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It Was the Best of Times, 
It Was the Worst of Times 

Phil Jones 

T h e  most important question in climatol- mainly European, instrumental records, one 
ogy today is whether the 0.6OC global warm- gives up all hope of assessing the reconstruc- 
ing during this century can be unequivo- tion quality before the mid-19th century. 
cally related to human-induced changes in Here, the paleoclimatic community faces a 
the chemical composition of the atmo- dilemma with such a multiproxy approach. 
sphere. The few studies that have been un- Should all available proxy records be used in 
dertaken try to match patterns of tempera- any reconstruction of this kind, or should 
ture chanee at the surface and in the atmo- n 

sphere to expected patterns from coupled 
ocean-atmosphere general circulation mod- 
els (1 ). One of the main reasons that a more 
conclusive statement than " . . . the balance 
of evidence suggests a discernible human 
influence on climate" (2, p. 4) cannot be 
made is the relative shortness (about 100 
years) of global-scale surface temperature 
records. In this context, a recent report by 
Mann et al. (3) reconstructs global-scale tem- 
perature patterns since 1400 with the use of 
widely distributed, high-resolution (annual 
time scale) proxy climate indicators (tree- 
ring widths and density, ice-core isotopes 
and melt layers, coral growth and isotopes, 
historical evidence, and a few long instru- 
mental records). The Northern Hemisphere 
component of the reconstruction from 1600 
is then compared through simple running 
correlations (with windows of 100 to 200 
years), with time series representing past 
variations in greenhouse gases, solar irradi- 
ance, and volcanic aerosols. Solar irradiance 
changes are shown to play a role in control- 
ling Northern Hemisphere temperatures in 
the 17th century, volcanic aerosols were a 
factor in the 18th and 19th, but greenhouse 
gases dominate during the 20th century. 

The merits of the latter analysis may be 
questionable, there being a number of com- 
peting indices of past solar and volcanic 
variations (4 ) ,  but how reliable are the re- 
constructed temperature patterns and the 
average Northern Hemisphere series? Al- 
most all the available long (more than 200 
years) proxy climate series have been used 
by Mann et al. (3), and if the new multivari- 
ate method of relating these series to the in- 
strumental data is as good as the paper 
claims, it should be statistically reliable. 
Unfortunately, in using the few very long, 
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tree-ring widths, ice cores, and corals (7). 
The mathematical technique used by Mann 
et al. (3) to produce the reconstructions 
could easily be adapted to show which proxy 
series are the most important. Although 
Mann et al. (3) do not explicitly rank the 
various ~roxies. much of their success. in a 
statistical sense, must come from the large 
number of tree-ring width series used. 

Each paleoclimatic discipline has to 
come to terms with its own limitations (6, 
7) and must unreservedly admit to prob- 
lems, warts and all. A particular issue for all 
ice core and coral series and some new tree- 
ring work is what exactly an isotope series 
(be it 0, H, or C )  tells us about past tem- 
perature. Sensitivity to temperature cannot 
be assumed; it must be proved with instru- 
mental data on both interannual, and, where 

~ossible. on loneer (more than - .  
?O time scales (7). Each 
discipline has its own niche in 
studies of the past, but they 
should be considered compli- 
mentary rather than competi- 
tive. If more is done together, 
which is beginning with this 
type of multiproxy work (3, 7, 
a), they can learn from one an- 
other and potentially make the 
whole greater than the sum of 
the parts. 

The figure shows the recon- 
struction of Northern Hemi- 
sphere temperatures from (3), 

Getting warmer? Comparison of the Northern Hemisphere comparing it with two others 
reconstructions from (3, 7, 9) over the period 1400 to the (7, 9)  on the 50-year time 
present. The purple line is from (9), the yellow line is from (3), scale since 1400. some of the 
and the green line is from (7). All three annually resolved re- differences may be due to dif- constructions have been smoothed with a 50-year Gaussian 
filter. Reconstruction (3) is of annual temperatures (7) of ferent lannua1 in (3) 
June to August and (9) of May to September. Tree-ring den- and two definitions of S ~ m n e r  
sity data show a decline since the 1940s unrelated to tem- in (7,  9)]. Given the pre- 
perature [see (9, 10) for more details], and the curve from (9) sumed importance of the tree- 
ends at 1940. All series are plotted as departures from the ,ing data in all three, [(9) only 
1961-90 average. makes use of tree-ring density] 

the latter would seem prefer- 
long instrumental series such as Central En- able. Despite the different methods of re- 
gland Temperature (5) be held back to as- construction and the different series used, 
sess a reconstruction (from just the "natu- or alternatively, because a few good ones 
ral" archives-trees, ice cores, and corals) 
over the longer term? In the detection issue 
(1,  2)  posed at the beginning, it is the 
longer term variations (time scales of more 
than 30 years) that are the most important 
aspects of any reconstructed series. 

Space limitations allow Mann et al. ( 3 )  
to only briefly allude to the potential dating 
problems with some proxies and the poten- 
tial time scale limitations with others. These 
are addressed in more detail, in the between- 

are common to all three series, there is 
some similarity between the series. All 
clearly show the 20th century warmer than 
all others since 1400. The dramatic feature 
of all three records is the rise during the 
20th century. The coolest centuries are the 
17th and 19th, with the second half of the 
15th cold in (3). Spatially the 17th is 
colder over Eurasia and the 19th colder 
over North America (7-9). 

