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Electronic supplement to “Tropical troposphere to
stratosphere transport of carbon monoxide and long-
lived trace species in the Chemical Lagrangian Model
of the Stratosphere (CLaMS)”

by Pommrich et al.

The purpose of this electronic supplement is twofold; first a climatology of radical
species is presented. This climatology is required for the formulation of the sim-
plified chemistry presented in the main body of the paper. Second, a number of
additional figures is presented, complementing the information in the main body
of the paper.

1 Description of the climatology of radical species

The radical species climatology in this supplement provides monthly averages of
the radical species OH, HO,, O(1D), Cl, and the air molecule total number density
(TND). The averages are calculated from hourly output from a chemistry simula-
tion of the Chemical Lagrangian Model of the Stratosphere (CLaMS) (McKenna
et al., 2002), thus also averaged over the diurnal cycles. They can be used to cal-
culate simplified chemistry e.g. first order loss reactions of longlived chemical
tracers. The simulation was initialised with the species O3, CHy4, H,O, HCI, NOx
from the HALOE climatology (Grool3 and Russell, 2005). The remaining chem-
ical species were initialised from the Mainz 2-D photochemical model (Groof,
1996). The chemistry integration was performed using the SVODE solver scheme
(Brown et al., [1989) and no advection of the air parcels was considered. The
HALOE ozone climatology (Grool3 and Russell, 2005) was also used in the radia-
tive transfer calculation to determine the photolysis rates.

The file (radical_species_climatology.nc) contains 18 latitude bins from 85°S
to 85°N, 34 pressure bins from 980 hPa to 0.18 hpa for each of the 12 months.
The file format is NetCDF.
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2 Additional figures

» 2.1 Comparison of CLaMS results with COLD CO measure-
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Figure 1: Climatological comparison of vertical CO profiles measured by the
COLD instrument aboard the Geophysica aircraft in the tropical tropopause re-
gion with CLaMS simulations. The climatology of CO measurements (grey dots)
is based on the COLD measurements in the campaigns TROCCINOX (February
2005, Konopka et al., 2007), SCOUT-O3 (November 2005, Brunner et al., 2009)
and AMMA (Summer 2006, Caitro et al.,[2010). The vertical profile of the mean
of all CO measurements is shown as black symbols with the horizontal bars denot-
ing the standard deviation of the mean. The corresponding model values (derived

by interpolating the model information on the location and time of the measure-
ments) are shown in red.

In the main body of the paper, the CLaMS model results for CO are compared
with in situ measurements flight by flight for the TROCCINOX campaign (Fig. 4
in the main body of the paper) and as a campaign climatology for SCOUT-O3 and
AMMA (Fig. 5 in the main body of the paper). For completeness, we show below
the climatological comparison for all campaigns (Fig. [1) and the comparison on a
flight by flight basis for SCOUT-O3 and AMMA (Figs. 2] to ).
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Figure 2: Comparison of the simulation of CO from CLaMS (coloured) with in-
situ measurements from the COLD instrument (dark grey) for the first four flights
during the SCOUT-O3 campaign. The mean age of air calculated by the model is
colour-coded and given in months. The absolute in-flight accuracy for the COLD
CO measurements is about 9% and is indicated as a light grey shading.
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Figure 4: As Figure 2] but for the AMMA campaign.
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2.2 Tape recorder patterns for different Lagrangian grid for-
mulations
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Figure 5: Representation of the tape recorder anomaly pattern (H,O 42 x CHy
in ppmv averaged over =10°N) in different CLaMS configurations (a-c) versus
HALOE observations (d). In all CLaMS simulations H,O was prescribed at
6 < 380K by the ECMWF water vapour field and passively transported at al-
titude above. (a) CLaMS version described by [Konopka et al. (2007, 2010) i.e.
with a constant horizontal resolution (100 km) and driven by operational ECMWEF
analysis (with vertical velocity derived from heating rates calculated using the
Morcrette radiative transfer scheme), (b) Same Lagrangian grid but ERA Interim
and total diabatic heating rates (Riese et al., [2012; [Ploeger et al.,[2013) drive the
horizontal and vertical advection, respectively, (c) Same as in (b) but with a full
Lagrangian grid as described by [Konopka et al.| (2012), (d) HALOE climatology
(GrooB and Russell, [2005) defines the cyan lines of the tape-recorder maximum
(used in a-c as a reference).

The water vapour tape recorder pattern in the tropics is considered here to
assess the impact of different Lagrangian grid formulations in CLaMS on the
quality of the model results. The observed tape recorder pattern of the HALOE
climatology (GrooB and Russell, 2003) (Fig.[5] panel d) is employed as the refer-
ence. In Fig.[5] panel (a) the simulation result is shown for the CLaMS version
as described by [Konopka et al.| (2007, 2010)); the horizontal resolution is constant
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(100km). Transport is driven by winds from the operational ECMWF analysis
and vertical velocity is derived from heating rates calculated using the Morcrette
radiative transfer scheme. Clearly, this model version reproduces a tape recorder
pattern, albeit with a too rapid tropical upwelling. With the same Lagrangian grid,
but using ERA Interim and total diabatic heating rates for driving the Lagrangian
transport (Riese et al., 2012; [Ploeger et al., 2013)), the rate of tropical upwelling
is reduced, resulting in a better agreement with observations (Fig. 5} panel b). Fi-
nally, when using the Lagrangian grid (Konopka et al., 2012] see also main body
of the paper), a further improvement of the seasonality of tropical water vapour is
noticeable. However, in all CLaMS versions discussed here, tropical upwelling is
more rapid than observed (see also discussion in the main body of the paper).

2.3 CO and tracer patterns in the tropical region

Here we show the CO measurements by the MLS instrument averaged over the
tropical regime for the time period 2005 to 2013 (Fig. [6). Further, in the main
body of the paper, the tropical anomaly patterns for the long-lived tracers N,O,
CHy, and CCI3F (CFC-11) are shown against potential temperature as the vertical
coordinate (Fig. 4 in the main body of the paper). Here, we show the same result,
but using pressure as the vertical coordinate (Fig. [7).

Pressure [hPa]

2005 2006 2007 2008 2009 2010 2011 2012

Figure 6: Measurements of CO by the MLS instrument averaged over the tropical
regime (£15°) for the time period 2005 to 2013.
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Figure 7: The anomaly pattern of tropical (+15°) tracer fields as simulated by
CLaMS for the time period 1 January 2005 to 31 October 2012. Top panel shows
N>O, middle panel CHy, and bottom panel CCI3F (CFC-11). Dashed contours
denote the easterly phase of the QBO.Vertical coordinate is pressure, in contrast
to the main body of the paper where potential temperature was used.
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