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CO, baseline concept in 3-D atmospheric transport models
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CEA, Avenue de la Terrasse, F91198 Gif sur Yvette Cédex, France

(Manuscript received 10 July 1995; in final form 22 May 1996)

ABSTRACT

Atmospheric transport models are now commonly used to estimate the distribution of sources
and sinks of CO,, given atmospheric measurements of this greenhouse gas. Yet, to properly
assess large-scale flux patterns, one must employ only those measurements that are representat-
ive of large scale air masses. Typically the observed time series are filtered, according to different
criteria, as a mean to select baseline conditions. In this paper we raise the problem of comparing
selected data with the whole simulated time series. Aiming for better consistency with the
observations, we propose four procedures to select the baseline periods in the transport models.
Each is tested with a high resolution 3-D model (TM2z), at 3 monitoring stations currently
used by the modeling community (Cape Grim, Cape Meares, and Amsterdam Island). Results
demonstrate that such selection is necessary, especially for coastal stations. By using information
on the synoptic transport as estimated by either 5-days backtrajectories or radon-222 concentra-
tions, the CO, synoptic scale variability (averaged over the year) is reduced by a factor of three.
The seasonal cycle (peak-to-peak amplitude) is also reduced by about 30% for the two coastal
stations. With these corrections, the model-data agreement improves dramatically. Moreover,
annual averages can be affected by few tenths of ppmv. Finally, we also investigate synoptic
events classified as non-baseline both in observations and simulations. The ability of the 3-D
model to reproduce some characteristics of these data, points out the potential of such data to

characterize the strength of regional fluxes.

1. Introduction

During the last decade, considerable progress
have been made in the comprehension of the
global and regional carbon cycle thanks to the
monitoring network of CO, mixing ratio, and its
interpretation through atmospheric transport
models (Keeling et al., 1989; Tans et al, 1989,
1990; Enting and Mansbridge, 1989, 1991; Enting
et al, 1993, Conway et al, 1994a; Ciais et al.,
1995). The monitoring network was first designed
to account for the North/South gradient.
However, the growing number of observatories
(Tanaka et al, 1987, WMO/WDCGG, 1992;
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Conway et al., 1994b) is now intended to represent
the large-scale (i.e., some thousands of km) features
of the atmospheric CO, distribution. Then, the
aim of this network is to get enough information
to characterize the major ocean circulation
and terrestrial biomes features, by using a 3-D
atmospheric transport model.

To be of interest for CO,-modeling on the large
scale, the atmospheric CO, measurements must
fulfill two conditions: (1) to be calibrated with the
worldwide monitoring network; (2) to be repres-
entative of large and horizontally well-mixed air
masses. The later condition of spatial representat-
iveness is insured by sampling the air masses
during the so-called baseline periods, which
exclude the periods of local contamination (human
exhalation, cars or diesel generator running in the
vicinity, etc.) and local respiration/photosynthesis
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of the terrestrial biota. The later contribution is a
tricky problem since it represents a component of
the global CO, budget we want to pinpoint, but
any modest amount of local vegetation can act as
a very large source or sink (Wofsy et al., 1993;
Bakwin et al., 1995). These local signatures are
generally strong enough to mask any large-scale
contribution. Since the space-time distribution of
the surface fluxes and the atmospheric stability,
are much less variable over ocean than over
continents, the baseline conditions are easier to
find in marine environments. For these reasons
about 75% of the stations making the interna-
tional network, are located on remote islands or
near the coasts, emphasizing oceanic air
(WMO/WDCGG, 1992).

The determination of the baseline periods is
station-dependent, and it requires comprehensive
studies of the station surroundings, the prevailing
meteorological conditions, and the CO, variability
at the site. The most currently used criteria are:
the local wind speed and wind direction, the short
term CO, variability, and measurements of other
tracers such as radon-222 (Enting and Pearman,
1993). Providing that the data are intended to
assess the large-scale features of the carbon cycle,
and that small-scale variations are difficult to
interpret, the filtering of the observational data is
nothing but requisite (Enting et Pearman, 1993).
The large-scale flux distribution inferred from the
selected observations will depend on the quality
of the model/data comparisons. Consequently it
is very important to warrant the consistency of
baseline observations with the calculated values.
Even though the global transport model cannot
resolve the local contributions, it is necessary to
take into account the fact that rejecting local
effects makes it often necessary to reject the con-
tinental air masses. In such a case the baseline
selections introduce a bias by rejecting the regional
land flux influence. So far, the only way to deal
with this problem was to move the coastal sites
one box off-shore, in order to decrease the influ-
ence of the continental fluxes. This method is
unsatisfactory because it does not care about the
origin of the air masses. Furthermore, the refine-
ment of the transport models (horizontal and
vertical resolutions, time step, parameterizations
of the vertical transport) enables those models to
simulate more and more accurately the specific
processes over the continents, like the large CO,
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increase under a nocturnal inversion layer. In the
observational data, the influence of such processes
are rejected, and then their occurrence in the
simulated time series could strongly bias the
model/data comparisons. These model refinements
have been seen to be important even for large-
scale features of carbon cycle (Denning, 1995;
Rayner et Law, 1995), but they raise new questions
about the consistency of the comparisons between
baseline measurements and simulated values.