More multiproxy reconstructions of this 
proxy context elsewhere (6). Simple com- kind need to be attempted, each improving 
parisons with instrumental data indicate on the last by incorporating new series and 
that, if ranked in descending order, the best perhaps refining the multivariate methods 
proxies would be long instrumental records, used. Only a few tree-ring density series 
followed by historical records, tree density, have been used in the multiproxy approach 
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so far (3, 7, 8). More than 300 are now References (Springer, Berlln, 1996), pp 533- 

available in the high latitude and altitude 
regions of Eurasia and North America (9, 
10). The quality of these (6-1 0) should en- 
able the long instrumental records to be 
held back for meaningful long-term verifica- 
tion. Studies like those of Mann et al. (3) 
and others (7-9) are just a start. It is far, far 
better work that all paleoclimatologists 
need to do, better than they have ever done; 
it is far, far better reconstructions that are 
needed by the climate community. 
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I APPLIED PHYSICS~ 

Nanowires: Small Is Beautiful ing pairing mechanisms, and new magnetic 
~ r o ~ e r t i e s  such as sDontaneous magnetiza- . . - 
tion ( 7 ) ,  and therefore are currently an ex 

Gerhard Fasol citing field of research. 
The electronic properties and the dy 

T h e  fabrication of o~tical fibers and 
metallic wires is among the most cri~ 
basic technologies. For example, 
the ability to fabricate thin metal- 
lic interconnects with favorable 
properties is an important factor 
limiting the progress of ultra-large- 
scale integrated circuits. And mag- 
netic nanostmctures are likely to 
replace today's unstructured mag- 
netic media in the future. Over the 
last several years, several important 
new methods to fabricate metallic 
and mametic nanowires have been - 
invented. In one case, carbon and 
other kinds of nanotubes have 
been filled with metal (1 ), whereas 
in another approach, the cleaved 
edge of a molecular beam expitaxy 
(MBE)-grown 4-nm quantum well 
was used as a template to deposit a 
metal nanowire by electroplating 
(2). In this latter method. the 

namics of filling carbon nanotubes with 
metals are complex. In general, there is a 
strong electronic interaction between host 

of thin Undoped Ino,,,AI0,,As carbon nanotube and filling metal. In 
tical Undoped I~,,Ga0,,,As many cases, the carbon nanotubes 

end up being filled with metallic 
carbides. Incorporation is often 
found to be similar to that in gra- 
phitic intercalation compounds 
(8),  especially in the case of alkali 
metal intercalation. 

To reduce the complications 
of interactions between host 
nanotubes and filling metal, it has 
been proposed recently to fill bo- 
ron nitride nanotubes (9 ,  10) 
with metal atoms. Calculations 
( 1  1 )  show that boron nitride 
nanotubes should behave like 
ideal noninteracting hosts for 
metal atoms inside, unlike carbon 
nanotubes, which show strong 
charge transfer and hybridization 
effects. The reasons are that bo- 
ron nitride is a stable insulator 
with a bandea~ E.. around 5.5 eV. ~, - L  L 

atomic precision of MBE growth of Thinner and thinner. Ultrathin metallic and magnetic nanowires can and is much less polarizable than 
semiconductors can be exnloited be fabricated by electrodeposition onto the cleaved edge of a seml- metals and semimetals. Boron ni- 
for novel metallic and conductor wafer onto which extremely thin layers have been grown b~ tride nanotubes also show inter. 

MBE. With this method it IS possible to convert the atomic precision of 
nanostmctures. A completely dif- MBE growth of semiconductor layers to the fabrication of metallic esting structural variations. Re- 
ferent tack was taken recently, in n a n o w i r e s ,  [Adapted from (2)1 cently, it has also been demon- 
which DNA molecules were used strated that instead of being filled 
as a template to grow 100-nm-wide 
metal wires (3). These methods allow the 
fabrication of extremely thin wires with 
unprecedently large aspect ratio and are likely 
to find a range of applications. A further re- 
lated area is that of short, contriction-like me- 
tallic nanowires (4. 5). The focus of this re- . , 

search is quantization and enhanced stability 
at particular thickness. 
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Carbon nanotubes (6) with lengths on 
the order of micrometers are produced by 
the discharge between two graphite elec- 
trodes. The widths of ca+on nanotubes 
range from more than 100 A for ;he case of 
multiwall tubes to less than 10 A in single 
wall tubes. Carbon nanotubes can be filled 
with metals ( 1 )  and ideal one-dimensional 
metals (that is, strings of single atoms) can 
thus be fabricated. These might show new 
metallic phases, new electron-phonon in- 
teraction mechanisms, new superconduct- 

- 
with metals, carbon nanotubes 

can be chemically converted into nanorods 
of other materials: Han e t  al. ( 1  2) produced 
14.9-nm-diameter GaN nanorods by react- 
ing gaseous metal oxide (MO) with carbon 
nanotubes in an ammonia atmosphere. This 
interesting reaction is expressed as: 

Nanowires produced by filling nano- 
tubes, however, are usually obtained in un- 
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