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interpulse, which resulis in near equality of the two pulses at
feq= 200 MHz (ref. 11).

Although the waveform and polarization properties of the
millisecond pulsar are qualitatively similar to the Crab pulsar,
it is not yet clear whether this s important or simply & coin-
cidence arising from the limited frequency range over which
the millisecond pulsar has been stwdied, If the similarity is borne
out by further ochservations, particularly at lower frequencies,
it will be challenging to understand how the pulsar mechanism
can produce comparable results in such disparate physical set-
tings,

I thank R. Murphy, P. M. B. Shames, M. M. Davis and W.
R. Stinebring for help with the data-taking program and other
aszsistance, The National Radio Astronomy Observatory s
operated by Associated Universities, Ine., under contract with
the MSF. The Arccibo Observatory is operated by Cormell
University under contract with the NSF,
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Global distribution and

southern hemispheric

trends of atmospheric CCL:F

P. 1. Fraser®, P. Hyson, 1. G. Enting & G. I. Pearman

CRIRD Dhivisson of Atmospheric Phyaics, Aspendale, Victoria,
Awustralia 3195

The spatial and temporal variability of the fropospherically

inert tracer, trichlorofluoromeihane (CCLF), has been ulmn-
luted using 2 global pheric transport model, incorp

an advective-difusive 'Irlnapm'I scheme and known uluu and
photolyiic data. The observational data are taken from the
Geophysical Monitoring for Climatic Change (GMCC) global
network', from the Paclfic north-west (PNW) USA and South
Pole’, and from the CSIRO sowthern hemispheric stations at
Cape Grim, Tasmania, and Mawson, Antarctica™”, The resuli-
ing global CCLF distribution is shown in Fig. 1. A current
CCIF atmospheric lifetime of T8 yr is obtained. The observa-
tions suggest that small, residual errors may exist in the CCLF
release d'alll-.
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m 1 Ohserved and cilenlited mendional dstributions af OCI}F
for mid-Tanuary 1980, Data sources: @, refs 1, 2; &, ref 3;
W, this work. Error bars are standard errors of linear regression
estimates. Point Barrow, Cape Meares (PNW, LUSA}, f.'ape
Matatula, Cape Grim and Mawson are all sea-level stations, Niwot
Ridge is ar 3.7 km, Maung Loa 3.4 km and South Pole 2.8 km.
Curves a, b and ¢ are model caleulations I],l.'ll]l:l mbar) for three
values of K, in the stratosphere corresponding to «, values of
100, T5 and S0 yr sespactively. Curve b' is the same as & for
T mbar,

and alsa by empirically derived eddy diffusion, and incorporates
CCLF release as a function of time and latitude, The param-
eterization of stratospheric tracer transport been revised
because, for quasi-inert tracers, it has been found that off-axis
diffusive coefficients (K., £,,) are approximately equal and
of opposite sign™. In these conditions the effect of eulerian
advection, as modelled by meridional and vertical winds, is
approximately cancelled by that of eddy diffusion, whose major
component is represented by these off-axis terms™®. General
circulation models show that stratospheric ozone transport by
mean meridional circulution is largely cancelled by that due to
zonal eddies”. To approximate this cancellation in the model,
stratospheric transport was simulated using only the minor,
on-axis diffusive coefficients (K, and K, ). This modification
allows a reasonable simulation of the photolytic sink for CCIF
in the strnlﬂsph:m, using published photodissociation

coefficients' and a radiation scheme |ﬂ¢]ud.lu$ latitudinal vari-
ation of day length and solar zenith angle''. Following this
major change in the method of simulating suramspheric trans-
port, the horizontal diffusive cocfficients (K, | and the stratos-
pheric vertical coefficients (K, ) used previously” were increased
by 15 and 80% respectively to refine agreement between simu-
lations and observations (Figs 1 and 3).

Nature 1983
Top-down verification of emissions

The emissions of CCI;F derived from atmospheric data were
significantly different than the bottom-up emissions.... this
result was later confirmed when the bottom-up emissions
were revised. The bottom-up emissions assumed a tight turn
around in line with the rapid pre-Montreal Protocol phase
out of CFC-11 use as an aerosol propellant (largely driven by
US EPA).

Lovelock reviewed the paper for Nature and it was accepted
unchanged - he described it as a brilliant use of atmospheric
observations - the brilliance was lan's not mine - | hardly
understood what inverse studies meant.

Paul Fraser March 2015

Jim Lovelock and Paul Fraser with the GC-ECD, Aspendale 2007
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A lattice statistics model for the age
distribution of air bubbles in polar ice

I. G. Enting

CSIRO, Division of Atmospheric Research, Private Bag 1,
Mordialloc, Victoria, Australia 3195

Measurements of CO, in bubbles in polar ice have been used to
establish a pre-industrial concentration' . Similar measurements
have been made for other atmospheric conmstituents™®, However,
in order to use ice-core measurements to determine the increase
in CO; over the last 200 years, it is necessary to consider the time
delay between the deposition of the original snow and the bubble
trapping and also the distribution of trapping times over several
decades’. The percolation model from lattice statistics describes
the static geometrical aspects of trapping and reproduces various
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Fig. 1 A schematic representation of the cumulative trapping
function as predicted by percolation theory (solid curve). The age
distribution function is the derivative of this curve. The dashed
curve shows the effect of a correction applied to convert the fraction
trapped into bubble volume. Shading shows the range of observed
volumes’, with the horizontal and vertical scales chosen to give
agreement at the 50% and 100% points.

difficult to analyse is that the transition behaviour is influenced
by fluctuations on all possible length scales.

