present field model needs to be confirmed
by absolute paleointensity measurements.

3) Even through the use of remanence
intensity, paleomagnetic data remain too
scarce to allow the elaboration of a reliable
global field model. It is necessary to estab-
lish first the geographic dependence (on
both latitude and longitude) of the ampli-
tude of SV as expressed by o’g,. '

4) The fundamental assumption in our
model is the independence of the magni-
tude of SV vectors regardless of the longer
term variation of the AD even when it
decreases to zero. The agreement between
our model and the paleomagnetic data pres-
ently available suggests that this hypothesis
is verified. This conclusion supports the
tangential geostrophic model of SV, which,
according to theoretical inferences (27),
implies the independence of the magnitude
of SV vectors with respect to the magnitude
of the AD. No transfer of the AD energy
into other harmonic coefficients seems to
occur during reversal, contrary to hypothe-
ses proposed in several reversal models (7).
We have no evidence for the decrease in
the magnitude of SV vectors during reversal
that can be inferred from the results of a
recent computer simulation of an individual
geomagnetic reversal (28).
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Absorption of Solar Energy in the Atmosphere:
Discrepancy Between Model and Observations

Albert Arking

An atmospheric general circulation model, which assimilates data from daily observa-
tions of temperature, humidity, wind, and sea-level air pressure, was compared with a
set of observations that combines satellite and ground-based measurements of solar
flux. The comparison reveals that the model underestimates by 25 to 30 watts per square
meter the amount of solar energy absorbed by Earth’s atmosphere. Contrary to some
recent reports, clouds have little or no overall effect on atmospheric absorption, a
consistent feature of both the observations and the model. Of several variables con-
sidered, water vapor appears to be the dominant influence on atmospheric absorption.

Recent studies indicate that there are sub-
stantial discrepancies between models and
observations in the disposition of solar en-
ergy within Earth’s climate system (1-6).
Of the global average solar energy incident
at the top of the atmosphere (TOA) (342
W m™2), approximately 30% (102 W m™2)
is reflected back to space; the remainder
(240 W m™?) is absorbed by the atmosphere
and the surface. The partitioning of this
absorbed energy between the atmosphere
and the surface is an important factor in
determining the circulation of the atmo-
sphere and the resulting temperature distri-
bution (7), and is now the subject of debate.

Comparison of a general circulation
model (GCM) with observations at 720
surface sites collected in the Global Energy

Balance Archive (GEBA) (8) showed that
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the model overestimates by 10 to 15 W m ™2
the global average solar flux absorbed by the
surface (1). This result is consistent with an
excess of 9 to 18 W m™? in the downward
solar irradiance at the surface in four other
models, which were compared with obser-
vations at 93 GEBA sites (2).

The global mean solar flux absorbed in
the atmosphere in four GCMs ranges from
56 to 68 W m™2 (3). These values are
considerably smaller than those derived
from observations at ~1000 GEBA sites
and extended globally by means of empiri-
cal relations, 98 W m~?% (8), and are closer
to the atmospheric absorption value derived
from satellite-based estimates of surface
flux, 65 to 83 W m~? (3). The satellite-
based estimates use radiative transfer codes
to determine atmospheric absorption, so
that comparing GCM absorption with sat-
ellite-based absorption is essentially a com-
parison of models. However, the upper end

779



of the range of satellite-based absorption

(83 W m™2) has been validated against.

GEBA surface measurements (9) and is
consistent with the analysis presented here.

With models tending to underestimate
the amount of solar energy absorbed in the
atmosphere, a number of studies have fo-
cused on the role of clouds (4-6, 10, I1).
The effect of a cloud layer on atmospheric
absorption varies appreciably with cloud
height and optical thickness, solar zenith
angle, and underlying surface albedo (12).
However, in large-scale averages with cur-
rent radiative transfer models, the overall
effect of clouds on atmospheric absorption
tends to be small. In essence, the reduced
transmission of solar radiation in models of
the atmosphere containing clouds is almost
entirely attributable to increased reflection
to space, with little change in atmospheric
absorption. Some recent studies, however,
suggest that clouds contribute appreciably
to atmospheric absorption (4—6). If the re-
sults of those studies—which were based on
observations at a few surface sites and from
instrumented aircraft—are globally applica-
ble, then clouds contribute to atmospheric
absorption an additional 25 W m™2 that is
not accounted for in the models.

