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nant anthropogenically it would only provide 
produced aerosols, sul- temporary relief (9). This 
fate aerosols, are conven- approach does not ad- 
tionally believed to cool dress the long-term ef- 
the atmosphere by re- fects of greenhouse gas 
flecting sunlight (the emissions. SO2 emis- 
direct effect) and by sions decline from 2050 
making clouds more re- to 2100 in all SRES sce- 
flective (the indirect ef- narios. By the last half of 
fect). Recent observa- this century, radiative 
tional and modeling Haze isn't This photo from the re- forcing will be increas- 
studies have indicated cent IndianOcean (INDoEX) ingly dominated by long- 
that aerosols with sub- shows polluted air masses. It has re- lived greenhouse gases 
stantial black carbon cently been shown (7) that soot-con- such as C02 and nitrous 

ta in ing aerosol pollution can reduce oxide. In addition, much 'soot) 'Ontent (see the cloud cover, thus offsetting the expect- 
Of the infrastructure re-figure) offset some of ed aerosol-induced cooling of the at- 

this (7) '  The mosphere substantially. The magnitude lated the
global magnitudes of of the effect is, however, uncertain. these gases has a long 

rate of climate change are likely (5). Re-
ducing emissions that lead to local air pol- 
lution may, indeed, help contribute to re- 
ducing climate forcing. Pollution controls, 
however, rarely reduce a single constituent, 
and as discussed above, this will limit the 
overall magnitude of any pollution-con- 
trol-derived forcing reduction. Economic 
considerations and the nature of the climate 
target can change the emphasis on C02 rel- 
ative to other radiatively important sub- 
stances (II), but the primary focus must re- 
main on C02. 
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these effects are uncer- 
tain, however, adding risk to any strategy 
that relies on modifying aerosols. 

Hansen et al. propose to reduce the black 
carbon content of aerosols in order to in- 
crease the cooling effect of aerosols. In the 
absence of changes in net sulfur dioxide 
(SO2) emissions, less black carbon as a re- 
sult of pollution controls would, indeed, lead 
to increased cooling. The technology for re- 
ducing soot emissions is widespread, and it 
is reasonable to assume that future efforts to 
control local air pollution will result in a de- 
crease in these emissions. Efforts to control 
SO2 and other aerosol precursor compounds 
will, however, also be taken. It is extremely 
unlikely that reduced soot emissions would, 
or even could, occur in isolation. 

Furthermore,anystrategythatlimits 
C02 emissions will limit fossil fuel use and 
will therefore also reduce emissions of 
aerosol precursors that usually accompany 
fossil fuel use. This effect is demonstrated in 
the SRES B1 scenarios, in which C02 emis- 
sions increase relatively modestly over the 
next 50 years an4 in all but one scenario, 
global SO2 emissions fall. Adding a C02  
mitigation policy to meet the 1 W/m2 target 
is likely to decrease SO2 emissions even fur-
ther. Such a decrease in SO2 emissions is 
most likely to result in a net decrease in 
aerosol cooling. To convert this to an in- 
crease in cooling, a nearly global removal of 
soot would be required (4,and even then 
the strategy would only work if the soot 
forcing effect is strong (its magnitude is 
highly uncertain). 

Some SRES scenarios have constant or 
increasing emissions of SO2 through 2050, 
which might allow soot reductions to cause 
an increased cooling effect. These scenar- 
ios generally have, however, C02 emissions 
that are much higher than those required to 
meet a 1 W/m2 target. They are therefore 
unsuitable for the Hansen et al. strategy. 

Even if selective reduction of the soot 
component of aerosol forcing were practical, 

lifetime, and plans to ~ t a -  
bilize radiative forcing by the end of the next 
century must be well in place by 2050. A 
policy that relies on a temporary aerosol 
cooling offset, even if successful, is likely to 
shortchange the longer term goal. 

The goal of the FCCC is the "stabiliza- 
tion of greenhouse gas concentrations in 
the atmosphere at a level that would pre- 
vent dangerous anthropogenic interference 
with the climate system" (10). Much of the 
ongoing discussion has therefore focused 
on the long term. An additional focus On 
limiting shorter term increases in radiative 
forcing, as suggested by Hansen et al., 
should also be considered, particularly if 
fkther research shows that increases in the 
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Nitrogen on the Moon 
Richard H. Becker 

continuous stream of atoms and 
electrons flows from the sun's sur- 
.face into the solar system. This so- 

lar wind has left its signature in the lunar 
"soils" (the residue of rocks broken down 
by impacting meteorites) that cover most 
of the moon's surface. The solar wind has 
implanted itself into the surfaces of indi- 
vidual soil grains to depths of tens of 
nanometers. For elements such as carbon, 
nitrogen, and the noble gases, whose nor- 
mal abundance is verv low in lunar rocks. 
the solar component can be distinguished 
from the indigenous lunar contribution, 
allowing insights into the elemental and 
isotopic composition of the solar wind 
over time. 