Having established the connection with statistical mechanics,
the techniques of the renormalization group' in statistical
mechanics can be used to justify earlier conjectures of univer-
sality in percolation models. This implies that the exponent 8
depends on the dimensionality of the system but will be the
same for ali three-dimensional lattices and for amorphous three-
dimensional systems such as that involved in firn closure. (The

Both the percolation model and the measurements by Schwan-
der and Stauffer’ determine the time of bubble trapping relative
to the time of snow deposition and do not directly determine
the age of the air that is trapped. However, measurements of
*Ar indicate that air in the ‘open’ volume is well mixed
throughout the firn'®, so that the trapping time distribution
should be close to the age distribution.

Pearman, Etheridge,
de Silva, Fraser, 1986
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Modeling air movement and bubble trapping in firn

C.M. ",I:‘r1_1dinf:gerj1 1.G. Enting,l D.M. Etheridge, R.J. Francey,’

V.A. Levchenko, and L.P. Steele!
Division of Atmospheric Research, CSIRO, Aspendale, Victoria, Australia

D. Raynaud and L. Arnaud
Laboratoirc de Glaciologic ¢t Géophysique dc I’Environnement, Centre National de la Recherche
Scientifique, Saint Martin d”Héres, France

How well do different tracers constrain the firn diffusivity profile?

C. AL TmrAdingerl, LG Enliugz_. E I Rﬂ:.'ner3_. D. AL Etheridgel, C. Buizert*?, ML Rubino!*, P. B. Erummel’, and
T. Blunie
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Firn air modelling- 18 papers and 4 more in prep
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Vas Petrenko, NEEM, Greenland, 2009- firn air



The incompatibility of ice-core CO, data with Tellus, 1992
reconstructions of biotic CO, sources (II).
The influence of CO,-fertilised growth
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By L. G. ENTING, CSIRO Division of Atmospheric Research, Private Bag 1. Mordialloc, = 330 ‘i
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would close a feedback loop between CO, and
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climate, the acquisition of high quality ice-core oo isoe o 2000
CO, data covering the little ice age would seem

to be a very high priority. Isotopic data could

provide a basis for helping distinguish biotic

changes from oceanic changes...

Challenge to the ice core measurement community...........ccceuueenee...
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Kalman filter analysis of ice core data
2. Double deconvolution of CO, and 8'3C measurements

C. M. Trudinger, 1. G. Enting, P. J. Rayner, and R. J. Francey
CSIRO Atmospheric Research, Aspendale, Victoria, Australia

Atmospheric CO, and 13C-CO, reconstruction of the Little Ice Age from
Antarctic ice cores

Rubino, M.%" Etheridge, D.M.! Trudinger, C.M.? Allison, C.E.X Rayner P.J.2 Colfm A||I|SOI’1, G?SL,ZBI, COZlisotopes
Mulvaney, R.3 Steele, L.P.1 Langenfelds, R.L.! Sturges, W.T. 4 Curran, M.> (safety glasses fitted later)
in preparation
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A perturbation analysis of the climate benefit from
geosequestration of carbon dioxide

1.G. Enting *, D.M. Etheridge®™*, M.J. Fielding®*

*MASCOS, 139 Barry Street, The Univerzity of Melbourne, Vic 3010, Australia
B CSRO Marine and Armospheric Research and CSIRO Energy Transformed Flagship, PME 1, Aspendale, Vic 3195, Australia
“Coaperative Research Centre for Greenhouse Gas Tedmalogies (CO2CRC), GPO Box 4563, Canberra City, ACT 2610, Australia
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Clirnate mitigation
Automatic differentiation

Asimple climate modelis used to caleulate the benefit, over tme, of geo sequestration of 00,
that would athearwise be released to the atmosphere. The analysis & performed relative to
two reference cases, The first ease s defined by a O0; concentration profile leading to
stabilisation at 500 pprm. The second case k& defined by ‘business-as-usual’ (592a) OO,
emizzions untl 2100 The benefits are coreidered in terms of neremental change (perunit of
displaced emission) in temperature and its rate of changes, concentrating on the parod to
2200, An autermatie differentation procedure has proved a corveniant way of paforming
the caleulations. The “temperature benefit’ of avoided carbon emission & found to be of
ardar 1 mE/GC an the time-scale of decades to centures. This result is model-specific and
walld scalein propartion to the climate sergitivity of the model. Baeause of non-linearities
in earbon-climate processes, the results have a small dependence fof order 10-2088) on the
future emission scenario with a rmather smaller contribution to uncertainty ansing from
model calibraton unceraintes that reflect uncertaintes in the 20th century carbon budget.

Analysis over the langer term, to 2500, considers the effect of leakape of geologeally
stared OO, to the atrmosphers, and shows that even at 01% per annurn leak age, abaut half
the climate benefit remains after 500 years.
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“Twisted” at 2700 m in Aurora Basin camp, Antarctica, 2013