The methods that have been used to
show that clouds have a strong effect on
atmospheric absorption (4-6) have been
questioned (13), and strong absorption of
solar radiation by clouds is inconsistent
with the observed reflectance of clouds
(14). A reanalysis of one of the data sets
used in those studies has shown that clouds
have only a small effect on atmospheric
absorption (10). Analysis of the GEBA data
set, combined with an algorithm for com-
puting clear-sky fluxes at the surface, also

shows small cloud effects (11).

To help resolve this issue, a model is
compared with observations based on
GEBA surface measurements. This compar-
ison differs from a previous GEBA-based
analysis (11) in that no attempt is made to
determine surface fluxes for clear-sky con-
ditions, which would have introduced a
potential source of error.

The observations were extracted from a
data set assembled by the World Climate
Research Program (WCRP) Surface Radia-
tion Budget Climarology Project (SRB)
(15). The data set includes the following
monthly average measurements from March
1985 to December 1988: (i) downward solar
irradiance from 173 surface sites selected
from GEBA; (ii) net flux at TOA from the
Earth Radiation Budget Experiment
(ERBE) (16) for all-sky conditions (that is,
an average over all measurements) and for
clear-sky conditions (an average of mea-
surements where the field of view is deter-
mined to be cloud-free); (iii) estimates of
surface albedo produced by SRB; (iv) mean
cloud cover fraction from the WCRP Inter-
national  Satellite Cloud Climatology
Project (ISCCP) (17); and (v) total column
water vapor, derived from the TIROS Op-
erational Vertical Sounder (TOVS) sensors
on the National Oceanic and Atmospheric
Administration polar orbiting meteorologi-
cal satellites (from ISCCP). The use of
monthly means, rather than the short-
time-scale averages used in the earlier stud-
ies (4—6), avoids the problem posed by the
variability in surface flux that depends on
whether the clouds block the sun when
there is partial cloud cover (13).

Given the GEBA measurements of
downward solar irradiance, the surface albe-

do is needed to determine the net solar flux
at the surface. SRB produces two estimates
of surface albedo, one based on the Pinker
algorithm (18), the other on the Staylor
algorithm (19); because neither can be con-
sidered a superior estimate, both are used
here. Although the SRB data set includes
satellite-based estimates of the net solar flux
at the surface, those variables were not used
because they are relatively new and the
algorithms for producing them have not
been fully validated. Thus, values for the
net solar flux at the surface are based on
GEBA observations of downward solar irra-
diance and estimates of surface albedo, the
latter having a small overall effect. The
fluxes at the surface represent all-sky values;
there is no information on what the fluxes
would be under clear-sky conditions.

The variables in the observational data
set were collocated and averaged by SRB
within grid boxes of approximately 280 by
280 km, and I selected only grid points and
months for which all of the above data are
present. There are a total of 113 spatial grid
points contributing data, with some grid
boxes containing multiple GEBA surface
sites. The grid points are unevenly distrib-
uted over the globe; there are only 8 points
in the Southern Hemisphere and another
23 points between the equator and 30°N,
and most points are within or close to con-
tinents. Hence, the observations represent
primarily the continents in the north tem-
perate zone. Not all grid points contribute
data in each of the 46 months. The full
observational data set consists of a total of
2852 dara points and is referred to as
GEBA-ERBE.

