians, 

o 	 perhaps as a National Research Council 
8
H 	 committee, and their recommendation 
3 	 should  be considered ser iously by
3 	 Congress. What is needed is a system that 

is clear and simple, yet scientifically 
sound. One option, for example, would be 

t,

2 to declare a tie if the number of votes for 

the two top candidates differed by less 

than 0.1% of total votes cast. In a presi- 
dential election, a state's electoral votes 
might then be split between the candi- 
dates, with any odd electoral vote directed 
by the state's governor. 
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"Kyoto Forests" and a Broader 
Perspective on Management 

Ernst-Detlef Schulze, Christian Wirth, and 
Martin Heimann argue in their Perspective, 
"Managing forests after Kyoto," that replac- 
ing old-growth boreal forests with young 
stands will lead to "massive carbon losses 
to the atmosphere" during the first two 
decades or so of the growth of a replace- 
ment stand (Science's Compass, 22 Sept., p. 
2058). These early losses follow a stand-re- 
placing fire and are attributed to decornpo- 
sition of residual dead biomass from the 
previous forest. This process returns carbon 
to the atmosphere faster than young trees 
can sequester it. Early carbon loss is fol- 
lowed by an extended period of reduced 
flux of carbon into a "permanent pool of 
soil organic matter." The authors conclude 
that in managed ecosystems, both effects 
"may override the anticipated aim*. ..[of in- 
creasing] the terrestrial sink capacity by af- 
forestation and reforestation." 

In managed ecosystems, most  old- 
growth forests are harvested rather than 
burned. Schultze et al. note that harvesting -
exports carbon instantaneously from an 
ecosystem. However, policy-makers need to 
know the net effects of storing this carbon 
in forest products, with varying longevity 
and prospects for recycling, and know the 
effects on carbon uptake in replacement 
stands of planting fast-growing genetically 
improved trees, practicing intensive silvi- 
culture, and reducing losses to pests and 
fire. All of these factors could lead to a 
long succession of short rotations and ac- 
celerated storage of carbon in durable forest 
products. Only when these effects are in- 
cluded in models will policy-makers be 
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*(of the Kyoto Protocol) 

Schulze, Wirth, and Heimann's main conclu- 
sion in their Perspective is that replacing un- 
managed old-growth forests by young "Kyoto 
stands" will lead to massive carbon losses. 
Such an outcome is possible in principle but 
is not proposed in the Kyoto Protocol, and to 
manage forests in this way would violate the 
spirit of the Protocol. Most countries seem 
committed to ensuring that methods of ac- 
counting adopted in support of the Protocol 
will not reward such action. The concerns ex- 
pressed by the authors have been acknowl- 
edged previously, and options have been pro- 
posed that would prevent carbon credits from 
being awarded under the Protocol in situa- 
tions involving loss of mature forests (1).A 
frequently proposed solution is to allow car- 
bon credits for reforestation only on lands that 
were not forest in 1990, thus eliminating the 
incentive for harvesting old-growth forests. 

Another point to consider in a discussion 
of forest management in the context of the 
Kyoto Protocol is the system boundaries that 
are chosen for analvsis. The full effect of for- 
est management choices on the global car- 
bon cycle can be accounted for only if the 
system boundaries encornpass the impact of 
forestry projects on the supply of consumer 
products, and on forests elsewhere. Looking 
at the carbon balance of a forest stand is not 
sufficient (2, 3). Changes in carbon stocks in 
wood products and the fossil-fuel implica- 
tions of materials and energy substitution, 
for example, should be included. In analyses 
of forest greenhouse gas balances, inclusion 
of such factors significantly influenced the 
results and conclusions drawn (4). Harvested 
wood can be used in place of other materials 
that are often more energy-intensive. Wood 
fuel, often derived as a by-product of har- 
vesting and processing, can be used as a re- 
placement for fossil fuels. Less intensive 
management of existing production forests 
and lack of new forest establishment could 
lead to lower availability of wood and result 
in increased use of other materials and fossil 
fuels (2-4). Afforestation and reforestation 
programs can help provide additional wood 
resources for meeting future timber demands 
and for increasing the use of bioenergy, an 
important tool for climate change mitigation 
(5).Such programs can also increase carbon 
stocks in the biosphere and reduce pressure 
for the harvest of old-growth forests else- 
where (6).Ultimately, the carbon balance is 
only one of many criteria that will influence 
forest management decisions. 

We agree with Schulze et al. that protec- 
tion of old-growth forests is the preferable 
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strategy in many circumstances. The need 
for protection of old-growth forests should 
not, however, be used as an argument against 
afforestation, reforestation, or appropriate 
use of forest resources as a means to slow 
the increase of atmospheric carbon dioxide. 
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Response 
We are glad to see that both replies agree 
in principle with our conclusion. Here we 
provide some additional clarifications. 