In this study, we use 4 methods to select the
baseline periods in the time series simulated with
a 3-D transport model. The priorities for such a
selection should be: (1) to reproduce the sampling
done for the observations; (2) to be reliable for
both marine and coastal sites; (3) to be easily
implemented in the post-processing of the model
results. According to these objectives, we compare
the efficiencies of the four methods at 3 contrasting
sites: a coastal station in Southern hemisphere
(Cape Grim: 40°41°S, 144°41’E/CSIRO-DAR); a
coastal station in Northern hemisphere (Cape
Meares: 45°29°N, 123°58°'W / NOAA-CMDL); and
a marine station located in Austral Indian Ocean
(Amsterdam Island: 37°47’S, 77°31’E / CNRS-CEA-
CFR). From these comparisons we quantify how
the rejection of non-baseline periods in the
simulated time series affects the annual means, as
well as the seasonal and synoptic scale variations.
Finally, we also investigate how some periods
which are presently rejected could be of interest
as an imprint of the continental fluxes and trans-
port processes which occur in the surroundings
(some hundreds kilometers) of the continuous
monitoring sites.

2. Methodology

We have chosen to focus our study on the
results obtained at Cape Grim, Cape Meares, and
Amsterdam Island because: (1) these stations are
currently used to assess the global carbon cycle;
(2) we want to test the baseline selections for both
coastal and marine sites; (3) problems have been
raised for the CO, simulations at these stations
(Heimann et al., 1989a; Erickson et al., 1996).
Prior to the discussion about the consistency of
the model/data comparisons, we briefly describe
the environment of the three monitoring sites, and
how the simulated concentrations were calculated.
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2.1. Environment of the three stations

The sites and methods of the three stations were
described by Beardsmore and Pearman (1987),
Conway et al. (1994b), and Gaudry et al. (1983)
respectively for Cape Grim, Cape Meares and
Amsterdam Island. The three stations are both
located along sea coast at the top of a cliff, though
their regional environments are quite different
(Fig. 1). Cape Grim is located on the Tasmanian
coast and about 300 km from Australia. Cape
Meares is located in Oregon on the Pacific coast.
On the other hand the Amsterdam station lies on
a small island (55 km?) in Austral Indian Ocean,
far away (more than 3.000 km) from any contin-
ental influence. From these three stations, Cape
Meares is the only one which does not perform
continuous CO, measurements. Flasks are col-
lected in pairs, once or twice per week, and their
content is analyzed at CMDL/NOAA, Boulder
(Conway et al., 1994b). Since the flask stations
make the majority of the CO, network, it is
important to study the model/data comparison in
such a site.

The criteria used to identify the baseline periods
were defined by Beardsmore and Pearman (1987)
for Cape Grim, and by Gaudry et al. (1987) for
Amsterdam Island (Table 1). At Cape Meares the
flasks are generally sampled in the afternoon to
avoid the land breeze. Yet this precaution is not
sufficient to warrant the baseline conditions. Then,
a two step “a posteriori” procedure is carried out:
first the bad flask pairs (difference greater than
0.5 ppmv) are rejected; and second the data lying
more than +3 residual standard deviations from
a fitted curve are considered as locally contamin-
ated (Conway et al., 1994b). The same procedure
is used for all the flask stations of the
CMDL/NOAA network. The three stations are
parts of the Global Atmospheric Watch program
(GAW), and the baseline concentrations are arch-
ived at the World Data Center for Greenhouse
Gases publications (WDCGG, Tokyo/Japan), and
the Carbon Dioxide Information Analysis Center
(CDIAC, Oak Ridge/USA).

2.2. The 3-D transport model, and CO, fluxes
distribution

The 3-D transport model used in this study is
derived from the model TM1 developed by
Heimann et al. (1989b). Yet, the present version
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has been largely modified for the parameterization
of the subgridscale vertical transport by convective
clouds and turbulent diffusion. These two pro-
cesses are now estimated according to Tiedtke
(1989) and Louis (1979) schemes, which were
implemented in the TM2 model by Heimann
(1995). Then all the transport terms are driven by
the ECMWF’s uninitialised analysis values
(0OUTC and 12UTC) for the year 1990, inter-
polated to a 2.5° x 2.5° regular latitude/longitude
grid. The vertical resolution is similar to the
previous model versions (9 levels), but we use an
enhanced horizontal resolution (2.5° x 2.5°). This
new version TM2z was motivated by our interest
in the synoptic scale tracers variations (Ramonet
et al, 1996). Such variations will be described in
the next section.

To simulate the concentration of atmospheric
CO, with the 3-D transport model, we have
defined a global distribution of the surface fluxes.
This work was done in a similar way than
Heimann et al. (1989b). The surface fluxes were
broken up in a set of 10 components: one for the
industrial source; four for the terrestrial biospheric
fluxes (net primary productivity, heterotrophic
respiration, deforestation, and fertilization effect);
and five for the oceanic fluxes (boreal, tropical,
subtropical/subantarctique, antarctic, seasonal)
(Ramonet, 1994). To be coherent with the CO,
measurements and the atmospheric transport, the
net fluxes have been updated for the year 1990.
Furthermore, two of them are based on new
datasets. First, the net primary productivity is
calculated from remote sensing NDVI for the year
1990 (Ruimy et al, 1994). Second, the oceanic
fluxes between 18°S and the Antarctic Polar Front
are estimated from pCO, measurements over
Indian and Atlantic oceans (Weiss et al., 1992;
Poisson et al., 1993). The oceanic fluxes are then
calculated from Liss and Merlivat (1986) relation-
ship by using sea surface temperatures and wind
fields at 10m given by the ECMWF’s analyses for
the year 1990.

