
exists on the solvation properties of a wide 
range of hydrocarbons. Readers interested 
in detailed analyses of the solvation prop- 
erties of benzene and other hydrocarbons 
mav wish to review recent seminal contri- 
buGons (I). These studies, as well as several 
of the references in our report, identify 
potential energy surfaces to be used in 
molecular simulations of the aqueous envi- 
ronment. All invoke a hydrogen bond in- 
teraction of individual water molecules 
with the benzene T cloud. The major dif- 
ferences between the models concern the 
geometry of the potential minimum and the 
degree of anisotropy in the benzene-water 
pair potential, which can be unambiguously 
determined by looking at the far-infrared 
sDectrum of the dimer. We thank Faust and 
other researchers for bringing these impor- 
tant points to our attention. 

G. A. Blake 
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Carbon Budget Estimates 

P. E. Kauppi et al., in their article "Biomass 
and carbon budget of European forests, 
1971 to 1990" (3 Apr., p. 70), estimate "an 
annual accumulation of 70 to 105 million 
tons of carbon in European forests in the 
1970s and 1980s." These numbers are con- 
sistent with the earlier estimate of about 80 
million tons by one of us (R.A.H.) and 
colleagues (I) .  However, the assertion by 
Kauppi et al. that this (plus a 15-million- 
ton increase in wood products) "represents 
8 to 10% of the 'missing' flux in the global 
carbon budget" indicates that their inter- 
pretation of the land-use term in the global 
budget is different from ours. 

The net flux of carbon resulting from - 
changes in land use (the land-use term) is 
not considered to be the eross flux of carbon - 
from deforestation. On the contrary, the 
land-use term includes not onlv the release 
of carbon to the atmosphere frbm deforest- 
ation but the accumulation of carbon from 
reforestation, afforestation, and regrowth of 
forests after logging or abandonment of 
farmland. The term also includes the longer 
term decay of plant material left on site at 
harvest, the oxidation of harvested orod- 
ucts, and the oxidation and subsequent 
recovery of soil carbon after logging. Thus, 
the assumption criticized by Kauppi et al. 

"that nontropical forests are in [near] equi- 
librium with the atmosphere" is not an 
assumption at all but a result of analyses 
accounting for all of the carbon originally 
contained in the forest. 

In the budget of Kauppi et al., the 
"buildup of wood in unexploited forests 
makes only a minor contribution to the 
observed trends of increase in standing 
stock and growth." Thus, virtually all the 
storage is the result of regrowing forest and 
should be included in the land-use term of 
the global budget. However, their budget 
does not account for the decay of plant 
material left on site after harvest or for the 
oxidation and recoverv of soil carbon. 
These two factors will shbstantially reduce 
their estimates of net carbon storage. 

Kauppi et al. cite an annual rate of "138 
million cubic meters of sawed wood and 
wood-based panels" used in Europe, 58 of 
which replace old wood products (no net 
storage) and 80 (or 15 million tons of 
carbon) of which is new storage. The plant 
material left (both above- and below- 
ground) from harvest can be three to four 
times as large as the actual harvest ( I ,  
appendix I). Using a more conservative 
factor of two and using their volume-to- - 
carbon conversion factor of 115, we esti- 
mate the decay contribution to the land-use 
term to be about 55 million tons of carbon 
(138 x 2 x 115). This would reduce the 
storage rate of Kauppi et al. to between 15 
and 50 million tons per year. (Houghton et 
al. estimate 28 million tons per year) (I) .  
To this is added the 15-million-ton increase 
in wood products for a net storage of 30 to 
65 million tons of carbon per year. 

Can this 30 to 65 million tons of 
carbon per year be tallied against the 
"missing" carbon in the global budget? As 
we have pointed out, this flux is more 
properly attributed to the land-use term. 
To contribute to the "missing" flux, the 
30- to 65-million-ton flux would have to 
be ereater than the land-use flux alreadv 
accounted for in the global budget: 
Houghton et al. (1) estimate a net sink in 
Europe of 28 million tons of carbon per 
year. The difference between the Kauppi 
et al. and the Houghton et al. estimates of 
this sink is between 2 and 37 million tons 
of carbon oer vear. This difference can 

L ,  

reasonably be tallied against the "missing" 
sink, but it accounts for no more than 0.2 
to 3% of the missing flux. As pointed out 
by Daniel B. Botkin et al. (Letters, 10 
July, p. l46), the errors in estimating 
terrestrial carbon fluxes are large. The 
additional flux in the budget of Kauppi et 
al. is well within these errors. 