The observations were compared with
the model output from version 1 of the
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Fig. 1. (A) Scatter plot of atmospheric absorption versus ISCCP cloud
fraction; (B) scatter plot of atmospheric absorption versus ERBE all-sky
minus clear-sky albedo at TOA (R — R,). The red data points are from the
GEBA-ERBE data set with the average of the surface albedos of Pinker and
Staylor; the blue data points are from the GEOS-1 model. Data points are
plotted only where the surface albedo satisfies filter F1. The solid lines are
derived by linear regression [slopes and their respective explained variances
in (A), —0.018 and 0.004 for GEBA-ERBE, —0.015 and 0.019 for GEOS-1;
slopes and their respective explained variances in (B), —0.097 and 0.026 for
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GEBA-ERBE, —0.098 and 0.167 for GEOS-1] (22, 23). Circles are values
obtained by binning into 10 bins, with an equal number of data points in each
bin. The additional circle on the ordinate axis indicates GEOS-1 clear-sky
absorption. (C) Scatter plot of atmospheric absorption versus total column
water vapor for the GEBA-ERBE data set with the average of the surface
albedos of Pinker and Staylor, using filter F1. The solid line is derived by linear
regression (slope 0.017, explained variance 0.183), although a square-root
dependence would be expected to give a better fit. Circles are values ob-
tained by binning, as described above.



Goddard Earth Observing System (GEOS-
1) data assimilation system (20). The model
was run in a data assimilation mode over a
period that included the GEBA-ERBE peri-
od. Input to the model consisted of observed
pressure heights (essentially, mean layer
temperatures), humidity, winds, and sea-lev-
el air pressure from satellite, balloon-borne,
and ground-based measurements. The mod-
el output used here consists of monthly
means of surface and TOA fluxes for all-sky
and clear-sky conditions, surface albedo,
cloud fraction, and total column water va-
por, after regridding to match the SRB grid.
For each variable of GEBA-ERBE, there-
fore, there was a matching collocated model
variable, plus clear-sky flux at the surface,
for which there is no corresponding obser-
vation. The data set derived from the model
output is referred to as GEOS-1.

The solar flux absorbed by the atmo-
sphere is the difference between the net
flux at TOA (QT) and the net flux at the
surface (QS). For GEBA-ERBE, QS is relat-
ed to the downward solar irradiance at the
surface (FVS) by Q%= (1— aS)FlS, where
a is the surface albedo. Comparison of the
absorbed solar flux in the model 6 that in
the observations shows that the model un-
derestimates the absorbed solar flux in the
atmosphere by 25 to 30 W m™2 (Table 1).
The factor of ~2 difference in SD between
the model and the observations may be the
result of mismatches between GEBA sur-
face measurements, which are extremely
poor spatial samples, and ERBE measure-
ments at TOA (21).

To minimize the effects of surface albedo
on the results (which were found to be
small anyway), three sets of comparisons
were made (Table 1): (i) no filter applied to
the data (2852 data points); (ii) restriction
of data to points where the differences in

Table 1. Mean and SD of energy absorbed in the
atmosphere, normalized to an incident solar flux of
342 W m~2 at TOA. GEBA-ERBE-P and GEBA-
ERBE-S refer to the GEBA-ERBE data set with the
surface albedo estimates of Pinker and Staylor,
respectively. Filters F1 and F2 are described in the
text.

Energy absorbed

-2

Filter Data set (Wm™)
Mean SD
None GEBA-ERBE-P 80.1 40.1
GEBA-ERBE-S 83.8 37.0
GEOS-1 54.5 19.4
F1 GEBA-ERBE-P 82.4 32.7
GEBA-ERBE-S 83.1 31.3
GEOS-1 54.8 16.4
F2 GEBA-ERBE-P 83.6 34.5
GEBA-ERBE-S 84.1 32.8
GEOS-1 54.4 16.9