For each of the ten components a four years
run was performed with a perpetual 1990s met-
eorology and CO, fluxes. Each run was started
from an initial uniform zero concentration field.
The hourly concentrations of the 4th model year
for each component were added together. The
composite time series were subsequently decom-
posed in: a linear trend (C.nq(X,t)); an annual

Tellus 48B (1996), 4
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Fig. 1. Definition of the sectors used to sort out the 5-days backtrajectories at (A) Cape Grim, (B) Cape Meares,
and (C) Amsterdam Island. For Cape Grim and Cape Meares, the baseline sectors correspond to the sector number
2 (southwest sector). An example of a selected backtrajectory, calculated for Cape Grim on 1990 August 20 at 12 h,
is also displayed.

mean (Cpean(x)); and a seasonal variation  Cieng(x,t)=Co(x)+ao(x)"t 2)
(Coeas(x,t)) expressed as the sum of the 1Ist 4 4
harmonics of a base period of 1 year: Coeas(x,t)= Y [a(x) sin (2km)t + b, (x) cos (2km)t].
k=1
C(X,t) = Ctrend(x’ t) + Cmean(x) (3 )
4 Coeas(%,8) + Cregian (X, 1), (1) The residuals (C,equ (X, 2)) reflect the synoptic scale
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Table 1. Criteria used at Cape Grim and Amsterdam Island to select the baseline conditions (WD = Wind

direction, WV=Wind velocity)

Station Wind direction Wind speed CO, consistency
Cape Grim 190° < WD < 280° no criteria Variation < +0.3 ppmv during a 5-h
period

Cape Meares air masses should no criteria o difference between 2 flasks <0.5 ppmv
come from ocean o 3 sigma deviation from a fitted curve
during the sampling

Amsterdam Island 300° < WD < 50° WV>5ms™! at least 4 consecutive baseline hours
260° < WD <300° WV>8ms™!

variations, on time scales from days to a few
weeks. The same procedure is applied to the
concentrations observed in 1990, and the results
of simulations.

The goal of this work is to use the previously
described model and fluxes, to study the influence
of selecting the baseline periods in the simulated
time series. However, to test whether such a
procedure improves the agreement between model
and data, we need to use realistic surface fluxes
and transport model. In order to demonstrate this,
we have plotted the seasonal cycles for two stations
(South Pole and Mauna Loa) whose simulated
data do not need to be selected, since they are not
subject to a local component. The observed and
simulated seasonal cycles for the year 1990, are
shown on Fig.2. Both the amplitude and the
phase of the signals are well simulated, which
gives us some confidence in the transport model
and the fluxes for both hemispheres.

3. Selection of the simulated tracer
concentrations

3.1. Description of four types of model baseline
selection

The problem of comparing baseline measure-
ments with the simulated time series without any
selection, was pointed out by Heimann et al
(1989a), and Enting and Trudinger (1990).
However, these two studies were carried out with
coarse resolution models. Consequently, the high
frequency variations due to the regional contribu-
tion were very smooth. For example, Enting and
Trudinger (1990) analyzed the amplitude of synop-
tic scale variations at Cape Grim. Their results
did not permit to evaluate the interest of a baseline

selection in transport models, mainly because the
simulated short term variability was underesti-
mated. Thus, the authors did not obtain any
significant difference between the selected and the
non-selected simulated concentrations. In their
study, Enting and Trudinger (1990) selected the
baseline periods according to the values of the
wind direction simulated by the model at the Cape
Grim location. We use a similar method for
Cape Grim, Cape Meares and Amsterdam, based
on the wind speed and wind direction from
ECMWEF at the station locations. These meteoro-
logical data allow us to define baseline sectors, for
what will be called hereafter the “local-selection”.

As an alternative mean of defining the baseline
periods in the transport models, we have also
selected the same periods as for the baseline
measurements. This method is questionable
because it assumes that synoptic transport is well
resolved by the models, and then it does not
account for differences between real atmospheric
transport and simulated transport. However, we
have applied this selection, called hereafter the
“synchro-selection”, because we use a meteorolo-
gical transport model which is “a-priori” able to
simulate synoptic scale variations synchronized
with real weather. Such a synchro-selection would
be irrelevant if we used a climatological model
(i.e. not based on observed meteorological condi-
tions). With such a model there is no reason for
the observed and simulated baseline periods to be
synchronized.

The two previous methods are attractive due to
their simplicity, yet they do not use any informa-
tion about the history of the air masses before
they reach the monitoring location. Since this
information is available for the simulated concen-
trations, we have defined two more sophisticated

Tellus 48B (1996), 4
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Fig. 2. Seasonal cycles of atmospheric CO, at Mauna Loa (A) and South Pole (B) in 1990. The baseline measurements
(<) are compared to the simulated cycle without any selection (dotted line).

methods. These two methods are based respect-
ively on the backtrajectories, and on the simulated
concentrations of radon-222. The former, called
“retro-selection”, selects only specific air masses
according to the 5-days backtrajectories calculated
with the TM2z (Ramonet et al., 1996). The back-
trajectories are rarely used to select the observed
concentrations (Enting, 1989). Yet, they are more
suitable for the simulations since they are based
on the wind fields also used by the transport
model. We have used different methodologies for
coastal stations, and for remote islands like
Amsterdam. For the coastal stations, we consider
that all the air masses recently influenced by land
should be rejected. This is performed by first
defining the marine sectors, and second rejecting
all the periods during which the backtrajectory is
not totally included within this sector. The marine
sectors defined for Cape Grim and Cape Meares
are shown on Fig. 1. In a remote station like
Amsterdam Island, the simulated influence of the
island is null since it is too small to be resolved
by the model. Consequently, all the simulated
events can be classified as baseline ones. However,
a high percentage of observed hourly concentra-
tions are rejected at this station due to the influ-
ence of the island and the station activities
(Gaudry et al.,, 1983). This severe selection leads
to favor some specific meteorological situations,
and then some air mass origins. By oversampling
the air masses coming from a particular source or
sink region, the monthly and annual means can
be different to the data we would obtained if all
the meteorological situations were taken into
account. To reproduce a similar sampling in the
transport model we have defined four geographical
sectors (Fig. 1) and we have applied the following