The lunar surface is thus a potential 
source of information on changes in the 
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sun over its lifetime. For the element ni- 
trogen, however, the lunar record may re- 
flect more than just solar processes. Al- 
most from the first soil analyses for nitro- 
gen, we have known that 14N/36Ar in lunar 
soils is elevated by a factor of about 10 
relative to the sun, that 15N/14N ratios vary 
from sample to sample by more than 30%, 
and that this isotopic variation is related 
to the time when the nitrogen was intro- 
duced to the moon (I) .  Understanding 
these observations could shed light on lu- 
nar surface processes, solar system histo- 
ry, or the origin of the material from 
which the solar system formed. Neverthe- 
less, after some 25 years we are still try- 
ing to make sense of them. The measure- 
ment of elemental and isotopic depth pro- 
files in individual grains of lunar soil, as 
reported by Hashizume et al. on page s 
1142 of this issue (2) ,may bring us closer 

".
3 

to an understanding. t 

Initially, the isotopic ratios seemed 
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straightforward to explain. Early measure- 
ments were done on unseparated or grain- 
size separated soils. Such samples are full 
of particles that have experienced mete- 
orite impacts, which heat and partially or 
totally melt some grains. Relative amounts 
of 36Ar, % r ,  and 132Xe in the soils are dif- 
ferent from accepted solar ratios, with the 
lighter e~ementsde~leted. This suggests a 
mass-related loss of noble gases, as might 
occur by diffusion from the heated grains. 
In contrast, nitrogen may undergo little or 
no loss upon heating, because it can fonn 
chemical bonds in minerals. Preferential 
loss of noble gases in conjunction with me- 
teorite impacts could therefore explain the 
overabundance of 14N. Variations in 
'5N/'4N were believed to reflect either real 

particle sprinkled into the mix of grains. 
Instead, it had to be present on or within 
the lunar mineral grains themselves. Thus, 
until just a few years ago, no consensus 
explanation existed for the observations on 
nitrogen in lunar soils. 

The advent of techniques that can ana- 
lyze individual mineral grains has improved 
our understanding of the situation consider- 
ably. Measurements of total Ar, Kr, and Xe 
abundance in single grains (9) support the 
conclusion (7) that these noble gases are 
not substantially lost from lunar minerals. 
Combined nitrogen and 36Ar measurements 
from individual grains (I 0) strongly suggest 
that two nitrogen components are present in 
every soil grain exposed to the solar wind, 
one associated with the 36Ar and therefore 

So where are we now? Enhanced 
'4N/36Ar ratios appear to be due to the 
presence of a major nonsolar, surface-situ- 
ated, nitrogen component in lunar mineral 
grains. Its origin and that of the variation 
in 15N/14N ratio remain to be explained. 
Hashizume et al. (2) suggest residual in- 
terstellar matter with high L5N/14N added 
to a solar wind with low 15N/14N ratio. 
Geiss and Bochsler (6) suggested just the 
reverse, that is, high I5N/l4N solar wind 
admixed with a component of low I5N/l4N. 
Neither of these take full account of the 
spacecraft measurements of the solar wind 
mentioned in (2). These indicate that to- 
day's solar wind has relatively high 
15N/14N, whereas Jupiter's atmosphere, 
which mav re~resent the original solar ra- 

N < 0.0037 

I . .  
. C1 

? Interstellar 15N114N > 0.0037 

. 9- , 
? Earth atmosphere 15N/14N < 0 00: 

- .  
changes in this ratio in the outer tio, has low 15~/14fi. Uncertain- 
layers of the sun over time or addi- ties for both results are large, 
tion into the soils of nonsolar nitro- however, and assumptions are re- 
gen with a very different 15N/14N quired to get from the Jupiter re- 
than solar wind. Residues from im- sult to a solar value. 
pacting meteorites (3), nitrogen de- A NASA Discovery mission, 
gassed from the interior of the called Genesis, planned for the 
moon (4) ,  or transfer of nitrogen near future, is expected to collect 
from the top of Earth's atmosphere and return a sample of solar 
to the moon (5) were considered wind for laboratory analysis of, 
potential sources of this second among other things, 15N/14N with 
nitrogen component (see the - much higher precision than that 
figure). Such a nonsolar nitro- - obtained by the SOH0 space- 
gen component would also - craft. This should nail down 
contribute to the enhanced - - the present-day value and thus 
I4NP6Ar ratio. ij eliminate some of the possible 

These explanations did not, - explanations. Further single- 
however, fare well on detailed ex- grain studies, including depth 
amination. Geiss and Bochsler profiling as done by Hashimme 
(6) evaluated proposals relating Something for everyone. Mineral grains from the Lunar surface con- et al. (2) but with the addition 
to changes in the 15N/14N in the tain nitrogen and argon implanted into the grain surfaces by expo- of 36Ar to act as a tracer for the 
sun itself and concluded that sure to the solar wind.The lunar N/Ar ratio is much larger than that solar wind component, are 
none of them were adequate. expected for solar wind, and the lunar nitrogen isotopic ratio is high- needed to expand the observa- 
More recently, Wieler and Baur ly variable. These observations have been variously explained as due tions in (2). Comparisons be- 
(7) presented evidence that the to diffusive Loss of solar wind argon, addition of nonsolar nitrogen tween directly comparable 
differences in 36Ar/84Kr/132Xe ra- from severaL potential sources to the lunar surface, changes in the grains (such as of the same min- 
ties bemeen accepted solar values solar nitrogen isotopic composition over time, or some combination eral) from soils with very differ- 
and those in lunar soils are un- thereof. ent bulk 15N/14N ratios are need- 
likely to result from diffusive ed. And we need suggestions as 
losses on the moon but are instead a result of solar origin and a second of some other to how a nonsolar nitrogen component 
of processes occurring at the solar surface. origin. Solar nitrogen amounts vary greatly may get taken up on lunar soil grains in 
The overall enhancement of 14N to 36Ar in from grain to grain, reflecting the amount what appears to be a uniform and sur- 
lunar soils is therefore unlikely to result of time they were directly exposed to the face-area-related manner, independent of 
from a 90% loss of argon from the soils, sun. In contrast, the second component is the duration of direct exposure of the 
although such losses might be invoked in fairly constant in amouht and is the domi- grains to the sun. 
individual cases. This pointed to a nonso- nant component in all grains. This latter 
lar nitrogen component in the soils, but component appears to be associated with References 
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