surface albedo among the Pinker, Staylor,
and GEOS-1 values do not exceed 0.1 (fil-
ter F1, 1894 data points); and (iii) restric-
tion of data to points where o, < 0.2 in
each data set (filter F2, 1867 data points).
Because the mean incident solar flux (irra-
diance) at TOA varies with the filter used
(from 333 to 352 W m™2) and because
there is a small systematic difference be-
tween the model and the observations, the
entries were normalized to 342 W m™?, the
global mean incident solar flux at TOA.
To determine the how much of the 25 to
30 W m~2 discrepancy could be attributed
to clear-sky absorption and how much to
the effect of clouds, atmospheric absorption
[defined by A = (QT — Q%)/I, where I is the
incident solar flux at TOA] is plotted
against two independent measures of cloud:
cloud fraction from ISCCP (Fig. 1A), and
the radiative effect of the cloud at TOA, R
— R, (where R and R, are the all-sky and
clear-sky albedos at TOA, respectively),
from ERBE (Fig. 1B). The large discrepancy
between the model and observations is
practically independent of either cloud
measure, and there is little or no correlation
between absorption and clouds, either in
the model or in the observations. For
GEQOS-1, where the mean clear-sky atmo-
spheric absorption can be directly comput-
ed, there is close agreement between the
directly computed mean and the value im-
plied by the regression lines in each plot.
To ensure that the relations shown in
Fig. 1, A and B, were not a result of internal
correlations with hidden variables that
might compensate for what would other-
wise be a positive cloud effect, relations
involving three other variables that might
influence atmospheric absorption were ex-
amined: incident solar flux (a proxy for the
effect of solar zenith angle), surface albedo,
and total column water vapor. Along with
either cloud fraction or R — R, these
variables were used as independent vari-
ables in a multiple linear regression (22),
with atmospheric absorption as the depen-
dent variable. Regressions using each of the
observed surface albedos were performed
with unfiltered data and with F1- and F2-
filtered data. The slope representing the
relation between atmospheric absorption
and cloud fraction was found to be close to
zero in each case, never exceeding 0.10. A
slope of 0.1 in the relation of atmospheric
absorption to R — R, corresponds precisely
to a ratio of 1.1 in the ratio of cloud forcing
at the surface to that at TOA, which was
found by Cess et al. (4), Ramanathan et al.
(5), and Pilewskie and Valero (6) to be
~1.5. Thus, the relation between atmo-
spheric absorption and R — R, derived
from the GEBA-ERBE data set is inconsis-
tent with the results of those studies.
SCIENCE »
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In the multiple regressions, the ex-
plained variance (23) ranged from 21 to
37%, depending on the filter. Comparison
of the individual contributions of each in-
dependent variable to the total explained
variance revealed that total column water
vapor is responsible for most of the ex-
plained variance. In single regression of at-
mospheric absorption against total column
water vapor, the explained variance ranged
from 16 to 33%, with a positive slope (Fig.
1C). In contrast, the model exhibits a weak
dependence on total column water vapor,
which indicates that the discrepancy be-
tween model and observations (25 to 30 W
m™2 on average) is mostly a function of
total column water vapor—the discrepancy
increasing with increasing water vapor.

The conclusion is that the GEOS-1
model, which is typical of many GCMs,
underestimates the solar flux absorbed in
the atmosphere by 25 to 30 W m™2. It is
found that clouds do not have a strong
effect on atmospheric absorption, and in
that respect the model and observations are
consistent. The observations indicate there
is a strong dependence of atmospheric ab-
sorption on total column water vapor,
whereas the model does not, which suggests
either that the model’s parameterization of
water vapor absorption is inadequate or that
the model fails to account for other atmo-
spheric absorbers at the observation sites
that correlate with water vapor (such as
absorbing aerosols).

Such a large discrepancy between the
model and the observations—if truly global
and not merely a characteristic of the ob-
servation sites— has important implications
for the global energy and hydrological cycle.
If more energy is absorbed in the atmo-
sphere than has been suspected, then there
is less evaporation from the surface, and
correspondingly less precipitation. Also,
there would be an effect on both the atmo-
spheric and oceanic circulations, perhaps
altering their relative roles in transporting
energy from the tropics to higher latitudes.
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Subnanometer-Diameter Wires Isolated in a
Polymer Matrix by Fast Polymerization

Josh H. Golden, Francis J. DiSalvo,* Jean M. J. Fréchet,*
John Silcox, Malcolm Thomas, Jim Elman

The preparation and analysis of inorganic-organic polymer nanocomposites consisting
of inorganic nanowires and multiwire “cables” in a random-coil organic polymer host is
reported. Dissoluytion of inorganic (LiMo,Se,),, wires in a strongly coordinating monomer,
vinylene carbonate, and the use of a rapid polymerization in the presence of a cross-
linking agent produce nanocomposites without phase separation. Polymerization of
dilute solutions yields a material containing mostly (Mo,Se,-),, mono- and biwires, 6 to
20 angstroms in diameter and 50 to 100 nanometers long. Polymerization of more
concentrated liquid crystalline solutions yields a nanocomposite containing oriented
multiwire cables, 20 to 40 angstroms in diameter and up to 1500 nanometers long, that
display optical anisotropy and electrical conductivity.