Tellus 48B (1996), 4

method. First, we have calculated for the whole
year of 1990 the backtrajectories corresponding
to the date and time of each baseline measurement.
From these we have deduced the monthly percent-
ages of backtrajectories occurring in each of the
four sectors. These percentages are different from
those obtained by using all the backtrajectories,
including baseline and non baseline periods.
Second, the hourly simulated concentrations have
been split into four categories according to the
origin of the synchronous backtrajectories. This
gave us four sets of simulated monthly means,
typical of each of the four sectors. Finally, a
composite of these four sets of CO, monthly
means, weighted by the percentages deduced from
the backtrajectories at the time of the baseline
observations, has been calculated. This method
allows us to approximate the observational sam-
pling in the simulated time series at the seasonal
scale.

The fourth selection method takes also into
account the synoptic scale transport. It is based
on the radon-222 simulation which allows to
classify the air masses as marine or continental
ones. radon-222 is a rare gas emitted from the
continents, and decays with a half-life of 3.8 days.
Under marine conditions the air masses are
characterized by low radon-222 concentrations.
To eliminate the influence of the close continents
we have chosen a threshold concentration of
radon-222, below which the situation is considered
as baseline. The threshold was set to 500 mBq
m™3, since the higher concentrations are repres-
entative of a recent contact with land (Lambert
et al, 1982). The radon-222 simulation was
performed with a uniform continental source of
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1 atomcm™2 s~! (Lambert et al, 1982; Liu
et al,, 1984).

3.2. Discussion on model baseline selected time
series

The simulated hourly concentrations are shown
on Fig. 3 to Fig. 5, respectively for the stations of
Cape Grim, Cape Meares and Amsterdam. On
these plots the simulated annual means have been
subtracted from the hourly values. The selected
data, according to the four methods described in
the previous section, are figured by larger dots. It
should be noted that the vertical scales are not
the same for the three stations, since the synoptic
scale variations simulated by the TM2z are much
more important at Cape Grim than at Amsterdam,
and the seasonal cycle is much higher at Cape
Meares. Furthermore, there is no plot of the retro-
selection at Amsterdam Island, since we used for
this remote island a different method which does
not allow to select individual events, as explained
in the previous section. Table 2 summarizes, for
each station and each method, the number of
selected data, and the annual standard deviations
of the hourly residuals C,q,(x,t). Residuals are
the remaining variations after subtracting a linear
trend, the annual mean, and the seasonal cycle
calculated as the sum of the first four harmonics
(eq.(1)) The four selection methods do not retain
the same periods, which means that they are not
equally efficient to reject the non-baseline events.
However, the local-selection is highly correlated
to the synchro-selection at Cape Grim and
Amsterdam Island (r=0.88 at Cape Grim, when
comparing the number of selected data during 5
days periods). This is due to the correlation
between the wind values analyzed at ECMWF
and those measured at the stations.

The concentrations simulated at Cape Grim
(Fig. 3) show strong positive events in autumn
(April to July), and negative ones in spring
(September to November). The amplitude of these
synoptic scale variations is typically about 5 ppmv.
The duration and the intensity of these events
indicate that they are due to an intense regional
source or sink. Furthermore, the contribution of
oceanic, industrial and biospheric components,
not shown on the figure, clearly indicates a biosph-
eric origin. So, the seasonality of these synoptic
peaks can be explained by an uptake of atmo-
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spheric CO, in spring due to photosynthesis, and
a built-up in autumn due to soil respiration over
Tasmania and Australia. Such kind of strong
synoptic peaks are rejected from the observations
by using wind direction and consistency criterion
(Table 1; Beardsmore and Pearman, 1987). Hence,
a good way to estimate the efficiency of the four
baseline selections described previously, is to com-
pare how well they succeed to reject these synoptic
events. The local and synchro-selections, shown
on Fig. 3, do not filter out the high frequency
variations (positive ones in autumn, negatives ones
in spring) as well as the radon-222 and retro-
selections. This is confirmed by the calculations
of the annual standard deviations of the residuals
(Table 2). The results of simulations with the
TM2z show a standard deviation which decreases
from 1.06 ppmv without selection, to 0.65 and
0.48 ppmv respectively with the local and synchro-
selection. Such a variability remains overestimated
in comparison with the baseline measurements
(s.d.=0.24 ppmv). A better agreement is found
when we use the retro (s.d.=0.35 ppmv) and the
radon-selection (s.d.=0.38 ppmv).