Marland and colleagues refer to a pro- 
posal often mentioned in which carbon 
credits for afforestation and reforestation 
would be awarded for areas that were bare 
of forest in 1990, to avoid incentives that 
are not in the spirit of the Kyoto protocol. 
However, this time limit must be approved 
by national governments, no time limit ex- 
ists for the Clean Development Mecha- 
nisms (CDMs, reforestation projects in de- 
veloping countries), and the time limit for 
future commitment periods has not been 
set. During the climate conference in The 
Hague in November [the sixth Conference 
of the Parties (COP6)], 1990 was not men- 
tioned for CDM projects in the "Note by 
the President of COP6," and 2000 was un- 
der discussion for some activities. 

As to the commitment by countries to 
the spirit of the Protocol, the conference 
demonstrated that industrial nations are not 
willing to accept a debt in afforestation-re- 
forestation-deforestation activities. They re- 
quested to write off such debt or to balance 

it by other activities, such as management dian studies have shown a negative carbon 
of plantations. To avoid accounting of busi- balance (8 )  due to the cost of transport. 
ness as usual, the president of COP6 sug- Wood as an energy source would only save 
gested that carbon gains by forest manage- carbon if it were transported for other rea- 
ment be discounted by 85%. But this dis- sons. It will depend on the carbon cost of 
count would also hold for debits (decreas- transport whether biomass is profitable as 
ing carbon stocks due to management). a renewable energy source. 
Thus, converting 100 hectares of primary Lastly, we agree with Marland et al. that 
forest would only count as 15 hectares. The "the carbon balance is only one of many cri- 
reality of negotiations was different from teria that will influence forest management 
the vision of Marland decisions," and deci- 
et al., and it remains to sions are made on the 
be hoped that the spirit basis of volume growth 
of Kyoto emerges and not with respect to a 
again in the continua- net ecosystem carbon 
tion of COP6. balance (8). This is why 

In our Perspective we think a focussed 
( I ) ,  we avoided the view is needed to define 
problems associated a tolerable window that 
with defining "forest cannot be abused. Tim- 
management" by taking ber products will be 
an example of forests needed in the future and 
exposed to repeated should be produced on 
ground fires (2). How- plantations. At the same - . , 
ever, in response to How do sources of  carbon and forms &e, old-growth unman- 
Borden, ground fires o f  carbon storage stack up in forest aged forests have a sepa- 
have a similar effect as management decisions? rate, important function 
thinning operations (3). in the global carbon cy- 
The Intergovernmental Panel on Climate cle and in biodiversity. 
Change (IPCC) special report describes in Ernst-Detlef Schulze 
detail carbon losses after harvest (4). The net Christian Wirth 

carbon balance of a clear-cut forest was still Martin Heirnann 
zero 14 years after harvest despite massive Max Planck Institute for Biogeochemistry, Post 

growth of a regenerating forest (3). In terms Office Box 100164,07701 Jena, Germany 
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pected that afforestation and reforestation zoss (2000). 
may decrease atmospheric C02 concentra- 
tion at most by about 40 parts per million 
(ppm), but deforestation and conversion of 
previously nonmanaged forests (that is, 
forests in which wood extraction has not tak- 
en place) to plantations is expected to in- 
crease atmospheric C02 by 100 to 200 ppm 
(5). Thus, preventing deforestation, degrada- 
tion, and conversion would be much more 
effective in stabilizing atmospheric C02 con- 
centrations than reforestation. 

We agree that a complete carbon budget 
should include the energy cost of wood sub- 
stitutes. But differences in mean residence 
time (average lifetime of products) become 
important. Forest products have a mean resi- 
dence time of 10 to 15 years versus decades 
and centuries in old trees and in soils (6, 7). 
A molecule of C02 assimilated today is ex- 
pected to have a longer lifetime as organic 
matter not in fast-rotating plantations and 
their products, but in unmanaged forests and 
undisturbed soil (7). It takes time and pro- 
tection from disturbance to pipe carbon 
through the ecosystem pools until it reaches 
a nonlabile state. If rotation time of forests 
is increased, there is not enough time to de- 
liver carbon to nonlabile pools (7). 

With regard to fuel substitution, Cana- 
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Safety Data Crucial for 
Biological Control Insect Agents 
In our Policy Forum entitled "Biocontrol of 
invading species-risk and reform," we dis- 
cussed past and potential environmental 
problems (harm to nontarget native species) 
associated with biological control practice 
(Science's Compass, 16 June, p. 1969). We 
argued for a more selective, ecologically 
safer use of biological control and for safety 
testing of biological control of insect 
agents, and we made suggestions for revis- 
ing regulations and review processes (mod- 
eled largely on biological control of weeds) 
to safeguard this valuable pest management 
tool and the environment. 

In a letter commenting on our article, 
David Pimentel says that we "do not make 
the essential ecological assessment of alter- 2 
native strategies and trade-offs [to using bio- 
logical control]" (Letters, 11 Aug., p. 869). 6 
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