A more important indicator of increased 
carbon storage in terrestrial ecosystems, 
which might help explain the "missing" 
flux of carbon, would be an increase in the 

rate of forest growth. Kauppi et al. state that 
the annual increment of stemwood volume 
"increased by about 30% between the early 
1970s and the late 1980s." However, they 
also cite a greater than twofold increase in - 
the rate of use of forest products since 1949. 
Therefore. the increase in erowth mav sim- 
ply reflect' a younger averaie forest age. If 
so, there may be no net effect on carbon 
storage because of the decay associated with 
previous harvests. That is, this increase in 
growth rate is also accounted for in the 
land-use term of the global budget. 

To account for the "missing" carbon in 
the global budget, the rate of forest re- 
growth would have to be faster now than it - 
was for the forests used to estimate regrowth 
in the original global budget. Kauppi et al. 
cite a German study (2) in which "present 
stands were observed to grow faster than the - 
stands of earlier rotations on the same 
plots," resulting presumably from favorable 
climate and increased nitrogen deposition. 
This is indeed compelling evidence of in- 
creased storage in terrestrial ecosystems 
which might help explain the "missing" 
sink of carbon in the global budget, but 
Kauppi et al. do not distinguish between the 
original estimate of carbon accumulation in - 
regrowing forest and any enhanced accumu- 
lation estimate. It is that difference that can 
be attributed to the "missing" flux. 

We join with Kauppi et al. and Botkin et 
al. in urging that the carbon budget of the 
terrestrial biosphere be given high research 
~rioritv. The evidence for a terrestrial sink 
is growing. Until we understand this sink 
and its dvnamics. oredictions of the future , . 
ramifications of increased carbon dioxide 
are difficult to justify. 

Edward B. Rastetter 
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Response: Houghton et al. estimated that 
European forests accumulated 28 x loL2 
grams of carbon in the year 1980 which 
acted as a weak sink in the global carbon 
budget (1 ) .  The suggested reason was the 
abandonment of croplands. We estimated a 
higher rate of annual buildup, 70 to 105 x 
10" grams of carbon, and attributed it 
mainly to an increase in the biomass of 
existing middle-aged and mature stands (2). 
Either one or both of these estimates must 
be revised. 

Soil carbon in our analysis was assumed 
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to be proportional to vegetation biomass. In 
Europe, biomass formation (of trees) has 
exceeded removal and natural wood decay, 
and stands on average have become denser 
and older. The buildup of soil carbon in 
areas that have not been harvested has 
counteracted the carbon flux on harvested 
forest land from soils into the atmosphere. 
Rastetter and Houghton point out that we 
did not take into account the intensive 
decay rate after harvest. However, this has 
only a small impact on the carbon budget 
(3, especially as total removal in Europe 
has not increased (4). 

Although removal has been stable, the 
fraction of biomass used for sawed wood and 
panels has increased. This has prolonged 
the average decay time of harvested wood 
and has contributed to carbon sequestration 
from the atmosphere. The flux, 15 x 1012 
grams of carbon per year according to our 
estimate (2), was added to the (indepen- 
dent) estimate of carbon accumulation in 
forests thus obtaining the total flux estimate 
of 85 to 120 x loLZ grams of carbon per 
year. This is three to four times higher than 
the respective estimate of carbon sequestra- 
tion by Houghton et al. (1). 

The area of forests in Europe is about 2.5 
million sauare kilometers. less than 7% of 
the globai forest area. W; agree that esti- 
mating carbon fluxes in Europe alone will 
not be able to balance the global budget. R. 
Sedjo has recently estimated carbon seques- 
tering of temperate forests in all northern 
continents (5). His estimate for Europe is 
consistent with ours. 
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Corrections and Clarifications I 
The photograph of Thomas Caskey that accom- 

panied the News & Comment article "DNA 
fingerprinting: Academy reports" by Leslie 
Roberts (17 Apr., p. 300) should have been 
credited to Baylor College of Medicine, not 
Baylor University. 

Mean calculations don't 
have to be so 

No matter how you look at it, InPlot. Scientific Graphics, 
data analysis can be a real monster. Inplot makes it equally easy to 

That's why GraphPad is quickly analyze your raw data and 
pleased to introduce Instat and create polished graphs - complete 
Inplot, powerful and easy-to-use with error bars, log axes and scien- 
scientific software that can really tific symbols. Curve fitting with 
take a bite out of your workload. nonlinear regression has never 
Instat. Instant Biostatistics. been easier. There are even special 

Unlike heavy-duty programs features for radiogland binding 
designed for statisticians, InStat is and RIAs. And Inplot is so easy-to- 
designed for scientists. Even if your learnt You can create Your first 
knowledge of statistics is a bit msty, graph in minutes. 
InStat1s clear language makes it Both programs are backed by 
easy to calculate t tests, nonpara- an unconditional, 90-day guaran- 
metric tests, one-way ANOVA, chi- tee and free technical support.* 
square, Fisher's test, linear regres- Call (800) 388-4723 today 
sion and needed sample size. Not for more information. Because 
sure which test to use? Simply use analyzing data no longer has to be 
the built-in help screens. like pulling teeth. 
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