At Cape Meares, the synchro-selection is based
on very few data, since there are no continuous
measurements. 66 pairs of flasks were considered
as representative of the baseline conditions in
1990. As seen previously the baseline selection of
the measurements is not done according to the
local wind speed and direction, since these data
are not available. For the local-selection, we have
chosen the following criteria: wind direction
between 200° and 340°; and wind speed greater
than 5 m s~1. The results display features like that
of the results obtained at Cape Grim. For instance,
the synchro and local-selections are not efficient
enough to reject the sharp synoptic variations, i.e.
the positive events which occur in winter and the
negative events in summer (Fig. 4). The radon and
retro-selection are much more efficient to reject
such events. Consequently the standard deviations
of the residuals inferred from these selections
(s.d.=1.1 ppmv) is lower that the synchro (s.d.=
3.6 ppmv) and local (s.d.=2.0 ppmv) selections. In
comparison, the annual standard deviation of the
residuals calculated from the baseline measure-
ments in 1990 is 1.4 ppmv (Table 2). This is slightly
greater than the simulated values even after the
baseline selections. A plausible explanation for
this difference lies in the fact that the criteria used

Tellus 48B (1996), 4
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Fig. 3. Hourly concentrations of CO, simulated in 1990 at Cape Grim with the TM2z. The simulated annual mean
is subtracted to each value. The baseline data (large dots) are selected according to (A) the synchro-selection, (B)
the local-selection, (C) the retro-selection, and (D) the radon-selection (radon-222 <500 mBq m™3).
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Fig. 5. Hourly concentrations of CO, simulated in 1990 at Amsterdam Island with the TM2z. The simulated annual
mean is subtracted to each value. The baseline data (large dots) are selected according to (A) the synchro-selection,
(B) the local-selection, (C) the radon-selection (radon-222 <40 mBq m~3).

to select the observations (Table 1) may not
exclude entirely the non baseline conditions. The
retro or radon-selection may be more efficient to
reject the regional component from the simulated
time series. This is especially true for the flask
sites where it is more difficult to identify the
baseline data.

At Amsterdam Island the baseline selection of
the observations is less critical, since it induces

Tellus 48B (1996), 4

changes on the observed monthly means lower
than 0.2 ppmv. The model does not resolve the
Amsterdam Island, and consequently it does not
simulate strong peaks as it does at Cape Grim
and Cape Meares (Fig. 5). As a result, there is no
major difference in the annual standard deviation
of the residuals obtained with and without selec-
tion (s.d. ranges from 0.24 to 0.27 ppmv), though
the number of selected data are very scattered
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Table 2. Results of the baseline selections for observed and simulated time series in 1990

Cape Grim Cape Meared Amsterdam

N (h) SD (ppmv) N (h) SD (ppmv) N (h) SD (ppmv)
measurements 1990 8200 1.89 88 2.74 8255 0.63
baseline measurements 3470 0.24 66" 1.40 1277 0.28
TM2z: no selection 8760 1.06 8760 3.17 8760 0.27
TM2z: synchro-selection 3470 0.48 66 3.58 1277 0.24
TM2z: local-selection 3782 0.65 3305 1.98 3190 0.27
TM2z: retro-selection 2664 0.35 3696 1.09 - -
TM2z: radon-selection * 5434 0.38 4889 1.10 5645 0.25

For each station the first column corresponds to the number of selected hours, and the second one corresponds to
the annual standard deviations of residuals (detrended and deseasonalised data).

# Number of selected flask pairs.

* The radon-222 threshold is equal to 500 mBq m~2 for Cape Grim and Cape Meares, and 40 mBq m~3 for

Amsterdam Island.

(from 14.6% to 100%). The annual variability of
the simulated residuals is very close to the
observed baseline variability which is 0.28 ppmv
in 1990 (Table 2). It is worth noting that, accord-
ing to the transport model, the major contribution
to the residuals (i.e. to the synoptic scale vari-
ations) comes from the oceanic fluxes. The annual
standard deviation of the residuals is 0.27 ppmv
for the oceanic component, 0.14 ppmv for the
industrial component, and 0.10 ppmv for the
biospheric component. The radon-selection at
Amsterdam Island was performed with a threshold
(40 mBq m™3) lower that the threshold used for
Cape Grim and Cape Meares. This value enables
us to remove the periods of high radon-222 con-
centration at this station. Indeed the radon-222
concentration at Amsterdam is generally between
10 and 50 mBq m 3 (Polian et al., 1986). Using a
40 mBq m™? threshold, 35.6% of the simulated
values are rejected, with highest percentages in
wintertime. During this period, radon-222 concen-
trations are characterized by sharp increases,
called radonic storms, which are due to rapid
advection of air masses from South Africa or
South America (Polian et al., 1986; Heimann et al.,
1990). The baseline criteria used to select the CO,
measurements at this observatory do not distin-
guish such continental events. So this model selec-
tion do not truly compare to the observations.
However it is interesting to note that the
radon-222 criterion can be used to select the
continental events originating from South Africa

(Gaudry et al., 1990). Such a regional scale event
will be detailed in the subsection 3.4.

3.3. Influence of model baseline selections on
seasonal cycles and annual means

As seen previously the characteristics of the
non-baseline events (frequency, amplitude, sign)
display strong seasonal variations both at
Cape Grim and Cape Meares. As a result, we can
expect the selections being able to modify the
seasonal cycles at these stations. In the present
section we detail how the annual cycles are
changed due to the selections, with a view to
estimating if such corrections can explain the
discrepancies found in the model/data
comparisons.