The rational design and fabrication of ma-
terials that display “nanowire” or “molecu-
lar wire” morphologies is driven by poten-
tial applications in nanoscale electronic,
optical, and mechanical devices (1). Useful
properties exhibited by these materials in-
clude nonlinear optical phenomena, mag-
netism, anisotropic conductivity, and di-
chroism (2, 3). Some approaches used in
the preparation of inorganic and organic
nanofibrillar structures and composites in-
clude template synthesis of nanowires with-
in the confines of a porous host matrix,
traditional solution synthesis, and the me-
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chanical dispersion of carbon and silica
nanotubes within an organic polymer host
(3-7).

We have prepared a nanocomposite
consisting of a rigid rod metallopolymer
dispersed in a random coil organic polymer
host by using the “monomer as solvent”
approach. This technique has been used to
prepare nearly monodisperse molybdenum
chloride clusters, 10 A in diameter, isolated
from one another in an organic polymer
host matrix (8). The approach involves the
preparation of solutions consisting of inor-
ganic salts dissolved in an organic monomer
that are bulk-polymerized in the presence of
a cross-linking agent. If the monomer is
chemically bound to the metal species and
thus serves as a polymerizable ligand, fast
solidification and chemical association of
the inorganic phase with the supporting
organic matrix may be achieved simulta-
neously. Flory has shown that rigid rods
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should phase-separate in the presence of a
random coil organic polymer, even at low
concentrations (9). However, the use of a
solvating monomer coupled to the fast po-
lymerization of the cross-linking system
about the rigid rods kinetically traps the
dispersed form. The final concentration of
the rigid rods in the solid nanocomposite
can be tuned to yield materials that contain
individual isotropic nanowires or oriented
multiwire “cables.” This approach has now
been extended to disperse a purely inorgan-
ic metallopolymer (LiMo;Se;),, (Fig. 1, A
and B) in a random-coil organic polymer
poly(vinylene carbonate) [poly(VC)]

We used (LiMo,Se,),, because it is solu-
ble in polar solvents and has useful linear
dichroism and electronic conductivity
properties (10). The high solvation energy
of Li* drives the dissolution of (LiMo,Se;),
to produce dark burgundy solutions (absorp-
tion maximum at 480 nm) of Li* cations
and (Mo;Se;-),, polyanions (10). The met-
allopolymer (LiMo;Se;), is a member of the
(MMosX3),, (M, an alkali or monovalent
main-group metal; X, S or Se or Te) series
of metallic linear-chain compounds first de-
scribed by Potel and co-workers (11) and is
structurally related to the Chevrel phases
(12). It is prepared (10) as shown below

1000°C
In + 3Mo + 3Se — InMo;Se;

=Inl
InMo;Se; + Lil — LiMo;Se;

The organic component, the polar
monomer VC, was chosen because its
chemical structure is similar to that of the
nonpolymerizable solvent propylene car-
bonate (8), which dissolves (LiMo;Se;),
(10). The VC monomer retains the solubi-
lizing property of its nonpolymerizable
counterpart and polymerizes to a high mo-
lecular weight product in the presence of a
free-radical generator (13). In addition,
poly(VC) is an excellent supporting host
for conducting Li salts (14).

A dilute inorganic-organic polymer
nanocomposite containing mono- and bi-
wires of (Mo;Se; ™), was prepared by the
thermal free-radical polymerization of 1073
to 107* M VC-(LiMo,Se;,),, solutions con-
taining 10% by weight tris(2-hydroxyethyl)
isocyanurate triacrylate (the cross-linking
agent) and 2 mole percent 2,2'-azobis(2,4-
dimethylvaleronitrile) (the free-radical ini-
tiator) at 23° to 50°C. The addition of a
rapidly curing cross-linking agent to the