At Cape Grim the amplitude of the simulated
annual cycle, without selection, is overestimated
by 0.9 ppmv in comparison to the baseline meas-
urements. Furthermore, the simulated maximum
concentration occurs one month and half too early
(Fig. 6). All the selections improve greatly the
comparison model/data since they reduce the
simulated amplitude by about 0.6 ppmyv, and delay
the wintertime peak between 1 and 2 months.
Hence, at seasonal scale even a far from perfect
selection, such as the local-selection, improves the
comparison between observations and simula-
tions. However the retro and radon-selection bring
the simulated cycle to a better agreement with
baseline observations. These two model selections
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Fig. 6. Seasonal cycle of atmospheric CO, at Cape Grim
in 1990. The baseline measurements () are selected
according to the criteria defined by Beardsmore and
Pearman, 1987. The shaded area shows the standard
deviation (+one s.d.) of the selected data from the
smoothed curve, calculated on a monthly basis. The
simulated cycle is displayed before (dotted line), and after
the baseline model selection according to the radon-
selection (dashed line), and the retro-selection (solid line) .

are displayed on Fig. 6. The seasonal cycle inferred
from the radon-selection does not change a lot if
we decrease the threshold selection to 100 mBq
m ™3 in order to have a more restrictive selection.
As is made clear by Fig. 6, the lack of selection in
the model makes necessary to explain the discrep-
ancy in model/data comparison by looking at the
simulation of either atmospheric transport or sur-
face fluxes, which is no more the case after the
baseline selection. According to our model, the
major contribution to the seasonal cycle at
Cape Grim is due to the terrestrial biosphere.

At Cape Meares the annual cycle of atmospheric
CO, is 10 times stronger and of opposite phase,
in comparison to Cape Grim (Figs.6, 7). This is
consistent with estimates of the annual cycle of
terrestrial biosphere, which is the major contribu-
tion to the atmospheric CO, seasonality (Fung
et al, 1987, Heimann et al, 1989a; Manning,
1993). The annual amplitude simulated by the
TM2z is overestimated by about 70% (Fig. 7). An
overestimation of the peak to peak amplitude at
this station was also emphasized by Erickson et al.
(1996). Our results point out that a large part of
this discrepancy can be explained by the inconsist-
ency of model/data comparison when the simu-
lated concentrations are not selected. Thanks to
the radon and retro-selections the discrepancy
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Fig. 7. Seasonal cycle of atmospheric CO, at Cape
Meares in 1990. The baseline measurements (<) are
selected according to the criteria defined by Conway
et al,, 1994. The shaded area shows the standard devi-
ation (4 one s.d.) of the selected data from the smoothed
curve, calculated on a monthly basis. The simulated is
displayed before (dotted line), and after the baseline selec-
tion according to the radon-selection (dashed line), and
the retro-selection (solid line) .

between observed and simulated amplitudes peak
to peak is reduced to only 18% (Fig. 7). On the
other hand there is no improvement of the phase
when we apply the selection to the simulated
values. The simulated phase is delayed by about
1 month compared to the measurements, involving
some problems with the simulation of atmospheric
transport or the biospheric fluxes. Particularly the
soil respiration is crudely treated since its temporal
variation is only driven by the surface temperature
(Heimann et al., 1989b).

At Amsterdam Island the terrestrial biosphere
is also the main contributor to the seasonal cycle
of atmospheric CO,, though the island is far from
the continents. In fact, according to our model,
half of the terrestrial biospheric contribution
comes from the biosphere north of 30°N, and the
other half comes from the biosphere south of 30°S
(Ramonet, 1994). However, the oceanic contribu-
tion is more important than at Cape Grim which
lays at the same latitude. This contribution has a
semi-annual period with 2 minimums in CO,
concentrations occurring in May/June and
November/December (Ramonet, 1994; Metzl
et al.,, 1995). The second harmonic is also observed
in the measurements, and it explains partly the
specificity of the seasonal cycle of atmospheric
CO, at Amsterdam. Nevertheless, the transport
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model overestimates the amplitude of the seasonal
cycle observed in 1990 (+ 0.4 ppmv peak to peak),
and the model selections cannot account for this
discrepancy (Fig.8). The radon-selection pre-
sented on Fig. 5 (threshold=40 mBg m~3) have
very low percentages of rejected values, and do
not change the simulated seasonal cycle. On the
other hand, the synchro-selection is more influ-
enced by synoptic scale events, and so the selection
can modify the monthly means by about 0.3 ppmv
(Fig. 8), which is the order of magnitude of the
synoptic scale variations (Table 2). The selection
based on the backtrajectories, as explained above,
give similar results than the synchro-selection. We
see an improvement of the seasonal cycle at the
beginning of the year (February), corresponding
to the fact that baseline conditions in summertime
select preferentially North backtrajectories (sector
1 on Fig. 1).

An important feature for the global carbon cycle
is the sensitivity of the CO, annual means to the
model selections. Table 3 resumes the differences
between the simulated annual mean with and
without selection. Two kinds of calculations were
performed by using either the hourly simulated
concentrations, or the monthly averages. The
reason why the annual means calculated from
hourly or monthly concentrations can differ each
other, is that the selection can reject more values

©¢ 00 Baseline measurements
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Fig. 8. Seasonal cycle of atmospheric CO, at Amsterdam
Island in 1990. The baseline measurements ({») are
selected according to the criteria defined by Gaudry
et al,, 1987. The shaded area shows the standard devi-
ation (+ one s.d.) of the selected data from the smoothed
curve, calculated on a monthly basis. The simulated is
displayed before (dotted line), and after the baseline selec-
tion according to the synchro-selection (dotted-dashed
line), and retro-selection (solid line).
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at a given season. In such a case, using the selected
hourly concentrations would gives a less import-
ant weight to the season for which more data are
rejected, thereby biasing the calculation of annual
mean. For instance the annual means calculated
at Cape Grim, Cape Meares and Amsterdam differ
from 0.1, 1.0 and 0.2 ppmv respectively, simply by
using either monthly or hourly concentrations
(Table 3). Consequently the selection of the simu-
lated values constrains us to derive the annual
means from the monthly means. Then, the baseline
selection shift the simulated annual means of
about —0.1740.02 ppmv at Cape Grim, and
—002+001 ppmv at Amsterdam Island
(Table 3B). At Cape Meares the shift of the annual
means, induced by the selection, are much more
scattered since they range from —0.97 ppmv
(synchro-selection) to +0.41ppmv (radon-
selection), which means that the choice of the
selection method is not harmless. There is a
0.4 ppmv difference in the annual means deduced
from the radon and retro-selections, although the
seasonal cycles were very similar. Much of the
explanation for the difference rests with the poor
temporal resolution of the backtrajectories which
are calculated only once per 12 h. When a backtra-
jectory satisfies the baseline condition we select
the concentrations over a 12 h period centered on
the date and time of the backtrajectory (0 or
12 GMT). So there is a possibility to select some
non-baseline data which occurred between 0 and
12 GMT. Effectively the bases of strong synoptic
peaks are sometime selected. This occurs mainly
in wintertime because there are very few selected
periods during summertime (Fig. 4). Finally, it is
worth noting that model studies using observed
North/South gradient of atmospheric CO, have
to account carefully for baseline selection in theirs
own simulated values.

3.4. Toward a new use of models: the regional scale

In the previous sections we discussed about the
differentiation between the simulated baseline and
non-baseline CO, variations. Our results demon-
strate the interest for such a selection in 3-D
transport models, in order to be more consistent
with the baseline observations. In the present
section, we focus on the periods which are classi-
fied as non-baseline, and then rejected. The ques-
tion is to know how helpful these data could be
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Table 3. Annual means (ppmv) observed in 1990, and simulated by the TM2z according to the 4 baseline
selections, referenced to the annual mean obtained without selection

Cape Grim Cape Meares Amsterdam

(A) From hourly data

measurements —0.58 —1.06 +0.06
synchro-selection —0.13 —0.48 +0.14
local-selection —0.10 +0.31 +0.13
retro-selection —-0.25 +1.26 0.00
radon-selection * —0.16 +0.32 —0.17
(B) From monthly averages

measurements —0.65 —1.00 —0.03
synchro-selection —0.19 —-0.97 —0.03
local-selection —0.14 —0.66 —0.03
retro-selection —0.14 +0.41 —0.01
radon-selection * —-0.14 +0.01 —0.01

Positive values mean that the baseline selection increases the annual mean. (A) Annual means are calculated from
hourly concentrations. (B) Annual means are calculated from monthly averages.
* The Radon-222 threshold is equal to 500 mBq m~3 for Cape Grim and Cape Meares, and 40 mBq m~3 for

Amsterdam Island.

in the study of the regional sources and sinks of
CO,. Due to the refining of transport parameteriz-
ations, as well as horizontal and vertical reso-
lutions, the models are expected to be more and
more qualified to interpret the regional scale vari-
ations. As a preliminary study, we detail in this
section the simulation by the TM2z of some
synoptic events which occurred at Cape Grim and
Amsterdam Island in 1990.

The Fig. 9 displays a comparison of CO, simula-
tions and observations at Cape Grim in
March/April 1990. At the synoptic scale, we can
distinguish between three situations: (1) low vari-
ations which generally correspond to the baseline
periods; (2) high variations occurring both in
measurements and simulation; (3) very strong
diurnal variations observed only in the measure-
ments. For instance, the model fails to simulate
the strong diurnal cycles observed at the beginning
of March, and around the 20 April. On the
contrary the synoptic events simulated around the
25 March and 13 April are well synchronized with
the observations, though the model does not
resolve the diurnal cycle. However these two
events are rejected as non-baseline. The backtra-
jectory calculated on 13 April indicates an origin
from the North. So this synoptic event is related
to the CO, fluxes exchanged over southeast of
Australia. On 20 April we deal with an air mass
coming from the East which has flown over
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Tasmania. So the second case seems to be charac-
terized by a more local situation. To confirm this
difference, we have performed a simulation with a
source of radon-222 activated only over Tasmania.
In Fig. 9, measurements are displayed with either
continuous or dashed line. The latter corresponds
to periods for which the TM2z simulates high
concentrations of radon-222 emitted from
Tasmania. The model has more difficulties to
reproduce the CO, variations during these periods.
For such cases, a major deficiency of the model
concerns its coarse vertical resolution in the low
troposphere, which makes impossible the repres-
entation of the dynamic of the planetary boundary
layer over continents (Monfray et al., 1996). The
transport from Australia to Tasmania is resolved
by the model, but not the nocturnal built-up of
CO, which is linked to the dynamic of the PBL
and the sea/land breeze. At the present time all
the non-baseline situations are equally discarded
both in observed and simulated time series. It
would be interesting to make a distinction between
local events not resolved by the transport model,
and regional scale events which are pretty well
simulated. These CO, variations could help us to
constraint the regional distribution of sources and
sinks of carbon. They can also be of interest as a
test of the parameterization of the PBL, though
high frequency data of the vertical distribution of
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Fig. 9. Measurements (thin lines) and simulation (bold dotted line) of CO, concentrations at Cape Grim in
March/April 1990. The measurements are represented in thin dotted line when the TM2z calculates high radon-222

concentrations originating from Tasmania.

CO,, and other short life tracers, will be needed
to improve this parameterization.

In the subsection 3.2, we discussed the radonic
storms which occur at Amsterdam Island, especi-
ally during wintertime. Gaudry et al.(1990) used
these synoptic events to characterize the biospheric
fluxes over South Africa. Some uncertainties,
about the transit times and the spatial distribution
of CO, fluxes, could be reduced with a transport
model, provided that it is able to simulate synoptic
scale variations. Fig. 10 displays an example of a
radonic storm observed at Amsterdam Island
between 16—20 October, 1990 (open square), which
is also simulated by the model TM2z (dashed
line). Two kinds of CO, measurements are dis-
played, together with their hourly standard devi-
ation. Open circles correspond to the baseline
measurements as defined by Gaudry et al. (1987)
(subsection 2.2). Since very few data are selected
as baseline, it is difficult to make clear where are
the positive and negative synoptic scale variations.
Then we have expanded the baseline periods by
using the following criteria: hourly standard devi-
ation less or equal than 0.2 ppmv; and the hourly
mean concentrations which differ from the 6 hours
average (centered on the hour of interest) by no
more than 0.15 ppmv. These data are shown by
their hourly standard deviation without circle. If
we focus on the mid-October period, we see a
positive CO, event both in model and observa-

tions. The radon-222 concentrations indicate a
succession of continental air masses. The peaks
are smoothed by the model due to the horizontal
diffusion, but we find the same order of magnitude
for radon-222 (4+180mBgqm~3) and CO,
(+1 ppmv). The study of this event demonstrates
a South Africa origin, equally distributed among
industrial and biospheric fluxes. Then, in the same
way that brought Cape Grim as an observatory
of Australian fluxes, Amsterdam Island can be
used as an observatory of regional fluxes from
South Africa.

At the opposite of the previous example, the
CO, measurements at Amsterdam Island also
display short term variations during low
radon-222 periods, which implies an oceanic
origin. Such a case, observed in June 1990, is
represented on Fig. 11. Between 12-16 June 1990,
baseline measurements indicate a strong decrease
of about 1 ppmv. The decomposition of sources
and sinks demonstrate the oceanic origin of this
event. Furthermore, the backtrajectory indicate
that the air mass came from the West and stayed
more than 5days in a narrow latitudinal band
(39°-40°S), which correspond to the highest
intensity of the Austral Oceanic sink in our fluxes
distribution. A multi-year simulation would be
necessary for an in-depth study of the synoptic
events at Amsterdam Island and Cape Grim,
because the periods of interest are relatively rare.
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Fig. 10. CO, (ppmv) and Radon-222 (mBq m™3) concentrations at Amsterdam Island in October 1990. Radon
measurements are displayed with open squares, and Radon simulation with dashed line. The CO, measurements
are displayed with their hourly standard deviation. Baseline data according to the criteria defined by Gaudry et al.
(1987) are represented with open circles. Other measurements were selected according to the stretched baseline as
defined in the text. Simulated concentrations are figured with solid line.
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Fig. 11. Same as figure 10 for June 1990.

However the regional scale variations, inter-
mediate between local and large scale ones, will
be more and more instructive as the transport
models will become more realistic, especially
within PBL transport processes.

4. Conclusions
In this study, we developed the concept of
baseline selection in 3-D transport models, and

we quantified the effect of such a selection for two
coastal stations (Cape Grim and Cape Meares),
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and one marine station (Amsterdam Island). The
CO, simulation was performed by using an high-
resolution transport model (TM2z) driven by the
meteorological analyses from ECMWF for 1990,
and a global distribution of CO, sources and sinks
based on the most recent dataset for industrial,
biospheric, and oceanic fluxes.

Our results demonstrate the necessity for a
baseline selection of the simulated concentrations
in coastal and marine stations. We compared the
efficiency of several methods to select the baseline
periods. The best results are obtained when we
took into account some information about the
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atmospheric transport during the last 5 days,
which is enough to be representative of the
regional transport (i.e., a few thousands of kilomet-
ers). To do so, we used 5-days back-trajectories,
and the simulated concentrations of radon-222.
For the latter method, a threshold of 500 mBq m 3
allows a good selection of the baseline periods for
the 2 coastal stations. The suppression of the non
baseline events induced in these two sites a
decrease of 30% on the annual peak to peak
amplitude, and a decrease by a factor of three on
the synoptic scale variability averaged over the
year. The model selection induces also a shift of
the seasonal phase by about one month and half
at Cape Grim. All these modifications allow a
highly improved comparison between measure-
ments and results of simulation. Furthermore,
implementing baseline selections in the transport
model can induce a shift of some tenths of ppmv
of the simulated annual means at coastal stations.
For remote marine station, like Amsterdam Island,
the baseline selection was shown to be less critical.
However, the use of backtrajectories induced a
correction of the monthly means up to 0.3 ppmv,
and consequently a better representation of the
non sinusoidal shape of the seasonal cycle at
Amsterdam. By neglecting the baseline selection
in the model, we would erroneously interpret such
differences between observations and simulations
as errors in either atmospheric transport, or CO,
fluxes.

It is worth noting that the transport models
clearly develop toward more refined resolutions
and transport parameterizations. So the synoptic
scale variations will be more accurately resolved,
and consequently (1) the baseline selection in
transport models, as described above, will have a

M. RAMONET AND P. MONFRAY

more pronounced effect and it can no longer be
overlook; (2) it will be possible to relate some of
the non baseline variations to the regional fluxes.
As a preliminary study, we have pointed out the
potential interest of some data which are rejected
since they do not satisfy the baseline criteria. For
instance, the Cape Grim and Amsterdam stations
were seen as potential observatories of the CO,
fluxes over Australia and South Africa. Even if
the TM2z was able to simulate synoptic scale
variations originated from these continents, the
coarse vertical resolution of this model was seen
as a major limitation to simulate the diurnal
variations of CO,.
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